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ABSTRACT � RÉSUMÉ
Background: As eye disease before age 5 years is common, some form of vision screening should be performed on children before

attending primary school. However, the lack of consistent national recommendations creates confusion for patients, eye care profes-
sionals, and governments alike.

Methods: The objective of this document is to provide guidance on the recommended timing, intervals, and types of ocular assessments
for healthy children aged 0�5 years. A literature search yielded 403 articles. A multidisciplinary expert committee (comprising 2
optometrists, a comprehensive ophthalmologist, a pediatric ophthalmologist, a family physician, and a pediatrician) independently
determined those articles deemed to be key to the clinical question. Articles that were gradable (n = 16) were then submitted for inde-
pendent critical appraisal by an external review group, which provided a Grading of Recommendations Assessment, Development
and Evaluation profile of the reviewed articles to use for assigning a grade of evidence.

Recommendations: In addition to routine screening by a primary health care professional, a comprehensive eye examination by an indi-
vidual with the expertise to detect risk factors for amblyopia—such as an ophthalmologist or optometrist—is required in early child-
hood. The findings support the importance of early detection of amblyopia before 36 months and no later than 48 months of age via
screening with at least 1 comprehensive eye examination before age 5 years.

Conclusions: Vision screening performed by primary health care providers during routine well-baby/child visits and scheduled vaccina-
tions is an essential part of the detection of ocular disease. However, this early detection potential is limited, and a full oculovisual
assessment is also recommended before the child entering the school system. If amblyopia, strabismus, or other eye pathology is
detected or suspected that is beyond the scope of the eye care professional examining the patient, a referral to the appropriate spe-
cialist can be made, allowing treatment to be initiated in a timely fashion.

Contexte : Étant donné que les maladies oculaires avant l’âge de 5 ans sont courantes, une certaine forme de dépistage des troubles de
la vision devrait être effectuée chez les enfants avant qu'ils ne fréquentent l’école primaire. Cependant, l'absence de recommanda-
tions nationales cohérentes crée de la confusion chez les patients, les professionnels des soins oculovisuels et les gouvernements.

Méthodes : L'objectif de ce document est de fournir des recommandations quant aux types d'examens oculaires à pratiquer chez les enfants
en bonne santé de 0 à 5 ans ainsi que sur le moment et la périodicité de tels examens. Une recension des écrits a produit 403 articles. Un
comité d'experts multidisciplinaire (composé de deux optométristes, d'un ophtalmologiste effectuant des examens complets de la vue,
d'un ophtalmologiste pratiquant en pédiatrie, d'un médecin de famille et d'un pédiatre) a établi de façon indépendante les articles jugés
essentiels à la question clinique. Les articles se prêtant à un classement [n = 16] ont ensuite été soumis à une évaluation critique indépen-
dante par un groupe externe, lequel a fourni un profil « GRADE » des articles à utiliser et leur a attribué une cote.

Recommandations : En plus du dépistage de routine effectué par les professionnels de première ligne, un examen complet de la vue
mené par un professionnel possédant l'expertise nécessaire à la détection des facteurs de risque de l'amblyopie (comme un ophtalmolo-
giste ou un optométriste) est requis durant la petite enfance. Les conclusions confirment l'importance de la détection précoce de
l'amblyopie avant 36 mois et au plus tard 48 mois par le dépistage assorti d'au moins un examen complet de la vue avant l’âge de 5 ans.

Conclusion : Le dépistage de la vue effectué chez les bébés et les enfants par les fournisseurs de soins de première ligne au cours des
consultations de routine et des vaccinations périodiques est un élément essentiel de la détection des maladies oculaires. Toutefois, le
potentiel de détection précoce est limité et un examen oculovisuel complet est également recommandé avant que l'enfant n'entre à
l’école. Si l'amblyopie, le strabisme ou une autre pathologie oculaire est détecté ou soupçonné, et que le problème dépasse le champ
de compétences du professionnel qui examine le patient, celui-ci peut être dirigé vers le spécialiste approprié, ce qui permet
d'amorcer le traitement en temps opportun.
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TAGGEDH1INTRODUCTION TAGGEDEND

