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ABSTRACT
Objective To identify differences in efficacy between
vision-based treatments for improving visual acuity (VA) of
the amblyopic eye in persons aged 4–17 years old.
Data sources Ovid Embase, PubMed (Medline),
the Cochrane Library, Vision Cite and Scopus were
systematically searched from 1975 to 17 June 2020.
Methods Two independent reviewers screened search
results for randomised controlled trials of vision-based
amblyopia treatments that specified change in amblyopic
eye VA (logMAR) as the primary outcome measure.
Quality was assessed via risk of bias and GRADE (Grading
of Recommendations, Assessment, Development, and
Evaluations).
Results Of the 3346 studies identified, 36 were
included in a narrative synthesis. A random effects
meta-analysis (five studies) compared the efficacy of
binocular treatments versus patching: mean difference
−0.03 logMAR; 95% CI 0.01 to 0.04 (p<0.001), favouring
patching. An exploratory study-level regression (18
studies) showed no statistically significant differences
between vision-based treatments and a reference group
of 2–5 hours of patching. Age, sample size and pre-
randomisation optical treatment were not statistically
significantly associated with changes in amblyopic eye
acuity. A network meta-analysis (26 studies) comparing
vision-based treatments to patching 2–5 hours found one
statistically significant comparison, namely, the favouring
of a combination of two treatment arms comparing
combination and binocular treatments, against patching
2–5 hours: standard mean difference: 2.63; 95% CI 1.18
to 4.09. However, this result was an indirect comparison
calculated from a single study. A linear regression
analysis (17 studies) found a significant relationship
between adherence and effect size, but the model did
not completely fit the data: regression coefficient 0.022;
95% CI 0.004 to 0.040 (p=0.02).
Conclusion We found no clinically relevant differences
in treatment efficacy between the treatments included
in this review. Adherence to the prescribed hours of
treatment varied considerably and may have had an effect
on treatment success.

Key messages
What is already known about this subject?
►► Previous meta-
analyses or systematic reviews

comparing patching to binocular treatments have
found no difference or insufficient data to draw any
conclusions.
►► Adherence rates to amblyopia treatments range
widely and can be quite poor.

What are the new findings?
►► All treatments assessed were not clinically different

from 2 to 5 hours patching.
►► Adherence rates are low in many studies, which may

affect treatment success.

How might these results change the focus of
research or clinical practice?
►► Our results suggest that clinicians have multiple

treatment options that they can select based on the
needs of their patients.
►► Variability exists in the efficacy of various treatments,
in terms of improving amblyopic eye visual acuity.
►► Future studies are encouraged to use objective measures of adherence, where possible, to better understand the true effect of amblyopia treatments.

INTRODUCTION
Amblyopia is a neurodevelopmental visual
disorder that affects between 0.34% and 3.9%
of the population.1 2 Unilateral amblyopia is
typically defined as visual acuity (VA) worse
than 20/30 in an otherwise healthy eye, alongside a two-
line interocular VA difference.3
However, visual deficits caused by amblyopia
extend beyond reduced VA and encompass
broader deficits such as impaired contrast
sensitivity, stereopsis, spatial localisation and
global form and motion perception.4–10 These
deficits may adversely impact everyday tasks
such as reading or playing sports.11–13 Amblyopia also limits career opportunities in fields
such as military service, law enforcement,

Brin TA, et al. BMJ Open Ophth 2021;6:e000657. doi:10.1136/bmjophth-2020-000657

1

BMJ Open Ophth: first published as 10.1136/bmjophth-2020-000657 on 9 April 2021. Downloaded from http://bmjophth.bmj.com/ on January 8, 2023 by guest. Protected by copyright.

Original research

aviation and surgery,3 due to minimum standards of VA
and binocularity in these professions.
Unilateral amblyopia results from abnormal visual
experience early in life, typically caused by an eye
misalignment (strabismus), a significant refractive difference between the eyes (anisometropia) or both (mixed).
Deficits arise from impaired cortical processing of visual
input from the eye that is chronically defocussed or
misaligned.14 While the exact pathophysiology of amblyopia remains unknown, recent evidence suggests that it is
a disorder of binocular vision where interocular suppression may play a key role in the resulting visual deficits.15
This systematic review considers vision-based amblyopia
treatments that manipulate visual input to the brain, with
the intention of changing cortical processing. Conventionally, vision-
based amblyopia treatments targeting
only the nonamblyopic fellow eye are referred to as
monocular treatments. Examples include patching of the
fellow eye and the use of atropine drops16 or Bangerter
filters17 to reduce fellow eye image quality. These treatments have been shown to effectively improve amblyopic
eye VA when treatment adherence is maintained.15 17 18
More recently, binocular approaches that rebalance the
strength of visual input between the two eyes19 20 have
been developed to overcome interocular suppression
and encourage simultaneous perception.21 22 Binocular
treatments are designed to improve both amblyopic eye
VA and binocular visual function.20 23–28
A number of randomised controlled trials (RCTs)
over the past two decades have evaluated the efficacy
of monocular (eg, patching, atropine and Bangerter
filters) and binocular treatments for improving amblyopic eye VA. Comparisons of vision-based treatments for
patients with amblyopia have been examined in systematic reviews comparing patching against atropine29–31
or binocular treatments against patching.32–34 Only one
review35 included a meta-analysis, which was limited to
two studies and two treatments. In general, published
systematic reviews and meta-analyses found no significant
differences between the various vision-based amblyopia
treatments.36
Treatment adherence, the time the participant spends
engaged in the therapy, is a key factor that is often overlooked when assessing treatment efficacy. Poor adherence

