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ABSTRACT | This study aimed to propose a guideline for 
amblyopia treatment and follow-up. Studies show that amblyopia 
leads to a series of perceptual deficits, including loss of visual 
acuity, stereoacuity, and contrast sensitivity. Perceptual changes 
are also found in the sound eye, such as those involving the types 
of motion perception. The gold standard of treatment remains 
the prescription of eyeglasses, when indicated, and patching of 
the dominant eye. The treatment is mostly effective in patients 
aged <7 years and must be discontinued gradually, tapering off 
patching for at least 5 weeks. Atropine may be performed for 
penalization in hyperopic children whose amblyopic eye has 
better visual acuity under cycloplegia than the fellow eye. The 
discovery of significant neural plasticity in the amblyopic brain 
after the critical period opens possibilities for new treatment 
modalities even after childhood.

Keywords: Amblyopia; Atropine; Contrast sensitivity; Motion 
perception; Eyeglasses; Visual acuity; Prescriptions

INTRODUCTION 
Amblyopia is a neurodevelopmental disorder leading 

to reduced visual acuity (VA) in one or both eyes. It is 
also caused by an abnormal binocular interaction during 
the critical period of visual development in the first 6-8 
years of life, which cannot be attributed to anatomical 
changes in the visual system(1). Clinically, amblyopia is 
an interocular difference of two lines or more on a VA 

test or a VA worse than or equal to 20/30 with the best 
optical correction(2).

Normal acuity in children may be defined as follows: 
20/63 or better at 30-35 months, 20/50 or better at 36-
47 months, either 20/40 (or better) or 20/32 (or better) 
at 48-59 months, and 20/32 or better at 60-72 months 
of life(3).

Amblyopia is the most common cause of low vision in 
children in developed countries, affecting 3%-6% of the 
population(4). In a recent systematic review, the overall 
worldwide pooled prevalence rate of amblyopia was 
1.36%(4), with 1.76%-4.07% in Brazil(1,4-6).

The two most common conditions that can disrupt 
visual development are anisometropia and strabismus, 
leading to a higher risk of amblyopia. In a population- 
based study, the relative prevalence of amblyopia was 
classified as 50% anisometropic, 19% strabismic, 27% 
mixed strabismic and anisometropic, and 4% from visual 
deprivation(7).

Amblyopia leads to perceptual deficits, including loss 
of VA, stereoacuity, and contrast sensitivity, particularly 
at high spatial frequencies. Perceptual changes can also 
be found in the sound eye, such as those involving the 
types of motion perception, reflecting changes in neu-
ral responses and functional connectivity in the visual 
cortex(8-10). Additionally, some visuomotor deficits and 
psychological sequelae may also occur(10).

Currently, guidelines for amblyopia treatment and 
follow-up have not been established in Brazil. Early diag-
noses of ocular changes associated with amblyopia are 
essential for good visual prognoses because treatment 
can be started at a stage when the visual neurological 
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pathways are still responsive to stimulation, recovery, 
and reversal of cortical damage. Therefore, we aimed to 
propose amblyopia treatment and follow-up guidelines 
for Brazilian ophthalmologists.

METHODS

We designed the guidelines based on a review of the 
literature and the clinical experience of a group com-
prising members of the Brazilian Center of Strabismus 
(Centro Brasileiro de Estrabismo - CBE) and the Brazilian 
Society of Pediatric Ophthalmology (Sociedade Brasilei-
ra de Oftalmologia Pediátrica - SBOP). We conducted a 
literature review focusing on amblyopia classification, 
diagnosis, and treatment by searching PubMed up to 
March 2023. We used the following terms: amblyopia 
OR lazy eye AND binocular vision OR strabismic OR 
strabismus OR suppression OR deprivation OR anisome-
tropic OR refractive OR stimulus deprivation-induced 
OR diagnosis OR treatment OR therapy OR patching OR 
occlusion OR penalization OR atropine OR pharmaco-
logic penalization OR binocular treatment OR binocular 
therapy OR dichoptic. 

We qualified the studies based on the level of evidence 
and the method used by Guyatt et al.: Level I was based 
on two or more high-quality randomized controlled 
trials (RCTs); studies with a high level of evidence based 
on the Grading of Recommendations Assessment, Deve-
lopment, and Evaluation (GRADE); or statements from 
other guidelines with Level A of evidence (experimental 
or observational studies with higher consistency). Level 
II was based on a small number of RCTs, more than one 
controlled but not a randomized study, or more than 
one RCT of lesser quality; cohort or case-control studies, 
preferably from more than one research group or center; 
observations of clear-cut effects in non-controlled stu-
dies; studies with a moderate evidence level based on 
GRADE; or statements from other guidelines with Level 
B of evidence (experimental or observational studies 
with lower consistency). Level III was based on expert 
opinion; clinical experience; descriptive, cohort, or 
case-control studies of lower quality; studies with low or 
very low evidence level based on GRADE; or statements 
from other guidelines with Level C or D of evidence (case 
reports or specialist opinion-based consensus).

The electronic searches identified 577 titles and abs-
tracts, and 95 scientific papers were selected (30 and 
65 were levels I and II of evidence). We excluded level 
III studies.

All society representatives involved approved the 
final guideline document, and ethical approval was waived 
because no human subjects participated. 

Types of amblyopia

Amblyopia is generally classified by its cause (Table 1):

Strabismic amblyopia

Due to anomalous binocular interaction, strabismus 
during the critical period of brain development can lead 
to amblyopia. Typically, it occurs in constant, not alter-
nating deviations, and is always unilateral and caused by 
active inhibition in the retinocortical pathways of visual 
input originating from the fovea of the deviating eye(1).

Except in severe cases, the cortical ocular dominance 
columns usually remain with their normal structure. 
However, many functional changes occur with the loss 
of V1 binocular connections(11-13). In addition to VA loss, 
strabismic amblyopia compromises binocular vision and 
the ability to discriminate disparity and depth of vision 
due to altered stereoscopic VA (stereopsis), but contrast 
sensitivity is relatively spared(14,15).

Refractive amblyopia

Anisometropic amblyopia

During the critical period, the eye with the greater re-
fractive error sends less stimulus to the central nervous 
system in the presence of anisometropia. The blurred 
image leads to a mild form of deprivation, and the diffe-
rence in sharpness between the two images represents 
a form of anomalous binocular interaction, leading to 
foveal inhibition of the amblyopic eye(1,16). In some ca-
ses, the difference between the image sizes of the two 
eyes (aniseikonia) represents an additional component 
leading to amblyopia. 

