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Amblyopia, defined as poor vision due to abnormal visual experience early in life, affects
approximately three per cent of the population and carries a projected lifetime risk of
visual loss of at least 1.2 per cent. The presence of amblyopia or its risk factors, mainly
strabismus or refractive error, have been primary conditions targeted in childhood vision
screenings. Continued support for such screenings requires evidence-based understand-
ing of the prevalence and natural history of amblyopia and its predisposing conditions,
and proof that treatment is effective in the long term with minimal negative impact on
the patient and family. This review summarises recent research relevant to the clinical
understanding of amblyopia, including prevalence data, risk factors, the functional
impact of amblyopia and optimum treatment regimes and their justification from a
vision and life skills perspective. Collectively, these studies indicate that treatment for
amblyopia is effective in reducing the overall prevalence and severity of visual loss from
amblyopia. Correction of refractive error alone has been shown to significantly reduce
amblyopia and less frequent occlusion can be just as effective as more extensive occlu-
sion. Occlusion or penalisation in amblyopia treatment can create negative changes in
behaviour in children and impact on family life, and these factors should be considered
in prescribing treatment, particularly because of their influence on compliance. Ongo-
ing treatment trials are being undertaken to determine both the maximum age at which
treatment of amblyopia can still be effective and the importance of near activities during
occlusion. This review highlights the expansion of current knowledge regarding
amblyopia and its treatment to help clinicians provide the best level of care for their
amblyopic patients that current knowlecdge allows.
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Amblyopia has been defined as a unilat-
eral or bilateral decrease of visual acuity
caused by deprivation of pattern vision or
abnormal binocular interaction, for which
no cause can be detected by physical ex-
amination of the eye and which in some
cases can be reversed by therapeutic meas-
ures.! Amblyopia is a disorder of develop-
ment of the visual system that can present

INRRUATID

with varying levels of severity and usually
affects one eye only, although the non-
amblyopic eye often has an array of small
but measurable deficits.? There is no obvi-
ous ocular pathology underlying the re-
duced visual acuity but rather, there is
some predisposing condition that influ-
ences the development of visual acuity
after birth. The most common predispos-
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ing conditions for amblyopia are strabis-
mus (causing disruption of binocular
vision development), refractive error (par-
ticularly anisometropia or hyperopia) or,
more rarely, media opacification causing
reduction in image quality (such as con-
genital cataract). The earlier in post-natal
visual experience the predisposing condi-
tion presents, the greater the potential
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impact on vision. In addition, the longer

the duration of abnormal visual experi-

ence the more profound the level of
amblyopia.

Usually, amblyopia is classified accord-
ing to the presenting visual condition be-
lieved to have caused the impaired visual
development. An example of this classifi-
cation is that used by Attebo and col-
leagues,® where amblyopia is identified in
their population cohort as:

1. Anisometropic, if there is a difference
in the sphere or cylinder between the
two eyes of one dioptre or more and
no strabismus is present.

2. Strabismic, if heterotropia or micro-
squint is present without anisometropia
or high refractive error.

3. Mixed, if anisometropic amblyopia and
strabismic amblyopia co-exist.

4. Stimulus deprivation, if there is some
obstruction to vision during the sensi-
tive period of visual development (this
includes high refractive errors).

Clinically, amblyopia is defined by one
or more lines difference in visual acuity
between the eyes,* however, other mo-
nocular visual functions are also affected,
including grating acuity, vernier acuity and
contrast sensitivity. Amblyopic eyes can
also have defective accommodation and
can display oculo-motor deficits, includ-
ing unsteady fixation and inaccurate track-
ing; the tracking of the non-amblyopic eye
can also be less accurate than in age-
matched controls.® Binocular vision
adaptations may be presentincluding sup-
pression, eccentric fixation or abnormal
retinal correspondence.5” Most strabismic
amblyopes lack any measurable stereopsis
even if visual acuity has recovered, while
many anisometropic amblyopes have some
residual stereopsis that may be as good as
the resolution of the amblyopic eye per-
mits.” These deficits in stereopsis are
present under habitual binocular condi-
tions and may represent the main func-
tional difference between patients with
amblyopia and those without.

The different patterns of monocular
and binocular visual loss seen in strabis-
mic versus anisometropic amblyopia sug-
gest the existence of two distinct develop-
mental anomalies.* A recent review

explores thé literature pertaining to the
physiological locus of amblyopia and in-
dicates that the specific neurophysiologic
mechanism underlying amblyopia may be
interocular image conflict that reduces
interocular summation, while promoting
interocular inhibition. This is interpreted
as reducing the effectiveness of excitatory
neural connections in the cortex, while
sparing inhibitory connections.? Recent
psychophysical studies have suggested that
the visual dysfunction in amblyopia may
begin at the retina.®

During the past 20 years, different criti-
cal periods have been demonstrated for
different visual functions during the
development of the visual system. Visual
functions processed at higher anatomical
levels within the system have a later criti-
cal period than functions processed at
lower levels. This general principle sug-
gests that treatments for amblyopia should
follow a logical sequence, with treatment
for each visual function starting before its
critical period is over. However, critical
periods for some visual functions, such as
stereopsis, have not yet been completely
defined and therefore, the optimal treat-
ment has not been fully determined.!?