leads to reduced treatment efficacy.37 38 Holmes et al35
attributed the lack of a treatment effect from their binocular approach to extremely poor adherence, as opposed
to the method of the treatment itself. That is, the participants simply were not as engaged as expected. Studies
of patching reveal that self-reported adherence rates are
variable, ranging from 49% to 87%.38 Therefore, adherence rates can be quite low for children undergoing
various types of amblyopia treatments, and this must be
considered when determining the true effect of any given
treatment.
We conducted this systematic review and meta-
analysis to assess the comparative efficacy of vision-based
treatments for improving VA of the amblyopic eye.
Furthermore, we were interested in how treatment effect
size may be impacted by adherence. Our study includes a
large sample of RCTs in our systematic review and meta-
analysis, with a subanalysis of adherence rates.
METHODS
Search strategy
Preferred Reporting Items for Systematic Reviews and
Meta-
Analyses (PRISMA) guidelines were followed in
conducting this review.39 The research question and
literature search keywords were devised following consultation with a team of clinical and research experts (see
online supplemental materials). We used the Population,
Intervention, Comparator, Outcome, Time, and Setting
(PICOTS) framework (Cochrane Handbook for Systematic Reviews of Interventions40 to specify the parameters
of the research question, develop the literature search
strategy and devise the eligibility criteria for inclusion of
studies in the review (table 1).
An information specialist (CC) used the PICOTS to
build a comprehensive search strategy for the following
databases: PubMed (Medline), Ovid Embase, The
Cochrane Library, Scopus and VisionCite. The initial
search strategy was developed for PubMed (Medline)
and the syntax and search terms were adapted to the
other databases. Where available, controlled vocabulary
such as medical subject headings was included in the
search strategies. The database searches are updated
as of 17 June 2020 and the search results were limited

Table 1 Population, Intervention, Comparator, Outcome, Time, Setting (PICOTS) framework
PICOTS

Criteria

Population

Intervention

Patients with amblyopia aged 4–17 years old (±1 year, to either the upper or lower end of that spectrum, but
not both), caused by strabismus and/or anisometropia with no other ocular pathologies, mental illnesses,
learning disabilities and/or systemic diseases. n>5 participants in the study.
Vision-based treatment conducted in a randomised clinical trial.

Comparator

Other types of vision-based treatments.

Outcome

Change in visual acuity of the amblyopic eye from baseline (logMAR) as the primary outcome.

Timing
Setting

Any duration.
Any environment (clinical or at home) and any country.

2
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Figure 1

Flowchart of article screening and selection. NMA, network meta-analysis.

to English-
language articles. The search strategy and
PRISMA checklist are available as online supplemental
materials.

►►

►►

Screening
Retrieved citations were imported into RefWorks
(ProQuest LLC) for duplicate removal; remaining citations were transferred to DistillerSR (Evidence Partners)
for screening by two independent reviewers (AC, TAB)
at three levels: title, abstract and full text (figure 1). A
third independent reviewer (WB) resolved discrepancies
at the abstract and full-text levels. Citations generating
discrepancies at title screening were advanced to abstract
screening. Article eligibility criteria governing screening
were:
Inclusion:
►► RCTs.
►► Full-text published in English.
►► Published between 1975 and 17 June 2020.
►► Investigated one of the following vision-based treatments: patching or Bangerter filters, atropine, binocular treatments (any treatment using both eyes
together, excluding optical treatment); combination
treatments (any combined treatment that involved
patching in addition to another intervention) or
optical treatment.
►► At least one group in the study included a vision-based
treatment (eg, the other group could be a placebo).
Exclusion:
Brin TA, et al. BMJ Open Ophth 2021;6:e000657. doi:10.1136/bmjophth-2020-000657

Grey literature, conference abstracts, letters,
commentaries, review articles or study designs other
than RCTs or
Only investigated treatments that could be categorised as placebos (eg, a monocular version of a video
game as the control group for a binocular game) or
that did not directly manipulate visual input to the
brain (eg, acupuncture).

Data extraction
Two reviewers (AC, TAB) independently performed
double entry data to extract the following information
from each study: starting and final sample sizes, mean and
SD of age in each group (or overall, if not available), treatment type, treatment dosage, mean and SD of change in
VA of the amblyopic eye from baseline in logMAR, 95%
CIs of mean difference between treatments, study duration, setting (whether the treatment was prescribed for
use at home or in-office) and treatment adherence rates.
Risk of bias
AC and TAB independently assessed the risk of bias
(RoB) of the included RCTs at the study level using the
Cochrane Risk of Bias 2 tool (22 August 2019 version).40
WB resolved all RoB disagreements. If information
related to RoB was not reported, the authors of the study
were contacted by e-mail for clarification. Some studies
did not mask the outcome assessor, but the concern of
it introducing bias was often mitigated through the use
of well-validated and automated VA systems. Since poor
3
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adherence is a well-documented issue with patching,38
the risk of bias assessment included treatment adherence. For these studies, adherence was primarily based
on participant reports.
To assess whether adherence affected the effect sizes
(Hedges’ g) of treatment comparisons, we regressed
Hedges’ g onto the adherence rates for 26 studies that
reported adherence data for all treatment and comparator groups.
Meta-analysis
We conducted a meta-analysis (five studies) comparing
patching to binocular treatments.35 41–44 The inverse variance method, DerSimonian-Laird estimator for τ2, and
a random effects model to obtain a pooled mean difference and 95% CI for the study-specific mean differences
were used to carry out the meta-analysis. There was a
high degree of heterogeneity between the studies, with
I2=80%; χ2=19.74 (p<0.001), and τ2=0.0017. We used
the ‘meta’ package in R V.4.0.2 (The R Foundation for
Statistical Computing, Vienna, Austria) to conduct the
meta-
analyses. GRADEpro (Grading of Recommendations, Assessment, Development, and Evaluations)
software (Hamilton, ON: Evidence Prime) was used to
evaluate the overall certainty of evidence.
Study-level regression
We conducted an exploratory regression analysis at the
study level to examine the relative effect of different
treatments on VA. The dependent variable was the
treatment-specific improvement in mean amblyopic eye
VA from baseline to the end of the trial, as reported in
each RCT. The unit of measuring VA was the logarithm of
the minimum angle of resolution (logMAR). We included
patching 2–5 hours, patching 6–11 hours, patching 12 or
more hours, atropine, binocular treatment, combination
treatment and intermittent patching (30 s on, 30 s off,
using specialised glasses) in the regression analysis. Atropine, binocular treatments and combination treatments
did not have a sufficient number of studies to permit
separation by dosage.
We modelled each treatment as a dummy variable
and used patching 2–5 hours as the reference category.
The regression coefficients represented the change in
VA of the amblyopic eye for each treatment compared
with patching 2–5 hours. Patching 2–5 hours was chosen
as the reference because it was the most common treatment dosage employed across RCTs.45 46 We controlled
for patient mean age (or median age if the RCT did not
report mean age), sample size and whether participants
were given optical treatment for four or more weeks prior
to the start of the trial.
Since each RCT evaluated two treatments, we modelled
‘study’ as a group-level, random effects variable and fit a
restricted maximum likelihood linear mixed model to the
data. The other variables (age, sample size and whether
spectacles were prescribed at least 4 weeks prior to the
4