Table 1. Mechanisms of amblyopia 

Causes 
Anomalous binocular 

interaction
Visual 

deprivation

Strabismic amblyopia Yes No

Anisometropic amblyopia Yes Yes

Bilateral high refractive amblyopia No Yes

Visual deprivation (unilateral) Yes Yes

Visual deprivation (bilateral) No Yes

Source: adapted from Von Noorden et al.(1) 
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Anisometropic amblyopia is more common with 
the presence of hyperopic anisometropia. In myopic 
anisometropia, the more ametropic eye can be used 
in near-vision tasks in some cases, whereas the less 
myopic eye is used for distance, avoiding the develop-
ment of more severe amblyopia. The following degrees 
of anisometropia will likely cause amblyopia: 1.50 D of 
anisohyperopia, 2.00 D of anisoastigmatism, and 3.00 D 
of anisomyopia. Thus, amblyopia risk is about twice as 
high in hyperopic than in myopic anisometropias of 
comparable refractive imbalance(17).

In pure anisometropic amblyopia, the VA deficits 
and loss of contrast sensitivity of all spatial frequencies 
are quite proportional, but binocular vision is relatively 
spared(14,15). However, it has the best prognosis among all 
amblyopia types. Patients may recover or dramatically 
improve their VA with eyeglass prescription alone, even 
at later ages(18,19). However, anisometropic amblyopia is 
often associated with microtropia and other strabismus 
types, leading to a mixed mechanism(1) that increases 
amblyopia severity. For the same degree of anisometro-
pia, the VA for strabismus is on average, which is 2.5 
times worse than for a non-strabismic case with similar 
anisometropia(17).

Bilateral high-refractive amblyopia (isometropia) 

Bilateral high-refractive errors cause bilateral sym-
metric retinal blurred images with no competitive ima-
ges between the two eyes. Thus, if the refractive error is 
not corrected, a form of continuous visual deprivation 
occurs, leading to bilateral amblyopia(1). This type of 
amblyopia occurs more commonly in high-hyperopic 
(wherein the magnitude of the refractive error exceeds 
the accommodative tolerance) or in high-astigmatic pa-
tients (meridional amblyopia). However, it rarely occurs 
in high-myopic children because they can use their near 
vision to adequately stimulate the visual areas despite 
their blurry distant vision (20).

Deprivation amblyopia

Complete or incomplete obstruction of the visual 
axis causes deprivation amblyopia, preventing the light 
stimulus from reaching the retina. The lack of visual 
stimulus during the critical period leads to anatomical 
and functional changes in the visual pathways. These 
changes are more intense with earlier occurrences and 
the longer the deprivation is(21-24). The damage is located 
mainly in V1, with changes in their ocular dominance 

columns(21), and morphological changes in the lateral 
geniculate body(23).

The major causes of deprivation amblyopia are in-
fantile cataracts, blepharoptosis, and corneal opacities. 
Unilateral deprivation amblyopia is more severe than 
bilateral deprivation amblyopia because of the superim-
posed mechanisms of binocular anomalous interaction 
and visual deprivation(21-23).

Some structural diseases, such as optic nerve hypo-
plasia, retinopathy of prematurity, and macular scars 
from congenital toxoplasmosis, may have a treatable 
deprivation amblyopia component (or strabismic and/
or anisometropic amblyopia components) in addition 
to the visual loss that could be attributed to structural 
damage(25). Therefore, amblyopia treatment should be 
attempted even in eyes with structural damage.

Deprivation amblyopia is the most severe form of 
amblyopia, and the critical period for its treatment is 
extremely short(26), with frustrating results. The final VA 
depends directly on the cause of the deprivation and the 
promptness of treatment. 

Diagnosis 

Screening for amblyopia and its risk factors in very 
young children provides the best opportunity for effec-
tive treatment. The preferred method of screening for 
amblyopia in childhood is direct measurement of the 
best-corrected monocular VA using optotype-based 
charts, which should be performed as early as possi-
ble(27). Children aged between 3 and 5 years are conside-
red the most effective age group for large-scale screening 
for amblyopia(28).

Children younger than 5 years old may not cooperate 
with subjective VA testing. Although fixation preference 
testing may be an imperfect method for diagnosis(29,30), it 
is currently the most widely accepted for deciding which 
preverbal children need treatment. The 10-diopter fixa-
tion test can be very useful for children with small-angle 
tropias and those without strabismus. Vertical deviation 
is induced by placing a 10-diopter vertical prism over 
one eye. Once the eyes are dissociated, fixation prefe-
rence is evaluated and used to predict the presence of 
amblyopia.

The Teller acuity cards are another behavioral assess-
ment to quantify VA in younger children(27) Furthermore, 
the American Academy of Pediatrics recommends ins-
trument-based vision screening of preverbal children(31) 
to detect amblyopia risk factors and select patients to be 



Brazilian best practice guidelines for amblyopia diagnosis and management 

4 Arq Bras Oftalmol. 2025;88(2):e2023-0281

examined by an ophthalmologist(32). Additionally, elec-
trophysiology tests, such as visual evoked potential, can 
also be used to measure VA in preverbal children and 
children with developmental delays(33). Figure 1 shows 
the diagnosis flowchart.

Treatment 

The gold standard treatment of amblyopia involves 
the use of eyeglasses (when necessary) and dominant 
eye occlusion to force the brain to use inputs from the eye 
with less VA, enabling the cortex to overcome suppression, 
recover connections, and improve the development of vi-
sual functions of the amblyopic eye. Some alternatives 
to occlusion include penalizing the dominant eye with 
1% atropine eye drops, filtering lenses, optical blurring 
with glasses or contact lenses, and, more recently, using 
binocular stimuli (dichoptic treatment).

Over the past 25 years, the Pediatric Eye Disease 
Investigator Group (PEDIG)(34) and the Monitored  
Occlusion Treatment of Amblyopia Study (MOTAS)(35) 
have conducted RCTs to address key issues in amblyopia 
treatment and proposed optimal treatment protocols 
(Level 1 of evidence).

