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Management of amblyopia in pediatric patients:
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Amblyopia is a cause of significant ocular morbidity in pediatric population and may lead to visual impairment in future life. It is
caused due to formed visual deprivation or abnormal binocular interactions. Several risk factors in pediatric age group may lead to
this disease. Author groups have tried managing different types of amblyopia, like anisometropic amblyopia, strabismic amblyopia
and combined mechanism amblyopia, with optical correction, occlusion therapy, penalization, binocular therapy and surgery. We
review historical and current management strategies of different types of amblyopia affecting children and outcomes in terms of
visual acuity, binocularity and ocular deviation, highlighting evidence from recent studies. Literature searches were performed
through Pubmed. Risk factors for amblyopia need to be identified in pediatric population as early in life as possible and managed
accordingly, as visual outcomes in amblyopia are best if treated at the earliest. Although, monocular therapies like occlusion or
penalization have been shown to be quite beneficial over the years, newer concepts related to binocular vision therapy are still
evolving.
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INTRODUCTION
Amblyopia is clinically defined as subnormal visual acuity (VA) in
one or both eyes, resulting from formed visual deprivation or
abnormal binocular interaction, not explained by any abnormality
in ocular or visual system or refractive error, during the critical
period of visual development [1]. Amblyopia is the most common
cause of visual impairment in children and adults in the West and
may have a huge impact on the economy and society in large,
with amblyopics having restricted career options, reduced quality
of life, and low self-esteem [2–7].
Development of VA after birth depends on adequate quality

stimuli from both eyes, corresponding images and integrity of
the visual pathways. Early diagnosis of factors affecting devel-
opment of vision is crucial for preservation of good VA, since
early treatment allows reversal of cortical damage. Stimulation
deprivation amblyopia may occur because of anterior segment
disorders like cataract and corneal diseases and the potential
time for treatment of deprivation is generally within first
6 months of life [8, 9].
Anisometropic amblyopia is caused by a difference of ≥1

diopter refractive error between either eye, and may be caused
by myopia, hyperopia, or astigmatism [10]. In both stimulation
deprivation and anisometropic amblyopia, there may be an
abnormal neuronal competition in the primary visual cortex.
However, anisometropic amblyopia is said to have the best
prognosis, with optical correction or further treatment [11].
In anisometropic amblyopia, the suppression is foveal, with
preservation of fusion of images generated in the retinal
periphery; hence, anisometropic amblyopia may have loss of

contrast sensitivity of all spatial frequencies with a sparing of
binocular vision, and both eyes process congruent images [12].
In this regard, a preserved binocularity may be an important
factor towards full restoration of VA, after both monocular or
binocular treatments [13–15]. In contrast, in strabismic amblyo-
pia, there is stimulation of non-corresponding retinal areas and
has a strong suppression component both in the amblyopic eye
and the normal eye. The varying stimuli received by the two
eyes prevents the fusion into a normal image and hence these
eyes do not have binocularity; suppression leads to amblyopia in
these cases, although due to peripheral retinal stimulation
contrast sensitivity is spared [16]. Mixed amblyopia is caused by
the presence of multiple amblyogenic factors [1, 17]. Several
earlier studies have shown that amblyopia can be treated by
occlusion therapy or penalization; however, older children and
teenagers may have subnormal outcomes [18–21]. Studies have
shown that amblyopes may have higher order cortical function
deficits also in the fellow eye and hence recently studies have
focused on binocular therapies of amblyopic patients [22–26]. In
this article, we discuss the evolution of the basic principles of
management of amblyopia in children over the years, along with
review of clinical studies which have investigated efficacies of
different therapeutic modalities.

CLINICAL ASSESSMENT
The key to successful management of amblyopia is an accurate
assessment of VA, in order to plan therapy and gauge improve-
ment on follow- up. This can be particularly challenging in
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children. The assessment of the red reflex is simple test to look for
any gross ocular abnormalities that can be amblyogenic, such as,
media opacities, high refractive errors or ocular tumors which
are seen as opacities in the reflex, asymmetrical reflex and white
reflex, respectively [27]. The assessment for binocularity is
important, as it may be disturbed by amblyopia, strabismus,
refractive error, and visual deprivation. It is essential to perform
tests for binocular vision prior to cycloplegia and dissociation of
both the eyes, as they can both affect the results.
It is important to assess for binocular alignment and ocular

motility to rule out strabismus in patients with amblyopia. For
small angle squints, the induced tropia test can be done using a
10 PD prism base down or base in in either eye and looking for the
fixation pattern [28]. A detailed examination of the fundus should
be performed through the dilated pupil to look for any optic disc,
macular, or any other retinal abnormalities that may contribute
poor vision.
Visual fixation can be used as a measure of VA in infants.

Parameters like eye preference, resistance to occlusion and quality
of fixation (central, steady, maintained) should be assessed to
draw a meaningful conclusion [29, 30]. In older, pre-verbal
children, recognition testing should be used to get a quantitative
idea of VA. LEA SYMBOLS (Good-Lite Co., Elgin, IL) and HOTV
charts are standard for VA assessment in toddlers [31, 32]. For
older children yet, Sloan letters are preferable [33]. However, it is
important to note that in amblyopes, single optotype visual
testing yields better results than when testing a line of optotypes.
This is due to the ‘crowding phenomenon’ in amblyopia and
should be kept in mind during evaluation of patients [34].
Age appropriate cycloplegia followed by refraction is vital for

amblyopia management. Dynamic retinoscopy can be done before
cycloplegia to assess accommodation, which is helpful in patients
with accommodative insufficiency or asthenopic symptoms due to
high hyperopia [35, 36]. Children have a stronger accommodative
tone compared to adults, so it is essential to abolish it completely
with adequate cycloplegia for correct retinoscopy. Cyclopentolate
hydrochloride 1% and atropine sulfate 1% are commonly used
agents.

