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ABSTRACT

Amblyopia is the most common cause of
monocular visual impairment in children, with
a prevalence of 2–3%. Not only is visual acuity
reduced in one eye but binocular vision is
affected, fellow eye deficits may be present,
eye–hand coordination and reading can be
affected, and self-perception may be dimin-
ished. New technologies for preschool vision
screening hold promise for accessible, early, and
accurate detection of amblyopia. Together with
recent advances in our theoretical understand-
ing of amblyopia and technological advances in
amblyopia treatment, we anticipate improved
visual outcomes for children affected by this
very common eye condition. This article is
based on previously conducted studies and does
not contain any new studies with human par-
ticipants or animals performed by any of the
authors.
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Key Summary Points

Amblyopia is the most common cause of
monocular visual acuity impairment in
children, affecting 2 or 3 of every 100
children, but is treatable if detected early.

Pediatricians report that the high false
positive rate of automated tests that
screen for risk factors is a major barrier to
preschool vision screening, leading to a
lack of confidence in results and a reduced
likelihood that they will refer a child for
eye care on the basis of a screening failure.

New screening technologies (binocular
retinal birefringence, optokinetic
nystagmus (OKN) visual acuity, artificial
intelligence) directly target amblyopia, not
risk factors, and hold promise in providing
more accurate preschool screening.

Recent technological advances in
amblyopia treatment provide alternatives
that can be used alone or in combination
with standard-of-care treatments
(patching, atropine, and Bangerter filters),
with the potential to improve compliance
and vision outcomes.
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INTRODUCTION

Amblyopia is a disorder of neurodevelopment
that results from inadequate visual experience
during the first years of life. It is the most
common cause of monocular visual acuity
impairment in children, affecting 2 or 3 of every
100 children [1–3]. Appropriate visual stimula-
tion, including clear retinal images in each eye
and proper ocular alignment are needed for
normal visual development. Anisometropia and
strabismus are two common pediatric eye con-
ditions that can interfere with visual stimula-
tion during development, placing children
under 7 years of age at risk for amblyopia. It is
widely appreciated that the success of ambly-
opia treatment declines with increasing age,
and failure to detect and remediate it with early
treatment can result in permanently decreased
visual acuity in one eye. Here we review recent
technological advances in early childhood
screening and treatment for amblyopia that are
providing hope for earlier detection and better
outcomes.

ADVANCES IN SCREENING
FOR AMBLYOPIA

Screening for amblyopia is recommended as a
part of routine health surveillance for children
aged 3–5 years in many countries [4–7]. Accu-
rate screening methods that can be employed
by pediatricians, family care practitioners, nur-
ses, or community organizations could identify
amblyopia at a time when treatment is most
effective. Accurate screening can also reduce
false positives, and spare nonamblyopic chil-
dren the need for a complete eye exam, saving
both time and health care resources. We know
that repeated early vision screening improves
vision outcomes. In a population-based, ran-
domized longitudinal study, repeated early
screening resulted in a 60% decreased preva-
lence of amblyopia and improved visual acuity
outcome at age 7 years compared with surveil-
lance only until school entry [8–10]. Moreover,
amblyopia can be treated more effectively when
treated early; the same study found a 70% lower

prevalence of residual amblyopia after treat-
ment when therapy was initiated before age
3 years [8–10].

The gold standard for amblyopia screening is
visual acuity testing and most vision screening
programs still rely on visual acuity charts as
their primary screening test for amblyopia
[4–7, 11]. However, only one-third of 3-year-old
and half of 4-year-old children can complete a
visual acuity test of each eye [11–15]. Auto-
mated devices provide a simple, more successful
approach to screening, aiming to detect refrac-
tive error and strabismus risk factors for
amblyopia, rather than detecting amblyopia
directly. However, the prevalence of risk factors
is 21% compared to a prevalence of amblyopia
of 2.5%, i.e., 8 or 9 of every 10 children who fail
automated screening because they have a risk
factor are false positives and do not have
amblyopia [16]. In a recent study of 10,000
3-year-olds seen in the Pediatric Research in
Office Settings (PROS) network, pediatricians
reported not even attempting screening for 62%
of children [12]. PROS members reported that
the high false positive rate (over-referral) of
automated screeners was the major barrier [12].
False positives lead to higher health care costs,
parental anxiety, and a lack of confidence in
screening results. Lack of confidence in turn
leads to a reduced likelihood that the pediatri-
cian will refer a child for eye care as a result of a
failed screening exam, and a reduced likelihood
that the family will seek eye care when referred.
Because of the high false positive rate, the
‘‘earlier is better’’ notion has recently been
called into question because automated
screening may lead to unneeded office visits,
treatment, financial burden, and potential psy-
chosocial harm [17]. New alternatives for early
vision screening that target amblyopia directly
rather than risk factors are on the horizon,
including retinal birefringence, optokinetic
nystagmus visual acuity screening, and artificial
intelligence.