PEDIG has published >20 amblyopia treatment stu-
dies that have evaluated the treatment of amblyopia in 
children aged 3-17 years, with the following results:

1. Optical correction alone can improve amblyopia in 
almost one-third of patients(18,36).

2. Occlusion can effectively treat amblyopia(37).
3. The ideal number of occlusion hours depends on the 

severity of amblyopia.
3.1. For children with moderate amblyopia (worse than 

20/30 to 20/100), 2-h occlusion daily is ideal.
Two groups were randomized to use either 2 or 6-h of 

occlusion daily. Although the 6-h occlusion group achieved 
faster results, both groups achieved similar final VA at 
the end of 4 months of treatment(38).
3.2. For children with severe amblyopia (worse than 

20/100 to 20/400), 6-h occlusion daily is ideal.
Two groups were randomized to use either 6-h of 

occlusion daily or full-time occlusion. Both groups ob-
tained favorable results in VA at the end of the treatment 
period(39). However, a higher number of occlusion hours 
was associated with worse adherence to treatment(40).

However, these studies did not consider the diffe-
rent types of amblyopia and other variables, such as 
the prescribed hours of patching and the real duration 
of patching. Therefore, the recommended number of 
hours should not be interpreted as the new occlusion 
prescription guidelines. Occlusive treatment should be 
customized for each patient, based on the onset of am-
blyopia and its different etiologies, as well as adherence 
and treatment outcome(18).
4. Atropine penalization is as effective as occlusion. 

Atropine penalization was prescribed in seven im-
portant trials. For 3-7-year-old participants with mo-
derate amblyopia (0.3 to 0.6 LogMAR, 20/40 to 20/80 
Snellen equivalent), weekend atropine and daily atro-
pine dosages improved vision similarly (PEDIG 2004)(41).
Although VA improved faster in the occlusion group, 

both groups achieved equivalent improvements in VA 
at the end of 6 months of treatment, which were main-
tained over a long follow-up period (up to 15 years). 
In addition to daily atropine, once weekly atropine 
improved VA, with better adherence to treatment. 
Thus, atropine penalization should be performed in 
hyperopic children whose amblyopic eye has better 
VA under cycloplegia than the fellow eye(42).

5. Amblyopia treatment is most effective in patients 
younger than 7 years. However, the VA of children 
up to 13 years old significantly improved with occlu-
sion, although with a slower rate of response to treat-
ment, incomplete recovery, and the need for a greater 
amount of occlusion(43).Figure 1. Diagnosis and treatment decision fluxogram.
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6. The recurrence rate is high after amblyopia treatment, 
and treatment tapering is highly recommended.
Recurrence after treatment occurs in approximately 

25% of the patients, which was similar for occlusion and 
atropine.  rate was four times higher in children who 
did not undergo occlusion tapering for at least 5 weeks 
after amblyopia resolution. Other factors associated 
with high rates of relapse were better VA at the end of 
treatment, a greater number of lines of improvement, 
and previous history of relapse(44).
7. Performing occlusion associated with near-vision 

activities is highly controversial. Some studies showed 
better results in children who performed these 
tasks(45,46), whereas other studies reported that per-
forming common near-vision activities did not im-
prove the VA outcome when treating anisometropic, 
strabismic, or combined amblyopia with 2- of daily 
patching(47).

8. Treatment of amblyopia with levodopa for residual 
amblyopia was not statistically significant(48).

9. Binocular treatments using dichoptic strategies might 
be as effective as occlusion therapy.
Dichoptic treatments were studied in pilot projects, 

which aimed to improve VA and binocularity in patients 
even after the critical period of visual plasticity with 
interesting results. However, these treatments were 
not superior to classic occlusion in RCTs in the final 
improvement of VA or stereopsis. New methods and  
technologies are being developed and studied to im-
prove treatment adherence and perhaps obtain better 
results in global visual functions(49-51).

Treating amblyopia outside the critical period

Although the young brain has greater plasticity, adult 
brains can still learn and recover after injury. Therefore, 
plasticity is present at the synaptic, cellular, and cortical 
levels of representation in adults(52-54). 

Various intrinsic and extrinsic forms of plasticity 
stimulation have been used to facilitate amblyopia treat-
ment after the critical period of development. Intrinsic 
stimulation can be achieved through environmental or 
behavioral manipulation of the neurotransmitter systems 
regulating synaptic plasticity: exercises and improve-
ment of the visual environment, prolonged exposure 
to the dark, caloric restriction, and new or challenging 
visual tasks(53,55-60). Moreover, extrinsic stimulation 
involves exogenous manipulation of the endogenous 
neuromodulatory system, such as the use of levodopa. 

However, a randomized, placebo-controlled clinical 
trial conducted by PEDIG showed that VA improvement 
with levodopa was did not show a statistically significant 
difference compared with placebo in patients subjected 
to recurrent amblyopia treatment. Moreover, the treated 
group did not maintain VA improvement during follow-up 
after discontinuing the medication(48,61). Another option 
would be using substances altering gene expression 
to remove molecular “obstacles” to cortical plasti-
city(58,62-65). Figure 2 shows the treatment flowchart.

Amblyopia as a binocular disease

Typically, amblyopia affects VA more commonly in 
one eye; thus, it has been considered a monocular disease. 
Therefore, the main treatment consists of dominant eye 
occlusion to improve the monocular function of the 
amblyopic eye. Nonetheless, several studies show that 
visual loss in amblyopia extends beyond monocular im-
pairment and adversely affects higher-order visual func-
tions, such as binocular vision, fixation stability, reading 
speed, and visuomotor activities, due to abnormal inte-
rocular interactions(15,66-69). However, these deficiencies 
are not corrected with monocular treatment and persist 
even after VA is recovered after occlusion.

Thus, amblyopia is intrinsically a binocular problem, 
and visual suppression should be addressed during 
amblyopia treatment rather than waiting for binocular 
vision to improve after the improvement of monocular 
VA with occlusive therapy. Thus, new binocular treat-
ments have been proposed. Therefore, Hess, Mansouri, 
and Thompson recommended a treatment based on 
strengthening the binocular matching of the images by 
gradually reducing suppression(70,71).