MANAGEMENT STRATEGIES
Prevention and screening
Early and frequent visual screening of infants and children can
ensure timely detection of any stimulus deprivation, refractive error
or strabismus, all of which are causative factors for amblyopia. It is
known that the earlier these problems are detected and treated, the
better is the prognosis [37].
In 1997, the Pediatric Eye Disease Investigator Group (PEDIG)

came together to conduct several clinical trials on pediatric eye
disorders related to vision. The PEDIG studies have shown that in
cases of moderate strabismic and/or anisometropic amblyopia, VA
improved to 20/30 or better at 6 months after initiation of
treatment in about 75% of the children under 7 years of age [20].
It is important to identify children with risk factors for

amblyopia and screen them for the same. Risk factors include
uveitis; ptosis; systemic conditions with ocular involvement, such
as Down syndrome; gestational age of <30 weeks; low birth
weight (<1500 g); delayed visual or neurologic maturation;
cerebral palsy; and a family history of amblyopia, strabismus,
childhood cataract, or childhood glaucoma [38].

Goals of therapy
The objectives of amblyopia management are to correct the
underlying cause, provide refractive correction for reduced VA and
promote usage of the amblyopic eye by occlusion or blurring of
the fellow eye. The ideal goal is to achieve equal VA between both
the eyes. The prognosis of treatment is better in younger children,
however therapy should be offered to all children, regardless of

age. Various factors that influence the final visual outcome are age
of onset; cause, duration and depth of amblyopia; previous
treatment history, ocular co-morbidities, and compliance to
treatment [39].
Therapeutic modalities should be personalized for each patient,

taking into consideration the VA and age of the child along with
response to previous treatment. The several PEDIG trials and their
results have been summarized in Table 1. The trials conducted
over the years have come to be known as Amblyopia Treatment
Study (ATS) trials.

Optical correction
Correction of refractive error is the initial step in the management
of children with amblyopia (Table 2) [38].

Unilateral amblyopia. Primary optical correction alone may be
successful in treating amblyopia in almost 1/3rd of amblyopes
(anisometropic, strabismic, mixed), as observed in two ATS studies
on unilateral amblyopia in 3 to <7 year old children [11, 40]. It was
also observed that there was greater effect on amblyopic eye VA
in strabismic amblyopia than mixed amblyopia and improvement
was seen irrespective of whether strabismus improved after
optical correction [11, 40]. The VA improvement with optical
correction may begin as early as the first few weeks after
correction. This first phase is known as “optical treatment’ or
“refractive adaptation” and VA may improve considerably up to
12 weeks [11, 41–43]. With optical treatment, the effect may come
within the first 16–18 weeks, however some children may
continue to improve even up to 45 weeks. Refractive adaptation
phase has been shown to have superior effects in children with
better baseline VA and lesser anisometropia [11].
The treatment effect depends on compliance to spectacle

usage in a dose-dependent manner [44]. A lot of children may not
need additional treatment beyond spectacles [41]. Authors have
found that after 6 weeks of optical correction almost one-third
patients were corrected of amblyopia and achieved good VA [45].
Children who still need additional amblyopia treatment after

optical correction perform better if the amblyopic eye VA after
optical correction is better and can lead to better compliance.
However, there is a concern with benefits from extended periods
of refractive adaptation and resulting delays in other forms of
treatment and authors have suggested that patients must be
reassessed at 6 and 14 weeks after optical correction beginning,
and other therapies be considered in case of non-improvement
[44, 46].

Bilateral amblyopia. A PEDIG prospective study evaluated optical
correction alone in treatment naïve children in 3 to <10 years age
group having ametropic amblyopia due to high hyperopia
(≥4.00 spherical equivalent) and/or astigmatism, and found that
74% children achieved binocular VA of 20/25 or better. Amount of
improvement depended on worse VA at baseline. VA improve-
ment may take up to a year, however further improvement may
occur even beyond that time period [47]. This effect was superior
to those with unilateral amblyopia.

Occlusion therapy
Occlusion or patching is used as a treatment modality in children
with anisometropic or strabismic amblyopia who have partial or
have residual amblyopia after adequate period of optical
adaptation [48]. The improvement of VA by occlusion therapy
can be attributed to reduced neural signals from the fellow eye
[49]. Occlusion therapy may be given in different types of dosages,
e.g., full-time or part-time (6 h every day or 3 h every day) [50].
Younger children and children with baseline worse VA in
amblyopic eye may show better visual outcomes [51]. The
response to occlusion treatment appears to be stable at least till
15 years of age.
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Patching is administered to the patient by applying an opaque
adhesive patch on the skin surrounding the eye, over which
eyeglasses are worn. Local irritation, allergy, lack of cosmesis, lack
of binocularity and distress are some commonly associated side
effects [20, 52, 53]. Roefs et al. reported significant differences in
children towards comfort of wear and mechanical properties of
patch [54].
Reverse occlusion (occlusion amblyopia) may also be seen in

patients with rigorous occlusive therapy. However, it is temporary
and reversible on discontinuation of treatment [55]. It is vital for
parents and caregivers to be counseled thoroughly about the
need for therapy and receive appropriate information, preferably
written, to ensure compliance to treatment [56, 57].

Penalization
Penalization is a treatment modality which depends on making
the non-amblyopic eye hyperopic, thus forcing the amblyopic
eye to be used for near activities. The hyperopia can be induced
by atropine 1% solution (pharmacological) or adding plus
correction or under correcting pre-existing hyperopia in the
sound eye.