Binocular Retinal Birefringence Screening

Recently, retinal birefringence scanning has
been developed as a method to detect

816 Ophthalmol Ther (2021) 10:815–830



amblyopia and strabismus. Retinal birefrin-
gence scanning takes advantage of the unique
architecture of the human fovea, with its radial
organization of the Henle fibers. Because the
Henle fiber layer is a birefringent tissue, a spot
of polarized light scanned in an annulus at
100 Hz during central, steady foveal fixation
will result in frequency doubling and 200 Hz
will be the dominant signal frequency in the
returning light. If fixation is unsteady or
eccentric because of amblyopia, there will be
little or no birefringence and, as a result, little or
no 200 Hz signal in the returning light (Fig. 1).
In a pair of studies, 400 preschool children were
screened using a prototype retinal birefringence
scanner that collected five scans in 2.5 s from
children aged 2–6 years old at two pediatric
ophthalmology private practices and at one
pediatric primary care practice [18, 19]. Screen-
ing results were compared with findings at a
gold standard comprehensive examination by a
pediatric ophthalmologist who was masked to
screening results. Overall, binocular retinal
birefringence scanning had 97% sensitivity
(ability to accurately detect amblyopia/

strabismus) and 90% specificity (ability to cor-
rectly identify children without amblyopia), a
significantly lower false positive rate than
screening for risk factors. In 2016, binocular
retinal birefringence scanning won US Food and
Drug Administration (FDA) de novo clearance,
with indications for screening young chil-
dren for amblyopia and strabismus. After minor
redesign, the device is now available as the
blinq� (Fig. 2).

Optokinetic Nystagmus Visual Acuity
Screening

Because the gold standard for amblyopia
screening is visual acuity testing, there is great
interest in developing an objective measure-
ment of visual acuity in young children. The
Objective Acuity Vision Screener is currently
under development to meet this need. Unlike
optokinetic nystagmus (OKN) drums com-
monly used in the clinic, this test uses novel
vanishing optotypes to induce involuntary
OKN eye movements (Fig. 3) [20, 21]. While the
high contrast black and white bars of the OKN

Fig. 1 Using retinal polarization scanning to measure
bilateral fixation via Henle nerve fiber patterns that
surround the fovea, the blinq� determines if faulty fixation

is present and provides direct screening of microstrabismus
as small as 1� and amblyopia. Reprinted with permission
from https://www.rebion.net
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drum used in the clinic are useful in determin-
ing whether a gross vision response is present,
there is no clear relationship with visual acuity.
On the other hand the vanishing optotypes
used in the Objective Acuity Vision Screener are
highly correlated with ETDRS visual acuity in
adults [22].

Historically, the evaluation of eye move-
ments has been limited because it requires (1)
expensive recording equipment, (2) cooperative
children able to hold a steady head position,
and (3) expertise to interpret eye movement
recordings. In the Objective Acuity Vision
Screener, the first is overcome by presenting the

visual stimuli on an inexpensive, portable iPad
and collecting eye movement data via its
internal camera; this platform also provides
versatility needed for various screening settings
and for field use in underserved areas [20, 21].
Second, the requirement for steady head posi-
tion was solved by use of facial feature recog-
nition software to measure and subtract motion
of the head, allowing stabilization of the posi-
tion of the eyes within the frame [20, 21]. Third,
the need for expertise was reduced by develop-
ing software to automatically detect presence or
absence of OKN [20, 21] (Fig. 4). Ongoing clin-
ical trials are evaluating the sensitivity and