The strategy used was to present each eye with ima-
ges with different contrasts (maximum and minimum 
contrasts in the image presented to the amblyopic and 
dominant eyes, respectively) to combat suppression and 
enable the normalization of binocular interactions to 
recover binocular vision. With this binocular approach, 
individuals with strabismic amblyopia can combine the 
information from both eyes(8). These authors proposed 
dichoptic treatment, a new type of treatment for am-
blyopia. This concept has been applied in both active 
and passive forms of treatment for amblyopia. Passive 
training modalities include watching movies under dichotic 
viewing conditions(72,73). Additionally, active training 
uses video games that require binocular matching to 
complete the game objective(74-84). 
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PEDIG has conducted large-scale RCTs involving 
5-13-year-old patients and compared the effects of 
binocular dichoptic stimulation with occlusion for 2-h 
daily for 16 weeks. These studies have shown low adhe-
rence to the prescribed game and video regimen, and 
improvement in VA and stereopsis with these strategies 
was not greater compared with 2-h of daily occlusion. 
Further research was recommended using other more 
attractive strategies and games to improve treatment 
adherence, such as adventure and action games, shooting 
games, virtual reality, and three-dimensional game pla-
tforms(7,53,85-89). Because treatment offers children the 
choice of unlimited streamed visual content to keep 
them engaged, with continued support from the monito-
ring center, treatment adherence will likely remain high 
even outside the rigor of a clinical study(50).

Although the dichoptic treatment did not show supe-
rior improvement over VA occlusion and stereopsis, VA 
improvement was similar in all protocols and in patients’ 
performance during games, indicating better binocular 

interaction and less suppression. Studies show that 
binocular movie treatment at-home improved amblyo-
pic eye BCVA after 2 weeks (similar to patching), with 
additional improvement up to 6 weeks. Additionally, 
repeated binocular visual experience with contrast-
-rebalanced binocular movies provides an additional 
treatment option for amblyopia(90).

Therefore, improvement of other visual functions 
altered in amblyopia should be evaluated. This depends 
directly on normal binocular interaction, such as Vernier 
acuity, contrast sensitivity at different complexity levels, 
global movement tasks, fixation stability, and quality of 
life, to assess individuals’ subjective perception of chan-
ges in their vision(50,85,91-93). 

A global and more careful study of individuals with 
amblyopia could help us better define, understand, and 
classify this disorder, aiding physicians in determining a 
more personalized and effective treatment and explai-
ning the high variability of the patients’ responses to the 
treatment, with failures in some cases(49,52).

IO VA*: interocular visual acuity.
Figure 2. Treatment flowchart.
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Follow-up 

Children treated for amblyopia must be closely mo-
nitored to allow sufficient time for possible changes in 
therapeutic strategies. Follow-up is performed every 6 
weeks on average (range, 4-12 weeks). The characteris-
tics of amblyopia, as well as the child’s particularities, 
determine the safest intervals between visits. The most 
relevant variables include the type and severity of am-
blyopia, VA, modality and intensity of the proposed 
treatment, history of previous treatments and adverse 
effects, age, psychosocial characteristics of the child and 
family, and treatment adherence(37,94).

The treatment strategy should be maintained with 
progressive improvement but should be replaced by 
another modality or intensified if without further impro-
vement. If no satisfactory result is obtained, reassessing 
the refractive status and checking adherence to treat-
ment are recommended. When decreased VA occurs 
in the dominant eye, consider the diagnosis of reverse 
amblyopia to discontinue treatment(94,95). 

Treatment should be continued until VA is equalized 
in both eyes or stabilized at a plateau. Once maximal 
VA is achieved, treatment should be tapered off slowly 
(for at least 5 weeks) before being stopped. Follow-up 
visits are still necessary even with discontinued treat-

ment to assess any regression. Recurrence occurs in 
approximately a quarter of successfully treated children 
within the first year after treatment discontinuation, and 
it may occur in patients who discontinue the occlusion, 
as well as in those who discontinue penalization with 
atropine(95,96). Figure 3 shows the follow-up flowchart.

DISCUSSION

Amblyopia is the most common cause of monocular 
visual loss in children and a considerable public health 
issue(1,4,6). Due to impaired stereoacuity, motor skills, 
motion perception, and fixation stability, individuals 
with amblyopia may have difficulties when performing 
daily activities with quality-of-life implications exten-
ding beyond visual problems in children and adults, 
impacting reading speed, multiple-choice test answer 
(Scantron) completion time, family life, social inte-
ractions, economic status, and emotional and mental 
health(97). 

Early diagnosis to enable treatment during the visual 
development period is recommended and highly effec-
tive, significantly improving the quality of vision and of 
life(97). However, treatment is not uniform worldwide, 
with no standardized guidelines for amblyopia manage-

Figure 3. Follow-up flowchart.



Brazilian best practice guidelines for amblyopia diagnosis and management 

8 Arq Bras Oftalmol. 2025;88(2):e2023-0281

ment. Thus, variations in practice patterns exist among 
and within countries due to political, societal, and eco-
nomic factors.

Over the past decades, groups such as PEDIG(34) and 
MOTAS(35) have conducted RCTs to address key issues 
in amblyopia treatment and define optimal treatment 
protocols. Undoubtedly, traditional amblyopia therapies 
can be efficacious with timely intervention and good 
compliance, but the occurrence of residual amblyopia 
is common, and these therapies mainly use monocular 
approaches. 

Therefore, traditional interventions may not provide 
a completely comprehensive illustration of visuomotor 
behavior and the full impact of amblyopia on daily 
quality of life. Additionally, they may not assess the full 
treatment effect of different therapies.

Recent research on amblyopia provides new con-
cepts and better understanding regarding this common 
vision-threatening clinical condition. Thus, we currently 
understand that amblyopia is a binocular condition. The 
dichoptic treatment showed similar improvements in VA 
and performance of patients during games, indicating 
binocular interaction and less suppression with either 
treatment. One of the most important factors affecting 
the success of amblyopia treatment is compliance. 
Previously, binocular therapy was an effective solution 
for those with poor treatment adherence, but several 
studies showed that compliance was better in patients 
treated with patching. New methods and technologies 
are being developed and studied to improve treatment 
adherence and perhaps obtain better results in global 
visual functions(49,50).

Also, neural plasticity is considerable in the amblyo-
pic brain beyond the critical period, potentially stimu-
lating amblyopia treatment at later ages.

Improvement of other visual functions altering 
amblyopia should be evaluated, depending on normal 
binocular interaction. 

Finally, other factors, such as cost and availability, 
should be considered when selecting the most appro-
priate amblyopia therapy, particularly when considering 
different socioeconomic and geographical contexts.

