
S
Accepted fo

From Joh
Maryland, U

Inquiries
Medicine, W
9089, USA;

0002-9394/$
https://doi.or
Amblyopia Outcomes Through Clinical Trials
and Practice Measurement: Room for

Improvement: The LXXVII Edward Jackson
Memorial Lecture
MICHAEL X. REPKA
� PURPOSE: To describe amblyopia prevalence and out-
comes using results from randomized studies and a clinical
registry.
� DESIGN: Review of published studies, analysis of data
in Intelligent Research in Sight (IRIS) Registry from
2013 to 2019, personal perspective.
� METHODS: Literature review, analysis of IRIS Registry
data and IRIS-50, a visual acuity quality measure.
� RESULTS: Clinical trials have reduced the treatment
burden of amblyopia by reducing hours of patching and
frequency of atropine eye drops with clinical success of
about 83%. There is no appreciable age effect if treat-
ment is started before 5 years of age, outcomes are stable
to at least 15 years of age, and treatment can be some-
what effective until 12 years of age. The IRIS Registry
identified 1,760,066 individuals with amblyopia for a
prevalence of 2.47%. Refractive error alone accounted
for 68.9% of childhood cases. Mean amblyopic eye vi-
sual acuity improved 1.8 lines for children 3-6 years of
age and 0.8 lines for 7-12 years, but mean residual
amblyopia was more than 2 lines. Among 18,841 chil-
dren aged 3-7 years eligible for IRIS-50, 77.3% were
successful. The odds ratios for success were significantly
lower for African-American (0.67; 95% confidence in-
terval [CI] [ 0.58 to 0.78) and Hispanic or Latino
(0.84; 95% CI [ 0.75 to 0.94) children compared
with white children.
� CONCLUSIONS: Clinical trials provided evidence of a
beneficial effect from several treatments, with substan-
tially reduced doses than previously recommended. Regis-
try data from clinical practice found residual visual acuity
impairment among all ages and races, especially among
minorities. (Am J Ophthalmol 2020;219:A1–A26. �
2020 Elsevier Inc. All rights reserved.)
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T IS AN EXTRAORDINARY HONOR TO PRESENT THE 77TH

Edward L. Jackson, MD, Memorial Lecture in 2020.
Dr Edward L. Jackson was born in 1856 inWest Goshen,

Pennsylvania; obtained his medical degree from the Uni-
versity of Pennsylvania; and served as attending surgeon
at the Wills Eye Hospital.1 Dr Jackson went on to become
Chair of Ophthalmology at the University of Colorado and
editor of this journal, and would lead many national
ophthalmology organizations. An important connection
between Dr Jackson and this lecture was his popularization
of the use of retinoscopy, which remains fundamental to
the management of amblyopia more than a century later.
This lecture affords me the unique opportunity to high-

light a common and treatable eye condition: amblyopia.
Childhood eye problems have been previous subjects of
this lectureship including pediatric cataract (P.A. Chan-
dler), infantile esotropia (G. von Noorden), persistent hy-
perplastic primary vitreous (A.B. Reese), persistent fetal
vasculature (M.F. Goldberg), and hereditary blindness
(I.H. Maumenee).2
IMPORTANCE

IN 2017 THE NATIONAL ACADEMIES OF SCIENCE, ENGINEER-

ing and Medicine (NASEM) noted, ‘‘Avoidable vision
impairment occurs too frequently in the United States-
.resulting from shortfalls in public health policy and
health care delivery.’’3 Among the eye problems of children
that the NASEM authors highlighted in need of improve-
ment in research and public health attention was ambly-
opia, which often has lifelong impact, especially among
patients who are not identified and treated at a young
age. The committee wrote, ‘‘The toll of correctable vision
loss among children who do not receive adequate detec-
tion, follow up, and treatment is troubling.’’3 Thus, ambly-
opia which is common, can be successfully treated with
proven approaches, and has data confirming significant
room for improvement in outcomes, make it a subject suit-
able for our attention.
My purpose is to review basic information about ambly-

opia, including prevalence in the United States and results
of recent clinical trials, and present demographic data on
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amblyopia in current clinical practice as found in the Intel-
ligent Research in Sight (IRIS) Registry.4 In addition, vi-
sual acuity (VA) outcomes can be measured for the
population and for individual practitioners using these
‘‘Big Data.’’ These results could suggest new hypotheses
for amblyopipa research on when and how to screen, treat,
and monitor, and how to evaluate new treatments. For
extensive reviews of amblyopia, I would suggest the trea-
tises written by Simons5 and Birch.6
BACKGROUND

AMBLYOPIA IS UNILATERAL (MOST OFTEN) OR BILATERAL

vision loss when measured with high-contrast letter opto-
types while using best refractive correction with no other
identified abnormalities in the visual system (including
the globe, retina, optic nerve, and brain).

Amblyopia in humans should be considered a neurologic
condition. Amblyopia is caused by disruption in the visual
experience of a child in the first decade of life, affecting
their brain development, most often from uncorrected
refractive error, strabismus, refractive-strabismus com-
bined, or deprivation.7–10 The impact is greatest when
these risk factors affect vision development early in life,6

leading to structural changes and functional impairment
of the brain. The structural changes were demonstrated
more than 50 years ago by Hubel and Wiesel in nonhuman
primates.11 For the clinician to consider a patient to have
amblyopia, a plausible cause needs be present such as stra-
bismus and anisometropia. Other diagnoses with vision
impairment to be excluded include optic neuropathy, optic
nerve hypoplasia, retinal dystrophy (eg, cone dystrophy,
Stargardt disease), and macular hypoplasia, each of which
needs a different evaluation and management.

While the most-studied functional deficit of amblyopia is
high-contrast VA, most unilateral amblyopia patients have
additional deficits often affecting function under binocular
conditions. These include reduced binocular depth percep-
tion, visuomotor impairment,12 slowed binocular reading
speed,13 as well as decreased motion detection14 and ver-
nier acuity.15 Many affected individuals will also have sub-
tle deficits such as microstrabismus, eccentric fixation, and
fixation instability.16 Children with amblyopia have
reduced self-perception of peer acceptance and physical
competence when compared with children who do not
have amblyopia.17 Even when the high-contrast VA deficit
is ‘‘corrected’’ with conventional treatment, these problems
will persist to some degree for their lifetime, with varied
impact on their quality of life.

Amblyopia is the most common cause of visual impair-
ment among children in the developed world, with an esti-
mated prevalence of about 2.4%.6 Recent population-based
estimates in the United States found similar rates. Ambly-
opia in preschool children was found in 1.8% of white chil-
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dren, 0.8% of African-American children in Baltimore,
1.5% of African-American children in Los Angeles, and
2.6% of Hispanic/Latino children.8,9 A population based-
survey of 6-year-olds in Australia found a rate of 1.8%
when they included treated children.18 Similar rates
(1.9%-3.6%) have been found in reports from Europe,
the United Kingdom, and Australia.19–21

Amblyopia encountered in US population-based studies
was largely untreated, with only 2.5% of children with uni-
lateral decreased VA having a history of diagnosis or treat-
ment.22 This was despite the fact that long-standing
preschool and medical home screening programs were
recommended in those areas.5 Many cases of amblyopia-
associated vision loss persist into adulthood. Amblyopia
has been reported to be the leading cause of monocular
vision loss in the 20- to 70-year-old age group, with a prev-
alence of 1%-4%.5,23–25

Thus, there appears to be significant opportunity for
improvement in detection and treatment strategies. The
goal of presymptomatic identification by screening of pre-
school children has been widely felt to achieve better visual
outcomes if prescribed treatment was available and
completed in those young children. Numerous programs
have been established over many years, with governmental
support and philanthropic support, to detect preschool
children with vision disorders and refer for treatment. In
Sweden a retrospective study found the rate of deep and
moderate amblyopia to have been reduced to less than
2% of the population, which in the opinion of the authors
was due to early screening and treatment.26,27

However, despite the widespread deployment of vision
screening activities, the value of such programs has been
questioned because of the lack of natural history data for
untreated amblyopia,28 as well as lack of high-level evi-
dence for effectiveness and durability of treatment. In
1997 when Snowdon and Stewart-Brown assessed this situ-
ation, data on the natural history of amblyopia and the suc-
cess rates of treatment with either occlusion or penalization
were largely retrospective and uncontrolled. In addition,
since little was known about the course of treated ambly-
opia and impact on quality of life, commentators could
question the value of preschool vision screening.
At about the same time the National Eye Institute

became interested in real-world setting research and thus
was willing and able to fund development of the Pediatric
Eye Disease Investigator Group (PEDIG), a network of
university-based and community-based pediatric eye care
clinicians caring for children and working together with
the Jaeb Center for Health Research in Tampa, Florida,
to study eye diseases in children, initially amblyopia.29 I
had the privilege of becoming the first PEDIG chair and
have been able to continue to work with the PEDIG
network. The first amblyopia study (ATS1) developed
was to provide more precise estimates of success rates of
treatment, to compare widely used treatments, to identify
factors that may be associated with successful and
NOVEMBER 2020OPHTHALMOLOGY



unsuccessful treatment, and to develop some long-term
outcome data. Over time the network would expand to
include other common eye diseases in children, such as
cataract and strabismus. PEDIG has to date successfully
conducted more than 40 trials and studies, many of which
have significantly influenced treatment recommendations.
These studies of successful treatments directly support the
value of screening for childhood eye conditions.

The level of vision loss necessary to be considered ambly-
opia varies widely, with 20/32 (or similar) or worse in the
amblyopic eye and a 2-line intraocular VA difference the
least restrictive, and worse than 20/40 with a more than
2-line interocular difference the most restrictive. Each
child needs to have a known risk factor present. These fixed
cut-point definitions included many younger children who
were not amblyopic, as they did not account for the age ef-
fect of VA testing, where 20/40 is normal for many pre-
school children,30 and for test-retest variability of VA
testing in children, which means a single test could often
be inaccurate. The definition of amblyopia should be
considered in light of normative VA data; the most restric-
tive definition of abnormal visionwould require an eye to be
worse than 20/50 at 3 years of age, worse than 20/40 at 4
years, worse than 20/32 at 5 or 6 years, and worse than
20/25 at 7 years and older on both a test and a retest.31,32

The choice of amblyopia definition will vary with the
intent of the survey or study. Visual acuity thresholds are
required, as well as presence of a risk factor. To detect
most affected children, investigators in the Baltimore Pedi-
atric Eye Disease Survey (BPEDS) and Multi-Ethnic Pedi-
atric Eye Disease Survey (MEPEDS) for children 30-
71 months of age used low thresholds (for unilateral 20/
32 and a 2-line difference; for bilateral <20/50 in children
aged 30-47 months or <20/40 in children 48-71 months).9

Alternatively, PEDIG clinical trials for unilateral ambly-
opia have commonly used 20/40 and a 3-line difference
to allow enrollment of individuals who had sufficient
room for improvement with treatment.33
PREVALENCE AND RISK FACTORS

IN 2 RECENT POPULATION-BASED STUDIES OF PRESCHOOL

children in the United States, BPEDS and MEPEDS found
the average rate of amblyopia across the studied groups to
be about 2%. In MEPEDS 78% of children with amblyopia
were associated with refractive error alone, 19% with stra-
bismus, and 1.5% with deprivation.8 In BPEDS the findings
differed, with 47% associated with refractive error alone,
32% with strabismus alone, 11% with combined, and 5%
with deprivation.9 In an Australian population-based study
strabismus was noted in 38% of the childrenwith amblyopia,
anisometropia in 34%, both combined in 18.8%, and isoa-
metropia in 6.3%.18 Similarly, the Vision in Preschoolers
Study, which evaluated children enrolled in Head Start pro-
VOL. 219 AMBLYOPIA OUTCOMES THROUGH CLINICA
grams, found refractive error and anisometropia to be the
leading cause of amblyopia, accounting for about 75% of
cases; combined refractive-strabismic accounting for 10.5%
of cases, and strabismus alone accounting for 3.7%.10

Numerous clinic-based studies have also reported data
on the relative prevalence rates of common causes of
amblyopia. These rates tend to vary from the population-
based data with much more strabismus and less refractive
error. Woodruff and associates reviewed 961 treated pa-
tients, finding the cause to be strabismus in 57%, anisome-
tropia in 17%, and a combination of the 2 factors in 27%.7

Shaw and associates34 studied 1,531 amblyopic children
and found that strabismus was the cause in 45%, anisome-
tropia in 17%, a combination of the 2 in 35%, and depriva-
tion due to cataract or corneal scarring in 3%. The relative
rates of causative factors have also been examined using
enrollment data from recent amblyopia treatment trials,
where strabismus was the cause in 38% participants, aniso-
metropia in 37%, and both combined in 24%.35 Depriva-
tion amblyopia has been excluded from PEDIG treatment
trials. Refractive error is more common in population
studies and strabismus is more common in treatment trials.
Thus, these 2 factors, refractive error and strabismus,
should remain the focus of efforts for detection and inter-
vention. However, it is important to note that even
when these risk factors are present, they usually do not
cause clinically significant amblyopia.