Vision screening and comprehensive eye examinations are
recommended throughout life as a method of uncovering
treatable asymptomatic ocular disease that may otherwise go
undetected.1�5 As eye disease before age 5 years is common,
family medicine, pediatric medicine, optometry, and oph-
thalmology have long advised that some form of vision
screening should be performed on children before attending
primary school (Table 1).1,3�9 In addition to various recom-
mendations from national organizations, vision screening rec-
ommendations also vary across provinces, and within
provinces by county or even by school board district. The
Canadian Ophthalmological Society (COS) and the Cana-
dian Association of Optometrists (CAO) recognized that the
lack of consistent national recommendations from ophthal-
mologists and optometrists regarding screening and compre-
hensive eye examination intervals was creating confusion for
patients, eye care professionals, and governments alike. It was
further recognized that eye care guidelines should include
input from the other key health care professionals involved in
primary health surveillance for children, namely, pediatricians
and family physicians. COS and CAO thus invited the Col-
lege of Family Physicians of Canada and the Canadian Paedi-
atric Society to each appoint a representative to an
interdisciplinary guideline expert committee to develop rec-
ommendations based on evidence and the clinical expertise
and practice realities of all representatives.

Ideally, guidelines are flexible tools that are based on the
best available scientific evidence and clinical information;
they also reflect the consensus of professionals in the field
and allow health care professionals to use their individual
judgement in managing their patients.10 Guidelines are not
intended to provide a “cookbook” approach to medicine or
health care or to be a replacement for clinical judgement11;
rather, they are intended to inform patterns of practice. These
guidelines should be considered in this context. Adherence to
these guidelines will not necessarily produce successful out-
comes in every case. Furthermore, these guidelines are not
intended to define or serve as a legal standard of medical
care12 and should therefore not be used as a legal resource, as
their general nature cannot provide individualized guidance
for all patients in all circumstances.11 Standards of medical
care are specific to all the facts or circumstances involved in
an individual case and can be subject to change as scientific

knowledge and technology advance, and practice patterns
evolve. Indeed, health care professionals must consider the
needs, preferences, values, and financial and personal circum-
stances of individual patients, and work within the realities of
their health care setting.

The objective of this document is to provide guidance on
the recommended timing, intervals, and types of ocular
assessments for healthy children aged 0�5 years (e.g., not
premature, without chronic systemic disease [e.g., diabetes],
without hearing loss or neurodevelopmental disorders). The
intended audience is any Canadian health care professional
who refers or sees infants and children for an eye examination
(i.e., pediatricians, family physicians, primary care providers,
ophthalmologists and optometrists, nurses, and nurse practi-
tioners). The recommended intervals of examination will also
be of interest to the general public and policy makers. It is
acknowledged that there are inequities in human, financial,
and health care resources in different regions of the country
and that these factors may affect health care professionals’
and patients’ options and decisions. To this extent, these
guidelines could be used for advocacy for basic eye care for
the pediatric population in underserved areas.

TAGGEDH1METHODS TAGGEDEND

These guidelines were systematically developed and based
on a thorough consideration of the medical literature and
clinical experience of the interdisciplinary health care profes-
sionals on the Expert Committee. Where possible, the con-
tent of this document was developed in accordance with the
Canadian Medical Association Handbook on Clinical Practice
Guidelines11 and the criteria specified in the 6 domains of
the Appraisal of Guidelines Research and Evaluation II
Instrument.13,14 These domains cover the following dimen-
sions of guidelines: scope and purpose, stakeholder involve-
ment, rigor of development, clarity and presentation,
applicability, and editorial independence. In addition, the
guideline development checklist by Sch€unemann and col-
leagues was consulted and applied where applicable.15

The key clinical question for this guideline was, “What are
the optimal times and intervals when children aged
0�5 years should undergo ocular assessment in order to pro-
mote optimal eye health?” To answer this question, searches
of PubMed/Medline (1995 through April 2018) were

Table 1—Current Canadian recommendations for vision screening in children
Organization COS CAO CFPC CPS