Pharmacological treatment. This is a suitable choice for man-
agement in children who do not improve with refractive
correction alone, and those with significant hyperopia in the
sound eye [20, 58]. Usage of atropine 1% ophthalmic solution in
the fellow eye is shown to be successful in treatment for mild to
moderate amblyopia in children 3–15 years of age. There are
some benefits also in amblyopia with VA worse than 20/80
[19, 20, 48, 58–60].
Atropine 1% administered on two consecutive days per week

for 4 months was shown to be comparable to once daily
atropine 1% for moderate amblyopia, treated for 4 months [58].
It is important to monitor for systemic side effects of atropine
such as dry mouth and skin, fever and tachycardia. Photo-
sensitivity and conjunctival irritation are commonly seen ocular
adverse effects which may limit its use [20]. The utility of
atropine has not been conclusively studied in children younger
than 3 years. Though it is likely that this age group is more
susceptible to its adverse effects. Although, historically penali-
zation has been used in children with moderate amblyopia,
PEDIG has studied weekend atropine treatment in children with
severe amblyopia also [61–63]. They found that in children
between 3 and 7 years age, VA improved by 4.5–5.1 lines, while
improvement was very minimal (1.5 lines) in children of 7–12
years age.
Atropine penalization may have a similar treatment effect as 2

and 6 h of occlusion therapy; hence, it can be considered as a
first line therapy for amblyopia treatment or in cases of
occlusion therapy failures.

Optical treatment to fellow eye. Adding plus correction to
cycloplegia in the non-amblyopic eye makes the VA poorer than
the amblyopic eye, thereby stimulating the amblyopic eye to
function more. This method of penalization affects near VA in the
sound eye. However, this only holds true when already glasses
have not been prescribed or those eyes which do not have
baseline hyperopia.
It serves as a substitute to occlusion therapy in non-compliant

patients and as a part of maintenance therapy following
occlusion. Addition of optical penalization to atropine can
expedite the improvement in cases that have stopped
responding to atropine alone. However, the risk of reverse
amblyopia is also higher in such cases [61]. It is essential to
choose the minimum amount of penalization that ensures
fixation by the amblyopic eye [64].
PEDIG also evaluated the augmentative role of an additional

plano lens to weekend atropine in better eye in children aged 3Ta
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to <7 years with moderate amblyopia [61]. Atropine plus plano
lens group had blurred distance vision along with blurred vision
for near. It was found that more children in the additional plano
lens group achieved 20/25 or better amblyopic eye VA (40%)
than those in the atropine only group (29%).

Comparison of occlusion therapy and penalization. PEDIG
conducted a randomized controlled trial to compare patching
treatment with pharmacologic penalization [20]. At 6 months of
treatment both occlusion and atropine groups may have an
equal improvement of VA, which has been shown to stay
maintained up to 15 years, even showing additional improve-
ment [50, 59]. At age 15 years, VA outcomes were similar
between the two original treatment groups [50]. Few other
studies have also demonstrated comparable outcomes between
occlusion and atropine groups at 6 months [65]. Two year visual
outcomes were also reported as comparable by some authors
[66]. A later study compared pharmacological and optical
penalization for amblyopia and found better outcomes with
pharmacological penalization in both strabismic and anisome-
tropic amblyopia [67].

Filters
These are a treatment alternative for children with mild amblyopia
who do not improve with glasses alone. Bangerter filters (Ryser
Optik AG), which are available in graduated densities and can be
stuck to the lens of eyeglasses are used to reduce the VA of the
sound eye. They are largely used for maintenance therapy after
initial treatment with occlusion or atropine. A randomized clinical
trial comparing filters and 2 h of patching per day as primary
treatment showed comparable results between the two for
moderate amblyopia [68].

Surgery
Strabismus surgery. Strabismus surgery may alleviate the under-
lying cause in cases of strabismic amblyopia, but ongoing
treatment is still needed for complete correction [69]. While some
reports have observed that surgery before completion of
amblyopia had no effect on final amblyopia outcomes and few
studies have reported spontaneous improvement or disappear-
ance of amblyopia, post strabismus surgery, however, classically it
has been considered that amblyopia treatment be finished before
attempting surgery, except for cases of restrictive strabismus
[1, 69–72].

Media clearing surgery. Surgery is essential to treat the underlying
cause of amblyopia in severe cases of visual deprivation, such as
cataract, non-resolving vitreous hemorrhage, corneal opacities, and
blepharoptosis, which are not amenable to successful amblyopia
management without surgical correction.

FOLLOW-UP AFTER TREATMENT AND OUTCOMES
The aim of follow-up examination is to periodically monitor the
response to therapy and titrate the regimen accordingly.
Determining VA, evaluating treatment interval details, adherence
to treatment plan and side effects of treatment need to be
monitored.
If the VA remains unchanged in both eyes, in spite of good

compliance to treatment, changing the treatment intensity or
modality should be considered. If the VA of amblyopic eye shows
improvement with the fellow eye being stable, the same regimen
may be continued or may be slowly tapered to a maintenance
regimen [73]. If the VA of the fellow eye reduces by two or more
lines, a diagnosis of occlusion amblyopia must be considered after
rechecking the refractive error and VA, and the treatment should
be abruptly interrupted with close follow-up in weeks, and the
child must be evaluated for organic causes of visual impairment. If
the VA does not increase further and is within a line of the fellow
eye on repeat follow-ups over a period of 3–6 months, the therapy
can be weaned off.
A recent study has evaluated the long‐term outcome of VA in

subjects who received occlusion therapy for amblyopia 12–15
years ago and observed good long‐term results of occlusion
therapy, with 74% children having stable or improved interocular
VA difference [74].
The outcome of amblyopia therapy largely depends on patient

adherence to the treatment plan and in this regard, caregivers
need to be properly counseled about the diagnosis and the
rationale behind the management and the need for strict
compliance.