The prognosis for obtaining and main-
taining essentially normal vision in an
amblyopic eye depends on many factors,
including the age of the patient at detec-
tion, the cause and severity of amblyopia,
the presence of complicating factors, the
interval between the onset of amblyopia
and the beginning of treatment and com-
pliance with treatment. In addition, treat-
ment success may be a function of the
duration of abnormal visual experie;lce
under the influence of the predisposing
amblyogenic condition, rather than sim-
ply the age at treatment.

The mainstay of treatment of amblyo-
pia is management of the underlying
amblyogenic condition, thereby increasing
visual stimulation of the amblyopic eye and
removal of barriers leading to abnormal
visual input to the brain. This is followed
by occlusion or penalisation of the domi-
nant eye that aims to enhance cortical
processing of visual input from the
amblyopic eye by temporarily limiting cor-
tical input from the dominant eye. Penali-
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sation may take the form of image degra-
dation by instillation of atropine drops,
refractive blur or translucent patching of
the better eye.

For many years, preschool vision screen-
ings have aimed to provide a safety net by
identifying children with risk factors for
amblyopia while they are still within the
critical period of treatment efficacy (tra-
ditionally believed to be up to eight years
of age). Refractive error and non-cosmeti-
cally obvious strabismus have been tar-
geted conditions of screenings, with the
premise that risk factors of media opacity
or large angle strabismus would have been
identified by a parent or primary health
provider during infant or early child
health assessments. A 1997 review of lit-
erature into the conditions targeted in
preschool vision screening, namely refrac-
tive error, amblyopia and non-cosmetically
obvious strabismus, concluded that there
is a lack of good quality research into the
natural history of these conditions, the
disability associated with them and the ef-
ficacy of available treatments.!! Following
its publication, the review’s conclusions
were much debated in the ophthalmologi-
cal literature, with criticism that recom-
mendations made by the review lacked ob-
jectivity and that a lack of adequate data
on the effectiveness of amblyopic treat-
ment may result in a premature disassem-
bly of preschool vision screening pro-
grams.'*'* A positive outcome of this
publication is that the randomised control-
led trials that it called for are now appear-
ing in the literature.

The aim of this review is to present a
balanced representation of recent re-
search regarding the prevalence and natu-
ral history of amblyopia, the efficacy of
treatment and its impact on the patient.
In doing so, we aim to contribute to the
clinical understanding of optimum treat-
ment regimes for amblyopia and their
justification relative to a whole of life con-
sideration of a patient’s needs.

PREVALENCE

The reported prevalence of amblyopia
depends on the study population and the
definition of amblyopia used. Adult popu-




Population investigated

Percentage reported

with amblyopia
Recruited soldiers
Irving* 1.0
Helveston* 1.0
Theodore et al* 1.4
Evens and Kuypers* 1.8
Glover and Brewster* 24
Downing* 3.2
Preschool and school-age children
Friedman et al* 0.5
Russell et al* 1.3
DaCunha and Jenkins* 1.7
Flom and Neumaier* 18
McNeil* 27
Frandsen* 3.1
Vereecken et al* 35
Thompson et al* 30
ALSPAC: early screening™ 11
ALSPAC: late screening™® 2.0

Eibschitz-Tsimhoni et al:"® early screening 1.0
Eibschitz-Tsimhoni et al:' late screening 26

Older population
Vinding et al*
Brown et al®
Attebo et al®

Ophthalmic patients
Irving*

De Roeth*

Cole*

* Studies cited by von Noorden'

29
3.06
3.2

4.0
45
5.3

Table 1. Reported prevalence of amblyopia in selected

populations

lation studies have reported the preva-
lence of amblyopia to range from one to
five per cent,* however, population selec-
tion bias may influence prevalence rates.
For example, studies from clinical ophthal-
mic populations are not representative of
the general population and typically
present with higher prevalence rates of
amblyopia. Recent Australian adult
population-based cohort studies that
aimed to avoid such bias reported the
prevalence of unilateral amblyopia to be
3.06 per cent (n=4,721)" and 3.2 per cent

(n =3,654),° when amblyopia was defined
as visual acuity of 6/9 or worse.
Reported prevalence of amblyopia in
selected populations is shown in Table 1.
The predisposing cause for amblyopia
varies between studies, dependent on the
characteristics of the study sample, par-
ticularly, how amblyopia is defined. In the
unselected adult population study of
Attebo and colleagues,® where amblyopia
was defined as visual acuity of 6/9 or
worse, the main cause was anisometropia
(50 per cent), with strabismus being the
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predisposing condition in 19 per cent,
mixed (both strabismus and ani-
sometropia) in 27 per cent and visual
deprivation in four per cent. While in a
cohort of children with moderate amblyo-
pia (amblyopic VA 6/12 to 6/30, n = 409;
mean age 5.3 years) the causes were
found to be strabismus in 38 per cent,
anisometropia in 37 per cent and mixed
in 24 per cent's and in children with
severe amblyopia (amblyopic VA 6/30 to
6/120, n = 175; mean age 4.8 years) the
causes were found to be anisometropia
in 34 per cent, strabismus in 27 per cent
and mixed in 38 per cent.”

Recent data regarding the prevalence of
amblyopia at 7.5 years of age are provided
by the Avon longitudinal study of parents
and children (ALSPAC), a UK population
birth cohort study.' Of 6,081 children,
16.7 per cent had attended preschool
vision screening (age three to four years)
and all the children had been offered
vision screening in the school reception
class (age four to five years). The preva-
lence of amblyopia was significantly lower
in those children who had received pre-
school screening compared with those
who had not (1.1 per cent versus 2.0 per
cent, p = 0.05). This finding confirms that
of a large Israeli study, which found a one
per cent prevalence of amblyopia in eight-
year-old children previously screened and
treated for amblyopia compared with 2.6
per centin a matched population that had
not received treatment.'