Key recommendations NA Infants and toddlers should undergo their
first eye examination between the age
of 6 and 9 months; preschool children
should undergo at least 1 eye examina-
tion between the ages of 2 and
5 years.1

Check red reflex for serious ocular
diseases such as retinoblastoma
and cataracts.
Corneal light reflex/cover�uncover test
and inquiry for strabismus.
Check visual acuity at age 3 to
5 years.8,9

Check red reflex for serious ocular
diseases such as retinoblastoma
and cataracts.
Corneal light reflex/cover�uncover test
and inquiry for strabismus.
Check visual acuity at age 3 to 5 years.
Routine comprehensive professional
eye examinations of healthy children
with no risk factors have no proven
benefit.3

CAO, Canadian Association of Optometrists; CFPC, College of Family Physicians of Canada; COS, Canadian Ophthalmological Society; CPS, Canadian Paediatric Society.
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performed by a medical librarian, using appropriate con-
trolled vocabulary and keywords (“amblyopia, refractive
error, vision screening, strabismus” combined with variations
of the term “comprehensive eye examination”). These
searches were further supported by sampling searches of
EMBASE, Web of Science, and the Cochrane Library. The
searches were limited to children and infants 0�5 years old
and published in peer-reviewed journals written in English or
French. All studies were included in the search for well-con-
ducted clinical trials and observational studies; studies of
amblyopia, amblyogenic risk factors, and refractive error;
studies performed in primary care and population-based set-
tings; studies of screening tests typically available in primary
care settings (e.g., visual acuity tests, red reflex, and cover
test) or examination techniques used by optometrists and
ophthalmologists (e.g., retinoscopy); and studies with the fol-
lowing outcomes: improved visual acuity, reduced ambly-
opia, improved school performance, and quality of life.
Results were not restricted to systematic reviews, randomized
controlled trials/controlled clinical trials, and observational
studies. Searches were updated on a regular basis, and the
bibliographies of included studies were checked for further
references to relevant studies and papers. (Search strategies
are available in Appendix 1. Inclusion and exclusion criteria
are available in Appendix 2.)

The literature search yielded 403 articles. Committee
members were asked to review article abstracts and indepen-
dently indicate articles deemed to be key to the clinical ques-
tion. All articles that were selected by a majority of the
committee (�4/6 members) as “key” were then reviewed by
the co-chairs. Those articles that were gradable (n = 16) were
then submitted for independent critical appraisal. Other
articles that provided context and data regarding the clinical
question are cited in the text of this document, but were not
used to support recommendations.

Full manuscripts of the abstracts selected by the Expert
Committee were examined by an external review group. This
group critically appraised each article and reported back to
the Expert Committee. Their evaluation included study
design and purpose, directness to the study research question,
methodological quality, interventions/outcomes of interest,
and assessment of potential study biases. They also provided
a Grading of Recommendations Assessment, Development
and Evaluation (GRADE)16 profile of the reviewed articles to
use for assigning a grade of evidence. The assigned grade for
each study was based on criteria for assigning grade of evi-
dence17 (Appendix 3) from the GRADE Working Group.
Range for the quality of evidence is from very low to high.
Upon consultation with the critical appraisers, it was agreed
that all observational studies would receive the same initial
ranking of low as stated in Appendix 3. Articles with high
directness to the review question were used to develop the
recommendations. The quality of the supporting evidence
was used to determine the grade for the recommendations
(Appendix 4).18,19 The Expert Committee met in person to
review the critically appraised articles and to formulate and

grade the recommendations. According to predetermined
terms of reference, consensus was required with respect to the
wording and grading of each recommendation. The key evi-
dence from the 15 articles that were critically appraised is
summarized in Appendix 5. (One article, a qualitative sys-
tematic review,20 is not included in Appendix 5, as it did not
provide independent evidence.) The recommendations in
this guideline are meant to reinforce and complement stand-
ards of practice currently recommended by CFCP and Cana-
dian Paediatric Society (Table 1).

The final guideline document was approved by the rele-
vant governing bodies of the COS, the Canadian Association
of Paediatric Ophthalmology and Strabismus, and the CAO.