Factors affecting outcomes
Generally the end-point of amblyopia management is achieve-
ment of normal VA at the end of treatment, which can be defined
as VA of two or less Snellen or logMAR lines of interocular
difference, with full refractive correction, and considering that 0.1
logMAR (0.8 Snellen chart) may be normal for 13–17 year olds and
0.3 logMAR (0.5 Snellen chart) normal for 3–4 year old children
[75]. Apart from the final VA improvement, other indicators of
amblyopia therapy success are residual amblyopia, which can
reflect the equivalence of VA of the two eyes, and does not take
into account the baseline VA of the amblyopic eye, and the
proportional VA improvement [76]. Previous studies have
described probable factors affecting outcomes after amblyopia
therapy, with poor prognostic factors being older age, depth of
amblyopia at baseline, good presenting VA at baseline, worse VA
at treatment ending, eccentric fixation, poor binocularity at
baseline, previous occlusion therapy, higher amount of hyperopia
and anisometropia [77, 78]. Few studies report long-term follow-
up results, and up to 50% of subjects do not show maintenance
of attained VA at the termination of first treatment.

Table 2. Recommended criteria for starting optical correction therapy in children.

Refractive errors (diopters)

Age < 1 year Age 1 to <2 years Age 2 to <3 years Age 3 to <4 years

Isoametropia

Myopia 5.00 or more 4.00 or more 3.00 or more 2.50 or more

Hyperopia (no manifest deviation) 6.00 or more 5.00 or more 4.50 or more 3.50 or more

Hyperopia with esotropia 2.00 or more 2.00 or more 1.50 or more 1.50 or more

Astigmatism 3.00 or more 2.50 or more 2.00 or more 1.50 or more

Anisometropia (without strabismus)

Myopia 4.00 or more 3.00 or more 3.00 or more 2.50 or more

Hyperopia 2.50 or more 2.00 or more 1.50 or more 1.50 or more

Astigmatism 2.50 or more 2.00 or more 2.00 or more 1.50 or more
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Age-sensitive periods and amblyogenic duration. A lot of debate
has been raged regarding whether age at treatment or the total
duration of amblyopia is the major determinant towards treat-
ment success. In early onset and accommodative esotropias,
stereopsis outcome is significantly associated with the duration of
misalignment within a time period of up to 2 years age [79–81].
During the entire period of amblyogenesis, children may be
exposed to several risk factors like strabismus or anisometropia,
and repeated screenings during this period may help detect such
risk factors at the earliest [82]. A previous prospective study
screened children before 37 months of age at several time points
and found that screenings resulted in significantly better VA
outcome and lesser residual amblyopia at final follow-up of 7.5
years [37].
Classically, eye care professional have not reached any

consensus regarding amblyopia treatment in older children after
6–7 years, with a concern regarding VA improvement loss after
stopping therapy and intractable diplopia. Many previous studies
have reported rapid treatment response in younger amblyopia
patients [83–85]. In the ATS trials, no effect of age was found at
the 6 months follow-up in children aged 3–7 years and at the 2
year follow-up, children aged 6–7 years had mildly poorer
outcome [20, 39].
Recently, Clarke et al. did not find any difference in visual

outcome in children treated for amblyopia at 3 and 5 years [45].
Delaying treatment till 5 years of age did not influence the final
outcome, and the authors concluded that the upper limit of
treatment of amblyopia should be considered as 5 years, however
the risk of recurrence may still be present up to 8–10 years.
Another PEDIG study evaluated amblyopia treatment in age group
7–17 years [39]. They concluded that children aged 7–12 years
may be treated with occlusion, near activities and atropine,
irrespective of previous treatment. However, children aged 13–17
years only respond to treatment with occlusion and near activities
only if patient had not received previous treatment. Tejedor et al.
in their comparative study between optical penalization and
atropine found that the response to treatment after 6 months was
better in children <8 years old in both groups [67]. A recent
metanalysis comparing atropine penalization and occlusion
therapy in 7–20 years of age found that both treatment modalities
were equally efficacious and no significant complains of diplopia
were noted [85].

Treatment regimens and duration. PEDIG has studied different
patching modalities for amblyopia. The ATS 2A study has shown 6
h of daily patching to be as effective as full-time daily patching
combined with one hour of daily near activities in children
younger than 7 years with severe amblyopia [51]. The ATS 2B
study, on the other hand, compared 2 versus 6 h daily patching
schedules combined with one hour of daily near activities in
children younger than 7 years with moderate amblyopia and
found the response to be identical in both groups [48]. Moreover,
the rate of improvement between the treatment groups with
lower and higher patching doses were also comparable. Part-time
occlusion has shown to be better than full-time occlusion in some
studies and 2 h patching has been found to be the most superior
[76, 86]. The ATS also found an association between the number of
hours of occlusion advised and amblyopic eye baseline VA,
however no association was found with the final VA [18, 60]. The
MOTAS study showed that increasing the duration of occlusion
>2 h a day did not affect the final VA gained, however the
outcome was reached sooner [84]. Finally, prescribing lesser doses
of occlusion may improve the overall compliance with treatment.
A recent systematic review has evaluated all studies comparing