Fig. 2 The blinq� provides a definitive ‘‘pass’’ and ‘‘refer’’ output for amblyopia, including refractive amblyopia,
microstrabismus, and strabismus. Reprinted with permission from https://www.rebion.net

Fig. 3 Novel vanishing optotype that can elicit OKN
when seen but vanishes into the background if the child’s
visual acuity is below age normal. For preschool vision
screening, children are tested with vanishing optotype sizes

that correspond to the American Association for Pediatric
Ophthalmology and Strabismus (AAPOS) recommended
visual acuity screening levels for 3-, 4-, 5-, and 6-year-olds.
Figure provided by Objective Acuity Ltd
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specificity of this approach for detecting
decreased visual acuity in preschool children.

Artificial Intelligence and Screening

The promising role of artificial intelligence (AI)
to enhance preschool vision screening is only
now beginning to be investigated. Major drivers
for this effort are the shortage of pediatric
ophthalmologists, poor access to health
screenings in underserved populations, and a
clear appreciation of the benefit of early
screening that leads to early interventions that
can improve long-term outcomes. One such
device has been developed by DIVE Medical
that uses an eye tracker to provide a fast and
objective measurement of visual acuity and
fixation instability [23]. AI can be used to adapt
the progression of test stimuli to each child’s
performance to minimize test time and AI
parameterized algorithms and heuristics can
optimize sensory, imaging, and eye movement
data processing. Overall, the goal is to train the
neural network models and to evaluate their
diagnostic accuracy for amblyopia and strabis-
mus compared with a gold standard compre-
hensive examination [23]. Another AI
approach, which has yet to be explored for
pediatric vision screening, is to collect symptom

data by electronic child- or parent-report as the
input for machine learning-based prediction
models for amblyopia. This approach has
worked well for diverse medical conditions in
adults, including early detection of immune-
related adverse events [24], predicting cognitive
decline [25], and the need for cataract surgery
[26]. If accurate, AI could provide a low-cost,
low-manpower, and accessible approach to
preschool vision screening.

ADVANCES IN AMBLYOPIA
TREATMENTS

There is solid evidence that initial amblyopia
treatment should be refractive correction,
which improves retinal image quality by cor-
recting refractive errors with spectacles. With
optical correction alone within 30 weeks,
amblyopia resolved in about one-third of pre-
viously untreated amblyopic children [27, 28].
For those who do not resolve with refractive
correction alone, other amblyopia treatments
are required. Treatment are available that pri-
marily target the monocular visual acuity deficit
or that target the binocular dysfunction and
suppression.

Fig. 4 OKN analysis software tracks position of the limbal edge, extracts horizontal eye velocity, and uses a machine
learning algorithm to categorize velocity spike patterns as OKN present or absent. Figure provided by Objective Acuity Ltd
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Novel Monocular Treatment Approaches

The current standard-of-care focuses on target-
ing the monocular visual acuity deficit by forc-
ing the amblyopic eye to actively work, and
thereby promoting normalization of visual
cortical function in response to visual input
from the amblyopic eye. Standard-of-care
monocular treatments with robust evidence
from randomized clinical trials (RCTs) include
patching, atropine, and Bangerter filters.

After stable visual acuity was achieved with
spectacle wear, 3- to 8-year-old amblyopic chil-
dren randomized to patching treatment
improved an additional 0.2 to 0.4 logMAR (2–-
4 lines) than children who continued with
spectacles alone [29, 30]. More than 80% of the
improvement with patching occurred within
6 weeks [30]. Treatment outcome was signifi-
cantly better for children younger than 5 years
than children older than 7 years [30, 31].
Nonetheless, even in children 7–17 years old,
patching is significantly better than optical
correction alone [32]. Two other monocular
treatments, atropine penalization and Bangerter
filters, have also been evaluated in RCTs
(Table 1). Atropine penalization has been
shown to be as effective as patching in treating
both moderate and severe amblyopia among
children aged 3–6 years [33, 34]. Bangerter

filters are also effective in improving vision for
moderate amblyopia [35–37]. Although the
Bangerter group improved slightly less than the
patching group, the Bangerter filters were asso-
ciated with a lower treatment burden and are
recommended as a reasonable option for mod-
erate amblyopia [36].