OTHER RISK FACTORS FOR AMBLYOPIA
DEVELOPMENT

LARGE POPULATION-BASED STUDIES CAN BE ANALYZED TO

identify additional risk factors for development of ambly-
opia. These factors have included prematurity, develop-
mental delay, maternal smoking, drugs, and
alcohol.18,19,22 In the MEPEDS/BPEDS population-based
studies of eye diseases in children, an array of social and de-
mographic factors were prospectively collected and evalu-
ated. The risk of amblyopia was positively associated with
Hispanic ethnicity, esotropia, increasing anisometropia
beginning at 0.50 to <1.00 diopter (D), and increasing
astigmatism more than 0.50 D, especially if oblique orien-
tation.22 In the analysis of bilateral decreased VA, most
often amblyopia, it was associated with lack of health insur-
ance, lower primary caregiver education, astigmatism
(especially oblique), and hyperopia >_4.00 D.

SCREENING FOR AMBLYOPIA

AKEYGOALOF PUBLICHEALTHPOLICY IS THE PRESYMPTOM-

atic identification of preschool children at risk for develop-
ment of amblyopia from refractive error and strabismus.
Secondary goals of preschool screening are to detect
A3L TRIALS AND PRACTICE MEASUREMENT



refractive errors that require correction for visual function,
and to identify and refer the few other eye problems these
young children have that need treatment.36 For school-
aged children, vision screening is primarily targeting chil-
dren needing refractive correction for myopia and astigma-
tism for optimum school performance, with a substantial
portion of each class needing glasses increasing with grade
level.129 Screening programs are mandated in a majority of
states, although the details vary widely.

When a screening program is established it needs to be
designed for the particular problems that are expected
and use the best available techniques for that age group.
For the most part, VA testing or automated refractive error
assessment seemed efficient, although imperfect, when
studied by the Vision in Preschoolers Study.37 A study
fromGermany found VA testing of kindergarten-aged chil-
dren compared with refractive testing to be efficient and
more cost effective.38 For school-aged children VA testing
seems to be the most efficient.

For vision screening to be deemed useful, the screening
program must have acceptable false-positive and false-
negative rates and there needs to be an acceptable cost-
effective and durable treatment. Recent data on screening
of preschool children and treatment outcomes (described
below) led the United States Preventive Services Task
Force (USPSTF) to recommend vision screening at least
once in children 3-5 years of age to detect amblyopia or
its risk factors (B recommendation).39 However, the
USPSTF found the data for younger children (0-3 years
of age) to be inconclusive, largely because there were no
studies showing a benefit of treatment at that age. This defi-
ciency is due to the absence of a robust quantitative clini-
cally useful measure of VA improvement for this age range
and not related to the value of the screening.

These conclusions by USPSTF generated dissent. First,
some experts are of the opinion that there may be insuffi-
cient improvement for the majority of the children 3-5
years of age failing vision screening to be worth the effort
at that young age.30 This is a nuanced opinion, as children
with mild VA impairment in a clinical trial did equally well
if they were treated immediately or treatment delayed if still
necessary, upon reaching 5 years of age for a school
screening.30 In this clinical trial children were enrolled if
they had vision impairment discovered during a preschool
screen, confirmed with a second screening, and had no
ocular or ocular motor abnormalities. Thus, their vision
impairment could be refractive error, unilateral amblyopia,
or classification error (a false-positive). Randomization was
to ‘‘follow up in 1 year’’ or to ‘‘prescribe glasses with patching
if needed’’ with the primary outcome at 1 year. During
follow-up the glasses treatment was supplemented with pre-
scribed patching for 71% of that group. The best-corrected
VA of the treated group was on average 1 line better than
the no-treatment group, with a benefit of 2.03 lines with
baseline acuities of 20/60 to 20/100, but a lesser benefit of
0.45 lines with baseline acuities of 20/30 to 20/40. When
A4 AMERICAN JOURNAL OF
the untreated children had received 6-months treatment,
there was no significant difference compared with the early
treatment group. The authors were disappointed by the lack
of a clear benefit from early detection, but inclusion in their
regional screening program of children with VA of 20/30
and 20/40 at baseline (72% of the cohort), as was done,
reduced the average benefit, masking the clear benefit for
children with poorer initial vision.A reasonable conclusion
is to not immediately refer preschool failures for 20/30 and
20/40 because the chance for benefit is limited, there is a
high risk that they were misclassified (false-positive), and
resources are limited. Thus, preschool vision screening pro-
grams should consider enrolling only those with poorer
vision who would clearly benefit from the immediate inter-
vention, rather than refer for 20/40, as some programs
continue to do.
The second objection focused on the task force’s unwill-

ingness to extrapolate findings to ages not studied. Some
commentators think it would be reasonable to generalize
the recommendations of older preschool-aged children to
children younger than 3 years of age, even in the absence
of ameasure showing benefit, rather than leave children un-
treated.40 These authors necessarily recommend reliance
on photo-screening evidence for referral. Complicating
this decision is the knowledge that many patients with
refractive error risk factors for amblyopia do not actually
have amblyopia and do not require treatment. For instance,
2.00D of anisometropia is a well-accepted strong risk factor,
but only 59.5% of patients with this factor had amblyopia.22

With respect to treatment durability—the other impor-
tant factor in making amblyopia detection and treatment
quality health care—3 long-term follow-up studies provide
support. In a prospective long-term outcome study of 155
children followed to 15 years of age, PEDIG found that
following treatment at 3-6 years of age there was improve-
ment during the first 2 years after study entry, but no signif-
icant improvement or deterioration in the amblyopic eye
VA was identified upon completing the outcome visit 7-9
years later after treatment had been stopped for many
years.41 In a retrospective study Leiba and associates
recalled 54 patients who had a mean amblyopic eye
logMAR VA of 0.90 logMAR at screening (mean 5.1 years
of age), 0.24 logMAR at the end of occlusion (mean 7.4
years of age), 0.35 logMAR at a mean of 13.7 years, and
0.24 logMAR at a mean of 29.0 years.42 Although there
was residual amblyopia, treatment benefit remained at
each time point. Finally, Bowman and associates recalled
88 participants from a preschool vision program who had
a mean amblyopic eye VA of 0.47 logMAR at time of pre-
sentation (average 4.1 years of age).43 Their mean VA was
0.23 logMAR at end of active treatment (average 7.5 years
of age) and 0.18 logMAR at a mean of 12.3 years of age,
showing no loss of the benefit obtained and possible gain
during long-term follow-up.
While vision screening for unilateral impairment from

amblyopia may have some controversy about the VA cut
NOVEMBER 2020OPHTHALMOLOGY



point necessary for detection and referral, screening con-
tinues to be useful for detecting and managing both unilat-
eral and bilateral visual loss that could affect activities and
school performance. There is need to update research find-
ings to refine the ages when screening should be performed
and when it should be optional, what technologies should
be used for screening, and what functional improvements
the children can expect to gain for the effort expended.
HISTORY OF TREATMENT OF
AMBLYOPIA

TREATMENTOFAMBLYOPIAHAS BEENDESCRIBED FORMORE

than a millennium.44,45 Loudon and Simonsz have
published a thorough history.45 Von Noorden noted that
Thabit Ibn Qurrah in Mesopotamia recommended ambly-
opia treatment with occlusion in the ninth century.44

Duke-Elder credited George Louis Leclerc, Comte de
Buffon, for promoting our current clinical understanding
of occlusion treatment about 1743,45 while Loudon and
Simonsz suggested that Charles de Saint-Yves, who
suggested treatment a few years earlier, should receive
some credit.46 Forcing the patient to use the affected eye
has remained standard medical practice since that time,
although the value has been challenged out of concern
for adverse effects even in the early 20th century.

Complete occlusion of the fellow eye with an adhesive
patch on the skin became the standard of care because it
was simple, inexpensive, and easily monitored and seemed
to work. More patient-friendly spectacle-mounted patches
have also been used. The alternative, blurring the fellow
eye with cycloplegia, is also a long-standing approach, as
Claude Worth is credited with suggesting this approach
in 1903.44,46

In recent years the importance of refractive error
correction to the successful treatment of amblyopia
has been re-emphasized as a prerequisite for other con-
ventional techniques. In fact, recent research has shown
that glasses alone can be successful far more often than
conventionally thought. In 2002 Moseley and associates
demonstrated that substantial improvement with glasses
alone occurred in refractive amblyopia.47 The authors
termed this improvement refractive adaptation. Their
larger subsequent study (the Monitored Occlusion
Treatment of Amblyopia Study) enrolled 65 untreated
children aged 3-8 years (mean age 5.1 years), with
VA of 0.1 to 1.6 logMAR in their amblyopic eye
(mild to severe) caused by refractive error or strabismus.
The mean improvement in the initial phase with glasses
alone was 0.24 logMAR (range ¼ 0.0 to 0.6) from the
eyeglasses-corrected baseline visit.48 There was no dif-
ference in improvement when analyzed by cause of
amblyopia or age. The mean time to best VA was
VOL. 219 AMBLYOPIA OUTCOMES THROUGH CLINICA
~14 weeks for refractive adaptation; 14 of 65 (22%)
children did not need occlusion.
About the same time PEDIG conducted 2 trials of

glasses-only treatment for untreated amblyopia to affirm
the value of refractive error correction as initial treat-
ment. In the first PEDIG study (ATS5) anisometropic pa-
tients (n ¼ 84) were treated with optical correction. We
found improvement of at least 2 lines in 77% of the pa-
tients and resolution of the amblyopia in 27%,49 similar
to Stewart and associates. Improvement took up to
30 weeks, far longer than most clinicians have tradition-
ally waited to start some active intervention. As part of
the project we included a pilot study of strabismic ambly-
opia and were surprised they responded similarly.50 To
confirm this surprising observation we conducted a full-
size glasses-only observational study (ATS13) for stra-
bismic amblyopia. In that study, 146 children with stra-
bismic or strabismic refractive combined amblyopia
were enrolled, with 75% of the participants improving
at least 2 lines and 32% of children having their ambly-
opia resolve.51 An intriguing observation was that the
vision improved in most children, but only 24% of chil-
dren regained orthotropia with eyeglasses correction.
The VA improvement did not require surgical or optical
realignment of the eyes. Perhaps the amblyopic eye was
used for some activities despite persistence of the tropia.
ADDITIONAL TREATMENT BEYOND
EYEGLASSES

AN ONGOING CONTROVERSY IN AMBLYOPIA THERAPY HAS

been whether the VA improvement seen in case series
and randomized trials is from the actual prescribed treat-
ment, rather than improvement caused by continued use
of eyeglasses along with age and learning effects with VA
testing. Generally, experts have felt the magnitude of VA
improvement of 3 or more lines from patching or atropine
eye drops typical in these studies has greatly surpassed the
age and learning effects observed over the short time frame
of a clinical trial. Nevertheless, this question has been
addressed in a several prospective randomized studies.
In the trial discussed earlier on the benefits of vision

screening, Clarke and his colleagues in the United
Kingdom conducted a prospective randomized trial of
treating vs not treating children 3-5 years of age who failed
vision screening for isolated unilateral visual impairment
identified by vision screening (20/30 to 20/120 in the
poorer eye).30 Some patients had vision loss solely from
refractive error. The investigators found more benefit for
glasses plus patching compared with glasses alone or with
no treatment for children 20/60 to 20/120. However, the
institution of patching came well after randomization, so
they could not be certain that the patching was additive
to the glasses.
A5L TRIALS AND PRACTICE MEASUREMENT



Awan and associates conducted a randomized trial of 52
children with strabismic amblyopia who had 6 weeks of
spectacle correction before randomization.52 Twelve weeks
after randomization they found amblyopic eyeVA improve-
ment of 1.6 lines with glasses alone, 1.9 lines with 3 hours of
prescribed daily patching, and 2.3 lines with 6 hours of pre-
scribed daily patching. The large beneficial treatment effect
seen in the no-patching group after randomization suggests
that refractive adaptation was still occurring after random-
ization, consistent with MOTAS48 and PEDIG49 findings.
Because of the large improvement in the glasses-only group
they could not statistically conclude that there was an addi-
tional benefit to patching for the whole group. However,
they did observe that when compliance with the patching
was good, there was reasonable evidence that patching
had an additional benefit.