part-time and full-time occlusion regimens for amblyopia and
found that although the average VA improvement was higher in
full-time group, both groups eventually showed no statistically
significant difference in outcomes [87]. The authors found that the

randomized trials included in the study found no significant
difference between the dosage regimens [51, 88, 89]. However,
the observational comparative studies showed full-time occlusion
to be better, hence the study design may also have a role in the
heterogenous results from the different studies [19, 90–92].
The ATS found most improvement in the first 6 months of

treatment and maximum in the first 5 weeks [19, 51]. Stewart et al.
in the MOTAS study demonstrated that the 1st 6 weeks of
treatment showed 80% of total improvement, and occlusion
therapy showed better visual outcomes in children <4 years age
than older years [84].
Few authors have reported the average duration of occlusion

therapy to be around 400–600 h per patient, with anisometropic
amblyopia eyes needing lesser duration of therapy compared with
strabismic or mixed amblyopia, and treatment was defined after
noting stable VA after 3 months at a stretch [93, 94]. However,
labeling patients as cases of occlusion failure needs continuous
monitoring as there is no consensus regarding an optimum
period. Wallace et al. have also evaluated mathematical model-
based “total effective dose” of occlusion [95]. With total doses
ranging from 34 to 316 h, which could be dynamically modified
throughout the treatment course in response to reported
compliance, authors found that VA improved significantly if dose
was more than 2.16 h/day; optimum doses prescribed ranged
between 2.5 and 12 h/day [95].
The literature cited here is related mostly to prescribed hours of

treatment and not to effective hours patched. Therefore, problems
in compliance are likely to reduce the effective treatment in all
groups and may be the cause of the lack of difference found
between the different patching regimens.

Type of amblyopia. Evidence has shown that strabismic amblyo-
pia or combined–strabismic–anisometropic amblyopia is a way
more severe condition than anisometropic amblyopia. Most
studies have previously reported best-to-worst VA outcomes in
anisometropic, strabismic and combined amblyopia both at
baseline and final post-treatment follow-up [93, 96–98].
Strabismic and combined amblyopia cases are detected at

earlier ages than anisometropic amblyopia, and although they
may be treated earlier, still have been shown to produce poorer
outcomes [99, 100]. ATS also found that at baseline, the better eye
VA was best-to-worst in anisometropic, combined, and strabismic
amblyopia [18]. However, the ATS did not find any such treatment
outcome differences among types of amblyopia at 4, 6 months, or
2 years of treatment [20, 51, 59, 60]. Stewart et al. have
demonstrated that refractive error correction alone in treatment
naïve amblyopic children for a period of 18 weeks may result in
significant VA improvement, irrespective of the amblyopia type
[42].

Compliance to treatment. Compliance is one of the most
important factors contributing to the success of amblyopia
treatment. Compliance with glasses has also been shown to
influence treatment. Clinicians are quite familiar with the
aversiveness of patients and parents towards occlusion therapy,
with compliance being in the range of 49–87% and sometimes as
low as 63% despite patient awareness of electronic monitoring
[93, 101]. Several factors which have been observed to reduce
compliance to occlusion are socioeconomic, lack of understanding
of treatment significance by adults, lack of improvement on
follow-up, mild anisometropia, severe and dense strabismic
amblyopia, very young children or older children [57, 102–104].
In contrast to this, penalization compliance tends to be higher,
since it is solely dependent on caregiver compliance, and after the
drug is administered the process becomes independent of
compliance [105]. The ATS has observed occlusion vs. penalization
compliance figures of 49% vs. 78% in the excellent category [20].
However, compliance obtained from parents’ questionnaires may
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be overestimated. Various author groups have tried novel
techniques to improve compliance to therapy like the occlusion
dose monitor, educational cartoon, reward calendar, information
leaflet, etc. [106–108].

Residual amblyopia
Younger children (3 to<8 years). If amblyopic eye VA stops
responding to 2 h daily occlusion, an increase in patching duration
to 6 h may be tried. A PEDIG study evaluated this increase of
patching from 2 to 6 h in children 3–8 years old with stable
residual amblyopia, and found that 40% children showed at least 2
lines of VA improvement compared to 18% in the 2 h patching
group [109]. Authors have evaluated 4-month intermittent
atropine penalization (1% atropine) for children in whom patching
therapy had failed [110]. After 4 months of treatment, the
intermittent atropine therapy improved VA, and the effect was
superior in younger children and who had poorer pre-atropine
treatment VA.
When the amblyopic eye stops responding to weekend

atropine, adding a plano lens over the better eye may benefit
further, as demonstrated by Wallace et al. who showed that
additional plano lens group children helped mildly improve the
VA outcomes [111]. PEDIG also evaluated the effect of a “final
intensive push” of a combined patching and atropine regimen in
children 3–10 years old, with residual amblyopia after 12 weeks of
treatment with 6 h daily patching or daily atropine, however this
showed minimal effect [112]. One PEDIG trial has also evaluated
effectiveness of binocular anti-suppression treatment using an
iPad, however, binocular game play was not as good as occlusion
with regard to visual outcomes [113].

Older children (7–12 years). PEDIG has conducted an RCT to
evaluate the effect of oral levodopa in children 7–12 years old with
residual amblyopia after patching treatment, as a rescue therapy
or as a short-term adjunctive treatment. However, no significant
improvement in VA was observed by adding oral levodopa to
patching compared with placebo and patching [114].
A randomized trial found that combined optical and atropine

therapy helped improve VA in children with residual amblyopia
after atropine therapy [115]. Another retrospective study com-
pared the efficacy of occlusion with either additional atropine
therapy or augmented part-time patching for treating unilateral
residual amblyopia in 4–11 years old children [116]. Although
compliance in both eyes was comparable, VA was significantly
better in the combined occlusion and atropine group at 6 months.
Fronius et al. have demonstrated that although the maximum

benefit of patching therapy may be seen in ages <7 years, there
may be some improvement in children above 7 years too [117].
Such findings have challenged that old notion of a limited, early
period of plasticity in the visual system.