The dose–response relationship for patching
is not yet fully understood. One may assume
that the longer hours of patching result in more
vision improvement. Paradoxically, for moder-
ate amblyopia, a prescribed patching dose of
2 h/day resulted in the same amount of visual
acuity improvement as a prescribed patching
dose of 6 h/day [38] and, for severe amblyopia,
6 h/day yielded similar results to 12 h/day
[39]. However, these studies did not objectively
monitor adherence with the prescribed patch-
ing regimens. The similar visual acuity out-
comes may have been due to a lack of
adherence with the higher prescribed doses, i.e.,
the two treatment groups may have actually
received similar doses despite being prescribed
different doses. If we want to understand the
dose–response relationship of patching, and
determine any other factors that may be
involved in modulating the child’s response to
patching, we need to objectively monitor
patching.

Table 1 Randomized clinical trials evaluating monocular treatments of amblyopia that include younger children who
traditionally respond to patching

Study Mean age, years
(range)

Monocular therapy Comparison
group

VA
improved?

VA improved
more?

Mean VA
improvement

Wang et al.

[48]

5.7 (3–8) Intermittent

occlusion glasses

Patching Yes No 1.5 lines in

12 weeks

Iwata et al.

[51]

4.8 (3–7) Occlu-pad Glasses Yes Yes 1.9 lines in

12 weeks

3.0 lines in

24 weeks

PEDIG

[33]

5.3 (3–7) Atropine Patching Yes No 3.7 lines in

24 weeks

PEDIG

[36]

6.3 (3–10) Bangerter filter Patching Yes No 1.9 lines in

24 weeks
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Only one patching RCT objectively moni-
tored adherence, the Monitored Occlusion
Treatment of Amblyopia Study (MOTAS).
Researchers used an occlusion dose monitor
(ODM) to track adherence with patching via
two miniature electrocardiogram electrodes
attached to the undersurface of the patch to
detect skin contact [40]. The authors reported a
positive dose–response relationship between
the number of hours of patching and the
amount of visual acuity improvement (Fig. 5)
[30]. Surprisingly, even within this homoge-
neous cohort of amblyopic children aged 3–-
8 years with no prior treatment other than
spectacles, individual differences in dose–re-
sponse were large. With about 200 cumulative
hours of patching (verified by an ODM; high-
lighted in Fig. 6), the visual acuity improvement
range was wide, from 0.2 logMAR (2 lines) to
0.8 logMAR (8 lines) [30]. These results suggest
that poor adherence to prescribed patching
regimens was not the only factor influencing
visual acuity outcomes—other unidentified
factors may contribute to these individual dif-
ferences [41]. Other factors known to be related
to adherence to patching include the parents’
understanding of the treatment, stress, dis-
comfort of patches, and the social stigma asso-
ciated with patching [42].

Researchers from the UK [40, 43] and the
Netherlands [44] have pioneered objective
monitoring of patching with an ODM. How-
ever, the UK ODM is no longer available and the
Netherlands ODM is not available in North
America. In 2013, German colleagues intro-
duced a temperature-sensitive microsensor
(Theramon�) for monitoring adherence to
patching [45, 46]. Advantages of the microsen-
sor include its small size, waterproof coating,
long battery life, and data storage capacity of up
to 100 days. Shortcomings of the microsensor
include that its small size makes it hard to hold
and is easily lost, it is difficult to place on a
patch consistently, and it is a swallow hazard
due to its candy-like appearance. Despite the
attractive advantages, shortcomings of the
microsensor have limited its use in research and
clinical practice [45, 46].

To decrease the likelihood that the
microsensor will be lost or swallowed, and to

Fig. 5 The dose–response relationship for patching versus
number of hours in the MOTAS study [30] Reprinted
with permission from the author (Katherine Stewart);
purple highlight added

Fig. 6 The temperature-sensitive Theramon� sensor is fit
into a horseshoe shaped silicone Eye Patch Assistant (EPA)
[47], which can then be placed on an adhesive eye patch,
shown next to sensor reading device (a). Also shown is the
EPA with a microsensor in place on the eyepatch, ready to
place over the child’s eye (b)

Ophthalmol Ther (2021) 10:815–830 821



facilitate consistent application of the
microsensor to an adhesive patch, the Eye Patch
Assistant (EPA) was recently designed [47]. The
EPA, a horseshoe-shaped holder for the
microsensor, is made of biocompatible silicone,
and can be adhered to the inside of a regular size
adhesive eye patch (Fig. 6). The EPA has a
recessed opening so that the microsensor fits
flush for positioning on the temple, and has an
open side positioned toward the nose for com-
fortable spectacle wear [47]. Currently, the first
RCT to use this EPA ODM to evaluate patching
is being conducted by the Pediatric Eye Disease
Investigator Group (ClinicalTrials.gov ID
NCT04378790).