start of the trial) were treated as fixed effects. We used
the ‘lme4’ package in R V.4.0.2 to conduct the analysis.
Network meta-analysis
To infer relationships between a broader number of treatments beyond those that were directly investigated in
head-to-head trials, we undertook a frequentist network
meta-analysis (NMA). We used a random effects model to
conduct the NMA and measured statistical heterogeneity
using the  X2test and I2 statistic. For each direct treatment comparison, we extracted the treatment-
specific
mean changes in logMAR over follow-up and obtained
a common effect size, namely, Hedges’ g (a type of standard mean difference (SMD)). Studies that were missing
sufficient data to calculate Hedges’ g were excluded from
the analysis. Patching treatments were separated into
four categories based on the daily prescribed dosage.
Combination of treatments was separated by daily
prescribed dosage and whether the additional activities
were performed at near or at distance. Three studies
used a three-
arm treatment design, with active therapies including two different binocular treatments47 or a
combination treatment and binocular treatment.43 44 The
active treatments were combined, and then the SMD was
calculated for a combined active category and patching
2–5 hours.
Certainty of treatment efficacy was ranked using
p scores, which are analogous to surface under the
cumulative ranking curve scores.48 We generated
plots to estimate the proportion of direct and indirect
evidence contributing to each possible comparison,
minimal parallelism and mean path length. Furthermore, we explored the possibility of publication bias
using a comparison-a djusted funnel plot and Egger’s
test (see online supplemental materials). We used the
‘esc’, ‘netmeta’, and ‘dmetar’ packages in R V.4.0.2 to
conduct the NMA.
Patient and public involvement statement
It was not feasible to involve patients or the public
in the design, conduct, reporting or dissemination of
this project, as it is a meta-a nalysis on research that
has already been conducted.
RESULTS
Following duplicate removal, 3346 citations advanced
to the screening phase. We ultimately included 36
RCTs (1%) in the narrative synthesis. From this 36,
5 RCTs (14%) were included in the meta-a nalysis, 18
in the regression analysis (50%) and 26 in the NMA
(72%). The κ for the two screeners was 0.77 at the
title and abstract levels (combined) and 1.00 at the
full-t ext screening level.
Narrative synthesis of included studies
All types of vision-
based treatments produced VA
improvements ranging from 0.06 logMAR to 0.48
logMAR, except for two studies (Pawar et al.; Lee et
Brin TA, et al. BMJ Open Ophth 2021;6:e000657. doi:10.1136/bmjophth-2020-000657
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Figure 2 Frequency of vision-based treatments in the
literature.

al.) in which VA declined after patching49 or patching
combined with perceptual learning.44 While most
treatments led to improved VA from baseline, less
than half of the included RCTs (n=17) reported
clinically meaningful improvement, which is conventionally defined as a mean improvement in VA of >2
lines (or 0.2 logMAR).1 The most common treatments
to achieve this threshold were patching or Bangerter
filters (14 conditions) and combination treatments
(9). In only 5 of these 17 studies, the active treatment
showed a statistically significant difference in amblyopic eye VA improvement from the control group.
Therefore, it is rare for studies to show both clinical
(an improvement of at least 0.2 logMAR) and statistical significance.
Figure 2 shows the frequency with which each treatment category appeared in the 36 included RCTs, with
patching being the most common therapy. Placebo
treatments were the least common comparison, likely
due to concerns over delaying treatment for young
patients. The range of mean ages of participants in
the included RCTs was 4.0–14.3 years. Only 10 RCTs
had a mean age that was >7 years.
Treatment adherence
Of the 36 included studies, risk of bias was low in 17
and high in 12 (see online supplemental materials).
The main reason for high risk of bias was poor adherence rates (seven studies). Adherence to amblyopia
treatments was most commonly measured in the literature according to categories set by the Pediatric Eye
Disease Investigator Group (PEDIG).50 PEDIG classifies adherence for individual study participants using
a percentage score that is calculated by dividing the
Brin TA, et al. BMJ Open Ophth 2021;6:e000657. doi:10.1136/bmjophth-2020-000657

reported actual dose by the examiner’s prescribed
dose. These scores were grouped into four categories:
‘excellent’ (76%–100%), ‘good’ (51%–75%), ‘fair’
(26%–50%) and ‘poor’ (0%–25%). Using these four
categories, PEDIG reports the number or percentage
of patients in a treatment arm that achieves ‘excellent’ adherence.
Twenty-one of the 36 studies fully reported subjective
adherence using the PEDIG classification standards. Over
three-quarters of patients achieved ‘excellent’ adherence
in only 10 studies. Six studies reported less than half of
patients reporting excellent adherence, with the lowest
adherence score being a study by Manh et al, wherein
only 13% of patients reported excellent adherence.42
Given this variation, it was necessary to examine whether
poor adherence influenced the published improvements
in VA.
Figure 3 shows the linear regression line between
Hedges’ g and adherence rates. When looking at the 17
studies that fully reported adherence rates, the linear
regression was significant, demonstrating that treatments
with high adherence rates showed larger effect sizes
favouring the intervention treatment: regression coefficient 0.022; 95% CI 0.004 to 0.040 (p=0.020). However,
the model does not fully explain the data. The regression
line may exaggerate the relationship of adherence and
effect size.
Meta-analysis
Binocular treatment versus patching
We performed a meta-
analysis on five RCTs35 41–43
comparing the means of VA improvement for binocular
treatments against patching. Figure 4 shows the difference between patching and binocular treatments, which
was statistically significant at the 5% level (−0.03 logMAR;
95% CI 0.01 to 0.04). However, this difference is less than
two letters and is not clinically significant. There was a
high degree of heterogeneity between the studies, with
2
I2=80% and  X4 = 19.74 (p<0.001). The overall GRADE
certainty of evidence for these five studies was assessed,
finding an overall low certainty of evidence. This rating
was due to serious concerns with inconsistency (high
heterogeneity) and low precision (the wide CIs).
Comparison of multiple vision-based treatments
The exploratory regression comparing any treatment to
patching 2–5 hours contained 18 studies. None of the
treatments showed a statistically significant difference
relative to patching 2–5 hours per day (see online supplemental materials). Furthermore, all treatments showed
less than a one letter difference in VA compared with
2–5 hours of patching. Sample size, spectacle use and
mean (median) age were not associated with improvements in amblyopic eye VA from baseline in the included
RCTs.
An NMA compared all treatments to patching
2–5 hours; the values in the Forest plot, therefore represent the SMD of the treatment in question versus patching
5
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Figure 3 Histogram (A) examined the Hedges’ g of 12 studies with unreported or incomplete (eg, only reporting adherence
rates for the active treatment) adherence data. The data for these studies do not appear to be biased. Scatterplot (B) shows the
linear regression comparing effect size of each of the 17 studies as a function of reported adherence (with adherence defined
as the percentage of patients achieving “excellent” adherence). Only studies with reported adherence data are included in this
scatterplot.