Amblyopia with eccentric fixation. Some children with mixed
amblyopia may not respond to conventional occlusion regimens
due to eccentric fixation. In such eyes, inverse occlusion has been
proposed. One recent prospective study prescribed 4–8 weeks of
total occlusion of the amblyopic eye (inverse occlusion, no
binocular viewing), to convert the eccentric fixation into wander-
ing fixation [118]. After this, the sound eye would be occluded
throughout the day and night, with a red filter placed before the
amblyopic eye to stimulate foveal fixation. Authors reported that
80% of children achieved VA of ≥20/32 in the amblyopic eye.

Reverse (occlusion) amblyopia
Reverse amblyopia is said to have occurred when VA reduces in
the better eye during amblyopia treatment, probably due to
excessive patching or penalization. However, mostly this is
reversible. With clinical suspicion of reverse amblyopia, refraction,
and vision must be checked properly, active treatment stopped

and better eye must be treated. The ATS observed that at
6 months follow-up, reduction of VA by 1 line was present in 7% of
patching group children against 15% in atropine group and by 2
or more lines in 1% of the patching group and 9% of the atropine
group. Of these patients only 1 was actively treated presuming
reverse amblyopia with full recovery of baseline VA [20]. The first
6 months follow-up study showed that both groups had
equivalent VA improvement. PEDIG studies evaluating reverse
amblyopia after cessation of atropine treatment found that none
of these cases persisted over long-term [61–63].

Recurrent amblyopia
Several factors may be associated with recurrence, namely poor
initial VA, strabismic amblyopia and lower age at treatment
completion [74, 119]. Studies have suggested that almost 25% of
children may show recurrent amblyopia after successful comple-
tion of treatment during the 1st treatment-free year [74, 119, 120].
Bhola et al. found that if occlusion therapy is stopped or reduced
before the age of 10 years there was a high risk of amblyopia
recurrence [121]. PEDIG studies showed that risk of recurrence was
similar for patching and atropine treatments [74, 120]. The
maximum number of recurrences would be observed within
3 months of treatment cessation, with higher risk in children
treated with 6 h patching which was stopped abruptly than in
those who had a tapering dose of 2 h prior to stopping or for
those who had been started on 2 h patching regimen from the
beginning. Only 7% children (7–12 years) showed a recurrence
during the post-treatment 1st year. Hence, early and close follow-
up of younger (<7 years age) children is essential. Saxena et al.
have previously shown that age at time of diagnosis may be the
most significant factor for amblyopia recurrence after treatment,
with a 7.7 times higher risk if age is >7 years [122].
Additionally, to reduce the risk of recurrence, ametropia should

be continuously corrected until visual maturity is attained. After
achievement of maximum VA, treatment intensity can be lowered
to maintenance dose, with continuous monitoring for at least a
period of 1 year following treatment completion [123].

Binocularity outcome and angle of deviation
Binocularity is an essential component of VA and amblyopes may
recover partial or full binocularity after treatment. Moreover,
better binocularity may reduce a risk of post-treatment regression
of amblyopia [124]. Classically, it has been believed that
penalization leads to better binocular outcomes than occlusion
by maintaining the low spatial frequency input binocularly.
However, in contrast to this notion, subgroup analysis from PEDIG
studies have shown that occlusion group may have better
binocular vision than atropine group [59]. Few other studies have
reported no significant difference in stereoacuity between
occlusion and atropine groups [65–67].
Several patients may have ocular deviations at the time of

amblyopia treatment and the duration of this misalignment may
affect binocularity outcome [81, 124, 125]. Several reports have
noted precipitation of ocular deviation with or without diplopia
secondary to occlusion, and pre-existing deviations may increase
or decrease [126–129]. However, such effects on pre-existing
ocular deviations did not seem to be affected by either occlusion
or penalization in the ATS trials [20, 59].

Emmetropisation effects
Usually, amblyopia treatment has little effect on emmetropisation
of eyes. However, animal experiments have shown that brief
periods of normal image experience in early life may lead to
normal emmetropisation in presence of image-degrading visual
experiences [130]. Retrospective analysis of children of anisome-
tropic, strabismic, or combined mechanism amblyopia treated in
ATS studies with patching and atropine showed that there was a
reduction of spherical equivalent refractive error in the amblyopic
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eyes to lesser amounts of hyperopia, and this shift towards
emmetropisation was associated with ocular alignment [131].

ROLE OF NEAR ACTIVITY
It has been postulated that near visual activities may have
additional stimulating effect towards amblyopia reduction. In the
ATS studies, along with the occlusion regimens, near visual
activities were also incorporated, and these combined regimens
proved successful in improving VA outcomes. To specifically study
the effect of near visual activities, children with strabismic and/or
anisometropic amblyopia were randomized to receive either
patching with near activities or patching without near activities
[132]. After a month of treatment, the group prescribed near visual
activities had greater improvement in amblyopia eye VA in severe
amblyopes. However, this effect was not seen in children with
strabismic amblyopia.