In the second phase of MOTAS, 72 children underwent
16 weeks of refractive adaptation and then had patching
added.53 They improved a mean of 3.5 logMAR lines
over 12 weeks, suggesting a substantial benefit to patching
when needed, but the conclusion is tempered by the
absence of a control group.

PEDIG also studied the benefit of adding patching to
glasses with a continuing glasses-only control group. Chil-
dren were placed in correct glasses and followed until the
VA stopped getting better, at which time point they were
randomized to continue glasses alone or continue the
glasses with the addition of 2 hours of daily prescribed
patching with a primary outcome at 5 weeks.54 The patch-
ing group improved by an average of 1.1 lines, while the
control group improved by 0.5 lines (mean difference in
VA between groups adjusted for baseline acuity ¼ 0.07
logMAR, 95% confidence interval [CI] ¼ 0.02 to 0.12,
P ¼ .006), confirming the benefit of additional patching.
With extended follow-up the patching group improved
an average of 0.9 lines more than control. Best VA was
achieved by most patients after 10 weeks of treatment.
Similar results were found for both moderate (20/40 to
20/100) and severe (20/125 to 20/400) amblyopia. This
phenomenon of slow and extended period of improvement
with glasses alone has become an important consideration
in both research and clinical care. Research is complicated
by the control group’s prolonged improvement and the
clinician should have patience as improvement may
continue even when it appears to have stopped.

Given the results of glasses-only treatment in the trials
presented above, it has become a reasonable consensus to
initially prescribe glasses and then follow the patient with
this treatment until they stop improving.55When the vision
stops improving, a treatment chosen by physician prefer-
ence, family preference, and type and severity of amblyopia
should be offered. Widely accepted methods studied in ran-
domized clinical trials include occlusion with a patch, typi-
cally skin adhesive type, and pharmacologic penalization,
typically with atropine. Other methods include fogging
with Bangerter filters. Eachmethod will have varied compli-
A6 AMERICAN JOURNAL OF
ance rates, which affects their overall success and accounts in
part for individual variability in treatment success.52 In all
cases continued use of the glasses is paramount.
PEDIG RANDOMIZED TREATMENT
TRIALS

EARLY PEDIG CLINICAL TRIALS EXAMINED THE EFFECTIVE-

ness of a variety of amblyopia treatments for anisometropic,
strabismic, or combined amblyopia. Study of the treatment
of deprivation amblyopia has not been conducted because
it is uncommon and heterogeneous. Early PEDIG studies
randomized treatments rather than compared treatment
with a no-treatment control. When those initial trials
were designed (late 1990s and early 2000s) the PEDIG in-
vestigators did not feel we could ethically delay standard
occlusion treatment even for 4 months, for fear of causing
irreparable harm to the children. Such was the prevailing
thought of that period. For that reason, we required there
be improvement in amblyopic-eye VA far greater than ex-
pected from the combined age and learning effect alone, as
evidenced by the behavior of the fellow eyes. Subsequent
analyses of PEDIG outcomes data have shown that treat-
ment delays of a few months during a typical randomized
trial are probably not important and can be managed in
the study design for younger children.56 There was a signif-
icant difference in treatment outcomes between children
younger and older than 7 years of age, with less responsive-
ness in the older group. We found only a minor age effect
among children 3 to <7 years of age, affecting only those
with severe amblyopia. This evidence has allowed PEDIG
in the last 10 years to design studies incorporating no-
treatment or continuing glasses-only controls.
� PATCHING COMPARED WITH ATROPINE EYE DROP
CYCLOPLEGIC BLUR: Patching is usually prescribed with
an adhesive patch placed on the skin, although some chil-
dren will place a patch on the glasses owing to skin irrita-
tion or unwillingness to use the adhesive patch. In the
first PEDIG Amblyopia Treatment Study (ATS1) we
compared patching 6 hours or more each day with 1% atro-
pine eye drops to the fellow eye daily.33 The chosen doses
represented a compromise between the proponents of
each therapy at the time the study was designed in the
late 1990s. Children were 3-6 years of age because they
could complete a VA test and have a good chance to
show improvement. The 6-month primary outcome was
also a compromise, recognizing patching was expected to
be faster than atropine. Both treatment groups improved
on average about 3 lines, with 77.5% improving to 20/30
or improving at least 3 lines.33 The fellow eye improved
about 0.6 lines, far less than the treated eyes, suggesting
that there is a treatment benefit beyond age and learning
effects. As anticipated in the design, the patching patients
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did improve faster, but ended up with equivalent improve-
ment at 6 months post randomization. Two years following
randomization with investigator-determined treatment af-
ter 6 months prescribed in nearly all patients, VA in the
amblyopic eye continued to improve, with an average addi-
tional 0.6 lines improvement in both groups during those
18 months.57 The mean amblyopic eye VA was about 20/
32, but that was 1.8 lines worse than the fellow eye. The
main adverse effect of patching was skin irritation, reported
by 41% of participants, while with atropine light sensitivity
was reported by 18%. Facial flushing with atropine was
noted by less than 1% and very few patients stopped the
drops. Parental-reported quality of life found both treat-
ments to be well tolerated, although atropine performed
somewhat better on adverse effects, compliance, and social
stigma sub-scales.58

� AGE LIMIT FOR AMBLYOPIA TREATMENT: The question
of how old a child can be to consider amblyopia treatment
worthwhile has long been controversial. For many years a
cut point of 7 or 8 years of age was common teaching, based
on our understanding of the critical period for cortical
vision development. However, there were reports of suc-
cessful treatment well beyond that age. In the third PEDIG
amblyopia treatment study (ATS3) we randomized chil-
dren 7-17 years of age to glasses alone or to glasses plus
full-time occlusion for all, plus atropine penalization for
the participants 7-12 years of age for 26 weeks.59 In the
7-12 years of age group (n¼ 404), 53% of the full treatment
group improved 2 or more lines compared with 25% of the
optical correction group (P < .001). In the 13-17 years old
age group (n ¼ 103), rates of 2 or more lines of improve-
ment were 25% (full treatment) and 23% (optical only).
While an age effect was evident, we found that in children
13-17 years who had never been treated, the success rates
were 47% (full treatment) and 20% (optical only)
(adjusted P ¼ .03). Of note, glasses alone helped many of
the older patients, and could be at least a middle ground
for treatment if the teenager had not been previously
treated.

In an effort to reduce the treatment burden from the
‘‘kitchen-sink’’ approach of ATS3, we designed a random-
ized clinical trial (ATS9) comparing much lower dosages
of twice-weekly atropine with 2 hours daily of prescribed
patching for children 7-12 years of age for 4 months.60

This age group has been very responsive in ATS3 described
just above. Improvement of about 8 letters was found in
both groups with amblyopic-eye VA improving to 20/25
or better in 17% of the atropine group and 24% of the
patching group (difference ¼ 7%; 95% CI ¼ �3% to
17%). Although this was a less robust treatment effect
than in children younger than 7 years of age, there was a
measurable benefit of both treatments. Atropine was asso-
ciated with better quality of life during the treatment on
the social stigma subscale. Thus, there is unmistakable ev-
idence for treating most preteens and even some teens with
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conventional therapy if they have not been previously
treated. However, families need to understand that their
child is not likely to achieve normal vision.

� REVISED LOWER-INTENSITY PATCHING ANDATROPINE
EYEDROPREGIMENS: Following completion of the study of
atropine vs patching (ATS1), we reviewed prescribed
patching routines in the community and found that clini-
cians prescribed widely varied regimens. We also retrospec-
tively analyzed ATS1 data and found minimal to no
difference in effectiveness between 6 hours, 8 hours, and
all waking hours prescribed patching.61 This evidence,
along with surveys showing clinicians prescribing less
patching, led to design and launch of 2 randomized trials
(ATS2) of patching dose completed in parallel, 1 address-
ing the patching dose for moderate amblyopia and the sec-
ond for severe amblyopia. Children 3-6 years of age with
amblyopia from anisometropia, strabismus, or both com-
bined were enrolled for a 16-week trial. For moderate
amblyopia (20/40 to 20/80) children were randomized to
2 hours or 6 hours of patching.62 Mean VA improvement
of 2.40 lines was observed in both groups, with a mean
difference ¼ 0.007 lines (95% Cl ¼ �0.050 to 0.036).
For severe amblyopia (20/100 to 20/400) children were ran-
domized to 6 hours or full-time patching.63 Mean VA
improvement of about 4.7 lines was observed in each group,
with a mean difference ¼ 0.02 lines (95% CI ¼ �0.04 to
0.07). Fellow eyes improved slightly or were unchanged,
suggesting a true treatment benefit. In a later pilot study
of 2 hours of patching in older patients 7-12 years of age
with severe amblyopia, treatment was associated with 1.8
lines (95% CI ¼ 1.1 to 2.6 lines), suggesting merit for
this low dose even among older children.64

These patching studies were of prescribed doses for
initial treatment, monitored by parental questioning.
While it was good the dosages all seemed to work, it was
curious why we did not find a difference between doses.
In the absence of dose monitoring it is possible that the 2
groups actually wore the patch for similar amounts of
time. Alternatively, perhaps there is a maximum rate of
response to patching or a maximum level of improvement
possible.53

Analogous to the studies of reducing patching dose, it
was an open question what frequency of atropine was
needed. The duration of cycloplegia with even a single
drop of atropine is long so maybe it was not needed daily.
In addition, there were retrospective data demonstrating
success with less than daily treatment.65 The reduced atro-
pine dosage study (ATS4) compared weekend atropine (2
consecutive days) with daily atropine. After 17 weeks of
treatment the mean VA difference was 0.00 lines (95%
CI ¼ �0.04 to 0.04), with 47% of the daily group and
53% of the weekend group achieving VA of 20/25 or better
or VA equal to the fellow eye.66

Because some amblyopic eyes are not cured with atropine
administered either daily or twice weekly, some clinicians
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have augmented the cycloplegic blur by reducing the hyper-
opic correction worn in the fellow eye, with the hope of
further improvement in the amblyopic eye. This incremen-
tal step was included in the ATS1 protocol and prescribed
for 60 of 204 participants. Since this action was not ran-
domized, we could not determine its effectiveness. Kaye
and associates had treated patching failures with atropine
plus plano lens for the fellow eye, with VA improvement
from 0.85 logMAR (20/113) to 0.28 (20/37), with no
adverse impact.67 Using these pilot data PEDIG launched
ATS8, which compared atropine-only with atropine plus
plano lens treatment. Amblyopic-eye VA improved 2.4
lines in the atropine-only group and 2.8 lines in the
atropine þ plano lens group; amblyopic-eye VA improved
to 20/25 or better in 29% of the atropine-only group and
40% of the atropine þ plano lens group (P ¼ .03).68 How-
ever,more patients in the atropineþ plano lens group expe-
rienced a temporary decline in fellow-eye vision, which
recovered when the treatment was stopped. If this approach
is prescribed, these patients need more frequent monitoring
than typically used with atropine treatment.