In summary, the most recent population
studies of amblyopia indicate a prevalence
of approximately three per cent in
untreated childhood and current adult
populations. With detection and treat-
ment of the amblyogenic condition by five
years of age, the prevalence of clinically
significant amblyopia reduces to around
two per cent. With detection and treat-
ment before three years of age, the preva-
lence of clinically significant amblyopia
reduces to around one per cent. The re-
sults of the ALSPAC and Israeli childhood
amblyopia studies suggest that early
screening for and treatment of conditions
that predispose amblyopia reduce the
prevalence of amblyopia in school-aged
children.
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RISK FACTORS FOR AMBLYOPIA

Amblyopia is more than four times as com-
mon in infants who are premature, small
for gestational dates or who have a first
degree relative with amblyopia. In infants
with neuro-developmental delay, the
prevalence of amblyopia is six times higher
than in healthy, full-term infants.**' Pa-
tients at greatest risk for amblyopia are
infants who experience early stimulus dep-
rivation. Visual deprivation prior to three
months of age need not be prolonged to
cause amblyopia and is highly correlated
with later development of sensory nystag-
mus in bilateral cases and strabismus in
monocular and bilateral cases.

In strabismus, the diplopia caused by the
misalignment can lead to binocular rivalry
and suppression of input from the non-
dominant eye at the level of the visual cor-
tex. Infantile esotropia (that is, congeni-
tal esotropia) generally presents before six
months of age, when the developing visual
system is at most risk of amblyopia. If not
corrected early, the resultant amblyopia
can be profound and difficult to reverse.
In patients who have had early surgery with
an outcome of good visual acuity in both
eyes, very poor stereopsis can still result
due to the early disruption of binocular
vision.”

Refractive error represents a risk for
developing amblyopia, either due to crea-
tion of dissimilar images in anisometropic
amblyopia or as a driving factor for accom-
modative esotropia. Children identified at
screening as at risk for amblyopia due to
hyperopia of 3.5 D or more in any merid-
ian were 13 times more likely to become
strabismic and six times more likely to
show measurable acuity deficits by four
years compared with controls.”® Wearing
a partial spectacle correction reduced
these risk ratios to 4:1 and 2.5:1, respec-
tively, and did not interfere with the proc-
ess of emmetropisation (the reduction in
magnitude of refractive error seen in chil-
dren aged between nine months and four
years).*

Most studies report best-to-worst
rankings for visual acuity at the initial visit
and outcome at the end of treatment as
anisometropic (best), followed by strabis-

mic and lastly mixed strabismic/anisome-
tropic amblyopia (worst) and the same
ranking for least-to-greatest post-treatment
deterioration in long-term follow-up.*
Complicating the interpretation of ex-
pected treatment outcomes is the inter-
relationship between strabismus and am-
blyopia, as each can be causal of the other.
Similarly, strabismus and anisometropia
commonly co-exist and it may be difficult
to determine which is the primary pre-
disposing condition.

NATURAL HISTORY

The studies of early treatment interven-
tion regimes allow better understanding
of the natural history of amblyopia. The
finding that those populations that un-
dergo early intervention and treatment
have lower prevalence of amblyopia than
those that do not implies that amblyopia
does not improve of its own accord.'8"
Further evidence that treatment is nec-
essary for optimum visual acuity outcomes
is provided by the randomised controlled
treatment trial by Clarke and associates®
where acuity was compared in those who
had received one year of treatment with
those who had not. Identified at pre-school
vision screening as having monocular
reduction in visual acuity worse than 6/9,
177 children aged three to five years were
randomly assigned to a no-treatment
group and were treated with glasses alone
or with glasses and patch occlusion. Of the
total sample, 173 (98 per cent) had a sig-
nificant refractive error, 127 (72 per cent)
of whom had anisometropia. Children in
either treatment group had better visual
acuity at follow-up than children who re-
ceived no treatment (mean improvement
0.11 logMAR, just over one line of acuity).
The effects of treatment depended on ini-
tial acuity, with those children with initial
acuities in the range of 6/18 to 6/36 im-
proving on average 0.20 logMAR follow-
ing treatment. After 12 months, the no-
treatment group received the treatment,
with subsequent improvement in visual
acuity and stereopsis equal to that of pa-
tients who had initially received treat-
ment.* This latter finding indicates that
in a group of mainly refractive amblyopes,
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treatment improves final vision, however,
delay of treatment until five years of age
does not appear to influence the final
visual outcome.

To investigate the natural history of
amblyopia without treatment, Simons and
Preslan® reported longitudinal data on the
course of amblyopia in a group of 18 chil-
dren who were identified as amblyopic in
a screening study but who either did not
receive, or did not comply with, recom-
mended treatmentand then were retested
a year later. Improvement in visual acuity
in the amblyopic eye was reported in one
child, in seven children visual acuity had
deteriorated in the amblyopic eye and the
rest of the group showed no change. These
authors also reanalysed data from three
other studies™* and found that the visual
acuity outcomes for those patients who
had been compliant with treatment were
significantly better than those who were
not. They concluded that untreated chil-
dren with either amblyopia or its risk fac-
tors are likely, at best, to show no improve-
ment in the amblyopic eye if untreated
and, in many cases, develop amblyopia.