TAGGEDH1NATURAL HISTORY OF REFRACTIVE ERROR, AMBLYOPIA,
AND STRABISMUS TAGGEDEND

Visual impairment can affect 1%�7% of children, depend-
ing on the definition.21,22 Some studies report an even higher
prevalence of vision disorders in childhood.23 The most fre-
quent and easily corrected ocular problems, by far, are refrac-
tive errors.24�26 Refractive errors resulting in anisometropia
are the most common risk factor for amblyopia.

Refractive Error
Refractive error is a defect in the ability of the eye to focus

on an image accurately. Uncorrected refractive errors may be
responsible for as much as 69% of childhood visual
impairment.27 Refractive errors result in decreased vision
because the image of regard is not focused on the retina. If the
axial length of the eye is too short, hyperopia results, whereas if
the axial length of the eye is too long, myopia results. If the
refracting power of the eye is different in one meridian com-
pared with another, astigmatism results. Depending on the
degree of refractive error and the age of the child, uncorrected
refractive errors could be potentially amblyogenic.6

Amblyopia
Amblyopia is defined as decreased vision, not correctable

by glasses, in an otherwise healthy eye. Prevalence in child-
hood is estimated to range from 1% to 3%, depending on
the definition, and is the leading cause of monocular vision
loss between age 20 and 70 years.28�33 Risk factors include
prematurity, neurological disorders, genetic syndromes, and
positive family history.6,22 A diagnosis of amblyopia is made
when there is a 2-line difference in best-corrected vision
between eyes. Bilateral amblyopia is considered vision worse
than 20/40 in the better seeing eye at age �4 years of age, or
worse than 20/50 at �3 years of age.6,33 The opposite eye
can have subtle deficits.34,35 Amblyopia is caused by visual
deprivation in the amblyopic eye in the ocular developmental
period—generally accepted to be until the age of 10 years,
although some studies suggest later—leading to structural
abnormalities in the brain.36 (Newer studies have challenged
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the concept of a complete loss of plasticity in the adult
brain,37,38 suggesting that vision can be improved after the
end of the conventional critical ocular development peri-
od39�43; however, early intervention may still result in better
vision outcomes.44) Amblyopia can result from anisometro-
pia, strabismus, or from deprivation due to an obstruction of
the visual axis (e.g., media opacity, obstruction from lid).
The remainder of the eye and visual pathway is normal.
Approximately 40% of amblyopes have anisometropia, 40%
have strabismus, and 20% have a combined mechanism. A
small proportion have obstruction of the visual axis.45 Aniso-
metropia is an unequal refractive error in each eye, resulting
in relative optical defocus. Hyperopic (far-sighted) anisome-
tropia is particularly amblyogenic. High isometropia (equal,
but high refractive error) can be amblyogenic in bilateral
cases.46 A recent pooled report from 2 of the largest popula-
tion-based pediatric eye disease studies provides estimates of
risk of amblyopia with various levels of refractive error and
types of strabismus.21

Amblyopia is the second most treatable ocular disease
(after refractive error) if detected and treated early.44,47�50

Overall the benefits of screening and treatment where disease
is uncovered outweigh any harm and cost.20,51�53 Indeed,
treating amblyopia has been shown to be one of the most
cost-effective medical procedures in the world.54,55 Untreated
or insufficiently treated amblyopia may result in life-long
impairment in visual function and quality of life. Treatment
fails in more than 20% of cases,45 and amblyopia can recur
after treatment in as many as 25% of cases.56,57 Earlier diag-
nosis may mean more successful treatment.

Strabismus
Strabismus results when the eyes are not aligned. It

deprives the visual cortex of simultaneous input from corre-
sponding retinal areas, leading to rivalry and suppression of
the input from the nondominant eye. The result is amblyopia

in as many as 50% of cases of strabismus.58,59 Treatment of
strabismic amblyopia consists of penalizing the “good” eye,
although there are newer behavioural therapies—including
dichoptic training and perceptual learning60,61—that hold
some promise.