2–5 hours. SMD >0 favours the treatment in question;
SMD <0 favours patching 2–5 hours.
The high level of heterogeneity (I2=75.7%) in the
NMA confirmed our decision to employ a random
effects model. Twenty-six studies were included in the
NMA, comparing 14 vision-based therapies to patching
2–5 hours and yielding 26 (direct and indirect) pairwise
comparisons (figure 5). Most treatment comparisons
involved patching or combination treatments.
The only comparison of SMD between groups that
reached statistical significance was found between
the combined binocular and combination group and
patching 2–5 hours with the combined binocular and
combination group having a greater SMD (SMD=2.63,
95% CI 1.18 to 4.09). The p score for the combined binocular group was 0.9988, indicating a high level of certainty
for the efficacy of this treatment (see figure 6). However,
the finding is from an indirect comparison, and only one
of the included RCTs contains this type of therapy. The
funnel plot did not show substantial evidence of asymmetry and Egger’s test suggested that publication bias was
not present (p=0.1151) (see online supplemental materials).

Figure 4

6

The results of the NMA should be interpreted with
caution. Out of 105 total unique network estimates
(treatment comparisons), only 20 contained some
proportion of direct evidence (median proportion=0.69;
IQR =0.60). The remaining 85 estimates were based
entirely on indirect evidence. For 90 of 105 estimates, the
minimum number of independent paths contributing to
the effect size estimate on an aggregated level (minimal
parallelism) was 1; larger numbers of paths support more
robust estimates, with the median number of paths being
2.1 (IQR=0.76) in the 15 comparisons with >1 minimum
path. For mean path length, which characterises the
degree of indirectness of an effect size estimate, values
>2 indicate the need to interpret the estimate in question
with caution. We found mean path lengths >2 in 80 of the
105 network estimates (plots available from the authors
on request).
DISCUSSION
The objective of this systematic review and meta-analysis
was to identify an optimal vision-
based treatment for
improving amblyopic eye VA in 4 to 17 year olds. Our
analyses uncovered no clinically important differences

Forest plot comparing patching to binocular treatments.
Brin TA, et al. BMJ Open Ophth 2021;6:e000657. doi:10.1136/bmjophth-2020-000657
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Figure 5 Network graph of direct pairwise treatment comparisons. As the number of studies with a specific direct comparison
increases, so does the thickness of the line.

between any of the treatments and patching 2–5 hours.
Our adherence analysis revealed that poor adherence
may be a factor in reducing treatment efficacy and may
have affected our results. With high or unclear risk of
bias in almost half the included RCTs, the findings of this
review should be interpreted with caution.
Our results are similar to a previous NMA showing
no significant difference between various amblyopia
treatments, and that more research is needed.36 Several
literature reviews have specifically compared the efficacy
of binocular treatments to patching. A review by Pineles et
al did not recommend the use of binocular treatments,33

while other systematic literature reviews concluded that
more research was required before making any conclusions about binocular treatments.34 51 More RCTs were
available at the time of our literature search than these
studies, but the overall strength of evidence for this
comparison was low, which implies that further research
is still required.
For the NMA, although it was not a significant result,
we did not expect placebos to be considered more efficacious than patching 2–5 hours. This result may have arisen
because the comparison was indirect and only two studies
used a placebo group. Furthermore, the adherence

Figure 6 Forest plot of SMD and P-scores of treatments. The treatments are ranked from highest P-score (most efficacious)
to lowest. SMD, standard mean difference.
Brin TA, et al. BMJ Open Ophth 2021;6:e000657. doi:10.1136/bmjophth-2020-000657
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rate for the treatment group of one of the studies was
very poor,52 which may explain why the placebo group
is ranked as the second-
best treatment in the NMA.
Nonetheless, it is interesting to see how similar all vision-
based treatments appear to be in terms of improving
amblyopic eye VA. This implies that clinicians may have
multiple treatment options. However, amblyopic eye VA
improvements, in general, were small, as fewer than half
of the studies reported an improvement greater than 2
LogMAR lines.
Strengths and limitations of the literature
One of the limitations of the literature is that the relatively
small number of RCTs prevented us from conducting
subanalyses by age or by dosage.
Our exploratory regression analysis showed that
optical treatment prior to instituting another form of
vision-
based treatment was not significantly related to
VA improvement. Since the studies that used optical
treatment-
prescribed spectacles to patients in every
group, it was impossible to directly compare the effect of
optical treatment to no optical treatment. Additionally,
optical treatment durations were variable across many
RCTs, with some employing a defined length of time
(ranging widely from 4 to 18 weeks) and others waiting
until the VA improvement reached a plateau.
Although our exploratory regression did not find an
effect for age, it should be noted that 73% of the included
RCTs featured a mean age of <7 years. It is possible we
did not have a sufficiently wide enough range of ages to
discern an effect.
Our meta-analyses revealed a high level of imprecision
in the included studies, evidenced by wide CIs passing
through the null value. A likely explanation for this
variability is poor treatment adherence. It is critical to
consider how low treatment adherence can negatively
affect treatment efficacy.37 38 Poor adherence was the
largest source of potential bias in studies, as identified
in the RoB ratings. Of the studies that reported adherence rates, fewer than half had what would be considered
good treatment adherence. It is also important to note
that adherence data were almost entirely subjective.
Many treatments took place at home, unsupervised by
the experimenters and in uncontrolled environments.
Adherence was reported by parents in the form of
diaries or calendars. Subjective reports regularly overestimate adherence rates when compared with objective
measures.38 53 54 For example, Holmes et al prescribed a
binocular video game treatment to be played at home
and found that the average of parent-reported adherence was 66.7% of the total prescribed treatment time,
while the game data revealed adherence to be 22.2%.35
Since the subjective adherence rates reported are likely
higher than the actual adherence rate, this limits our
ability to assess the true impact of adherence. However,
these potentially inflated adherence rates were still poor,
implying that the problem is more pronounced than
what is reported here. Our linear regression showed a
8