Recent randomised, controlled treat-
ment trials, together with reviews of pa-
tients who have not been compliant with
treatment, indicate that the natural history
of amblyopia is not that of spontaneous
recovery. Intervention is required to max-
imise potential visual acuity in the affected
eye. The age at which thatintervention will
still be effective has not been confirmed
and is the subject of on-going studies.”

DISABILITY ASSOCIATED WITH
AMBLYOPIA

Amblyopia is often considered to be a
childhood condition, as this is when it is
most often diagnosed and treated. Thus
clinicians need to know which life skills
relevant to a child may be affected if am-
blyopia is left. untreated and be aware of
any functional difficulties that a child may
experience during and following treat-
ment.

At least 64 per cent of parents of
amblyopic children express concerns re-
garding disability associated with amblyo-
pia. Parents of children with early diagno-



sis (before age five years) were more likely
to consider amblyopia a very serious prob-
lem (58 per cent versus 39 per cent), while
parents of children with late diagnoses
reported more frequently that their child
had problems attributed to amblyopia (80
per cent versus 64 per cent). Reported
problems were typically those of school
performance rather than related to social
or athletic activities.”

These findings contradict those of Snow-
don and Stewart-Brown,” who conducted
semi-structured interviews on a small
number of parents of children with am-
blyopia (n = 11). The authors concluded
that these parents did not regard amblyo-
pia as a disabling condition, with little
impact on career choice or motor func-
tion. They report that adults with amblyo-
pia found certain aspects of driving prob-
lematic, with driving at night identified as
particularly difficult. This study also re-
ports that practitioners who treat amblyo-
pia generally agree that amblyopia may
limit career choices due to visual stand-
ards and that there is a need to promote
maximal vision in each eye to decrease life-
time risk of visual impairment. Their over-
all conclusions were that treatment of
amblyopia by patching may result in more
disabling outcomes than the condition it-
self; however, the small sample population
limits the relevance of this study, as does
the lack of information regarding visual
acuity, stereopsis or aetiology and lack of
data from a control group.

Potential disability in amblyopia has
been investigated by assessing the risk of
visual impairment attributable to loss of
vision in the non-amblyopic eye. The pro-
jected lifetime risk of visual loss for an in-
dividual with amblyopia is at least 1.2 per
cent. Rahi and associates* found that of
370 individuals with amblyopic visual acu-
ity worse than 6/12, who had newly ac-
quired visual loss in their non-amblyopic
eye, 104 (28 per cent) had socially signifi-
cant visual impairment (VA between 6/12
and 6/18), 180 (49 per cent) had visual
impairment (VA between 6/18 and 6/60)
and 86 (23 per cent) had severe visual im-
pairment or blindness (VA less than 6/60).
Only 36 (35 per cent) of 102 people pre-
viously in paid employment were able to

continue to-work. The authors argue that
the risk of visual loss in the non-amblyopic
eye and its consequences are greater than
those previously assumed.

The patient’s perception of quality of
life associated with unilateral versus bilat-
eral good vision has been calculated by
utility analysis, which is a variation of cost-
effectiveness analysis incorporating the
value (improvement in the length of qual-
ity of life, quality of life or life) conferred
by an intervention against the cost associ-
ated with that intervention. Good vision
in both eyes provides a substantial im-
provement in utility value compared with
good vision in only one eye. Patient feed-
back indicates that the psychological stress
of having only one good seeing eye on
which to rely and the apprehension in-
duced by knowing that many eye diseases
eventually affect both eyes is likely to play
a major role in decreasing an individual’s
quality of life.” When specifically mod-
elled in amblyopia, the cost of treatment
of amblyopia, combined with the increase
in utility value created by restoration of
better vision in the second eye, indicates
that amblyopic treatment is highly cost-
effective from the third-party insurer view-
point and contributes to the earning
power of affected individuals.™

In summary, the potential visual disabil-
ity due to loss of visual function of the non-
amblyopic eye can be calculated and is an
argument for treatment of amblyopia to
maximise visual potential in each eye. The
benefit of improvement in visual capacity
of the amblyopic eye can also be quanti-

fied by quality of life scores and can result

in positive cost-analysis of treatment. While
parental concern regarding an amblyopic
child’s performance has been reported,
specific research into those life skills that
may be impaired by amblyopia is limited
to studies with only small sample sizes.

IMPACT OF AMBLYOPIA ON
VISUOMOTOR SKILLS

Reduced stereopsis is the most common
visual deficit associated with amblyopia
that is present under habitual binocular
viewing. While much is known about the
visual basis of stereopsis, the functional sig-
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nificance of reduced stereopsis has rarely

been reported.® Studies that have investi-

gated this issue have compared perform-
ance under monocular and binocular con-
ditions,* generally concluding that:

1. Individuals with binocular vision have
advantages in situations requiring
spatial certainty, when compared with
monocular individuals.®

2. Binocular vision facilitates control of
manipulation, reaching and balance.¥”

3. People with no stereopsis have difficulty
performing tasks that rely on three-
dimensional visual clues.®
However, there are individuals who have

better manual dexterity than can be pre-

dicted by stereoacuity measures alone.®
Parents of strabismic children whose
eyes have been aligned surgically have re-
ported that the children’s visuomotor skills
have suddenly and vastly improved follow-
ing surgery.! This observation was con-
firmed in a study that assessed infants’
performance on the Bayley Scale of Infant