To offset the challenges of traditional
patching treatment, researchers are evaluating
new occlusion technology. Liquid crystal glasses
provide a new monocular treatment—intermit-
tent occlusion therapy (IO-therapy)—in which
the spectacle lens that covers the fellow eye
changes between opaque and transparent states
every 30 s [48]. A recent RCT found that inter-
mittent occlusion via IO-therapy glasses (Am-
blyz) for 4 h/day was as effective as patching
2 h/day in treating 3- to 7-year-old children
with moderate amblyopia (Table 1) [48]. In a
subsequent study, using the Theramon
microsensor to monitor adherence with IO-
therapy glasses, the authors reported similar
adherence to patching [49]. An ongoing RCT
(ClinicalTrials.gov ID NCT02767856) is further
comparing intense and standard regimens of
IO-therapy.

Another recently developed monocular
treatment alternative for occlusion is the Occlu-
Pad [50]. By removing the polarizing film layer
from the liquid crystal display screen of an iPad
Air, the LCD display is visible only to the
amblyopic eye with the aid of an exactly mat-
ched polarizing filter. Meanwhile, the fellow eye
is given a neutral density filter to match the
luminance seen by the amblyopic eye but,
without a polarizing filter, the fellow eye is only
able to see the white backlight of the display. As
a result, images are selectively seen by the
amblyopic eye even though the child views the
tablet with both eyes. Although the authors
called this treatment ‘‘dichoptic’’, the nature of
this treatment is based on the monocular deficit

approach, i.e., occlusion of the fellow eye. In a
single-site RCT of children aged 3–7 years with
anisometropic amblyopia and stable visual
acuity in glasses, playing a game on the Occlu-
Pad 0.5-h/day twice per week led to significantly
more visual acuity improvement than glasses
alone (Table 1) [51].

Besides these individual treatment options,
some RCTs have investigated various combina-
tions of treatments and have reported an added
benefit of the combination over patching alone,
e.g., patching plus atropine for residual ambly-
opia [52] and patching plus monocular video
games [53]. Other studies of combined treat-
ments did not report an additional benefit, e.g.,
patching plus near activities [54], patching plus
levodopa [55], and patching plus citalopram
[56].

Novel Binocular Treatment Approaches

Many children do not achieve normal visual
acuity, even after months or years of patching
and atropine, and of those that do, up to half
will regress [57]. Further, normal binocularity
(i.e., stereoacuity) is rarely restored [57–60],
even if normal visual acuity is attained, which
may be because the eyes are not encouraged to
work together during patching treatment. Over
the last few decades there has been a paradigm
shift in how the etiology of amblyopia is
viewed. Rather than the centuries-old ‘‘monoc-
ular disorder’’ view, recent evidence points to
amblyopia as a ‘‘binocular disorder’’. In animal
models of amblyopia, interocular suppression is
heightened in visual areas V1 and V2, and the
severity of suppression is correlated with the
behavioral sensory deficit [61, 62]. Further,
interocular suppression in V1 is reduced when a
gamma aminobutyric acid (GABA) antagonist is
introduced [63]. In amblyopic humans, research
shows that interocular suppression plays a
major role in the etiology of amblyopia, and
there is a strong relationship between severity of
amblyopia and the severity of suppression
[64–66]. Combined, these psychophysical and
physiological data point to a structurally intact
binocular visual system that is rendered
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functionally monocular in amblyopia due to
active suppression.