significant relationship between effect size and subjective adherence rates. However, the model does not fully
explain the data, so this relationship may be exaggerated.
Where possible, robust objective measures should be
used to ensure accuracy. Patching adherence can be
objectively measured using occlusion dose monitors,
which are modified eye patches that contain a battery
and the ability to log data about the amount of time the
patch is in contact with the skin around the eye.55 Some
video game treatments can measure the amount of time
a game is turned on or the number of log-ins, but there
is no guarantee that the patient is actually looking at
the screen while the game is powered on. The simplest
option for ensuring adherence objectively is to administer treatment under supervised laboratory conditions,
however cumbersome it may be for caregivers.
Strengths and limitations of the review
The major strength of this review is the comprehensive
analysis of multiple vision-based therapies drawn from
five different databases.3 56 We also included studies that
could not be meta-
analysed (due to insufficient data
reported) in our systematic review to piece together
a complete look at the relevant literature. Our results
suggest that practitioners have a variety of equally effective treatments at their disposal and should be able to
consider both patient and caregiver preferences in the
management of amblyopia.
Another strength is the analysis of adherence rates.
Previously, Li et al performed an NMA examining various
vision-based treatments in patient with amblyopia and
concluded that there was no clinically significant difference in the efficacy of these treatments.36 However, this
study did not assess adherence rates, which we found to
greatly impact the risk of bias rating. The goal of our
adherence analysis was to control for adherence as much
as possible when assessing treatment efficacy.
CONCLUSION
Vision-based treatments for amblyopia produce improvements in amblyopic eye VA for patients aged 4 to 17
years, but these improvements are not clinically significantly different from 2 to 5 hours of patching. Adherence
must be considered when interpreting this result because
many studies had poor or unreported adherence. One
critical factor to consider for future studies is objective
adherence monitoring, which may explain low treatment
effects and high variability in a number of studies.
New vision-
based treatments—such as binocular
games—continue to be developed19 and may change the
landscape of available treatment options for clinicians
in 5–10 years time. It is imperative that the literature
continues to be surveyed as new studies arise and our
understanding of amblyopia evolves.
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Authors
and year of
article

Agervi et al.,
2009

Sample
Size

Mean Age
[SD]
(Years)

66

Optical
treatment:
4.5 [0.3];
Optical
treatment
and
Bangerter:
4.5 [0.3]

Duration
(weeks)

52

Treatment
Comparison

Mean change in VA
of amblyopic eye
[SD] (logMAR)

Optical treatment
(full time)

Optical treatment: median
= 0.3 [NR]

Optical treatment
and 0.3 Bangerter
(full time)

Optical treatment and
Bangerter: median = 0.4
[NR]

Optical treatment
and patching
(8hrs/day, 6x/week)
Agervi et al.,
2010

38

4.3 [NR]

47

Patching:
6.95 [1.77];
Binocular
game: 6.71
[1.83]

Clarke et al.,
2003

Cotter 2002

Birch et al.,
2020

52

Optical treatment
and patching
(8hrs/day, alternate
days)

2

Patching (2hr/day)
(crossover);
Binocular game
(1hr/day, 5x/week)

168

No
treatment:
4.03 [.43];
Optical
treatment:
3.93 [.43];
Patching and
optical
treatment:
3.97 [.38]

54

No treatment;
Optical treatment
(full time); Patching
and optical
treatment (full
time)

402

Patching: 5.3
[1.1];
Atropine:
5.2[1.1]

26

Patching (6hrs/day);
Atropine (1% 1
gt/day )

12

Patching (full time);
Patching (full time)
and video game (30
mins/week)

4

Patching (2hr/day);
Non-vision-based
therapy

Dadeya &
Dangda, 2016

40

Patching:
5.82 [1.24];
Patching and
game: 6.02
[1.01]

Fresina et al.,
2018

61

6.08 [NR]

95% CI

Setting

NR

Home

NR

Home

0.07 (0.03 0.13)

Home

Optical
treatment: 0.085 (0.02 0.15); Patching
and optical
treatment: 0.11 (0.050 0.171)

Home

0.034 (0.0050.064)

Home

NR

Clinic

NR

Home

Optical treatment and
patching: median = 0.6
[NR]
Optical treatment and
patching (alternate):
median = 0.8 [NR]
Patching: 0.07 [0.08]
Binocular game: 0.15
[0.08]

NR

Patching: 0.32 [0.16]
Atropine: 0.28 [0.16]

Patching: 0.30 [0.16]
Patching and game: 0.43
[0.16]

Patching: 0.13 [0.15]
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Gambacorta
et al., 2018

Gao et al.
2018

Herbison et
al., 2016

21

45

73

Holmes et al.,
2003 (PEDIG)

157

Holmes et al.,
2016 (PEDIG)

363

Lee et al.,
2020

25

Monocular
game: 9.7
[2.2];
Binocular
game: 10.5
[4.0]
Placebo: 9.6
[1.6];
Binocular
game:9.4
[1.7]
Control
game: 5.6
[1.1];
Binocular
video: 5.9
[1.2]
Binocular
game: 6.0
[1.3]
Patching (6
hr/day) and
near
activities: 4.7
[1.1];
Patching (fulltime) and
near
activities: 5.0
[1.0]
Patching: 8.6
[2.0];
Binocular
game: 8.4
[1.8]

6.64 [NR]

variable

Monocular game
(20hr total);
Binocular game
(20hr total)

6

Placebo game
(1hr/day); Binocular
game (1hr/day)