Development before and after surgery for

infantile esotropia. Following surgery, 35

per cent of children showed an increase

in performance on tests of fine motor skills
and 41 per cent of children recorded an
improvement in visually directed reaching
and grasping. The greatest post-operative
improvement was found in the sub-test
item that involves depth perception, where
the child is required to identify a depres-
sion in a piece of wood without monocu-
lar clues (such as a difference in colour).™

Of relevance to the question of how the
restoration of binocular vision affects
visuomotor skills, is the study of Ross and
co-workers," who tested for developmen-
tal delay in patients who had undergone
treatment for retinoblastoma; 75 per cent
of the test group were monocular as a re-
sult of enucleation. While on average the
children’s mental and motor ability scores

H)

were in the normal range, approximately
40 per cent of the mainly monocular test
group were referred for delays of visuo-
motor development, including tasks that
require eye-hand co-ordination and depth
perception, such as placing pegs into holes
or putting puzzle pieces into foam boards.

There is little published evidence re-
garding the relationship between stereop-
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sis and motor skills in children with am-
blyopia. An exception is that of Hrisos,
Clarke and Wright," who found that
stereoacuity, independent of visual acuity,
significantly influenced performance on
tasks requiring fine visuomotor control
(bead threading tasks) in non-strabismic
amblyopic preschool children with re-
duced acuity in one eye (6/9 to 6/60). No
significant differences were found be-
tween these children and age-matched
controls on other items in the battery that
measured visuomotor integration, visual
spatial processing, visual attention and
gross visuomotor skills.

In summary, while it is assumed that re-
duced depth perception results in poor
fine motor skill performance, there is lit-
tle published evidence to support these
assertions. Fine motor skill performance
underlies many tasks of importance to pre-
school and school-aged children, such as
handwriting and scissor skills. Exploring
the relationship between reduced stereop-
sis and poor ocular-motor contro! (com-
mon findings in children with amblyopia)
and fine motor skills is necessary to deter-
mine how amblyopia may impact on early
educational development.

IMPACT OF AMBLYOPIA ON
PSYCHOSOCIAL DEVELOPMENT

The psychosocial implications of strabis-
mus and amblyopia on an individual’s
quality of life have gained recent attention
in the literature. Anecdotal references to
the undesirable cosmetic appearance as-
sociated with an obvious strabismus have
been superseded by studies looking at the
effect of strabismus and amblyopia on an
individual's self-esteem, interpersonal
relationships and employability.

In their review paper, Tolchin and
Lederman® discuss ways in which congeni-
tal or infantile esotropia may affect the
parent-child relationship during the first
years of life and in turn, how this can have
profound psychological consequences for
the developing child. They concluded
that there is evidence in the literature that
the child’s appearance plays a profound
role in the developing parent-child rela-
tionship and that the cosmetically obvi-

ous ocular misalignment with infantile
esotropia is one barrier to the eye con-
tact necessary for a proper relationship
to take place.

Eustis and Smith* found that 41 per
cent of parents whose children underwent
strabismus surgery believe that their
child’s psychological development or per-
sonal self-esteem was adversely affected by
strabismus and 17 per cent of parents be-
lieve that the cosmetic stigma of strabis-
mus was the single most important prob-
lem for their child. This parental belief was
confirmed by Satterfield, Keltner and
Morrison,* who found that patients with
strabismus reported difficulty with self-
image, securing employment, interper-
sonal relationships, school, work and
sports. The difficulties experienced con-
tinued and intensified in the teenage and
adultyears, where patients with strabismus
demonstrated higher levels of stress com-
pared to age and gender-matched con-
trols. This contrasts with the findings of
Gray, Ansons and Kincey,* who found that
individuals seeking surgery for cosmeti-
cally unacceptable strabismus were not in
general ‘neurotic’ or experiencing high
levels of social anxiety. Patients who un-
derwent surgery for longstanding horizon-
tal strabismus perceived that their
psychosocial functions had improved post-
surgery, but felt that other people would
still rate them less highly than they rated
themselves.*

Satterfield, Keltner and Morrison’s
finding® regarding difficulty securing
employment was confirmed by two more
recent studies,***” which demonstrated
that cosmetically obvious strabismus cre-
ates a significant negative social preju-
dice in patients, which can considerably
reduce an applicant’s ability to obtain
employment.

Patients with amblyopia but without stra-
bismus reported that amblyopia interfered
with school and work to some degree and
fele it affected their lifestyle.”® Sixty per
cent were concerned by associated teasing
or ridicule, with the majority of patients
reporting some concern that amblyopia
had an effect on self-image. While most
patients reported that their monocular
condition had not affected their job
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choices, half reported that being monocu-
lar affected their lifestyle. Amblyopic sub-
jects were also found to experience more
distress in the areas of somatisation,
obsession-compulsion, interpersonal
sensitivity, anxiety and depression than
control subjects.

While these studies provide an under-
standing of the adults’ perspective on the
psychosocial impact of amblyopia, further
research is needed to investigate the
impact of treatment for amblyopia or any
disability associated with amblyopia on the
psychological well-being of the child.