Initial PEDIG studies used atropine eye drops only for
children with moderate amblyopia owing to the belief it
was not likely effective for severe amblyopia.69 Once effec-
tiveness of atropine was established for moderate ambly-
opia, the network gathered pilot data using weekend
atropine for severe amblyopia (20/125 to 20/400) over
4months.64 Among children 3-6 years of age, VA improved
an average of 4.5 lines in the weekend atropine-only group
and 5.1 lines in the atropine þ plano group. In children 7-
12 years of age improvement averaged 1.5 lines with week-
end atropine. These improvements would be in excess of
what is expected from age or learning effects in 4 months.
These findings would allow the patient who could not
tolerate more intensive occlusion to try a less difficult alter-
native for a period of time to obtain some improvement,
thereby making other, perhaps more intensive, treatment
feasible.

Nearly all of the PEDIG amblyopia trials have enrolled
patients who were just beginning treatment. One of the
difficult clinical questions is what to do when the patient
stops getting better with treatment, yet their VA has not
reached normal levels. To address that question, PEDIG
conducted a randomized trial (ATS15) that compared
continuing the current occlusion dose of 2 hours per day
with an increase to 6 hours per day for children 3-7 years
of age for 10 weeks.70 The amblyopic-eye VA improved
an average 0.5 line in the 2-hour group and 1.2 lines in
the 6-hour group (difference adjusted for acuity at
randomization ¼ 0.6 line; 95% CI ¼ 0.3-1.0; P ¼ .002).
A similar trial design (ATS16) was used for patients treated
with atropine, randomizing to continued atropine-alone or
continued atropine with addition of a plano lens for the
fellow eye.68 At the 10-week primary outcome visit,
amblyopic-eye VA improved an average 0.6 lines with
atropine only and 1.1 lines with the plano lens addition
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(difference adjusted for acuity at randomization ¼ 0.5
line; 95% CI ¼ �0.1 to 1.2). This trial was stopped due
to insufficient recruitment. In both trials enhanced therapy
had some benefit, although the outcome was statistically
superior only for the patching incremental approach. In
addition, even though the children who enrolled in these
2 studies appeared to not be getting better with their cur-
rent therapy, in fact there was slow improvement with
the lower dose as seen in the comparison group. Thus,
the clinician may want to continue current treatment
longer than they might have typically recommended.

� OPTICAL TREATMENT: Optical methods of amblyopia
treatment include Bangerter foils (Ryser Optik AG, St.
Gallen, Switzerland) and increased plus power of the lens
used by the fellow eye. Bangerter foils, which are translu-
cent filters of varied density placed on the lens of the fellow
eye, are typically recommended for mild and moderate
amblyopia. PEDIG compared full-time Bangerter fogging
(0.2 and 0.3 density foils) to patching for a 24-week treat-
ment period in children 3-9 years of age (ATS10).
Improvement averaged 1.9 lines for foils and 2.3 lines for
patching, respectively.71 Similar percentages in each group
had 20/25 amblyopic-eye acuity (36% vs 31%, respec-
tively). Since the foil treatment is less burdensome than
patching, it may be considered a reasonable alternative
for children willing to wear the foils full time.
Optical fogging is done by adding 1-3 D of plus to the

fellow-eye lens, blurring the eye at distance, forcing the pa-
tient to use the amblyopic eye. Case series have shown
benefit, but there have been no randomized comparison tri-
als with patching or optical only to verify a benefit.69,72

� SYSTEMIC MEDICATIONS: For years clinicians have
hoped to discover a systemic medication that might act
in the brain to allow successful amblyopia treatment for
older children or children not responsive to conventional
treatment. One of these is levodopa, converted to dopa-
mine in the central nervous system, which has important
activity in the retina and the visual cortex. One hypothesis
for treatment benefit is that levodopa temporarily improves
vision in the amblyopic eye, making conventional treat-
ment effective. A meta-analysis of 4 randomized placebo-
controlled studies (110 subjects) found oral levodopa treat-
ment to be associated with a mean improvement of 1.1
logMAR lines (95% CI ¼ 0.2 to 1.9).73

To address this uncertainly PEDIG studied levodopa
treatment for residual amblyopia. Residual amblyopia was
chosen as we felt parents would not use an oral medication
if their child would respond to conventional treatment.
Children 7-12 years of age with residual amblyopia were
enrolled, continued patching 2 hours per day, and were ran-
domized to 3-times-per-day use of oral levodopa 0.76 mg/kg
with carbidopa 0.17 mg/kg or oral placebo (ATS17).74 At
18 weeks, amblyopic-eye VA improved a mean of 5.2 let-
ters in the levodopa group and 3.8 letters in the placebo
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group (difference adjusted for baseline VA ¼ þ1.4 letters,
2-sided 95% CI ¼ �0.4 to þ3.3). Although not clinically
significant, the medication was well tolerated, with no
serious adverse effects. Despite this negative result, use of
medication to affect molecular and cellular processes in
the brain to reopen the critical period remains an impor-
tant research area.75

� VISIONTHERAPY: Vision therapy is offered by some clini-
cians to treat amblyopic children, using a sequence of visual
activities prescribed to facilitate the effects of eyeglasses and
patching by targeting accommodation, eye movements, and
suppression.76–78 PEDIG designed and conducted a
randomized study (ATS12) from 2008 to 2011 to address
the clinical value of a standardized vision therapy program
(16 weeks; once-weekly in-office and daily home computer-
based training) compared with 2 hours per day patching. Un-
fortunately, PEDIG was unable to recruit a sufficient sample
of participants to draw meaningful conclusions. However,
we did identify considerations for future study designs,
including learning that 16 weeks of therapy was feasible,
but home compliance monitoring was difficult and eligibility
criteria need be less restrictive to recruit a sufficient cohort.79

� BINOCULARTHERAPY: Much recent amblyopia research
has centered on use of binocular therapy. This approach is
designed to reduce interocular suppression and thereby
allow improvement in the vision of the amblyopic eye
while using both eyes. The most common approach has
been dichoptic stimulus presentation, in which a green im-
age is shown to the amblyopic eye and a red image with
greatly reduced contrast to the fellow eye.80,81 Both the
distinct image seen by each eye and the reduction in
contrast in the fellow eye image are felt crucial to the treat-
ment effect. For this approach to work the patient needs to
be orthotropic, have only a microstrabismus, or have an im-
aging system that can compensate for strabismus. Case se-
ries have reported treatment to be effective in children as
well as for some older patients resistant to conventional
therapy or felt too old for success.82–85 Given the novelty
of the treatment, a tablet computer platform, and the use
of video content, this approach is highly attractive to
children and their parents.

A small randomized trial found a benefit of a falling-
blocks design game which incorporated reduced contrast
and the dichoptic presentation compared with patching af-
ter 2 weeks of play.86 PEDIG conducted 2 adequately
powered randomized trials of this game design, comparing
game play with patching 2 hours per day for 16 weeks in
children 5-12 years of age87 and 13-17 years of age
(ATS18).88 There was no significant benefit of game play
for either age group compared with patching. In both
studies compliance with game play was poor. An interna-
tional randomized study found no benefit in a randomized
trial comparing falling-blocks game play with placebo
game play, also noting difficulty with compliance.89
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A more engaging game design, Dig Rush (Amblyotech,
Inc, Boston, Massachusetts, USA), uses animated charac-
ters moving about in a gold mine. In a randomized trial
of binocular game play compared with continued glasses
alone of 138 children 5-12 years of age, mean amblyopic-
eye VA letter score improved by 1.3 letters with binocular
treatment and by 1.7 letters with continued spectacle
correction alone (ATS20).90 There was no benefit to ster-
eoacuity and no significant adverse events. A randomized
trial in children 3-5 years of age has been completed,
with results expected in late 2020.
The most recent approaches being described are using

widely available movie and video content. Dichoptic
viewing using polarized images and contrast reduction in
a case series of 27 children has shown a possible benefit,
especially in young children.85 Other approaches with
video content are being studied using partial masking of
the images in the fellow eye with or without contrast reduc-
tion delivered dichoptically through a head-mounted
display.130 A consensus statement from the American
Academy of Ophthalmology noted that binocular therapy
cannot yet be recommended as a replacement for standard
amblyopia therapy.91 However, the authors allowed that
ongoing research could alter this conclusion.
STABILITY OF THE AMBLYOPIA
TREATMENT RESULT—WHEN TO STOP

TREATMENT?

IT IS WELL KNOWN THAT AMONG YOUNGER CHILDREN

there can be a recurrence of amblyopia when active therapy
is stopped, especially in the short term. One retrospective
study found recurrence to occur in about 27% of children.92

In a prospective study of recurrence, PEDIG found a rate of
24%, more often following 6 or more hours patching than
with 2 hours of patching (ATS2C).93 Most of the recur-
rences were detected within 6 months of cessation of treat-
ment, with only a few occuring beyond a year after stopping
treatment. Recurrence was more common with better VA
outcomes at the end of treatment and even in the presence
of good stereoacuity.94 Conclusions were that careful moni-
toring when any amblyopia therapy is discontinued is
required for up to a year and it is better to wean patients
if they had been treated with intense patching. When
recurrence occurs, the amblyopia treatment needs to be
restarted and in most cases will be successful.
There are limited prospective data available about long-

term recurrence of amblyopia. PEDIG included a prospec-
tive study of the long-term outcomes and recurrence rates
in the ATS1 design. The protocol specified annual visits
until age 10 years and a final visit at age 15 years, a time
point at which we felt the chance of recurrence was low.
The care provided during follow-up was the clinical care
determined by the investigator and managed by the family.
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FIGURE 1. Amblyopia eye visual acuity: randomization to age 15 years. Amblyopic eyes in Amblyopia Treatment Study 1 showed
improvement over the first 2 years of the study, the first 6 months in the randomized trial with subsequent care at investigator discre-
tion. Two years after randomization, children younger than 5 years of age at enrollment continued to improve, whereas children 5
years of age and older did not show improvement beyond the 2-year postrandomization visit.
At 15 years the mean amblyopic eye acuity was 0.14
logMAR (approximately 20/25); 78% of amblyopic eyes
had acuity of 20/32 or better, 58% 20/25 or better, and
34% 20/20 or better.41 Mean fellow-eye acuity was �0.07
logMAR (approximately 20/16), with 96% of participants
20/20 or better. The mean interocular difference (IOD)
was 10.5 letters (2.1 logMAR lines), with 57% having an
IOD of 10 or more letters (2 or more lines) and 85% 5 or
more letters (1 or more lines). Stereoacuity was reduced,
with 42.5% of children achieving 800 arcseconds or better
and just 13.7% achieving normal levels of 60 arcseconds or
better. There was no tendency for the group to lose their
treatment benefit.

Evaluating VA over each study segment, there was
improvement for the first 2 years after enrollment
(Figure 1). Nearly all children were treated during this
time, even after completing the initial 6-month randomized
treatment phase. After the 2-year postrandomization time
point there was essentially no change in VA for the overall
cohort up to 15 years of age.However, for a subgroup of chil-
dren younger than 5 years of age at randomization, they did
continue to improve after the 2-year time point so that at
the final outcome their mean VA was better than children
who were 5-6 years of age at initial treatment.