NEWER CONCEPTS
Perceptual learning
Perceptual learning as defined by Eleanor Gibson is an evolution
in discerning of a stimulus array after repetitive practice [133].
Variety of visual tasks have been used to apply perceptual
learning, like Vernier acuity, Gabor detection, positional discrimi-
nation, letter identification in noise, position discrimination in
noise and contrast detection [134]. A previous study has shown
that after undergoing 40 h of perceptual training, amblyopic
children showed improved Snellen acuity and contrast sensitivity
[135]. However, perceptual learning has not picked up much
enthusiasm among clinicians. Moreover, studies related to this
involve very small participants, and the results cannot be
generalized.

Binocular therapy/dichoptics
Many studies have shown that amblyopia may extend beyond a
monocular visual impairment to involve a deficit in higher order
functions like binocular vision, fixation instability, and visuomotor
activities [136, 137]. Scientists have observed that all amblyopes
exhibit an amount of plasticity at the synaptic level, cellular level
and at the cortical representation level. Hence, stimuli which can
remove plasticity in the human brain may help reverse amblyopia
during the critical periods of visual development [138, 139].
It has been understood of late that amblyopia is essentially a

binocular problem and suppression should be addressed along
with monocular therapy to protect the binocular vision. In this
regard, apart from monocular occlusion therapy, binocular
treatment modalities have been proposed. The visual system
can be stimulated via exercise and visual enrichment, prolonged
dark exposure, caloric restriction, and visual tasks (perceptual
learning) [140–143].
Authors have emphasized on strengthening binocularity using

therapies to gradually reduce suppression [13, 144, 145]. They
demonstrated that by presenting stimuli of differing contrasts to
each eye via dichoptic viewing, suppression could be reduced in
strabismic amblyopia. Binocular therapies stress on stimulating
both eyes simultaneously, thereby improving the amblyopic eye,
along with battling suppression and helping to normalize
binocular interactions. The image shown to the amblyopic eye is
of higher contrast than that shown to the better eye [146].
These binocular therapies may be passive or active. Passive

training may include watching movies under dichoptic conditions,
allowing images to be presented to each eye independently [14].
Active training includes perceptual learning via tablets, in the form
of video games which require binocular function to complete the
game’s objective. Red-green glasses may be used to elicit the
binocular function [147, 148]. Improvement of VA and binocular
vision has been seen with both active and passive strategies.

PEDIG conducted a trial comparing 1 h of daily “falling-blocks”
iPad game play with 2 h of daily patching over a period of
16 weeks in children from 5 to 13 years age. This study showed
that for this particular game, VA outcomes were comparable to 2 h
patching in younger children, however, for 13–17 years age
children amblyopic eye VA was not better with iPad play [113].
The study also showed a poor adherence to the game regimen,
probably because it was not stimulating enough. Li et al. however
showed that for ages 4–12 years, a dichoptic iPad game for 4 h/
week over 4 weeks showed significant improvement [148]. Some
authors have observed that comparable or even better VA
improvements can occur using binocular games on iPad against
patching even at 2 weeks [149]. Another multicentric trial (BRAVO
study) found inferior results [150]. Roy et al. have recently
demonstrated that anisometropic amblyopia eyes randomized to
dichoptic video games with occlusion for 2 h/day and occlusion 6
h/day showed comparable VA improvement in both groups, with
significant improvement in near stereoacuity in the video-game
group [151]. Apart from binocular therapy, video games have
been found to have beneficial role in monocular therapy as well
when given in addition to occlusion [152].
Amblyopia iNet (http://www.visiontherapysolutions.net/ambp.

php), is a software-based system for home use, which uses
“monocular fixation in binocular field” (MFBF) conditions to
address suppression [153]. Interactive binocular treatment (I-BiT)
system involves dichoptic stimuli presented via virtual reality
game play or movie watching [154]. Virtual reality headset-based
amblyopia therapies are also incoming, and have been shown to
improve both VA and stereoacuity significantly [155]. Better and
highly structured active vision therapies aimed at improving
accommodation, form discrimination, and fixation, and reducing
suppression are needed in future.

Pharmacological agents
Levodopa-carbidopa. Several pharmacological agents have been
described, which may be employed towards exogenous manip-
ulation of the neuromodulatory system involving vision. Based on
previous reports that retinal dopamine levels may be reduced in
cases with amblyopia, levodopa–carbidopa combination therapy
has been tried [156]. This drug helps in believed to elevate the
dopamine levels in the visual pathway.
One PEDIG randomized trial of levodopa for the treatment of

amblyopia in children aged 7–12 years showed that the
improvement in VA with levodopa did not have a statistically
significant difference compared to a placebo, and the improve-
ment in vision in the levodopa group was not sustained during
follow-up after stopping the medication [114]. Another prospec-
tive trial with a larger number of participants showed that children
who received patching with levodopa achieved better VA at 1 year
follow-up than placebo group [157]. Moreover, their levodopa
dosage was three times higher than what was used in the PEDIG
study. Some authors have found that in 6–7 years old children
with anisometropic amblyopia, occlusion therapy with levodopa
achieved improvement in VA after 12 weeks of treatment
comparable with levodopa alone. They inferred that short-term
administration of levodopa to occlusion therapy may offer no
additional benefit in visual outcomes [158]. The side effects of
levodopa therapy are mild, including nausea, vomiting, and
headache, and are not generally severe enough necessitating
stopping of therapy.

Citicholine. Citicholine is a drug with cholinergic and neuropro-
tective properties [41]. It protects the anatomic and structural
integrity of cell membranes of neurons, and has been previously
used in traumatic, ischemic, degenerative systemic diseases and
also in glaucoma [159, 160]. Few studies have shown promising
results in amblyopic children on citicholine either alone or as an
adjunct to patching [161, 162]. The medicine is now available in
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oral formulation, which has also shown significant treatment
outcomes after 3 months of follow-up [163].