TREATMENT OF AMBLYOPIA

The treatment of amblyopia generally in-
volves correction of the underlying pre-
disposing condition followed by a period
of deprivation of the dominant eye to pro-
mote normal visual experiences for the
amblyopic eye. The results of randomised
controlled treatment trials for various
aspects of amblyopic treatment are now
available. The younger the child when
treatment commences, the more rapid the
response to treatment and the better the
visual outcome. In strabismic amblyopia
the rate of improvement in amblyopia
treated with full-time occlusion fell stead-
ily from over 90 per cent at age 28 to 33
months to near zero, when therapy was
initiated at age 12 years.*® However, indi-
vidual patients may achieve improved
vision after the age of 10 years, with re-
ports of improvement with treatment or
after loss of the non-amblyopic eye even
into adulthood.*®

Refractive correction

Correction of any underlying refractive
error is critical in the treatment of am-
blyopia.® It is only more recently that the
extent to which the correction of refrac-
tive error alone reduces amblyopia has
been specifically explored.’'** Correc-
tion of refractive error alone for a pe-
riod of 18 weeks in newly diagnosed
amblyopic children (n = 65; mean age
5.1 years) resulted in significant im-
provement in amblyopic visual acuity
{(mean improvement of 0.24 logMAR).
This improvement did not significantly



differ as a function of amblyopia type or
age of the patient.” This has led to the
conclusion that refractive adaptation is
a distinct component of amblyopic treat-
ment and that the beneficial effects of
refractive adaptation need to be fully
identified. Allowing refractive adapta-
tion prior to commencement of occlu-
sion or penalisation therapy may have
significant benefits. The consequences
of these findings for clinical practice are
that following a period of refractive cor-
rection, children can start occlusion with
improved visual acuity, possibly enhanc-
ing compliance, and in some cases patch-
ing can be avoided.™

Correction of abnormal ocular
alignment or opacity

[t has been conservatively estimated that
17 per cent of patients with amblyopia will
undergo alignment surgery, 1.5 per cent
require cataract extraction and 1.5 per
cent require ptosis surgery.* While no
large population-based study addressing
the distribution and incidence of each
type of strabismic amblyopia is available,
a cost-utility analysis has assumed from
case series and anecdotal evidence that ap-
proximately 60 to 75 per cent of strabis-
mic amblyopes are accommodative, with
60 per cent of accommodative esotropes
not fully correctable with spectacles and
requiring surgery for ocular alignment.*
The subgroup of strabismic patients with
amblyopia who will undergo alignment
surgery was estimated to be between 48
and 62 per cent of all amblyopic patients
who have strabismus.

Occlusion and penalisation

The mainstay of treatment for the past
quarter of a century has been occlusion
of the better eye by an opaque patch.
However, therapeutic regimes have lacked
standardisation, with the length of patch-
ing ranging from a few minutes a day to
all waking hours and in some cases treat-
ment may last many months. Recent stud-
ies that have investigated the relative mer-
its ot occlusion and atropine penalisation
have commented on the considerable vari-
ation in treatment practices with regard
to the number of hours of initial patching

prescribed.” While the number of pre-
scribed hours had no relationship to pa-
tient age, it was found to be related to the
acuity in the amblyopic eye (that is, the
depth of amblyopia). On average, optom-
etrists prescribed fewer hours of patching
than ophthalmologists.™

Recent randomised controlled treat-
ment trials have aimed to evaluate differ-
ent treatment modalities for different lev-
els of amblyopia. Trials of occlusive
treatment by the Pediatric Eye Disease
Investigator Group (PEDIG) have con-
cluded that both atropine penalisation
and patch occlusion are effective treat-
ments for moderate amblyopia in children
aged three to seven years;* that when
patching is prescribed, two hours of daily
patching is as effective for moderate am-
blyopia as six hours and that for severe
amblyopia, six hours of daily patching is
Jjust as effective as full-time patching."?
Weekend atropine provides an improve-
ment in visual acuity of a magnitude simi-
lar to that of the improvement provided
by daily atropine in treating moderate
amblyopia in children three to seven years
old.*

When occlusion is objectively (electroni-
cally) monitored, the overall compliance
with prescribed patching treatment has
been found to be 48 per cent, with con-
siderable variation within and between
patients. When six hours of patching per
day was prescribed, on average the patient
actually received a ‘dose’ of 2.8 hours, with
only 14 per cent patching to an amount
within 30 minutes of that prescribed.”
Dose-response functions have been devel-
oped, based on how much patching the
patient actually received, and the initial
and final visual acuity. From these dose
response functions, the relationship be-
tween visual acuity and treatment dose has
been found to be monotonic, with 82 per
cent of the improvement in visual acuity
being achieved by six weeks of patching
but with some further improvementup to
12 weeks. Dose rates of two to six hours
per day resulted in the same final out-
comes, although those with a high dose
rate achieved a successful outcome more
rapidly.®

While randomised controlled treatment

371

Clinical and Experimentad Optometry 88.6 November 2005

Review of amblyopia  Webber and Wood

trials have shown occlusion and penalisa-
tion therapy to be successful in treating
amblyopia in children younger than seven
years, the question of the upper age limit
of successfully treating amblyopia has still
not been addressed fully. A pilot study of
treatment in children aged 10 to 18 years
has indicated that visual acuity can be im-
proved in older children and adolescents.
Randomised controlled trials are
underway to determine if there is an upper
age limit for which amblyopic treatment
can still be successful.®