Capitalizing on this recent shift in our
understanding of the etiology of amblyopia,
researchers have discovered that suppression

can be reduced by rebalancing the signal
between the two eyes, thereby allowing for
binocular interaction [57, 65, 67]. This is
achieved by decreasing the signal (i.e., decrease
luminance or contrast) in the fellow eye while

Fig. 7 A child wearing red-green anaglyphic glasses to play
the contrast-rebalanced Dig Rush game for amblyopia
treatment (left) and an example screen from the Dig Rush
game (right) [69]. The amblyopic eye, viewing through a
green filter, sees the high-contrast red elements of the game
(miners and fireball) while the fellow eye, viewing through

a red filter, sees the reduced contrast blue elements (gold
nuggets and mining cart). Gray elements are seen by both
eyes. Avoiding obstacles, the child must move the miners
to retrieve the gold and fill the cart. Game levels
progressively increase in difficulty

Table 2 Randomized clinical trials evaluating contrast-rebalanced binocular game treatment of amblyopia that include
younger children who traditionally respond to patching

Study Mean age,
years (range)

Binocular
treatment

Comparison
group

VA
improved?

VA
improved
more?

Mean VA
improvement

Xiao et al. [75] 6.1 (4–7) Videos Glasses Yes Yes 1.8 lines in

12 weeks

Holmes et al. [77] 5.8 (4–7) Dig Rush Glasses Yes Yes 1.1 lines in

4 weeks

Jost et al. [74] 7.6 (4–10) Dig Rush,

Monster

Burner

Different

contrast

protocols

Yes No 1.4 lines in

8 weeks

Birch et al.; Kelly

et al. [69, 100]

6.8 (4–10) Dig Rush Patch Yes Yes 1.8 lines in

4 weeks

Yao et al. [73] 6.0 (3–13) Push–Pull Patch Yes No 1.8 lines in

12 weeks

PEDIG [76] 8.5 (5–12) Tetris Patch Yes No 1.1 lines in

16 weeks
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the signal to the amblyopic eye remains high
[64, 65, 67]. Multiple labs have put this finding
to use by creating binocular amblyopia treat-
ments that alleviate amblyopic eye suppression
using dichoptic games and movies presented on
tablets, computer screens, and in virtual reality
headsets (Fig. 7) [68–75]. While preliminary
data show promising results, many of the
binocular amblyopia treatments have yet to be
rigorously tested in RCTs. In general, RCTs
suggest that binocular treatments can be used
effectively as a treatment for amblyopia in
children in as little as 2–16 weeks [69, 73–77].
Still, there is some debate in the literature about
whether binocular amblyopia treatment works
[78, 79]. Studies with small or no improvements
have been hindered by poor compliance, and by
enrolling older children and adults who had
abandoned amblyopia treatment after months
or years of patching and atropine with
intractable residual amblyopia [80–82]. Table 2
reports binocular treatment RCTs that included
younger children who traditionally respond to
patching treatment (less than 7 years of age).
Although superiority was not found for some
studies, the key finding is that amblyopic eye
visual acuity significantly improved from base-
line with binocular treatment in all of these
RCTs. Regardless of whether binocular treat-
ments are better than patching, there is strong
evidence that binocular treatments are at least
equal to patching and can be considered as an
additional treatment option [79].

In the clinic, improving visual acuity is the
main goal of amblyopia treatment, and once
achieved, treatment is terminated. Yet, binocu-
lar deficits persist in almost half of those whose
visual acuity deficit resolves [57, 59, 60]. Rather
than just normal visual acuity, restoring binoc-
ularity is also an important treatment goal.
There is preliminary evidence that binocular
treatments may improve stereoacuity and inte-
rocular suppression as well as visual acuity
[73, 74, 83, 84]. In addition, some researchers
are using dichoptic methods to train stereopsis
directly [85, 86]. Promising results suggest the
possibility of prolonging treatment after normal
visual acuity has been achieved to include
stereoacuity training. Poor stereoacuity is rela-
ted to increased risk of recurrent misalignment

following strabismus surgery [60, 87]; therefore
the addition of stereoacuity training may help
maintain alignment in those with strabismus.
Binocular dysfunction is also implicated in
impaired motor ability and is associated with an
increased risk of injury [88–93]. Improving
stereoacuity with binocular treatment could
help improve motor ability [83], and in turn,
reduce injuries, and improve self-esteem and
quality of life [93–96]. Improved vision and
binocularity may also open up more doors
career-wise, as vision requirements exist for
certain jobs such as aviation, law enforcement,
and surgery [97–99].