TAGGEDH1VISION SURVEILLANCE IN PRIMARY CARETAGGEDEND

Family physicians, general pediatricians, and other primary
care practitioners in Canada use the Rourke Baby Record8 or
the ABCDaire9 (in Quebec) to guide their routine health sur-
veillance and examinations of infants and children. Both are
based on best evidence and consensus by experts. Specific ele-
ments of the eye examination are found in Table 1. The rec-
ommendations in this guideline document are meant to
reinforce and complement these standards of practice.

TAGGEDH1SCREENING TAGGEDEND

A summary of Canadian vision screening recommendations is
shown in Tables 1 and 2,1�9,62 and highlights the fact that
Canadian health care professionals are confronted with inconsis-
tent recommendations. A 2013 survey assessed adherence of
family physicians and pediatricians in Ontario to the vision
screening guidelines for children as recommended by the CPS
and the Rourke Baby Record. From a total of 3000 mailed sur-
veys, 719 completed surveys were included in the analysis
(23.5% response rate). Vision screening at every well-child visit
was reported to be performed by 65% of family physicians/gen-
eral practitioners and 52% of general pediatricians. Red reflex
was reported to be checked by 94% of physicians in children
<3 years of age, but only by 25% for children >3 years of age.
Thirty-seven percent of all physicians reported never performing
a visual acuity test in any age group.63

In the context of eye care, screening consists of the summary
assessment of visual function and ocular anatomy. Screening is

Table 2—Current published vision screening guidelines*
Guideline 0�3

Months
3�6
Months

6�9
Months

3
Years

2�5
Years

6�19
Years

20�39
Years

40�64
Years

56�65
Years

>65
Years

AAP 200362 Screen Screen NA

AAPOS 20126,7 Screen Every
1 to 2
years

NA

CADTH 20074 Preschool vision screening programs varied from
province to province, from public health nurse
to full optometric exam; none shown
to be superior.

Screen NA

CAO 20121 Eye exam Eye exam Annually Every 2 to 3
years

Every 2
years

Every 2
years

Annually

COS 20072 NA At least every
10 years

At least
every
5 years

At least
every
3 years

At least
every
2 years

CPS 20093 Screen Screen Screen Screen NA

USPSTF 20175 Screen Screen NA

*Please see original documents for full details. This table is intended to highlight the differences in scope and recommendations of various guidelines, and is not intended to summarize completely
each document.
AAP, American Academy of Pediatrics; AAPOS, American Association for Pediatric Ophthalmology and Strabismus; CADTH, Canadian Agency for Drugs and Technology in Health; CAO, Canadian
Association of Optometrists; COS, Canadian Ophthalmological Society; CPS, Canadian Paediatric Society; NA, these guidelines did not address these age groups; USPSTF, United States Preven-
tive Services Task Force.
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not meant to be diagnostic; suspicious or positive results are
referred to the appropriate professional for diagnosis and treat-
ment.64 Basic vision screening performed at the well-baby visit
by a family physician or pediatrician can identify treatable
vision issues at an early stage.3 In low-risk, asymptomatic chil-
dren, vision screening in preschool-aged children is aimed at
early disease detection for more prevalent conditions such as
amblyopia, strabismus, and uncorrected refractive error, as well
as for rarer conditions or diseases such as retinoblastoma and
congenital cataracts.3,62,65 These screening procedures may be
performed by pediatricians, family physicians, or other primary
care providers during well-baby/child visits.64,66 Screening for
amblyopia involves screening for risk factors, as they can be
diagnosed before amblyopia itself (i.e., before formal vision
can be checked). Screening involves checking for refractive
error, strabismus, and obstructions to the visual axis. Proce-
dures used to screen for strabismus and amblyopia may include
visual acuity testing and the cover/uncover test, while proce-
dures for screening for retinoblastoma and congenital cataracts
may include red reflex and fundus testing.3,62 Techniques for
these procedures can be found in the literature.3,62,65,67

Patients with a positive screening test should be referred to an
eye care professional for further evaluation.