QUALITY OF LIFE WITH AMBLYOPIA

QUALITY OF LIFE (QOL) RELATED TO AMBLYOPIA MAY BE

divided into short-term effects associated with treatment
and the life-long impact of the disease on the individual.
It is important to recognize that for patients with strabismic
amblyopia, there is difficulty in separating the effects of
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amblyopia and strabismus. Strabismus has been associated
with decreased QOL associated with poor self-image and
problems with interpersonal relationships.95 In addition,
glasses are used for first-line therapy for both conditions
and likely play a role in social interactions at all ages.
Atropine, patching, and binocular dichoptic treatments

are generally well tolerated, although atropine had a slightly
higher degree of acceptability on the parental questionnaire
when compared with patching in children 3-6 years of age.33

With atropine eye drop treatment, there was no social
concern expressed by the parents or their children. With
patching the social issues of interaction with other children
and adults was of mild concern. However, concern with
patching increases with age. In a study from the UK, patch-
ing was associated with a 36% increase of ‘‘physical or verbal
bullying.’’96 The lower-dose treatments introduced in later
PEDIG studies may be reducing this concern. One year after
patching treatment of children with refractive amblyopia,
there were no reported negative psychosocial effects when
compared with glasses-only treatment.97

With respect to long-term impacts of amblyopia on QOL
outcomes and economic consequences in school and in the
workforce, there are limited data. Birch and associates
found that among preschool and young school-aged chil-
dren with amblyopia from anisometropia, strabismus, or
both combined, there was reduced self-perception of peer
acceptance and physical competence, slower reading speed,
and reduced motor skills.17,98 The authors noted that these
effects were apparent even in the absence of strabismus
with refractive amblyopia.
Beyond childhood impacts, there are 2 population-based

studies that have evaluated longer-term outcomes. The
Blue Mountains Eye Study from Australia assessed
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occupational and educational outcomes of individuals with
amblyopia at a mean age of 67.0 years.99 While the distri-
bution of occupations did not differ between individuals
with and without amblyopia (P ¼ .5), fewer amblyopic in-
dividuals were found to have completed higher university
degrees (P ¼ .05).

A report from the UK evaluated the consequences of
amblyopia through 41 years of age in a country-wide birth
cohort (n ¼ 8,861) born in 1958.100 The authors found no
impact on childhood behavior of QOL, bullying, or playing
sport; fairly equal education attainment and jobs
performed; no predisposition for workplace injury; and no
adverse impact on general health. Nonetheless, concern
about fellow-eye injury among amblyopic patients has
long supported treatment in children as good public policy.
Using UK-wide surveillance data Rahi and associates
projected a lifetime risk of bilateral vision loss for an indi-
vidual with unilateral amblyopia to be in the range of 1.2%
to 3.3%.101 If vision loss occurred in the fellow eye, only 36
of 102 people (35%) previously in paid employment were
able to continue.

In the study from Australia, there also was a significant
increased relative risk (2.7; 95% CI ¼ 1.6 to 4.6) over 5
years of visual impairment in the better-seeing eye of an
adult with amblyopia compared with adults without ambly-
opia.99 Similarly, the Rotterdam Eye Study investigators re-
ported the risk of binocular vision impairment nearly
doubled in the presence of amblyopia.102

Amblyopia has also been recently associated with other
bodily injuries. Among Medicare-aged beneficiaries there
was a 27% higher risk of musculoskeletal injury, fracture,
or fall in patients with a disorder of binocular vision
including amblyopia and strabismus, when compared
with individuals without such history.103 When the anal-
ysis was limited to beneficiaries with amblyopia alone,
the risk was 12% higher, suggesting amblyopia alone has
a significant role.

Although it is reasonable that improvement in the VA
of amblyopia eyes is important, more studies of qualitative
and quantitative QOL outcomes beyond high contrast VA
improvement for individuals with amblyopia are needed to
fully characterize the benefit of therapy and provide support
for early interventions targeting timely detection and
treatment.
MEASURING TREATMENT SUCCESS IN
CLINICAL PRACTICE AND RESEARCH

THE METHOD CHOSEN FOR MEASUREMENT OFTEN VARIES

for research, for patient education, or for clinical perfor-
mance assessment. Clinicians have long considered fixed
cut points a simple way to measure their patient’s success
and explain the goal to the child’s parents. For example,
some clinicians might use 20/30 or better to represent suc-
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cess of amblyopia treatment, while others use attainment of
equal vision or additional VA cut points. Using a single cut
point for success can be a problem. A fixed cut point for VA
success allows misclassification of an individual patient
outcome (a shift of a letter or 2 changes the acuity level
and the outcome), reduces the study efficiency (need larger
sample sizes), and has the potential for a ceiling effect for
those with minimal room for improvement.104 For these
reasons PEDIG research studies have used VA as a contin-
uous outcome for primary analyses. Commonly, the design
is to reject a null hypothesis of no difference when the true
change in mean VA is greater than 0.1 logMAR. For ATS1
the mean difference in treatments was 0.034 logMAR
(one-third of a line), which we concluded was not clini-
cally meaningful.33 But the outcome ‘‘difference in mean
VA change’’ between the treatment and controls groups
is not easy to understand or explain to a parent, so a cut-
point outcome is often reported as a secondary outcome.
One such definition is VA of 20/32 or better OR 3 lines
improvement to allow the magnitude of improvement to
be considered. The secondary success rates using this defi-
nition at 6 months for occlusion and atropine in a clinical
trial (ATS1) were 79% and 74%, respectively.33 Compos-
ite definitions of success were developed for the IRIS Reg-
istry to analyze clinical outcomes because they could be
easily understood (Supplemental Table [Supplemental Ma-
terial available at AJO.com] and Methods, below).
VA outcomes achieved in clinical trials such as those

conducted by PEDIG may provide the most favorable esti-
mate of the outcome for the recruited population, consid-
ering the strict inclusion criteria, as the trials recruit
participants most likely to benefit from the treatment,
the families are typically motivated, and investigators are
likely engaged in the research. In addition, study coordina-
tors are employed to provide additional support and infor-
mation to the families, much more than could be managed
in clinical practice. Such education improves amblyopia
treatment outcomes.105

Clinical outcomes from review of practice data can also
be used to benchmark success, as in 2 studies by Flynn
and associates. In the first Flynn and his colleagues pooled
data on 689 patients from 23 amblyopia treatment studies
with patching.106 They relied on the cut point of 20/40 or
better for success achieved in 74.3% of cases (512 of 689).
The rates were 77.6% (312 of 402) in strabismic amblyopia,
58.7% (44 of 75) in combined strabismic-anisometropic
amblyopia, and 66.7% (72 of 108) in anisometropic ambly-
opia. In a separate analysis of treatment success in an En-
glish cohort, Flynn and associates found an overall success
rate of 59.9%(353 of 589).107 It is difficult to fully under-
stand what differences in age distribution, actual treatment,
access to health care, loss to and duration of follow-up and
treatment compliance may have existed in these samples,
but it is reasonable to expect success to be somewhat poorer
than in a clinical trial, but better than in clinical practice
because of exclusion in the research data set.
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TABLE 1. International Classification of Diseases Diagnostic Codes for Amblyopia

Brief ICD Descriptor ICD9-CM ICD10-CM

Unspecified 368.00 H53.00x

Strabismic amblyopia 368.01 H53.03x

Refractive amblyopiaa 368.03 H53.02x

Combined strabismus and refractive amblyopiab 368.01 þ 368.03

OR 368.0 þ 378

H53.02x þ H53.03x

OR H53.02x þ (H49 or H50)

Deprivation amblyopia 368.02

ICD9-CM ¼ International Classification of Diseases, Ninth Revision, Clinical Modification; ICD10-CM ¼ International Classification of Dis-

eases, Tenth Revision, Clinical Modification.

Lowercase ‘‘x’’ is a placeholder for laterality, when reported in ICD10: 1 is right eye, 2 is left eye, 3 is both eyes, and 9 is unspecified eye.

Laterality was not specified in ICD9.
aIncludes anisometropia.
bCategorized as combined amblyopia if a strabismic amblyopia code and a refractive amblyopia code were each reported at least once at

any visit in IRIS Registry.
AMBLYOPIA IN THE UNITED STATES:
DEMOGRAPHICS, MANAGEMENT, AND

OUTCOMES FROM IRIS REGISTRY

� INTRODUCTION: The collection of ‘‘big data’’ in health
care has provided the opportunity to study common and
uncommon diseases in new ways. Clinical data registries
are used to study patient care and quality improvement,
and explore outcomes at individual doctor and health
care system levels.108 These analyses are helpful in identi-
fying gaps in care, value of care provided, and whether a
treatment should be covered by insurance. The opportunity
to evaluate and monitor a large community’s health care
without an administrative burden on the provider was
made possible by the deployment of electronic health
care records, from which data can be automatically
uploaded to registries. Such data, when drawn from a large
group, can allow overall assessment of outcomes of clinical
care, but also descriptive data from subgroups by age, sex,
and race/ethnicity that might never have been evaluated
with clinical trials data or retrospective studies, and to
generate hypotheses for new research.

In ophthalmology, the American Academy of Ophthal-
mology developed the IRIS Registry in the early 2010s. The
IRIS Registry is a centralized data repository from real-
world ophthalmology practice retrieved from electronic
health records and practice management software of
ophthalmology practices across the United States,
including sociodemographic and some ophthalmologic
data, which began data collection on January 1, 2013.
The IRIS Registry currently receives data from more than
60% of ophthalmologists in the United States.

The IRIS Registry was developed as a means for ophthal-
mologists to succeed in value-based payment programs for
Fee-for-Service Medicare. During recent years the Centers
for Medicare and Medicaid Services (CMS) have shifted
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from process measures to outcome measures to evaluate a
provider or a practice. In response, the IRIS Registry devel-
oped disease-specific outcome measures relevant to
ophthalmology including amblyopia that can be reported
to this program. In addition, these measures can be used
to assess quality and monitor outcomes over time, with
comparisons to benchmarks. Such data can also be aggre-
gated for research.
The first measure developed for amblyopia was IRIS-7,

which evaluated the proportion of children 3 to <7 years
of age with 3 lines or more of amblyopia from strabismus,
anisometropia, or both combined. The measure outcome
for success was improvement in VA to an interocular differ-
ence of 2 or fewer lines after 1 year of management. IRIS-7
was applied retrospectively in a chart review with a success
rate of 47%.109 A subsequent record review found a success
rate of 71%.110

Owing to technical limitations imposed by CMS and
concern that the outcome in IRIS-7 did not adjust for base-
line VA, IRIS-50 was developed.111 Success in IRIS-50 re-
quires meeting 1 of 3 criteria for vision improvement over
3-12 months. (Methods and the Supplemental Table
describe the measure specifications.) In a retrospective
chart review a success rate of 81% was found.110 Only
167 of 1,817 (9.2%) patients were eligible owing to the
specifications.
What would the outcome for IRIS-50 be for children

enrolled in clinical trials? Applying the IRIS-50 measure to
ATS1 outcomes at 6 months we found the success rates for
occlusion and atropine to be 85% and 82%, respectively (per-
sonal communication: Kraker R, Jaeb Center for Health
Research, Inc; unpublished data) These clinical trial out-
comes could be considered the gold standard or upper limit
of what is achievable with conventional therapies for chil-
dren 3-6 years of age no worse than 20/100 at baseline. The
measure includes 7-year-old children andworse initial acuity,
so outcomes including 7-year-old children might be worse.
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TABLE 2. Prevalence of Amblyopia by Age in IRIS Registry

Age at First IRIS Registry

Diagnosis (years) Number of Patients With Amblyopia Number of Patients Evaluated Prevalence Rate per 100,000

Overall 1,760,666 71,186,048 2.47% 2,473

<1 9,428 198,226 4.76% 4,756

1-2 54,570 453,145 12.04% 12,042

3-6 250,347 134,1263 18.67% 18,668

7-12 260,700 2,655,828 9.82% 9,816

13-17 107,667 2,230,251 4.83% 4,827

>_18 1,077,007 64,251,410 1.68% 1,676

Unknown 947 55,925 1.69% 1,693

Prevalence in children from birth to 17 years of age was 9.92%.
The purpose of the following sections of this Jackson
Lecture is to provide initial analyses of new IRIS registry
data concerning amblyopia including descriptive data
and success rates for IRIS-50 in clinical practice.

� METHODS FOR IRIS REGISTRY DATA: This study was
conducted to characterize amblyopia in current clinical
practice in the United States. Data from the American
Academy of Ophthalmology’s IRIS Registry, the nation’s
first comprehensive clinical registry of eye disease, were
used.4 The IRIS Registry is a centralized data repository
of real-world practice patterns from electronic health re-
cords of ophthalmology practices across the US.112 Socio-
demographic data (age, sex, race/ethnicity) were
collected from patient encounters between January 1,
2013, and December 31, 2019. As of January 1, 2020, there
were 11,574 ophthalmologists in 3,096 electronic health
record–integrated practices participating in the IRIS Reg-
istry; 427 physicians were self-designated pediatric
ophthalmology specialists.