Some may question whether high-tech,
alternative treatments will cost more than tra-
ditional treatments for amblyopia, either to
third-party payers or the families of children
with amblyopia, and whether they will be easily
accessible. While the new technologies may
initially cost more or may not be covered by
third-party payers, over time and with demand,
direct costs of the treatment are likely to
decrease and eventually be accepted as a treat-
ment option if proven effective. Indirect costs
may also be less than anticipated. There is evi-
dence that visual acuity improvements with
binocular treatment occur faster than patch-
ing—at least in the beginning—with gains of
about 1–2 lines occurring in just 4–8 weeks
rather than with 4–6 months of patching
[30, 36, 48, 69, 75, 76, 100]. Further, visual
acuity of 20/32 or better was achieved within
4 weeks in 35–39% of children randomized to
binocular treatment, but only in 7–8% of chil-
dren randomized to patching [69, 100]. These
findings suggest that visual acuity gains may be
faster in the short term with binocular treat-
ment than patching. If true, this could reduce
the cost of visits, travel to appointments, and
time off work for parents. Clinicians may
choose to loan or rent the devices rather than
requiring the families to purchase these items,
or to provide children with treatment software
that can be used on devices the family already
owns, further reducing costs and increasing
accessibility. Initial studies of binocular treat-
ment were completed in the lab. Now, treat-
ments can be completed at home. With
improvements in gaming and movie content,

824 Ophthalmol Ther (2021) 10:815–830



compliance has the potential to be much better
than patching. As binocular treatments evolve
and become commercially available, the cost for
a typical child patching for 6 months may be
equivalent to the cost of a child undergoing
binocular treatment for 1–2 months.

Whether binocular treatment can cure
amblyopia remains to be determined. So far,
there have only been short-term proof-of-prin-
ciple studies with games designed to last only
about 4–8 weeks that may be too simple to
maintain a child’s interest for long, especially
older children. Further, current treatments may
not be able to treat those with severe amblyopia
as they are unlikely to see all of the game or
movie elements. Lastly, younger children may
not be able to understand or play the games, or
may be uninterested in watching the movies.
Fortunately, many of these issues are continu-
ing to be addressed as research continues.

WHAT’S ON THE HORIZON?

Recent research has shown that amblyopia not
only impacts vision of the affected eye; func-
tional consequences include deficits in the
stronger, fellow eye, slow reading, impaired
motor skills, and low self-esteem and quality of
life (see ‘‘Box’’)—all issues that can streamline
into a child’s everyday life, and persist into
adulthood [88, 93–96, 101–107]. Therefore, it is
imperative that this condition be diagnosed and
treated as early as possible. Recent advances in
screening offer hope for early detection that can
be used in a broad range of settings. Similar to
the interchangeability of patching, atropine,
and Bangerter filters, the new monocular and
binocular advances in amblyopia treatment
provide alternatives that can be used alone or in
combination with these standard-of-care treat-
ments. A larger repertoire of treatment options
will help improve compliance and vision
outcomes.

FUNCTIONAL CONSEQUENCES
OF AMBLYOPIA

Fellow Eye Deficits

• Children with amblyopia have impaired
motion-defined form perception and global
motion perception in their fellow eye [101].

• Fixation instability is present in the fellow
eye of children with amblyopia [104].

Slow Reading

• Children with amblyopia read 25% slower
than their peers [102].

• Ocular motor dysfunction associated with
amblyopia (i.e., increased forward saccades,
fixation instability) may be a cause of slow
reading [103].

Impaired Motor Skills

• Children with amblyopia have impaired
motor skills (e.g., manual dexterity, aiming,
catching, balance, and walking)
[88–92, 106].

• Children with amblyopia are 25% slower at
transferring answers to a multiple-choice
answer sheet [105].

• Motor impairments are related to early
onset, strabismus, reduced binocularity,
and ocular motor dysfunction [88].

Self-Perception and Quality of Life

• Amblyopia affects children’s self-perception,
especially of physical competence and peer
acceptance [94–96].

• Children with amblyopia and their parents
have reduced quality of life scores [107].
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