Simple screening (i.e., a family history of vision problems
and any baby concerns, as well as red reflex test and observa-
tion of eye movement, lids, and pupils) is quick and easy to
perform, but lacks sensitivity and specificity.20,51 More rigor-
ous testing is time-consuming and resource-intensive, but pro-
vides better sensitivity and specificity.20,51�53 Uncorrected
refractive error is the most common finding and simplest to
correct, but is not easily identified by simple screening.24�26

Amblyopia, which affects 2%�4% of the population, can be
suspected with basic screening, but requires a full assessment
before proceeding with treatment.47,53 Although not conclu-
sive, it would appear that the earlier the treatment is initiated,
the better the final outcome.44,47�50

TAGGEDH1COMPREHENSIVE EYE EXAMINATIONS TAGGEDEND

Comprehensive eye examinations performed by an optom-
etrist or ophthalmologist allow for a fuller assessment that
addresses both amblyogenic and nonamblyogenic, yet treat-
able, ocular disease.1,3 This includes, but is not limited to,
refractive errors, subtle strabismus, lid and lacrimal disease,
and retinal pathology.1,2,20,51�53,66 These examinations are
meant to be diagnostic and lead to the management of eye
conditions, including, but not limited to, amblyopia, strabis-
mus, and uncorrected refractive error.1,2,6,66 The main com-
ponents of a comprehensive eye examination consist of the
assessment of refractive status, visual acuity, strabismus/bin-
ocular vision/ocular motility, and ocular anatomy (external
and internal).1,2,6,62,66

Examination techniques for strabismus and amblyopia in the
pediatric population (age 0�5 years) may include fixation
assessment; visual acuity; cover/uncover tests; red reflex

(Bruckner method); corneal light reflexes (Hirschberg reflex);
sensory fusion (red filter/Worth 4-dot, etc.); stereopsis testing;
and ocular motility testing. Examination techniques for refrac-
tion assessment may include retinoscopy (static or dynamic);
manifest (subjective) refraction; and autorefraction (not gener-
ally used in this age group). Cycloplegic agents (eye drops that
inhibit accommodation temporarily) should be used in con-
junction with these techniques. Supplemental examination
techniques include pupillary testing, visual field testing, intraoc-
ular pressure, colour vision testing, funduscopy, and slit lamp
or external ocular health assessment.1,6,62,66

TAGGEDH1REVIEW OF THE EVIDENCE AND RATIONALE FOR

RECOMMENDATIONS TAGGEDEND

The primary goal of the literature review was to find stud-
ies that assessed the impact, if any, of vision screening on
the prevalence of amblyopia in childhood. Of the 15 key
articles included in the summary of findings (Appendix 5),
11 provided evidence related to our study question and rec-
ommendations. Performance (quality or efficacy) of screen-
ing tests by family physicians, pediatricians, orthoptists,
optometrists, or ophthalmologists was not explored specifi-
cally.

No masked randomized clinical trial has evaluated the
effectiveness of vision screening in children aged 0�5 years;
however, prospective cohort studies have provided consistent
and strong evidence that vision screening from 8 to 48
months reduces the prevalence of amblyopia at 7�8 years.
Four studies from 3 countries (Israel, England, and the
Netherlands) were directly related to our main research ques-
tion and were rated as moderate in overall quality. The Israeli
study44 was a prospective cohort trial in Haifa that included
808 children who were screened between 1 and 2.5 years of
age with a follow-up examination completed at 8 years of age
(screening included Hirschberg test [i.e., corneal light reflex
test], cover test, and retinoscopy without cycloplegia). The
children were screened by members of the Bnai-Zion
Ophthalmology Department for amblyopia and amblyogenic
risk factors. Children (n = 782) in a comparable population,
but without early screening, were also examined at 8 years of
age. Amblyopia was 2.6 times more likely to be present in the
cohort that was not screened (2.6% vs 1.0%, respectively,
p = 0.0098). Children who were not screened also had more
severe amblyopia (1.7% vs 0.1% in screened children,
p = 0.00026).