Data in the IRIS Registry are de-identified for research
and thus these analyses did not require patient or parental
consent. Providers reported every encounter on every pa-
tient in their practices. All diagnoses attributed to a patient
in the electronic health records were included. Some pa-
tients may have been seen bymultiple providers in different
practices with differing electronic health records. Ana-
lytics in the IRIS Registry merge records of unique patients
using probabilistic matching based on age, sex, and other
sociodemographic characteristics.

Patient data (age, sex, diagnoses, insurance, VA, number
of visits) were extracted from the IRIS Registry for unique
patients with amblyopia diagnoses reported using Interna-
tional Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9) or International Classification of
Diseases, Tenth Revision, Clinical Modification (ICD-
10) code, 368.00, 368.01, 368.02, 368.03, H35.00,
H35.01X, H35.02X, and H35.03X (Table 1). The switch
to ICD-10 occurred on October 1, 2015. Laterality is
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only available with ICD-10. Among those patients with
only refractive amblyopia coded, we reviewed their diagno-
ses for any strabismus diagnosis (378, H50, and H49) at any
registry visit. If these strabismus codes had been used, the
patient diagnosis was reclassified as combined refractive
strabismic amblyopia.
For descriptive and demographic statistics of the popula-

tion, 1 visit in the patient record was required for inclusion.
For VA longitudinal analysis, we selected those patients 3
years of age and older with unilateral amblyopia with a visit
at which amblyopia was first reported to the IRIS Registry
and a subsequent visit. Corrected VA was used when avail-
able; otherwise, uncorrected acuity was used for the visit.
VA data were pooled for refractive, strabismic, and
refractive-strabismic amblyopia. Unilateral deprivation
amblyopia was considered separately. Amblyopia treat-
ments are not currently reported to the IRIS Registry in
claims or other data fields, so treatment use or duration
cannot be identified.
Success was assessed using IRIS-50 for eligible children

3-7 years of age with a baseline visit and a second visit 3-
12 months later, using the latest visit in window
(Supplemental Table). IRIS-50 excludes unspecified, bilat-
eral, and deprivation amblyopia. Success on IRIS-50 is
determined by meeting at least 1 of the following criteria:

� Corrected interocular (or if not reported, uncorrec-
ted) VA difference<0.23 logMAR 3-12 months after
first diagnosis of amblyopia;

� Improvement in the corrected VA of the amblyopic
eye of 3 or more Snellen lines (>_0.30 logMAR) 3-
12 months after first diagnosis of amblyopia;

� Final VA in the amblyopic eye equal to 20/30 or bet-
ter (<_0.18 logMAR) 3-12 months after first diagnosis
of amblyopia

Although the measure was designed for children 3-7
years of age, a secondary analysis was performed applying
the measure to children 8-12 years of age.
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FIGURE 2. Distribution of patients with amblyopia by age at first IRIS Registry visit.
� STATISTICAL ANALYSES: Descriptive statistics were
used. Statistical tests were 2-sided, with a P value < .001
used for statistical significance. P values smaller than .001
are shown as<.001 owing to the large data set. Tests of sin-
gle proportion used a z-test and comparisons of proportions
were analyzed with a x2 test (MedCalc Software, Ltd,
Ostend, Belgium). Univariate logistic regression models
were used to calculate odds ratios (R Project for Statistical
Computing, Vienna, Austria; https://www.R-project.org).

� RESULTS: Demographics of amblyopia in IRIS registry. For
the period January 1, 2013, to December 31, 2019, the IRIS
Registry collected data from 71,186,048 unique patients. Of
those, 1,760,666 had the diagnosis of amblyopia coded at
least at 1 visit, for an overall prevalence of 2.47%: 9.92%
in children and 1.68% among adults (Table 2, Figure 2).
There were 675,554 amblyopic children with a mean age of
7.9 years (median 7.0 years) at diagnosis. The prevalence
for children in participating practices was 4.76% in the first
year of life, increasing to 18.7% among children 3-6 years
of age, and then declining to 4.83% among teenagers
(Table 2). The median number of office visits reported
during the year after first IRIS Registry diagnosis was 3 for
children from birth to 6 years of age, 2 for children 7-12
years of age, and 1 for children 13-17 years of age
(Table 3). There were a mean of 4.53 in-office visits for
children under age 1 year during the first year of follow-up.
Additional visit frequency data by age are listed in Table 3.

Boys and girls were equally affected (Tables 3 and 4).
However, women accounted for 56.9% of adults with
amblyopia (95% CI ¼ 56.8% to 57.0%; P < .001 from a test
of 1 proportion) compared with men at 42.9%. Race/
ethnicity data were available for 77.2% of patients. For
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amblyopic children with race/ethnicity specified, 64.6%
were white, 19.7% Hispanic or Latino, 10.6% black/African-
American, and 3.9% Asian. For adults, whites accounted for
81.9% of amblyopic patients, while 8.3% of patients wereHis-
panic or Latino and 7.0% black/African-American.
Amblyopia cause was frequently unspecified (43.6%)

(Tables 3 and 4). Of those individuals with a specified
cause, refractive amblyopia alone was reported for 65.5%
of children and 53.3% of adults. Combined strabismic
refractive amblyopia was infrequently reported, in just
4.7% of children. Deprivation amblyopia was reported in
about 6% of children and adults.
Although unilateral amblyopia was more common than

bilateral amblyopia, bilateral amblyopia was reported for
39.9% of children and 10.3% of adults (Tables 3 and 4).
Left eyes were significantly more often amblyopic than right
eyes for all age groups and all races/ethnicities. Among
children with unilateral amblyopia, the left eye was affected
in 54.5% (95% CI ¼ 54.3% to 54.7%; P < .001 from a test
of 1 proportion). Among adults with unilateral amblyopia it
was reported in the left eye in 54.9% (95% CI ¼ 54.8% to
55.0%, P < .001 from a test of 1 proportion). In logistic
regression models including laterality, the odds ratio for
amblyopic left eyes in female compared with male patients
was 1.08 (95% CI, 1.07 to 1.09, P < .001), and in African
Americans compared with whites the odds ratio for left eyes
was 0.88 (95% CI ¼ 0.87 to 0.90, P < .001). There was no
clinically significant difference in laterality between white
and Asian or Hispanic/Latino groups.
Insurance coverage, when known, was most commonly

commercial, with Medicaid second most common for chil-
dren and Medicare second for adults. It was not possible to
separate uninsured from unknown.
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TABLE 3. Characteristics of Amblyopic Patients by Age Group

Age at Diagnosis (Years)

Overall<1 1 to 2 3 to 6 7 to 12 13 to 17 >_18 Unknown

Unique patients 4,476 42,919 244,135 270,430 113,594 1,084,197 915 1,760,666

Sex

Female 2,204 21,357 120,839 133,276 56,923 616,803 452 951,854

Male 2,261 21,512 122,620 136,313 56,335 465,223 427 804,691

Unknown 11 50 676 841 336 2,171 36 4,121

Race/ethnicity

Asian 119 1,137 8,388 7,766 2,612 18,077 13 38,112

Black/African American 381 3,303 19,365 22,242 8,834 59,304 58 113,487

White 2,225 22,256 117,268 128,407 58,416 696,197 508 1,025,277

Hispanic or Latino 417 3,897 35,960 44,717 15,388 70,324 102 170,805

Other 36 320 1,930 2,200 854 5,657 24 11,021

Unknown 1,298 12,006 61,224 65,098 27,490 234,638 210 401,964

Affected eye lateralitya

Right 944 9,746 52,251 61,231 29,874 366,152 221 520,419

Left 1,300 12,853 60,281 73,239 36,776 446,433 267 631,149

Both 1,509 13,499 98,028 86,220 25,167 92,863 104 317,390

Not specified/unknown 723 6,821 33,575 49,740 21,777 178,749 323 291,708

Amblyopia cause

Strabismus 1,333 16,785 61,640 52,476 20,074 192,943 223 345,474

Refractive 830 9,854 103,625 122,927 49,007 269,915 235 556,393

Combined (strabismus þ
refractive)

121 1,660 8,909 7,382 2,321 12,513 18 32,924

Deprivation 903 3,360 10,371 9,009 3,401 31,086 22 58,152

Unspecified 1,289 11,260 59,590 78,636 38,791 577,740 417 767,723

Number of office visits in first year

after diagnosis

Mean 4.53 3.87 3.23 2.43 2.00 3.44 4.57 3.18

SD 4.14 3.21 2.45 2.01 1.83 3.78 5.02 3.32

95% CI 4.41 - 4.66 3.84 - 3.90 3.22 - 3.24 2.42 - 2.44 1.99 - 2.02 3.43 - 3.45 4.24 - 4.89 3.17 - 3.18

Median 3.00 3.00 3.00 2.00 1.00 2.00 3.00 2.00

Health insurance at first IRIS

Registry visit

Commercial 1,671 16,909 94,679 103,799 46,728 366,910 252 630,948

Medicaid 1,209 11,128 65,813 77,854 28,698 59,424 111 244,237

Medicare 39 558 2,563 3,136 1,360 355,185 275 363,116

Other government including

military

176 1,799 8,312 8,543 3,359 64,919 80 87,188

Unknown 1,381 12,525 72,768 77,098 33,449 237,759 197 435,177

Number of patients by year of first

amblyopia diagnosis in IRIS

Registry

2013 522 4,847 36,031 55,475 19,654 152,154 110 268,793

2014 609 5,238 31,710 39,463 17,047 152,489 73 246,629

2015 695 6,353 34,814 38,502 16,703 165,525 111 262,703

2016 740 6,817 36,804 36,834 16,086 159,983 202 257,466

2017 626 6,307 34,957 33,464 14,692 155,528 171 245,745

2018 663 6,584 35,160 33,746 14,794 152,024 68 243,039

2019 621 6,773 34,659 32,946 14,618 146,494 180 236,291

CI ¼ confidence interval; SD ¼ standard deviation.
aLaterality was not specified while International Classification of Diseases, Ninth Revision was in use prior to October 2015.
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TABLE 4. Summary Characteristics of Amblyopia by Child and Adult Groups

Patient Characteristics Child Adult

Age at diagnosis, y <1 to 17 >_18

Unique patients 675,554 1,084,197

Mean age, y (median) 7.9 (7.0) 38.4 (39)

Sex, n (%)

Female 334,599 49.5% 616,803 56.9%

Male 339,041 50.2% 465,223 42.9%

Unknown 1,914 0.3% 2,171 0.2%

Race/ethnicity,a n (%)

Asian 20,022 3.9% 18,077 2.1%

Black/African American 54,125 10.6% 59,304 7.0%

White 328,572 64.6% 696,197 81.9%

Hispanic or Latino 100,379 19.7% 70,324 8.3%

Other 5,340 1.1% 5,657 0.7%

Unknown 167,116 234,638

Affected eye laterality,a n (%)

Right 154,046 27.4% 366,152 40.4%

Left 184,449 32.8% 446,433 49.3%

Both 224,423 39.9% 92,863 10.3%

Not specified/unknown 112,636 178,749

Amblyopia cause,a n (%)

Strabismus 103,432 23.7% 192,943 38.1%

Refractive 286,243 65.5% 269,915 53.3%

Combined (strabismus þ refractive) 20,393 4.7% 12,513 2.5%

Deprivation 27,044 6.2% 31,086 6.1%

Unspecified 189,566 577,740

Health insurance at first IRIS Registry visit,a n (%)

Commercial 263,786 55.1% 366,910 43.3%

Medicaid 184,702 38.6% 59,424 7.0%

Medicare 7,656 1.6% 355,185 42.0%

Other government including military 22,189 4.6% 64,919 7.7%

Unknown 197,210 237,759

aProportions of those patients with a specified factor, excluding those not specified or unknown.
Visual acuity. For this analysis VA data for patients with
unilateral amblyopia not including deprivation were
included if the patient had at least 2 visits with VA reported
in the IRIS Registry (Table 5, age group values). The mean
logMAR VA of the amblyopic eyes in 45,079 children 3-6
years of age at presentation was 0.41 (95% CI ¼ 0.41 to
0.41; median ¼ 0.30) compared with the fellow eye of
0.15 (95% CI ¼ 0.15 to 0.15; median ¼ 0.10). With
ongoing clinical care for a median of 2.3 years, until the
most recent registry visit, the amblyopic eye logMAR VA
of the children aged 3-6 years improved to mean of 0.23
(95% CI ¼ 0.23 to 0.23; median ¼ 0.18), or about 2 lines
of improvement, while the fellow eye improved from a
mean logMAR VA of 0.15 to 0.08. Children 7-12 years of
age improved an average of 0.8 lines in their amblyopic
eyes over a median of 2.6 years, while children 13 to <17
years improved 0.4 lines over a median of 2.5 years.