After a thorough scientific review of amblyopia, this 
consensus document was written. Thus, the CBE and 
SBOP aimed to establish guidelines for diagnosing, trea-
ting, and monitoring amblyopia, considering the clinical 
and demographic aspects of this condition in Brazil.

Recent research on amblyopia has introduced new 
concepts and provided a better understanding of am-

blyopia. The gold standard treatment for amblyopia 
remains the use of spectacles, when indicated, as well 
as patching of the dominant eye. After achieving the 
expected VA, treatment must be discontinued gradually, 
tapering off patching for at least 5 weeks. Atropine for 
penalization may be performed in hyperopic children 
whose amblyopic eye has better VA under cycloplegia 
compared with the fellow eye. Amblyopia treatment 
is the most effective in patients younger than 7 years 
old. The discovery of significant neural plasticity in the 
amblyopic brain after the critical period has potentially 
provided possibilities of new treatment modalities, even 
during adolescence and adulthood.

AUTHORS’ CONTRIBUTION:
Significant contribution to conception and 

design: Dayane Cristine Issaho, Júlia Dutra Rossetto. 
Data acquisition: Dayane Cristine Issaho, Júlia Dutra 
Rossetto, Ian Curi, Roberta Zagui, Luis Carlos Sá, Iara 
Debert, Aline Brasileiro Pena, Lais Yumi Sakano, Luisa 
Moreira Hopker. Data analysis and interpretation: 
Dayane Cristine Issaho, Júlia Dutra Rossetto, Luisa Moreira 
Hopker. Manuscript drafting: Dayane Cristine Issaho, 
Júlia Dutra Rossetto, Luisa Moreira Hopker. Significant 
intellectual content revision of the manuscript: 
Dayane Cristine Issaho, Júlia Dutra Rossetto, Rober-
ta Zagui, Marcia Keiko Uyeno Tabuse, Luisa Moreira  
Hopker. Final approval of the submitted manus-
cript: Dayane Cristine Issaho, Júlia Dutra Rossetto, Ian 
Curi, Roberta Zagui, Luis Carlos Sá, Iara Debert, Aline 
Brasileiro Pena, Lais Yumi Sakano, Marcia Keiko Uyeno 
Tabuse, Luisa Moreira Hopker. Statistical analysis: not 
applicable. Obtaining funding: not applicable. Research 
group leadership: Dayane Cristine Issaho, Júlia Dutra 
Rossetto, Luisa Moreira Hopker.

REFERENCES 
1. Von Noorden G, Campos E. Binocular vision and ocular motility. 

6th ed. St. Louis, Missouri: Mosby; 2002.

2. Zhao PF, Zhou YH, Wang NL, Zhang J. Study of the wavefront 
aberrations in children with amblyopia. Chin Med J (Engl). 2010; 
123(11):1431-35.

3. Pan Y, Tarczy-Hornoch K, Cotter SA, Wen G, Borchert MS, Azen 
SP, et al. Multi-Ethnic Pediatric Eye Disease Study Group. Visual 
acuity norms in pre-school children: the Multi-Ethnic Pediatric Eye 
Disease Study. Optom Vis Sci. 2009;86(6):607-12.  

4. Hu B, et al. The global prevalence of amblyopia in children: a sys-
tematic review and meta-analysis. Front Pediatr. 2022; 10:819998. 

5. Beer SM, Scarpi MJ, Minello AA. Achados oculares em crianças de 
zero a seis anos de idade, residentes na cidade de São Caetano do 
Sul, SP. Arq Bras Oftalmol. 2003;66(6):839-45.



Issaho DC, et al.

9Arq Bras Oftalmol. 2025;88(2):e2023-0281

6. Scarpi MJ, Kara-José N, Taiar A. Incidência de ambliopia em 1400 
escolares da cidade de São Paulo, em 1975. Arq Bras Oftalmol. 
1977; 40(1):16-23.

7. Holmes JM, Manny RE, Lazar EL, Birch EE, Kelly KR, Summers AI, 
et al. A randomized trial of binocular dig rush game treatment for 
amblyopia in children aged 7 to 12 years. Ophthalmology. 2019; 
126(3):456-66.

8. Wong AM. New concepts concerning the neural mechanisms 
of amblyopia and their clinical implications. Can J Ophthalmol. 
2012;47(5):399-409.

9. Ho CS, Giaschi DE, Boden C, Dougherty R, Cline R, Lyons C. De-
ficient motion perception in the fellow eye of amblyopic children. 
Vision Res. 2005;45(12):1615-27.

10. Carlton J, Kaltenthaler E. Amblyopia and quality of life: a systematic 
review. Eye (London). 2011;25(4):403-13.

11. Tychsen L. Causing and curing infantile esotropia in primates: the 
role of decorrelated binocular input [thesis]. Trans Am Ophthalmol 
Soc. 2007;105:564-93.

12. Tychsen L, Richards M, Wong AM, Demer J, Bradley D, Burkhalter 
A, et al. Decorrelation of cerebral visual inputs as the sufficient 
cause of infantile esotropia. Am Orthopt J. 2008;58:60-69.

13. Tychsen L, Richards M, Wong A, Foeller P, Burhkalter A, Na-
rasimhan A, et al. Spectrum of infantile esotropia in primates: 
behavior, brains, and orbits. J AAPOS. 2008;12(4):375-80.

14. Zagui RB. Amblyopia: types, diagnosis, treatment, and new pers-
pectives. American Academy of Ophthalmology; 2019. 

15. Birch EE. Amblyopia and binocular vision. Prog Retin Eye Res. 
2013;33(1):67-84.

16. Barrett BT, Bradley A, Candy TR. The relationship between ani-
sometropia and amblyopia. Prog Retin Eye Res. 2013;36:120-58.

17. Levi DM, McKee SP, Movshon JA. Visual deficits in anisometropia. 
Vision Res. 2011;51(1):48-57.

18. Cotter SA, Edwards AR, Wallace DK, Beck RW, Arnold RW, Astle 
WF, et al. Pediatric Eye Disease Investigator Group. Treatment of 
anisometropic amblyopia in children with refractive correction. 
Ophthalmology. 2006;113(6):895-903.

19. Steele AL, et al. Successful treatment of anisometropic amblyopia 
with spectacles alone. J AAPOS. 2006;10(1):37-43.

20. Wallace DK, et al. Treatment of bilateral refractive amblyopia in 
children three to less than 10 years of age. Am J Ophthalmol. 
2007;144(4):487-96.