Two studies in England from the Avon Longitudinal Study of
Parents and Children, also rated as moderate in quality, explored
early screening and the prevalence of amblyopia.48,49 A random-
ized trial nested in a prospective cohort compared children who
received multiple orthoptic screenings from 8 to 37 months of
age (intensive group, n = 2029) to children who received only
one screening at 37 months of age (control group, n = 1490).
Amblyopia was less prevalent at 7.5 years of age in the intensive
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group (1.45% vs 2.66% in the control group, p = 0.06). A major
concern regarding this study is that only 54% of the initial inten-
sive group and 55% of the control group were assessed at the
7.5-year examination.49 The second study, an observational trial
nested in the prospective cohort, examined the impact of orthop-
tic screening offered at age 4�5 years versus no screening.48 The
prevalence of amblyopia at 7.5 years was 45% lower in children
who received preschool screening than in those who did not
(1.1% vs 2.0%, respectively; p = 0.052). The power of this study
was too low to show statistically significant results regarding the
prevalence of amblyopia when the data were adjusted for several
potentially confounding factors related to amblyopia.

Studies from the Netherlands also explored early and multiple
vision screenings in a single birth cohort. Children born in
Rotterdam between September 1996 and May 1997 were fol-
lowed to the age of 7 years. One study, evaluated as moderate in
overall quality, examined the effect of multiple screenings from
age 1 to 72 months (2964 of the original Rotterdam Amblyopia
Screening Effectiveness Study cohort) on the prevalence of
amblyopia at 7 years. There was a 3.4% prevalence of amblyopia
at 7 years and a dose�response effect with children who attended
more screenings having lower rates of amblyopia.47 Another
report on this same cohort stated that preschool screening from
age 3 years contributed most to amblyopia detection.51 The
authors also reported that refractive error was the most common
cause of amblyopia. Neither of these studies included a control
group of children who were not screened.

The above studies, from different countries and employing
a variety of screening tests at different ages, all reported simi-
lar findings: lower prevalence of amblyopia by age 7�8 years
in screened versus unscreened children and with multiple
screenings versus single screenings.

Ascertaining evidence from published studies regarding the
best age at which to screen children was more difficult. Addi-
tional studies that explored the importance of age at the time
of screening were found, but all were evaluated as low in over-
all study quality. One article from the Netherlands did not
show a difference in rate of referral to ophthalmologists or in
prevalence of amblyopia between a screened versus an
unscreened cohort at the age of 6�9 months.68 This finding
may have reflected a problem with the tests or screeners used,
rather than the age of children. Referrals in both groups were
based primarily on observed strabismus, and 25%�50% of
the screeners were found to have inadequately performed the
screening tests.

The impact of early referral for treatment on visual acuity out-
comes and prevalence of amblyopia was explored in 2 other pro-
spective studies that were evaluated as low in overall study
quality. A study of children referred during a screening program
in Alaska found that children referred for treatment before 2 years
of age had a greater chance of achieving a visual acuity of 6/12;
however, this study’s results were vulnerable to bias because
<25% of potential participants were included in the final out-
come assessment.50 Atkinson and colleagues reported on 2
Cambridge Infant Screening Programs with a focus on children

with hyperopia.53 The first program screened 3166 children
(born from 1981 to 1983) at 7�8 months of age with a follow-
up between 1 and 3 years of age and visual acuity testing at
4 years of age. The second program screened 5142 children
(born from 1992 to 1994) at 8 months of age and then adminis-
tered up to 11 follow-up visits by 7 years of age. Both programs
reported a decreased prevalence of amblyopia in hyperopic chil-
dren with early spectacle wear when evaluated at 4 years of age
and 7 years of age, compared with hyperopic children who did
not wear spectacles.53

Of the 3 cross-sectional studies that were evaluated, all
received low or very low overall study quality ratings due to
concerns about potential selection bias.31,26,69 The studies
evaluated as low in overall study quality were from the United
States. One study from Tennessee with 5548 children aged
1�6 years found a very high prevalence of amblyopia in chil-
dren with anisometropia (454/724 or 62.7%).69 Donahue
also reported that by age 3 years, nearly two-thirds of children
with >1.0 diopter anisometropia had amblyopia, and the
prevalence of amblyopia increased with age among anisome-
tropic children. The Vision in Preschoolers Study found a
high prevalence of unilateral amblyopia (296/3869 or 7.7%)
in children aged 3�5 years in Head Start programs.26 In this
group, the increased risk of amblyopia was independently
associated with the presence of strabismus and significant
refractive errors (e.g., myopia, hyperopia, astigmatism, and
anisometropia).