Granular VA data for each year of age from 3 to 17 years
of age at baseline and most recent follow-up in the ambly-
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opic and fellow eyes are shown in Figures 3 and 4. The VA
of amblyopic eyes improved for all ages other than for 11-
and 12-year-old children. The VA of the fellow eye for
children 3-6 years of age had mild improvement, while
for those 7 years of age and older their VA did not appre-
ciably change. A VA deficit compared with fellow eyes
remained for all ages, as presented in Figure 5.
The mean logMAR VA of the unilateral amblyopic eye

in adults not due to deprivation was 0.61 (95%CI¼ 0.61 to
0.62; median¼ 0.49) compared with the fellow eye of 0.15
(95% CI ¼ 0.15 to 0.15; median ¼ 0.10) (n ¼ 312,435)
(Table 5). There was 0.4 line improvement (2 letters) in
the amblyopic eye VA, while the fellow eye VA improved
0.1 lines (0.5 letter) during median follow-up of 2.6 years.
Similar data for 14,073 patients with unilateral depriva-

tion are shown in Table 6. In 1,743 children 3-6 years of age
there were 1.5 lines of improvement over a mean of 2.6
years. Less than 1 line of improvement was found among
the children 12-17 years of age and adults.
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TABLE5. Visual Acuity at Baseline andMost Recent IRIS Registry Follow-up for UniquePatientsWith At Least TwoVisits andUnilateral
Amblyopia Excluding Deprivation

Age (Years)a

3 to 6 7 to 12 13 to 17 >_18

Unique patients (n ¼ 442,854) 45,079 58,323 24,173 315,279

VA at first visit with diagnosis

LogMAR VA for amblyopic eye

Mean 0.41 0.33 0.35 0.61

SD 0.31 0.31 0.34 0.49

95% CI 0.41-0.41 0.33-0.33 0.34-0.35 0.61-0.62

Median 0.30 0.30 0.30 0.48

Interquartile range 0.18-0.54 0.10-0.48 0.10-0.48 0.30-0.90

LogMAR VA for fellow eye

Mean 0.15 0.08 0.07 0.16

SD 0.16 0.14 0.14 0.21

95% CI 0.15-0.15 0.08-0.08 0.07-0.07 0.16-0.16

Median 0.10 0.00 0.00 0.10

Interquartile range 0.00-0.18 0.00-0.10 0.00-0.10 0.00-0.18

Median time from baseline to most recent visit (years) 2.3 2.6 2.5 2.6

Visual acuity at most recent visit

LogMAR VA for amblyopic eye

Mean 0.23 0.25 0.31 0.57

SD 0.26 0.29 0.34 0.50

95% CI 0.23-0.23 0.25-0.26 0.31-0.32 0.56-0.57

Median 0.18 0.18 0.18 0.40

Interquartile range 0.10-0.30 0.10-0.35 0.10-0.40 0.18-0.90

LogMAR VA for fellow eye

Mean 0.08 0.06 0.06 0.15

SD 0.13 0.13 0.13 0.22

95% CI 0.08-0.08 0.06-0.06 0.05-0.06 0.15-0.15

Median 0.00 0.00 0.00 0.10

Interquartile range 0.00-0.10 0.00-0.10 0.00-0.10 0.00-0.18

CI ¼ confidence interval; SD ¼ standard deviation; VA ¼ visual acuity.
aAge at first IRIS Registry visit with diagnosis of amblyopia.
IRIS registry outcome measure—IRIS-50. This clinical
care performance measure was applied to the children
who met the eligibility criteria in 2 age groups, 3-7 years
of age and 8-12 years of age (Table 7, Supplemental
Table for specifications) Accounting for numerator and
denominator exclusions and the required 3- to 12-month
follow-up period produced sample sizes of 18,841 for the
younger group and 9,762 for the older group. Overall
success on the measure was 77.3% for younger children
and 55.5% for older children. The performance criterion
of reducing the interocular VA difference to <0.23
logMAR was the most often achieved, with success rates
of 65.6% and 44.8%, respectively. The hardest criterion
to achieve was improvement to 20/30 or better.

The odds ratio (OR) for success on IRIS-50 (3-7 years)
for girls compared with boys was 1.00 (95% CI ¼ 0.93 to
1.07). Black/African-American and Hispanic/Latino chil-
dren had significantly reduced chances for success
compared with whites, OR ¼ 0.67 (95% CI ¼ 0.58 to
VOL. 219 AMBLYOPIA OUTCOMES THROUGH CLINICA
0.78) and OR ¼ 0.84 (95% CI ¼ 0.75 to 0.94), respec-
tively. The lower success rate for black/African-American
children compared with white children was also true for
children 8-12 years of age (OR ¼ 0.78; 95% CI¼ 0.66 to
0.92), but the success rate was higher for Hispanic or Latino
children 8-12 years of age (OR ¼ 1.12; 95% CI 1.00 to
1.26).
CONCLUSIONS ABOUT AMBLYOPIA
FROM THE IRIS REGISTRY

RESEARCH USING MEDICAL RECORDS AND CLAIMS DATA

collected in a clinical data registry describes the character-
istics and outcomes of a large clinical population but should
not be generalized to the population. However, the IRIS
Registry is estimated to include data from more than two-
thirds of practicing ophthalmologists, so the findings could
A17L TRIALS AND PRACTICE MEASUREMENT



FIGURE 3. Visual acuity of amblyopic eyes of children with unilateral amblyopia excluding deprivation by age in IRIS Registry at
baseline and most recent follow-up. The horizontal line inside the box is the median, the box represents the interquartile range (IQR),
and lines represent 1.53 the IQR with outliers plotted beyond. Amblyopic eyes showed improvement in visual acuity for most ages,
but especially among the younger patients.

FIGURE 4. Visual acuity of fellows eyes of children with unilateral amblyopia excluding deprivation by age in IRIS Registry at base-
line and most recent follow-up. The horizontal line inside the box is the median, the box represents the interquartile range (IQR), and
lines represent 1.53 the IQRwith outliers plotted beyond. Fellow eyes showed some improvement in visual acuity among children 3-7
years of age, whereas there was no change in older children.
be a good estimate of the population able to access eye care
in the United States. Amblyopia prevalence was 2.48%
among all patients in the IRIS Registry. The IRIS Registry
rate of 9.92% in children was higher than population esti-
mates because children with vision loss from all causes were
more likely to be in clinical care and thus included than
those with no known problem. A composite value of
2.4% for amblyopia in children has been suggested by Birch
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from population-based studies of children.6,8,9 The adult
rate of 1.68% in the IRIS Registry was in the 1% to 4%
range cited for adult amblyopia prevalence.113,114 Refrac-
tive causes of amblyopia accounted for nearly 70% of cases
in children, far more often than strabismus. This high pro-
portion of refractive error causation is similar to reports
from population-based and preschool studies,8–10 as
compared with clinical samples in which strabismus or
NOVEMBER 2020OPHTHALMOLOGY



FIGURE 5. Visual acuity of amblyopic and fellow eyes of children with unilateral amblyopia excluding deprivation by age in IRIS
Registry at most recent follow-up. The horizontal line inside the box is the median, the box represents the interquartile range
(IQR), and lines represent 1.53 the IQRwith outliers plotted beyond. The visual acuity of amblyopic eyes was poorer than the fellow
eyes for all ages.
strabismus refractive combined account for about two-
thirds.115 Combined cases typically constitute one-third
of amblyopia cases in clinical cohort studies, yet they
were less than 5% in the registry. This could be related to
a bias of patients with strabismus being seen in specialty
practices not participating in IRIS Registry or perhaps
the failure of practices to submit more than 1 amblyopia
diagnosis required for billing purposes.

We found bilateral amblyopia to account for nearly 39.9%
of childhood diagnoses.A similar high level of 37.7%of cases
was noted by the Vision in Preschoolers group.10 This high
rate of bilateral refractive amblyopia is important, as it often
responds well to glasses alone if the child receives timely eye-
glasses.116 It is possible this rate may be overestimated if a
medical diagnosis of amblyopia was used for symmetric
mild refractive error for billing purposes.

Left eyes were more often affected than right eyes in uni-
lateral amblyopia, an observation previously noted for
anisometropic and combined anisometropic-strabismic
amblyopia.117 Found in all age groups and races, this left-
eye predominance was slightly more prominent for female
and white subjects. The reason for this left-eye predilection
is not known, although it has been speculated it could ‘‘be
related to microtropia, sighting dominance, or other forms
of ocular dominance; developmental or neurological fac-
tors; laterality in the development of refractive error; or a
combination thereof.’’117

VA did improve in children 3-6 years of age by about 2
lines over the mean of 2.3 years they were followed in
the registry, but residual amblyopia was common, with a
mean VA at outcome of 0.23 (20/34). Children 7-12 years
of age improved by about a line, but still had significant re-
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sidual VA deficit at 0.25 (20/36). The nature of the
nonstandardized VA measurement and uncertainty about
the quality and use of refractive correction at first visit
could mean some of this treatment effect was related to op-
tical correction, age, and learning for the children 3-6 years
of age where the fellow eye improved about three-quarters
of a line. The data confirm a substantial financial and treat-
ment burden by the family during the first year after diag-
nosis, with a median of 3 visits for children up to 6 years
of age. Adults did not show any significant change in VA
during a mean of 2.6 years of follow-up.
Overall performance on the IRIS-50 VA outcome mea-

sure was 77.3%. This was slightly poorer than the 83%
achieved in an amblyopia treatment clinical trial and
81% in a retrospective chart review,110 but the IRIS Regis-
try included more severe cases than included in the clinical
trial and some patients were not being actively treated. The
relatively high success rate seen with the 3 criteria in the
IRIS Registry may reassure clinicians they are doing well,
but this outcome also means there is little room to improve
compared with the 83% success achieved in the gold-
standard clinical trial. Thus, measure developers may
wish to consider use of only a single criterion, such as
achieving an interocular acuity difference of <0.23
logMAR, for which there is room to improve, or develop
new measures in which there is a larger gap in current out-
comes of care. Measures that extend beyond the calendar
year of diagnosis are not possible in current Medicare per-
formance systems, but could be developed for more general
use in IRIS Registry.
There was a large difference in success rates when eval-

uated by race/ethnicity, with black/African-American and
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TABLE 6. Visual Acuity at Baseline andMost Recent IRIS Registry Follow-up for Unique Patients with at least Two Visits and Unilateral
Deprivation Amblyopia

Age (Years)a

3 to 6 7 to 12 13 to 17 >_ 18

Unique patients (n ¼ 14,073) 1,743 2,027 755 9,548

VA at first visit with diagnosis

LogMAR VA for amblyopic eye

Mean 0.56 0.55 0.60 0.76

SD 0.43 0.48 0.53 0.56

95% CI 0.54-0.58 0.53-0.57 0.56-0.63 0.75-0.78

Median 0.48 0.40 0.48 0.60

Interquartile range 0.30-0.70 0.18-0.70 0.18-0.88 0.30-1.00

LogMAR VA for fellow eye

Mean 0.15 0.09 0.07 0.16

SD 0.16 0.16 0.16 0.22

95% CI 0.15-0.16 0.09-0.10 0.06-0.08 0.16-0.17

Median 0.10 0.00 0.00 0.10

Interquartile range 0.00-0.18 0.00-0.15 0.00-0.10 0.00-0.18

Median time from baseline to most recent visit (years) 2.6 2.9 2.9 2.9

Visual acuity at most recent visit

LogMAR VA for amblyopic eye

Mean 0.41 0.48 0.57 0.72

SD 0.45 0.50 0.55 0.59

95% CI 0.39-0.43 0.46-0.49 0.18-0.80 0.71-0.74

Median 0.30 0.30 0.40 0.54

Interquartile range 0.10-0.54 0.10-0.67 0.18-0.80 0.30-1.00

LogMAR VA for fellow eye

Mean 0.08 0.07 0.06 0.15

SD 0.13 0.16 0.13 0.21

95% CI 0.07-0.09 0.06-0.08 0.05-0.07 0.15-0.16

Median 0.00 0.00 0.00 0.10

Interquartile range 0.00-0.10 0.00-0.10 0.00-0.10 0.00-0.18

CI ¼ confidence interval; SD ¼ standard deviation; VA ¼ visual acuity.
aAge at first IRIS Registry visit with diagnosis of amblyopia.
Hispanic/Latino children 3-7 years of age doing signifi-
cantly less well than white children. This disparity in
outcome was also seen for older African-American chil-
dren. Future research in amblyopia needs to probe the
racial/ethnicity disparity in treatment outcome found in
these data. Additional analyses of IRIS Registry data
regarding outcomes by cause of amblyopia, treatment,
sex, race/ethnicity, and magnitude of strabismus and refrac-
tive error, as well as change in outcomes over time, will be
pursued.