21. Hubel DH, Wiesel TN. Effects of monocular deprivation in kittens. 
Naunyn Schmiedebergs Arch Pharmacol. 1964;248:492-97.

22. Hubel DH, Wiesel TN. The period of susceptibility to the phy-
siological effects of unilateral eye closure in kittens. J Physiol. 
1970;206(2):419-36.

23. Wiesel TN, Hubel DH. Effects of visual deprivation on morphology 
and physiology of cells in the cat’s lateral geniculate body. J Neu-
rophysiol. 1963;26(6):978-93.

24.  Wiesel TN, Hubel DH. Comparison of the effects of unilateral 
and bilateral eye closure on cortical unit responses in kittens. J 
Neurophysiol. 1965;28(6):1029-40.

25. Kushner BJ. Functional amblyopia associated with organic ocular 
disease. Am J Ophthalmol. 1981;91:39-45.

26. Birch EE, Stager DR. The critical period for surgical treatment of 
dense congenital unilateral cataract. Invest Ophthalmol Vis Sci. 
1996;37(8):1532-38.

27. Wallace DK, Repka MX, Lee KA, Melia M, Christiansen SP, Mor-
se CL, et al. American Academy of Pediatric Ophthalmology/
Strabismus Preferred Practice Pattern Pediatric Ophthalmology 

Panel. Amblyopia Preferred Practice Pattern®. Ophthalmology. 
2018;125(1):P105-P42.

28. Jonas DE, Amick HR, Wallace IF, Feltner C, Vander Schaaf EB, 
Brown CL, et al. Vision screening in children aged 6 months to 5 
years: evidence report and systematic review for the US Preventive 
Services Task Force. JAMA. 2017;318(9):845-58.  

29. Cotter SA, Tarczy-Hornoch K, Song E, Lin J, Borchert M, Azen SP, 
et al. Fixation preference and visual acuity testing in a population- 
based cohort of preschool children with amblyopia risk factors. 
Ophthalmology. 2009;116:145-53. 

30. Friedman DS, Katz J, Repka MX, Giordano L, Ibironke J, Hawse 
P, et al. Lack of concordance between fixation preference and 
HOTV optotype visual acuity in preschool children: The Baltimore 
Pediatric Eye Disease Study. Ophthalmology. 2008;115:1796-9. 

31. Committee on Practice and Ambulatory Medicine; Section on 
Ophthalmology; American Association of Certified Orthoptists; 
American Association for Pediatric Ophthalmology and Stra-
bismus; American Academy of Ophthalmology. Visual system 
assessment in infants, children, and young adults by pediatricians. 
Pediatrics. 2016;137:1-3.

32. Cotter SA, Varma R, Tarczy-Hornoch K, McKean-Cowdin R, Lin 
J, Wen G, et al. Joint Writing Committee for the Multi-Ethnic Pe-
diatric Eye Disease Study and the Baltimore Pediatric Eye Disease 
Study Groups. Risk factors associated with childhood strabismus: 
the multi-ethnic pediatric eye disease and Baltimore pediatric eye 
disease studies. Ophthalmology. 2011;118(11):2251-61.

33. Hamilton R, Bach M, Heinrich SP, Hoffmann MB, Odom JV, Mc-
Culloch DL, et al. VEP estimation of visual acuity: a systematic 
review. Doc Ophthalmol. 2021;142:25-74.

34. Gunton KB. Advances in amblyopia: what have we learned from 
PEDIG trials? Pediatrics. 2013;131(3):540-7.

35. Stewart CE, Fielder AR, Stephens DA, Moseley MJ. Design of the 
Monitored Occlusion Treatment of Amblyopia Study (MOTAS). Br 
J Ophthalmol. 2002;86(8):915-9.

36. Cotter SA, Foster NC, Holmes JM, Melia BM, Wallace DK, Repka 
MX, et al.; Writing Committee for the Pediatric Eye Disease In-
vestigator Group. Optical treatment of strabismic and combined 
strabismic- anisometropic amblyopia. Ophthalmology. 2012; 
119(1):150-8.

37. Wallace DK, Edwards AR, Cotter SA, Beck RW, Arnold RW, 
Astle WF, et al.; Pediatric Eye Disease Investigator Group. A 
randomized trial to evaluate 2 hours of daily patching for stra-
bismic and anisometropic amblyopia in children. Ophthalmology. 
2006;113(6):904-12.

38. Repka MX, Beck RW, Holmes JM, Birch EE, Chandler DL, Cotter 
SA, et al.; Pediatric Eye Disease Investigator Group A randomized 
trial of patching regimens for treatment of moderate amblyopia in 
children. Arch Ophthalmol. 2003;121(5):603-11.

39. Holmes JM, Kraker RT, Beck RW, Birch EE, Cotter SA, Everett DF, 
et al.; Pediatric Eye Disease Investigator Group. A randomized trial 
of prescribed patching regimens for treatment of severe amblyopia 
in children. Ophthalmology. 2003;110(11):2075-87.

40. Gottlob I, Awan M, Proudlock F. The role of compliance in 2 vs 6 
hours of patching in children with amblyopia. Arch Ophthalmol. 
2004;122(3):422-3. 

41. Li T, Qureshi R, Taylor K. Conventional occlusion versus pharma-
cologic penalization for amblyopia. Cochrane Database Syst Rev. 
2019; Aug 8:CD006460.

42. Repka MX, Kraker RT, Holmes JM, Summers AI, Glaser SR, Barnhardt 
CN, et al.; Pediatric Eye Disease Investigator Group. Atropine vs 
patching for treatment of moderate amblyopia: follow-up at 15 
years of age of a randomized clinical trial. JAMA Ophthalmol. 
2014;132(7):799-805.



Brazilian best practice guidelines for amblyopia diagnosis and management 

10 Arq Bras Oftalmol. 2025;88(2):e2023-0281

43. Holmes JM, Lazar EL, Melia BM, Astle WF, Dagi LR, Donahue SP, 
et al.; Pediatric Eye Disease Investigator Group. Effect of age on 
response to amblyopia treatment in children. Arch Ophthalmol. 
2011;129(11):1451-7.