6

Control game (30
min/week),
Binocular video (30
min/week),
Binocular game (30
min/week)

16

16

8

Patching (6 hr/day)
and near activities
(1 hr/day) ;
Patching(full-time)
and near activities
(1 hr/day)

Patching (2 hr/day);
Binocular game
(1hr/day)
Patching (2hr/day);
Monocular
perceptual learning
(20min/day);
Binocular
perceptual learning
(20min/day)

BMJ Open Ophth

Monocular game: 0.06 [SE
0.03]
NR

Lab

-0.06 (-0.14 –
0.02)

Home

NR

Clinic

-0.03 (-0.11 0.05)

Home

one-sided 95%
CI: 0.031 (upper
limit: 0.053)

Home

NR

Home

-0.52 (-1.140.06)

Home

NR

Home

Binocular game: 0.14 [SE
0.02]

Placebo: 0.11 [SE = 0.03]
Binocular game: 0.05 [SE =
0.03]

Control game: 0.03 [0.02]
Binocular video: 0.1 [0.02]
Binocular game: 0.06
[0.02]

Patching (6hrs/day) and
near activities: 0.48 [0.23]
Patching (full time) and
near activities: 0.47 [0.29]

Patching: 0.14 [NR]
Binocular game: 0.11 [NR]
Patching: 0.054 [NR]
Monocular perceptual
learning: -0.04 [NR]
Binocular perceptual
learning: 0.022 [NR]

95

Patching:
14.3 [1.1];
Binocular
game: 14.3
[1.1]

16

Patching (2hr/day);
Binocular game
(1hr/day)

Medghalci &
Dalili, 2011

NR

104

Patching (3hr/day);
Atropine (0.5% 1 gt
(2x/week)

Patching: 0.38 [NR]

120

Mehboob et
al., 2019

52

8

Patching (6hr/day)
and near activities
(1-2 hr/day);
Patching (12hr/day)

Patching (6hr/day) and
near activities: 0.17 [0.13];
Patching (12hr/day): 0.22
[0.14]

NR

Home

variable

Patching or 0.2
Bangerter (full
time); Monocular
CAM stimulator (7
mins in 5-10
sessions)

Patching: 0.33 [0.126];
CAM: 0.311 [0.105]

NR

Patching:
home;
CAM: lab

Manh et al.,
2018

Nyman et al.,
1983

50

11.06 [3.3]

NR

Patching: 0.074 [NR]
Binocular game: 0.126
[NR]

Atropine: 0.36 [NR]
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Pawar et al.,
2014

PEDIG 2008

PEDIG 2009

PEDIG 2011

84

Patching:
6.68, [1.89]

398

Patching and
near: 5.4
[1.0];
Patching and
distance: 5.4
[1.0]

172

Atropine: 5.2
[1.1];
Atropine and
a plano lens:
5.1 [1.0]

BMJ Open Ophth

variable

Patching (full time,
6 days/week); Nonvision-based
treatment

Patching: 0.26 [NR]

NR

Home

8

Patching (2hr/day)
and near activities
(1hr/day) ; patching
(2hr/day) and
distance activities
(1hr/day)

Patching and near: 0.25
[0.16]; Patching and
distance: 0.26 [0.16]

0 (-0.3 - 0.3)

Home

18

Atropine (1% 1 gt
2x/week); Atropine
(1% 1 gt
2x/week)and a
plano lens
(6hrs/day)

Atropine: 0.24 [0.14];
Atropine and plano lens:
0.28 [0.18]

-0.03 (-0.02 0.08)

Home

10

Patching (2
hours/day) or
atropine (1% 1gt
1x/week); Patching
(6hrs/day) and
atropine (1% 1 gt
QD)

Patching or atropine:
0.053 [0.15]; patching and
atropine: 0.056 [0.096]

0 (-0.07 - 0.07)

Home

Optical treatment:
0.034[NR]); Binocular
game: 0.026 [NR]

-0.006 (-0.044 0.03)

Home

54

6.9 [NR]

PEDIG 2019

136

Optical
treatment:
9.6 [1.5]
Binocular
game: 9.6
[1.6]

4

Optical treatment
(full time);
Binocular game
(1hr, 5x/week) and
optical treatment
(full time)

PEDIG 2010

169

Patching: 6.3
[1.62];
Bangerter:
6.3 [1.67]

24

Patching (2hrs/day);
0.2 or 0.3 Bangerter
filter (full time)

Patching: 0.23 [0.13];
Bangerter: 0.19 [0.16]

0.76 (noninferiority 0.75)

Home

50

Patching:
5.06 [1.62];
Binocular
game and
patching:
6.28 [1.95]

4

Patching (variable);
Binocular game
followed by
patching (20
min/day, 5x/week x
1 month)

Patching: 0.06 [0.08];
Binocular game followed
by patching: 0.17 [0.09]

NR

Home

38

Patching and
placebo
game: 7.55
[1.55];
Binocular
game: 6.5
[2.01]

4

Patching and
placebo game (6
hours total);
Binocular game (6
hours total)

Patching and placebo
game: 0.09 [0.09];
Binocular game: 0.08
[0.09]

NR

Home

Repka et al.,
2003

181

Patching
(2hrs): 5.1
[1.1];
Patching
(6hrs): 5.4
[1.0]

16

Patching (2hrs/day)
and near activities
(1hr/day); Patching
(6hrs/day) and near
activities (1hr/day)

Patching (2hrs): 0.24
[0.134]; Patching (6hrs):
0.24 [0.163]

0.001 (-0.04 0.042)

Home

Scheiman et
al., 2008

172

Patching: 8.9
[1.5];
Atropine: 9.1
[1.6]

17

Patching (at least
1hr/day); Atropine
(1% 1 gt 2x/week)

Patching: 0.172 [0.156];
Atropine: 0.152 [0.15]

0.024 (-0.0140.062)

Home

Rajavi et al.,
2016

Rajavi et al.,
2019
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12

Patching (6hrs/day);
Non-vision-based
treatment

Patching: 0.37 [NR]

NR

Home

68

Patching: 10
[NR];
Monocular
game and
patching: 9.9
[2.19]

4

Patching (6hrs/day);
Monocular game
(1hr/day, FE
patched) and
patching (6hrs/day)