A cross-sectional study from Australia was rated as very low
in overall study quality, as a large number of children were
excluded from the study due to low visual acuity testability.31

This study, part of the Sydney Paediatric Eye Study, recruited
2461 children between the age of 6 and 72 months, but
results were reported for only 1422 of them. The prevalence
of amblyopia was found to be 27/1422 (1.9%) and was sig-
nificantly associated with hyperopia, astigmatism, anisome-
tropia, and strabismus.31

In summary, there is very strong evidence from well-con-
ducted prospective studies that cohorts of children screened
at an early age will have a lower prevalence and severity of
amblyopia at age 7�8 years, compared with unscreened
cohorts.44,47�49,51 The age at which the screenings in these
studies took place varied, but it is known from other studies
that the earlier the detection and treatment of potential risk
factors for amblyopia, the better the visual outcomes.50,53

Risk factors that must be detected include refractive errors,
anisometropia, and strabismus.26,31,69

Based on this review, the Expert Committee concluded
that, in addition to routine screening by a primary health
care professional, a comprehensive eye examination by an
individual with the expertise to detect risk factors for ambly-
opia—such as an ophthalmologist or optometrist—is recom-
mended in early childhood. Overall, the findings support the
importance of early detection of amblyopia before 36 months
and no later than 48 months of age via screening with at least
1 comprehensive eye examination before age 5 years.
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RECOMMENDATIONS

� Routine age-appropriate screening as recommended by Rourke
and ABCDaire (red reflex test, cover/uncover test, and visual
acuity) of infants and children by a primary health care provider
or pediatrician should continue.8,9

� If an infant or child is identified with an abnormality, they should
be referred to the appropriate eye care professional.

� In addition to age-appropriate screening, children aged 0�5 years
should undergo ocular assessment by an individual with the
expertise to detect risk factors for amblyopia. [1B44,47�49]
○ Ideally, the ocular assessment should occur by age 3 years.
[1B44,47�49]

○ The ocular assessment should include refraction and ocular
motility evaluation. [1B44,47�49]

TAGGEDH1LIMITATIONS TAGGEDEND

The main limitation to the implementation of this guide-
line may be access and the increased resources required to sus-
tain such a screening process. Further efforts should thus
focus on advocating that children have access to oculovisual
assessments that detect treatable eye conditions.

TAGGEDH1CONCLUSIONS TAGGEDEND

Vision screening performed by primary health care providers
during routine well-baby/child visits and scheduled vaccinations
have been—and will continue to be—an essential part of the
detection of ocular disease. Obtaining an appropriate history
while performing an assessment of the red reflex and examination
of the external adnexa provides an opportunity for the early
detection of not only amblyogenic pathology but also other
potentially vision-threatening (e.g., cataracts, glaucoma) and life-
threatening diseases (e.g., retinoblastoma). However, this early
detection potential is limited and a full oculovisual assessment is
also recommended prior to the child entering the school system.
Although comprehensive eye examinations are possible from
birth by certain eye care professionals by adapting techniques, by
age 3 years it is expected that the child may be able to cooperate
in a complete oculovisual assessment. This would include visual
acuity testing, ocular motility evaluation, slit lamp examination,
dilated fundus examination, and cycloplegic refraction. If ambly-
opia, strabismus, or other eye pathology is detected or suspected
that is beyond the scope of the eye care professional examining
the patient, a referral to the appropriate specialist can be made,
allowing treatment to be initiated in a timely fashion.

TAGGEDH1SUPPLEMENTARY MATERIALS TAGGEDEND

Supplementary material associated with this article can be
found in the online version at doi:10.1016/j.jcjo.2019.09.003.
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