44. Holmes JM, Melia M, Bradfield YS, Cruz OA, Forbes B;  Pediatric 
Eye Disease Investigator Group. Factors associated with recurren-
ce of amblyopia on cessation of patching. Ophthalmology. 2007; 
114(8):1427-32.

45. Pediatric Eye Disease Investigator Group. A randomized trial of near 
versus distance activities while patching for amblyopia in children 
aged 3 to less than 7 years. Ophthalmology. 2008;115(11):2071-8.

46. Holmes JM, Edwards AR, Beck RW, Arnold RW, Johnson DA, Klimek 
DL, et al.; Pediatric Eye Disease Investigator Group. A randomized 
pilot study of near activities versus non-near activities during patching 
therapy for amblyopia. J AAPOS. 2005;9(2):129-36.

47. Pediatric Eye Disease Investigator Group. A randomized trial of near 
versus distance activities while patching for amblyopia in children 
aged 3 to less than 7 years. Ophthalmology. 2008;115(11):2071-8.

48. Repka MX, Kraker RT, Dean TW, Beck RW, Siatkowski RM, Holmes 
JM, et al.; Pediatric Eye Disease Investigator Group. A randomized 
trial of levodopa as treatment for residual amblyopia in older 
children. Ophthalmology. 2015;122(5):874-81.

49. Holmes JM. Lessons from recent randomized clinical trials of 
binocular treatment for amblyopia. JAMA Ophthalmol. 2018; 
136(2):181-3.

50. Xiao S, Angjeli E, Wu HC, Gaier ED, Gomez S, Travers DA, et al.; 
Luminopia Pivotal Trial Group. Randomized controlled trial of a 
dichoptic digital therapeutic for amblyopia. Ophthalmology. 2022; 
129(1):77-85.

51. Wygnanski-Jaffe T, Kushner BJ, Moshkovitz A, Belkin M, Yehezkel 
O, CureSight Pivotal Trial Group. An eye-tracking-based dichoptic 
home treatment for amblyopia: a multicenter randomized clinical 
trial. Ophthalmology. 2023 Mar;130(3):274-85. 

52. Gaier ED, Hunter DG. Advances in amblyopia treatment: paradigm 
shifts and future directions. Int Ophthalmol Clin. 2017;57(4):117-28.

53. Levi DM. Prentice award lecture 2011: removing the brakes on 
plasticity in the amblyopic brain. Opt Vis Sci. 2012;89(6):827-38.

54. Harauzov A, Spolidoro M, DiCristo G, De Pasquale R, Cancedda 
L, Pizzorusso T, et al. Reducing intracortical inhibition in the adult 
visual cortex promotes ocular dominance plasticity. J Neurosci. 
2010;30(1):361-71.

55. Baroncelli L, Bonaccorsi J, Milanese M, Bonifacino T, Giribaldi F, 
Manno I, et al. Enriched experience and recovery from amblyopia 
in adult rats: impact of motor, social and sensory components. 
Neuropharmacology. 2012;62(7):2388-97.

56. Baroncelli L, Scali M, Sansevero G, Olimpico F, Manno I, Costa M, 
et al. Experience affects critical period plasticity in the visual cor-
tex through an epigenetic regulation of histone post-translational 
modifications. J Neurosci. 2016;36(12):3430-40.

57. Spolidoro M, Baroncelli L, Putignano E, Maya-Vetencourt JF, Viegi 
A, Maffei L. Food restriction enhances visual cortex plasticity in 
adulthood. Nat Commun. 2011;2:320.

58. Kaneko M, Stryker MP. Sensory experience during locomotion 
promotes recovery of function in adult visual cortex. eLife. 
2014;3:e02798.

59. Imamura K, Kasamatsu T. Interaction of noradrenergic and cho-
linergic systems in regulation of ocular dominance plasticity. 
Neurosci Res. 1989;6(6):519-36.

60. Duffy KR, Mitchell DE. Darkness alters maturation of visual cortex 
and promotes fast recovery from monocular deprivation. Curr Biol. 
2013;23(5):382-6.

61. Repka MX, Kraker RT, Beck RW, Atkinson CS, Bacal DA, Bremer 
DL, et al. Pilot study of levodopa dose as treatment for residual 
amblyopia in children aged 8 years to younger than 18 years. Arch 
Ophthalmol. 2010;128:1215-7.

62. Morishita H, Hensch TK. Critical period revisited: impact on vision. 
Curr Opin Neurobiol. 2008;18(1):101-7.

63. Bavelier D, Levi DM, Li RW, Dan Y, Hensch TK. Removing brakes on 
adult brain plasticity: from molecular to behavioral interventions. 
J Neurosci. 2010;30(45):14964-71.

64. Putignano E, Lonetti G, Cancedda L, Ratto G, Costa M, Maffei 
L, et al. Developmental downregulation of histone posttransla-
tional modifications regulates visual cortical plasticity. Neuron. 
2007;53(5):747-59.

65. Thompson B, Mansouri B, Koski L, Hess RF. From motor cortex to 
visual cortex: the application of noninvasive brain stimulation to 
amblyopia. Dev Psychobiol. 2012;54(3):263-73.

66. Levi DM, Knill DC, Bavelier D. Stereopsis and amblyopia: a mini- 
review. Vision Res. 2015;114:17-30.

67. Zhao W, Jia WL, Chen G, Luo Y, Lin B, He Q, et al. A complete 
investigation of monocular and binocular functions in clinically 
treated amblyopia. Sci Rep. 2017;7(1):10682.

68. Birch EE, Kelly KR, Giaschi DE. Fellow eye deficits in amblyopia. J 
Binocul Vis Ocul Motil. 2019; 69(3):116-25.

69. Hess RF, Mansouri B, Thompson B. Restoration of binocular vision 
in amblyopia. Strabismus. 2011;19(3):110-8.

70. Hess RF, Mansouri B, Thompson B. A binocular approach to 
treating amblyopia: antisuppression therapy. Optom Vis Sci. 
2010;87(9):697-704.

71. Hess RF, Mansouri B, Thompson B. A new binocular approach to the 
treatment of amblyopia in adults well beyond the critical period of 
visual development. Restor Neurol Neurosci. 2010;28(6):793-802.

72. Li SL, Reynaud A, Hess RF, Wang YZ, Jost RM, Morale SE, et al. 
Dichoptic movie viewing treats childhood amblyopia. J AAPOS. 
2015;19(5):401-5.