Passive versus active treatment
While a preliminary study found an aver-
age of one logMAR line extraimprovement
when the patient performed near activities
during occlusion or penalisation,” the ben-
efits of active versus passive therapy during
occlusion are yet to be confirmed by
randomised controlled treatment trials.
Despite this, the protocol of PEDIG has
been to prescribe at least one hour of near
visual activities during patching, for exam-
ple, hand-eye activities, computer or
Internet, reading, homework or accommo-
dative tasks. Preliminary studies have indi-
cated that the use of video display treatment
and biofeedback can improve amblyopic
visual acuity in adults, however, nearly all
of the improvement in visual acuity
achieved appears to regress if patients are
followed over an 18-month period.* Al-
though patching alone may be sufficient
for improvement of visual acuity, it has been
suggested that binocular performance is
significantly better when vision therapy is
included in the treatment regimen.™

Medical treatment

Attempts have been made to use
catecholamines in amblyopic treatment, as
they appear to extend or reactivate the
visual system’s ‘sensitive period’ of neural
plasticity. Both levodopa™* and CDP-
choline, which stimulate availability of a
variety of neurotransmitters and modula-
tors, including dopamine, have been used.
While improvements in visual function in
amblyopic eyes have been reported in chil-
dren and adults, long term follow-up
indicates that a significant regression of
improvement in visual function occurs.™
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Treatment outcome

2556567 have examined
the visual acuity outcomes that can be
achieved with treatment for amblyopia,
however, this may diminish after treatment
is completed. A recent prospective study
which monitored the level of visual acuity
following the finalisation of treatment con-
cluded that approximately one quarter of
successfully treated amblyopic children
experience a reduction in visual acuity
within the first year after treatment.”® This
recurrence rate was similar among patients
who had previously been treated by patch-
ing and those who had been treated by
penalisation with atropine and occurred
more frequently during the first 13 weeks
following cessation of treatment. Other
studies have shown that about two-thirds

Numerous studies’

of both strabismic and anisometropic
amblyopes maintain, or even improve,
visual acuity more than four years after
treatment is completed,®” however, ani-
sometropia of greater than 1.5 dioptres
appears to be a risk factor for regression.™
The implication for clinical practice is
that follow-up is warranted for at least 12
months following the completion of
occlusion or penalisation. Further
randomised clinical trials are needed to
investigate the long-term risk of recur-
rence of amblyopia.

Quality of binocular vision can also be
used as an outcome indicator. In a retro-
spective study of occlusive treatment out-
comes, stereopsis was found to improve
linearly with improved amblyopic visual
acuity irrespective of the cause of amblyo-
pia.” In comparison, in a large-scale study
of adults with amblyopia or with a history
of risk factors for amblyopia, 90 per cent
of those who were believed to have had
disruption of binocular vision during early
visual development (that is, those with a
history of strabismus) failed tests of bin-
ocular function, even if visual acuity was
within normal limits. By comparison, 64
per cent of adults with anisometropia and
35 per cent of amblyopes with ani-
sometropia passed these binocular tests.’

Emotional impact of treatment
Many parents of children undergoing oc-
clusive treatment for amblyopia, even for

relatively short periods of time, report dis-
tress or an increase in conflict at home.
Most parents associate occlusion with re-
duced confidence seen in their child due
to poor vision under occlusion condi-
tions.™ While not all parents report that
their child’s activities are affected, the
degree of compliance with treatment and
observations of changes in patterns of be-
haviour have been found to differ depend-
ing on the level of amblyopia.” No evi-
dence of significant developmental delay
or increased behavioural problems was
found in a case-control study of congeni-
tal monocular cataract patients, who had
their normally seeing eye patched for a
significant percentage of their early child-
hood years. However, the sample size was
limited in this study and the use of siblings
for the control group introduced the pos-
sibility of parental bias in their subjective
assessment of the two children.”

[t has been shown in a randomised con-
trol trial of treatment that children under-
going patching were more upset and
showed more resistance to their treatment
than those prescribed glasses alone. In
addition, many parents experienced diffi-
culty with occlusion and were significantly
more likely to be upset by this treatment
than parents with children in glasses alone,
however, the levels of distress and difficulty
reported by parents were low.™ This is in
accord with a repeated measures study that
recorded carer’s perception of stress and
psychosocial well-being of the child prior
to and following commencement of treat-
ment. Carers of children undergoing
occlusion did not experience significantly
more stress or perceive their child as‘ex-
hibiting less psychosocial well-being than
the non-occluded group. In addition,

within the occluded group, carer’s stress -

levels and child’s psychosocial well-being
did not significantly change following on-
set of occlusion.” Similarly, the PEDIG
group™ found that both penalisation
modalities, patch occlusion and atropine,
were well tolerated by the child and fam-
ily, although treatment impact scores were
consistently worse in the occlusion group
compared with the atropine group.
Recent studies confirm that penalisation
treatment for amblyopia creates negative
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changes in behaviour in many children
and has an impact on family life. These
changes appear to be more profound in
children with a greater level of amblyopia.
Whether this is due to greater visual im-
pairment under penalised conditions or
due to a longer duration of penalisation
has not been established. The behaviour
of the child under penalisation conditions
influences compliance with treatment,
which raises the possibility that the efficacy
of treatment could be reduced by poor
compliance in those children with the
greatest need.

Functional impact of treatment
While often cited as the reason for poor
compliance with occlusion or penalisation,
the ability to perform everyday tasks un-
der monocular conditions with reduced
visual acuity has not been documented in
children with amblyopia. Studies that have
investigated performance on tasks requir-
ing fine motor skills under monocular
versus binocular conditions suggest that
performance would be impaired by the
penalisation phase of amblyopic treatment
due to loss of residual binocular vision. It
is likely that if amblyopic acuity is less than
6/12 then functional tasks would be fur-
ther impaired. There is a lack of studies
specifically investigating functional disabil-
ity in areas of importance to children of
the age most likely to be treated for am-
blyopia. Future studies need to address
disability imposed by the treatment, espe-
cially performance under impaired
monocular conditions imposed by penali-
sation. Also, once children have com-
pleted amblyopic treatment, they may still
have some visual function anomaly such
as reduced stereopsis, abnormal accom-
modation or poor ocular-motor function.
The impact of these binocular visual
anomalies on tasks important to children
warrants investigation.