Liquid crystal display eyeglasses
This involves an innovative method of intermittent occlusion
using liquid crystal eyeglasses, which can alternate between a
clear and opaque lens before the better eye and has been
proposed to be associated with better treatment compliance and
equivalent efficacy to patching [164, 165]. Authors have evaluated
3–8 years old children with unilateral moderate amblyopia for
intermittent occlusion therapy using liquid crystal glasses (4 h, 30 s
opaque/transparent intervals, 50% of time occluded) against
conventional occlusion. They observed that intermittent occlusion
therapy was non-inferior to conventional occlusion [165].

Acupuncture
Acupuncture is a method of therapy in traditional Chinese
medicine. Two trials have evaluated the role of acupuncture in
amblyopia. The first group found that five acupuncture sessions
per week resulted in comparable treatment effect as patching in
7–12 years old children with anisometropic amblyopia [166]. The
second group showed significantly better VA outcomes in children
who received intermittent acupuncture during refractive adapta-
tion phase [167]. However, these trials did not have control
groups, and children receiving acupuncture received more
frequent office visits, which may not be realistic or feasible.

Refractive surgery
The role of refractive surgery in children for amblyopia manage-
ment is debatable. Studies have shown photorefractive keratect-
omy to be beneficial for children who are non-compliant with
refractive correction [168]. With an improvement in precision and
safety profile, refractive procedures may have an adjunct role in
the management of amblyopia in the future. Brunette et al. in
2003 described that disordered regression of higher order
aberrations (HOA) in a growing eye may lead to difference of
HOA between two eyes, ending up in what is now called “HOA-
associated amblyopia” [169]. Similar to wavefront-guided refrac-
tive surgery for reducing HOA in adults, such a reduction is
theoretically possible in children also [170]. They may help
increase social functioning in amblyopes and in the developmen-
tally challenged section of children, who cannot be effectively
rehabilitated by optical means. A metanalysis of studies of
pediatric refractive surgery in anisometropic amblyopia found
that there was a significant overall VA improvement after surgery
and surface ablation had better outcomes than LASIK [171].
However, due to restricted indications of refractive surgery in
general and concerns regarding developmental changes in
pediatric eyes after refractive surgery and possibility of corneal
ectasia have led to only mild interest in research in this field.

CONCLUSION
Amblyopia is an important disorder affecting 2.0–2.5% of the
general population. It is an important socioeconomic problem, as
the risk of the amblyopic patient becoming blind is significantly
higher than the general population. Removal of any amblyogenic
factor is an essential first step in the management of amblyopia,
followed by age-appropriate cycloplegia and refraction. Patients
may need cataract surgery as soon as administration of general
anesthesia is possible. Management of unilateral cataracts may be
difficult, since this eye is especially prone to amblyopia. Bilateral
cataracts may be managed by sequential surgery and proper
protocolised management strategy with refractive correction and
patching. The earlier amblyopia treatment is started, the better
and faster are the results. Correction of refractive error may be the
only intervention necessary in cases of bilateral amblyopia.
Treatment of amblyopia should always precede surgical alignment

in cases of esotropia, as previous studies have shown that surgery
alone may not be able to treat amblyogenic factors.
Occlusion therapy still remains the gold standard of amblyopia

management, though it may be given in different dosages, e.g.,
full-time or part-time. Management of each case must be
individualized for each patient and the VA and age of the child
along with response to previous treatment must be taken into
consideration. The best way to administer occlusion to the patient
is by applying an opaque adhesive patch on the skin surrounding
the eye, over which eyeglasses are worn. Pharmacological and
optical penalization are effective alternatives to occlusion,
especially where compliance is an issue. The younger the child
at the time of onset of occlusion therapy, better are the outcomes;
however, amblyopia therapy must be offered to all those who are
willing to try. While duration of occlusion might not affect the final
VA gained, however the outcomes are achieved faster with shorter
periods of occlusion. Longer durations may affect compliance, and
hence duration must be carefully titrated. Compliance is a major
limitation to good outcomes of amblyopia therapy. Penalization
has better compliance to occlusion and hence should be tried in
occlusion failure due to poor compliance.
All cases on treatment must be regularly followed-up closely to

monitor for improvement of vision in the amblyopic eye and for
reverse amblyopia. Reverse amblyopia is more common with
penalization and though it is reversible it is essential to be
identified early and managed. There is a high incidence of
recurrence of amblyopia and vision should be carefully monitored
especially in the early post treatment period. It is essential that the
amblyopia is tapered slowly and never stalled abruptly. Ametropia
should be continuously corrected until visual maturity is attained.
Near visual activities have an additional stimulating effect towards
amblyopia reduction and must be advised with amblyopia
therapy.
While dichoptics therapy has not shown to be very effective,

future availability of virtual reality headset-based amblyopia
therapies and more interesting and engaging games may provide
a fun way to treat amblyopia and overcome compliance
challenges. It is important to identify children with risk factors
for amblyopia and screen them as early diagnosis and manage-
ment is associated with better long-term prognosis. Persistent or
untreated amblyopia is a major cause of ocular morbidity and
therefore screening programs targeting refractive errors or ocular
deviations must be started for early identification of pathology.

LITERATURE SEARCH METHODS
A systematic literature search was performed using Medline/
Pubmed up to July 2020. Search terms used were “amblyopia”,
“management”, pediatric”, “treatment”, in multiple combinations
using both the UK and the US spellings. Preference was given to
articles in the English language reporting level 1 and 2 evidences.
The references of the included articles were also searched for
further relevant articles, to make sure that no evidence was
missed. In case articles were not in English, they were considered
for inclusion only if the abstract was available in English.
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