73. Xiao S, Gaier ED, Mazow ML, Stout AU, Travers DA, Angjeli E, 
et al. Improved adherence and treatment outcomes with an 
engaging, personalized digital therapeutic in amblyopia. Sci Rep. 
2020;10(1):8328.

74. Birch EE, Li SL, Jost RM, Morale SE, De La Cruz A, Stager D, et al. 
Binocular iPad treatment for amblyopia in preschool children. J 
AAPOS. 2015;19(1):6-11.

75. Žiak P, Holm A, Halička J, Mojžiš P, Piñero DP. Amblyopia treat-
ment of adults with dichoptic training using the virtual reality oculus 
rift head mounted display: preliminary results. BMC Ophthalmol. 
2017;17(1):105.

76. Li SL, Jost RM, Morale SE, Stager DR, Dao L, Stager D, et al. A 
binocular iPad treatment for amblyopic children. Eye (Lond). 
2014;28(10):1246-53.

77. Bossi M, Tailor VK, Anderson EJ, Bex PJ, Greenwood JA,  
Dahlmann-Noor A, et al. Binocular therapy for childhood am-
blyopia improves vision without breaking interocular suppression. 
Invest Ophthalmol Vis Sci. 2017;58(7):3031-43.

78. Dahlmann-Noor A. Binocular treatment of amblyopia in children: 
teething problems on the path to clinical practice. JAMA Ophthal-
mol. 2016;134(12):1400-1.

79. Vedamurthy I, Nahum M, Huang SJ, Zheng F, Bayliss J, Bavelier D, 
et al. A dichoptic custom-made action video game as a treatment 
for adult amblyopia. Vision Res. 2015;114:173-87.



Issaho DC, et al.

11Arq Bras Oftalmol. 2025;88(2):e2023-0281

80. Webber AL, Wood JM, Thompson B. Fine motor skills of children 
with amblyopia improve following binocular treatment. Invest 
Ophthalmol Vis Sci. 2016;57(11):4713-20.

81. Kelly KR, Jost RM, Wang YZ, Dao L, Beauchamp CL, Leffler JN, et 
al. Improved binocular outcomes following binocular treatment for 
childhood amblyopia. Invest Ophthalmol Vis Sci. 2018;59(3):1221-8.

82. Dahlmann-Noor A. Novel binocular iPad game treatment for am-
blyopia. J Pediatr. 2017;184:235-8.

83. Vedamurthy I, Knill DC, Huang SJ, Yung A, Ding J, Kwon OS, et 
al. Recovering stereo vision by squashing virtual bugs in a virtual 
reality environment. Philos Trans R Soc Lond B Biol Sci. 2016; 
371(1697).

84. Hunter DG. Treatment of amblyopia: the “eye pad,” or the iPad? 
J AAPOS. 2015;19(1):1-2.

85. Birch EE, Kelly KR, Wang J. Recent advances in screening and 
treatment for amblyopia. Ophthalmol Ther. 2021;10(4):815-30.

86. Kelly KR, Jost RM, Dao L, Beauchamp CL, Leffler JN, Birch EE. 
Binocular iPad game vs patching for treatment of amblyopia 
in children: a randomized clinical trial. JAMA Ophthalmol. 
2016;134(12):1402-8.

87. Holmes JM, Manh VM, Lazar EL, Beck RW, Birch EE, Kraker RT, et 
al.; Pediatric Eye Disease Investigator Group. Effect of a binocular 
iPad game vs part-time patching in children aged 5 to 12 years 
with amblyopia: a randomized clinical trial. JAMA Ophthalmol. 
2016;134(12):1391-400.

88. Gao TY, Guo CX, Babu RJ, Black JM, Bobier WR, Chakraborty A, et 
al.; BRAVO Study Team.  Effectiveness of a binocular video game vs 
placebo video game for improving visual functions in older children, 
teenagers, and adults with amblyopia: a randomized clinical trial. 
JAMA Ophthalmol. 2018;136(2):172-81.

89. Manh VM, Holmes JM, Lazar EL, Kraker RT, Wallace DK, Kulp 
MT, et al.; Pediatric Eye Disease Investigator Group. A randomi-
zed trial of a binocular iPad game versus part-time patching in 
children aged 13 to 16 years with amblyopia. Am J Ophthalmol. 
2018;186:104-15.

90. Jost RM, Hudgins LA, Dao LM, Stager Jr DR, Luu B, Beauchamp,  et 
al. Randomized clinical trial of streaming dichoptic movies versus 
patching for treatment of amblyopia in children aged 3 to 7 years. 
Sci Rep. 2022;12(1), 4157.

91. Brin TA, Chow A, Carter C, Oremus M, Bobier W, Thompson B. 
Efficacy of vision-based treatments for children and teens with 
amblyopia: a systematic review and meta-analysis of randomised 
controlled trials. BMJ Open Ophthalmol. 2021;6:e000657.

92. Tailor V, Ludden S, Bossi M, Bunce C, Greenwood JA, Dahlmann- 
Noor A. Binocular versus standard occlusion or blurring treatment 
for unilateral amblyopia in children aged three to eight years. 
Cochrane Database Syst Rev. 2022;2(2):Cd011347.

93. Falcone MM, Hunter DG, Gaier ED. Emerging therapies for am-
blyopia. Semin Ophthalmol. 2021;36(4):282-8.

94. Scheiman MM, Hertle RW, Kraker RT, Beck RW, Birch EE, Felius 
J, et al.; Pediatric Eye Disease Investigator Group. Patching vs 
atropine to treat amblyopia in children aged 7 to 12 years. Arch 
Ophthalmol. 2008;126:1634-42.

95. Holmes JM, Beck RW, Kraker RT, Astle WF, Birch EE, Cole SR, et 
al.; Pediatric Eye Disease Investigator Group. Risk of amblyopia 
recurrence after cessation of treatment. J AAPOS. 2004;8:420-8.

96. Cotter SA, Foster NC, Holmes JM, Melia BM, Wallace DK, 
Repka MX, et al.; Writing Committee for the Pediatric Eye Di-
sease Investigator Group. Optical treatment of strabismic and 
combined strabismic-anisometropic amblyopia. Ophthalmology. 
2012;119:150-8. 

97. Hess RF, Thompson B. Amblyopia and the binocular approach to 
its therapy. Vis Res. 2015;114:4-16.