Patching: 0.05 [NR];
Monocular game and
patching: 0.1 [NR]

NR

Home

80

Patching (6h):
5.4 [1.7];
Patching
(12h): 5.6
[1.4]

18+

Patching (6hr/day);
Patching (12hr/day)

Patching 6h: 0.26 [NR],
Patching 12h: 0.24 [NR]

0.02 (0 - 0.04)

Home

Tejedor &
Ogallar, 2008

63

Optical
penalization:
6.11 [2.09];
Atropine:
5.64 [2.16]

26

Optical penalization
(full time); Atropine
(1% 1gt 2x/week)

Optical penalization: 0.18
[1.4]; Atropine: 0.34 [0.14]

NR

Home

Vagge,
Gunton &
Schnall, 2018

24

Patching: 4.8
[1.1]

variable

Patching (variable);
Non-vision-based
treatment

Patching: 0.17 [NR]

NR

Home

173

Optical
treatment:
5.3 [1.1];
Patching and
near
activities: 5.4
[1.0]

5

Optical treatment
or nothing (full
time); Patching
(2hr/day) and near
activities (1hr/day)

Optical treatment or
nothing: 0.05 [0.17];
Patching and near: 0.11
[0.16]

0.07 (0.02 0.12)

Home

34

Patching: 5.9
[0.9];
Intermittent
patching: 5.7
[1.5]

12

Patching (2hr/day);
Intermittent
patching (4 hrs/day,
switches on and off
every 30 seconds)

Patching: 0.15 [0.11];
Intermittent patching:
0.15 [0.12]

85

Patching:
5.99 [2.33];
Binocular
game: 6.5
[2.81];
Patching and
binocular
game: 6.21
[2.5]

12

Patching (2-6
hours/day);
Binocular game (40
mins/day, in 2
sessions); Patching
and binocular game
(2-6 hours/day)

Patching: 0.28 [NR];
Binocular game: 0.18 [NR];
Patching and binocular
game: 0.3 [NR]

15

Patching (2hrs/day)
and near activities
(1hr/day); Nonvision-based
treatment

Sharda 2019

Singh, Sharma
& Saxena,
2017

Stewart et al.,
2007

Wallace et al.,
2006

Wang et al.,
2016

Yao, Moon &
Qu, 2019

Zhao et al.,
2010

32

8.68 [1.55]

83

Patching: 9.4
[1.9]

Patching: 0.183 [0.099]

T = −0.14, onesided P=0.88

Home

NR

Home

0.049 (0.005 0.092)

Patching:
home;
Nonvisionbased
treatmen
t: clinic

Table 1. Studies included in the systematic review.. NR: not reported. mins: minutes. SE =
standard error. hr = hour. gt = drop. FE = fellow eye. Where studies included multiple age
groups, only the data for 4-17 year old participants are included.

Brin TA, et al. BMJ Open Ophth 2021; 6:e000657. doi: 10.1136/bmjophth-2020-000657

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

BMJ Open Ophth

Figure 1. Funnel plot of studies in the NMA. There is no asymmetry indicative of publication
bias.
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Figure 4. Forest plot of effect sizes, separated by treatment comparison. Larger boxes represent
increasing proportions of adherent participants. Smaller boxes represent no or incomplete
adherence data.
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Members of Research Committee and their affiliations at the time of participation
1. Alsabbagh, Wasem, School of Pharmacy, University of Waterloo
2. Budning, Andrew, Department of Ophthalmology, University of Toronto, Chair, of
Children’s Vision Committee, Eye Health Council of Ontario
3. Cotter, Susan, Southern College of Optometry, Marshall B Ketchum University
4. Thompson, Benjamin, School of Optometry, University of Waterloo
5. Evans, Mary Ann, Department of Psychology, University of Guelph
6. Peddle, Angela, Optometrist, Member of Children’s Vision Committee, Eye Health
Council of Ontario
7. Chris, Paul, Vision Institute of Ontario, Member of Children’s Vision Committee, Eye
Health Council of Ontario
8. Goodhew, Jeff, President Ontario Association of Optometrists, Member of Children’s
Vision Committee, Eye Health Council of Ontario
9. Grindrod, Kelly, School of Pharmacy, University of Waterloo
10. Patel, Tejal, School of Pharmacy, University of Waterloo
11. Carter, Caitlin, (Research Librarian) Library, University of Waterloo
12. Bobier, William, School of Optometry, University of Waterloo, Member of Children’s
Vision Committee, Eye Health Council of Ontario
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PubMed(Medline) Search Strategy