Costs of treatment

The medical costs associated with treat-
ment of amblyopia can be calculated based
on estimates of consultation fees, non-
surgical and surgical fees. Specific costs in
nominal US dollars in 2001 varied between
$1,452 and $2,628 (depending on surgi-




cal or non-surgical treatment of the un-
derlying cause) and averaged $1,623 per
patient.™ This same study weighed the cost
of treating amblyopia against quality of life
utility value gained due to improved visual
acuity in the amblyopic eye and concluded
thatamblyopic therapy is particularly cost-
effective because the visual acuity benefit
is acquired at a very young age.

Compliance with treatment

Compliance with occlusion treatment is
essential for an optimum outcome and has
been the subject of numerous studies.”#
The level of compliance to treatment is
influenced by patient age,®®' social depri-
vation,® level of visual acuity,* parental
understanding of the condition and treat-
ment® as well as by the financial and emo-
tional cost to patient and family.”*"® Strat-
egies used to enforce wearing of a patch
include encouraging, ordering, pleading,
threatening, bribery, hospital administra-
tion, arm restraint by use of plaster cast
and eye lid suturing.™% Beardsall, Clarke
and Mill¥” found that most parents of chil-
dren with amblyopia were highly moti-
vated to undertake recommended treat-
ment after becoming aware of the reduced
visual acuity at the initial visual examina-
tion. As non-compliance sometimes delays
effective treatment, Beardsall, Clarke and
Mill®¥” suggest a protocol for occlusion
aimed at giving maximal support for par-
ents in the early stages of treatment. This
was supported by Searle and associates,*
who found parental compliance improved
if they believed treatment was producing
positive results and decreased if there was
perceived restriction of the child’s activi-
ties by patching. Similarly, it has been sug-
gested that increased parental awareness
of the rationale and urgency of occlusion,
with reinforcement of details of the
regimen, would help to reduce non-
compliance.” This has been tested in a
randomised controlled trial of written in-
formation, which concluded that a large
proportion of patients would benefit by
increasing parental knowledge in key
areas, such as the critical period, impor-
tance of occlusion and potential negative
consequences of not treating amblyopia.™
Low socio-economic status, measured by

qualification for Medicaid assistance, has
been reported to indicate reduced likeli-
hood for success for amblyopia therapy.
Patients whose families qualify for Medic-
aid assistance (n = 71) had poorer final
visual acuity, a greater number of missed
visits and a lower estimate of compliance
than those whose families did not qualify
for Medicaid (n = 209).%

SUMMARY

Recent randomised controlled trials of
treatment for amblyopia and early screen-
ing and treatment studies have provided
evidence regarding the natural history of
amblyopia and efficacy of treatment.
These studies indicate that treatment of
amblyopia reduces the incidence of am-
blyopia and results in better final visual
acuity in the amblyopic eye. In addition,
the earlier amblyogenic factors are de-
tected and treated, the lower the preva-
lence and severity of amblyopia. In the
context of overall outcomes for the popu-
lation, it can be concluded that the results
justify the treatment. Occlusion or penali-
sation in treatment of amblyopia can cre-
ate negative changes in behaviour in chil-
dren and have an impact on family life,
more so in children with greater levels of
amblyopia. As the child’s behaviour influ-
ences compliance, it is essential to address
this issue with the parent supervising the
treatment when instigating the occlusion
or penalisation. Allowing refractive adap-
tation prior to commencement of occlu-
sion or penalisation may have significant
benefits for the child, such as starting

occlusion or penalisation with improved

visual acuity, possibly enhancing compli-
ance and in some cases unnecessary patch-
ing can be avoided.

Reports of disability for the patient with
amblyopia are not conclusive and do not
specifically address skills that are of impor-
tance to the childhood population. While
the balance between possible disabilities
attributable to the condition versus the
treatment has not been established, the
potential disability of incapacitating visual
loss later in life, due to loss of visual func-
tion of the non-amblyopic eye, can be cal-
culated and is an argument for treatment
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to maximise visual potential in each eye

The PEDIG studies have provided cli-
nicians with more distinct guidelines with
respect to the how and when of therapy
using occlusion and penalisation in am-
blyopia. Randomised treatment trials in
child and adolescent age groups, beyond
the age traditionally considerd able to be
effectively treated, are ongoing. Similarly,
the outcome of ongoing randomised
treatment trials examining the influence
of near activity during patching will pro-
vide direction to ‘active’ versus ‘passive’
patching. The importance of parental
education and support to maximise com-
pliance with treatment has now been es-
tablished and should be part of the treat-
ment plan.®

Importantly, this review highlights the
need for evidence-based guidelines for
treatment of amblyopia to be developed
so that clinicians can provide optimal ad-
vice and treatment for amblyopia with
minimal impact for the patient. It also
highlights the amount of recent research
activity in this area and the need for clini-
cians to keep up-to-date with recent litera-
ture to provide the best level of care for
their amblyopic patients that current
knowledge allows.
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