Limitations of the IRIS Registry include missing data,
loss to follow-up, incomplete visit documentation, incom-
plete diagnostic coding, uncertainly about refractive
correction used for VA testing in some patients, the fact
that refractive amblyopia coding does not include more
specific causes or severity, and the potential for unrecog-
nized coding errors. Reporting of amblyopia cause was
not at the highest level of specificity for more than 40%
A20 AMERICAN JOURNAL OF
of patients and combined diagnoses with strabismus were
reported uncommonly. Laterality reporting was incom-
plete, available only for patients seen after the switch to
ICD-10. Racial/ethnicity data were missing for about
20% of the sample. Initial visual acuities were with best-
corrected VA when available, but there could have been
some immediate VA improvement from glasses alone for
the overall VA improvement if new glasses were pre-
scribed. In addition, the IRIS Registry does not yet include
treatment information, since treatments do not generate
specifically indentifiable claims. The ability in the future
to extract these data elements with natural language
processing from the health records could ease retrieval of
prescribed treatments and better define outcomes. IRIS-
50 outcomes were for clinical care and not limited to 1 or
more active treatments. We did not risk-adjust for comor-
bidities (other than not include deprivation amblyopia)
that make amblyopia treatment more difficult or unlikely
NOVEMBER 2020OPHTHALMOLOGY



TABLE 7. IRIS Registry Outcome Measure (IRIS-50)

Age 3 to 7 Years Age 8 to 12 Years

Total patients with IRIS data meeting measure eligibility (denominator) 18,841 9,762

Patients Meeting Success

Criterion 1: A corrected interocular (or if not reported, uncorrected) visual acuity difference

<0.23 logMAR 3-12 months after first diagnosis of amblyopia

12,352 65.6% 4,364 44.8%

Criterion 2: Improvement in the corrected visual acuity of the amblyopic eye of 3 or more

Snellen lines (>_0.30 logMAR) 3-12 months after first diagnosis of amblyopia

10,387 55.1% 3,170 32.7%

Criterion 3: A visual acuity in the amblyopic eye equal to 20/30 or better (<_0.18 logMAR) 3-

12 months after first diagnosis of amblyopia

7,578 40.2% 3,161 32.8%

Overall Measure Performance: Patients satisfying at least 1 of the 3 criteria listed above 14,570 77.3% 5,390 55.5%

IRIS-50 was developed for children 3-7 years of age. Measure was also applied to children 8-12 years of age to explore their outcomes.
to succeed, although such cases would be relatively uncom-
mon and would not be expected to affect overall outcomes
appreciably. Lastly, participation by academic medical cen-
ters has lagged, thus possibly excluding some patients with
more complicated causes of amblyopia and possibly worse
outcomes. Despite these limitations, registry findings can
be used to identify future areas for research.
ADVOCACY FOR AMBLYOPIA
DETECTION AND TREATMENT

WHILE PHYSICIANS HAVE TRADITIONALLY FOCUSED ON

improving their individual patients’ outcome from a dis-
ease, there is consensus that there is a need to improve
our society’s vision care and eye health.3 Amblyopia re-
mains the most common treatable ocular condition in chil-
dren, with residual disease in about 2% of adults. However,
health care needs are exquisitely vulnerable to shifting pri-
orities of funding and public interest. There is little doubt
that amblyopia, once identified, along with any associated
strabismus and refractive error, are important medical prob-
lems with life-long consequences. Further, amblyopia af-
fects a large number of individuals who can benefit from
treatment. However, with finite medical resources, atten-
tion to when and how to detect these important eye condi-
tions such as amblyopia and at what societal cost has been
and continues to be debated.3,118,119

The availability of cost-effective treatments demon-
strated through clinical trials over the last 2 decades
serves to elevate the early identification and treatment
of amblyopia from opinion to evidence-based must-do ef-
forts.55,111 Continued updating of the evidence of a
benefit for current and new interventions is required to
maintain the effort. In addition, ongoing performance
measurement of the clinical application of practice guide-
lines to a large group of children, as in this review of IRIS
VOL. 219 AMBLYOPIA OUTCOMES THROUGH CLINICA
Registry data for amblyopia, could be used to show value
of an intervention and encourage improvement. In addi-
tion, when performance improves, this serves to support
the investment of time, personnel, and financial resources
for all or some subgroups of children with amblyopia.
There are numerous organizations, internationally, na-

tionally, and regionally, that have worked collectively
with health care providers, advocates, and families to pro-
mote eye health, eye protection, and early detection of
childhood eye diseases including amblyopia. These include
Prevent Blindness (Chicago, Illinois, USA) (with whom I
have worked) and its state-based affiliates in the United
States who have supported research, developed consensus
guidelines for preventive eye care,120 and have long advo-
cated along with medical specialty societies and patient
advocacy groups for more attention and funding for eye
care for children and adults. Such organizations advocate
locally and help ensure policies to protect vision and
need ophthalmologist input and assistance.
The federal government has multiple agencies that work

with all stakeholders to improve vision for our society. The
National Eye Institute of the National Institutes of Health
was established in 1968 and has had the preeminent posi-
tion, providing funding, promoting eye research, and
educating the public. The National Eye Institute has
funded the PEDIG network since 1997, along with other
important clinical trials in eye care.
Of importance for vision screening and amblyopia care

are 2 additional government agencies, USPSTF and
HRSA (Health Resources Service Administration). These
agencies consider the value of medical services to prevent
disease and make recommendations about their use which
strongly influence public health efforts and insurance
coverage. Each accepts informed input about their recom-
mendations. USPSTF currently recommends preschool
vision screening to detect amblyopia and other eye diseases
at least once between the ages of 3 and 5 years.121 The
recommendation was termed "moderate" because
A21L TRIALS AND PRACTICE MEASUREMENT



‘‘untreated amblyopia results in permanent, uncorrectable
vision loss, and the benefits of screening and treatment
potentially can be experienced over a child’s lifetime.’’
Vision and eye screening is also part of the recommended
pediatric evaluation from infancy through the teenage years
in Bright Futures, a collaboration between the American
Academy of Pediatrics and the Maternal and Child Health
Bureau of the Department of Health and Human Ser-
vices.122 A similar approach exists in the UK for the 3-to-
5-year-old age group, where screening has been found
slightly more effective than no screening.123 Population-
based preschool vision screen programs, promoted by
non-governmental and governmental entities, are credited
in some countries with reducing the number of amblyopic
children.27,124

Preschool screening programs are designed to detect
amblyopia or amblyopia risk factors. These are often run
by non-profit local organizations which beenfit from local
physician involvement. Expert opinion and evidence-
based recommendations about the best method for
screening vary depending on patient age, but should
include periodicity, methods, and referral protocol.120,125

One systematic approach would include these actions:
(1) screening should occur annually (best practice) or at
least once (acceptable minimum standard) between 3 and
6 years of age, and periodically throughout the school years
for children who do not receive comprehensive eye exam-
inations; (2) personnel should be trained and certified; and
(3) results should be recorded and communicated to the
child’s parents, primary care provider, and school with
referral for examination and treatment if needed.126

School-based vision screening programs are required in
the majority of states, but there is marked variation in
the laws and regulations around these screenings.127

These programs, while concerned with amblyopia detec-
tion, are focused primarily on detecting significant refrac-
tive error in 1 or both eyes that would harm school
performance. Fortunately, the same failure criteria should
be sufficient to accomplish these goals.
FUTURE DIRECTIONS FOR AMBLYOPIA
THERAPY

ALTHOUGH CURRENT AMBLYOPIA THERAPY HAS BEEN

associated with improvement in most patients, about
20% have a residual high-contrast VA deficit worse than
20/32.41 IRIS Registry analysis confirms significant residual
vision impairment in many adults. Many more patients will
have deficiencies in low-contrast VA, binocular vision, and
reading speed. Treatments that eliminate or reduce these
deficits would hopefully provide an improved quality of
life, and should be the aim of future study. In many cases
variations of spectacle correction, conventional occlusion,
A22 AMERICAN JOURNAL OF
binocular therapy, and blurring of the fellow eye will be
studied.
To gain insight into future amblyopia research break-

throughs, an expert panel was convened by the Albert
and Mary Lasker Foundation and the International Retinal
Research Foundation in 2017-2018.75 The panel on future
treatment was led by Michael P. Stryker and Siegrid Löwel.
A key strategy continues to be finding a method to unlock a
brain’s plasticity well after the normal critical period for
development of neurologic functions has normally closed.
This approach has been used as the rationale for past treat-
ments using dopamine and cytidine-59-diphosphocholine
(citicoline) to alter central nervous system neurotrans-
mitter balance. Despite the rationale and some early success
in case series, these medications have yet to convincingly
prove more effective than conventional treatment or suc-
cessfully treat residual amblyopia in older patients.74,128

Nonetheless, study of systemicmedications, which can alter
the levels of neurotransmitters and neuromodulators in the
brain or by other mechanisms which adjust the balance of
excitatory and inhibitory synaptic elements, is intriguing.
Another approach is direct treatment of neuronal DNA

at the cellular level to alter its activity. It is known that
vision and life experiences affect neuronal DNA through
methylation and histone modifications during childhood.
These changes affect gene transcription. If these epigenetic
regions of DNA could be altered by treatment to revert to
the childhood state, that could allow reopening the win-
dow of plasticity for vision development.
Neuroscientists are also testing nonpharmacologic

methods for adjusting brain plasticity using transcranial
stimulation, with direct current or magnetic fields. These
approaches could alter neuronal excitability, thereby open-
ing a window in which to introduce additional treatment to
stimulate vision development, perhaps some form of behav-
ioral vision training or experience. Even with the recent
disappointments in this field surrounding conventional
vision therapy and binocular therapy, novel and well-
targeted treatments may be a route to improved outcomes.

SUMMARY

AMBLYOPIA REMAINS A COMMON PEDIATRIC EYE CARE

problem in need of timely detection and effective treat-
ment. It is most often associated with uncorrected refrac-
tive error in medical records data. A substantial number
of patients of all ages with amblyopia receive care, with
acceptable outcomes for about 75% of patients in terms
of high-contrast VA in clinical trials and clinical practice.
However, residual deficits remain in most patients,
affecting vision-related activities throughout their life-
times. The success rate found in the IRIS Registry differed
significantly by race/ethnicity, an association that deserves
research to understand why and how to mitigate.
NOVEMBER 2020OPHTHALMOLOGY
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