("amblyopia"[MeSH Terms] OR "amblyopia"[All Fields] OR "amblyopias"[All Fields] OR "lazy
eye"[All Fields] OR "convergence, ocular"[MeSH Terms] OR "ocular convergence"[All Fields]
OR "convergence insufficiency"[All Fields] OR "convergence insufficiencies"[All Fields] OR
"convergence excess"[All Fields] OR "accommodative disorders"[All Fields] OR
"accommodative dysfunction"[All Fields] OR "accommodative dysfunctions"[All Fields] OR
"accommodative insufficiency"[All Fields] OR "accommodative infacility"[All Fields] OR
"cyclophoria"[All Fields] OR "cyclophorias"[All Fields] OR "strabismus"[MeSH Terms] OR
"strabismus"[All Fields] OR "squint"[All Fields] OR "phoria"[All Fields] OR "phorias"[All
Fields] OR "exotropia"[MeSH Terms] OR "exotropia"[All Fields] OR exotropias[All Fields] OR
"esotropia"[MeSH Terms] OR "esotropia"[All Fields] OR "esotropias"[All Fields] OR
"exophoria"[All Fields] OR exophorias[All Fields] OR "esophoria"[All Fields] OR
"esophorias"[All Fields] OR "exodeviation"[All Fields] OR "exodeviations"[All Fields] OR
"esodeviation"[All Fields] OR "esodeviations"[All Fields] OR "hypertropia"[All Fields] OR
"hypertropias"[All Fields] OR "hypotropia"[All Fields] OR "hypotropias"[All Fields]) AND
("vision therapy"[All Fields] OR "vision therapies"[All Fields] OR "vision training"[All Fields]
OR "visual training"[All Fields] OR "visual therapy"[All Fields] OR "visual therapies"[All
Fields] OR "orthoptics"[MeSH Terms] OR "orthoptics"[All Fields] OR "orthoptic"[All Fields]
OR "pleoptic"[All Fields] OR "pleoptics"[All Fields] OR "home-based pencil push-ups"[All
Fields] OR "vergence training"[All Fields] OR "vergence therapy"[All Fields] OR
"accommodative training"[All Fields] OR "accommodative therapy"[All Fields] OR "eye
training"[All Fields] OR "eye patch"[All Fields] OR "eyepatch"[All Fields] OR "eye
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patching"[All Fields] OR "eye pad"[All Fields] OR "patch"[All Fields] OR "patching"[All
Fields] OR "ocular patches"[All Fields] OR "eye exercise"[All Fields] OR "eye exercises"[All
Fields] OR "ocular exercise"[All Fields] OR "optical penalization"[All Fields] OR "optical
penalisation"[All Fields] OR "computers, handheld"[MeSH Terms] OR "handheld
computer"[All Fields] OR "handheld computers"[All Fields] OR "tablets"[All Fields] OR
"tablet"[All Fields] OR "ipad"[All Fields] OR "ipod"[All Fields] OR "mp3-player"[MeSH
Terms] OR "smartphone"[All Fields] OR "smartphones"[All Fields] OR "smart phone"[All
Fields] OR "smart phones"[All Fields] OR "computer program"[All Fields] OR "computer
programs"[All Fields] OR "software"[MeSH Terms] OR filter[All Fields] OR filters[All Fields]
OR "prism"[All Fields] OR "prisms"[All Fields] OR "occluder"[All Fields] OR "occluders"[All
Fields]) AND ("child, preschool"[MeSH Terms] OR "child"[MeSH Terms] OR "child"[All
Fields] OR "children"[All Fields] OR "adolescent"[MeSH Terms] OR "adolescent"[All Fields]
OR "adolescents"[All Fields] OR "adolescence"[All Fields] OR "teen"[All Fields] OR
"teens"[All Fields] OR "teenager"[All Fields] OR "teenagers"[All Fields]) AND English[lang]
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PRISMA Checklist

Section/topic

# Checklist item

page #

1 Identify the report as a systematic review, meta-analysis, or both.

1

2 Provide a structured summary including, as applicable: background;
objectives; data sources; study eligibility criteria, participants, and
interventions; study appraisal and synthesis methods; results;
limitations; conclusions and implications of key findings; systematic
review registration number.

1-2

Rationale

3 Describe the rationale for the review in the context of what is
already known.

4-5

Objectives

4 Provide an explicit statement of questions being addressed with
reference to participants, interventions, comparisons, outcomes,
and study design (PICOS).

5-6

Protocol and
registration

5 Indicate if a review protocol exists, if and where it can be accessed
(e.g., Web address), and, if available, provide registration
information including registration number.

6

Eligibility criteria

6 Specify study characteristics (e.g., PICOS, length of follow-up) and
report characteristics (e.g., years considered, language, publication
status) used as criteria for eligibility, giving rationale.

7

Information
sources

7 Describe all information sources (e.g., databases with dates of
coverage, contact with study authors to identify additional studies)
in the search and date last searched.

7-8

Search

8 Present full electronic search strategy for at least one database,
including any limits used, such that it could be repeated.

TITLE

Title

ABSTRACT

Structured
summary

INTRODUCTION

METHODS

Supple
mental
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Study selection

9 State the process for selecting studies (i.e., screening, eligibility,
included in systematic review, and, if applicable, included in the
meta-analysis).

BMJ Open Ophth

7-8

Data collection
process

10 Describe method of data extraction from reports (e.g., piloted forms,
independently, in duplicate) and any processes for obtaining and
confirming data from investigators.

8

Data items

11 List and define all variables for which data were sought (e.g.,
PICOS, funding sources) and any assumptions and simplifications
made.

7-8

Risk of bias in
individual studies

12 Describe methods used for assessing risk of bias of individual
studies (including specification of whether this was done at the
study or outcome level), and how this information is to be used in
any data synthesis.

9-10

Summary
measures

13 State the principal summary measures (e.g., risk ratio, difference in
means).

8

Synthesis of
results

14 Describe the methods of handling data and combining results of
studies, if done, including measures of consistency (e.g., I2) for each
meta-analysis.

10-13

Risk of bias
across studies

15 Specify any assessment of risk of bias that may affect the
cumulative evidence (e.g., publication bias, selective reporting
within studies).

10

Additional
analyses

16 Describe methods of additional analyses (e.g., sensitivity or
subgroup analyses, meta-regression), if done, indicating which
were pre-specified.

11-13

Study selection

17 Give numbers of studies screened, assessed for eligibility, and
included in the review, with reasons for exclusions at each stage,
ideally with a flow diagram.

9

Study
characteristics

18 For each study, present characteristics for which data were
extracted (e.g., study size, PICOS, follow-up period) and provide
the citations.

Supple
mental

Risk of bias
within studies

19 Present data on risk of bias of each study and, if available, any
outcome level assessment (see item 12).

Supple
mental

RESULTS
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Results of
individual studies

20 For all outcomes considered (benefits or harms), present, for each
study: (a) simple summary data for each intervention group (b)
effect estimates and confidence intervals, ideally with a forest plot.

Synthesis of
results

21 Present results of each meta-analysis done, including confidence
intervals and measures of consistency.

16-19

Risk of bias
across studies

22 Present results of any assessment of risk of bias across studies
(see Item 15).

14-15

Additional
analysis

23 Give results of additional analyses, if done (e.g., sensitivity or
subgroup analyses, meta-regression [see Item 16]).

14-19

Summary of
evidence

24 Summarize the main findings including the strength of evidence for
each main outcome; consider their relevance to key groups (e.g.,
healthcare providers, users, and policy makers).

19-20

Limitations

25 Discuss limitations at study and outcome level (e.g., risk of bias),
and at review-level (e.g., incomplete retrieval of identified research,
reporting bias).

21-23

Conclusions

26 Provide a general interpretation of the results in the context of other
evidence, and implications for future research.

23-24

27 Describe sources of funding for the systematic review and other
support (e.g., supply of data); role of funders for the systematic
review.

2
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Supple
mental

DISCUSSION

FUNDING

Funding
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