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ABSTRACT

Objectives

* To undertake a systematic review of research on the effectiveness of preschool vision screening
» To provide evidence on which decisions about the future provision of this service can be made
* To indicate areas where further research is needed

Identification of literature

Study Selection

The NHS Centre for Reviews and Dissemination Guidelines for Systematic Reviews were used. The
research questions were formulated using the Wilson & Jungner criteria for evaluating screening
programmes. They concerned prevalence, natural history, disability, treatment and screening in

relation to three target conditions: amblyopia, refractive errors and squints which are not cosmetically
obvious.

Studies were considered for inclusion according to pre-determined criteria concerning the age group
studied, outcomes measured and study design. The following types of study design were considered:
cross-sectional studies of prevalence, cohort studies of natural history, any type of study (for example,
cross-sectional surveys, case-series, qualitative studies) of disability attributable to a target condition,
controlled trials, observational studies and audits of screening programmes, and prospective controlled
trials of treatment.

Data Sources

The following electronic databases were searched: Biological Abstracts, Cinahl, Embase, ERIC, IAC
Health Periodicals, IAPV, Medline, Psychlit, Science Citation Index, System for Information on Grey
Literature in Europe, DHSS-Data, Faculty of Public Health Medicine Database of Dissertations, Index
of Scientific and Technical Proceedings, Dissertation Abstracts, Index of Theses, NHS Research
Register, Public Health Information Sharing Database. A limited amount of handsearching was
undertaken. Reference lists were scanned to identify other relevant studies, and requests for
unpublished data were made to people working in this field.

Data Extraction
Data was extracted by the first author and then checked by the second.
Data Synthesis

Quantitative analysis has been undertaken where possible. Qualitative analysis has been performed
where studies were too heterogeneous for the data to be combined, or for those aspects of the research
questions that are not suitable for quantitative synthesis.



Results

The electronic search yielded over 5000 references, and over 500 abstracts were downloaded from the
databases for further scrutiny. 85 studies have been included in the main analysis.

Prevalence

No studies were found with the primary aim of establishing the prevalence of visual defects in
preschool children. Data from studies of screening programmes report a range of yields for all the
target conditions combined of 2.4-6.1%.

Natural History
No studies designed with the intention of documenting the natural history of the target conditions in
three or four year olds were found. Other studies that provide some natural history data suggest that
mild degrees of amblyopia may resolve spontaneously. In the absence of information about natural
history it is impossible to estimate the effect of treatment from studies without a control group that
was not treated.

Disability

21 studies exploring disability in relation to the target conditions were included. The literature
provides a reasonable basis for generating plausible hypotheses about the ways in which the target
conditions might disable people but is insufficient to draw any firm conclusions about their impact on
quality of life. The research to date is not sufficient to determine appropriate outcomes for controlled
trials of treatment.

Treatment

Five randomised controlled trials of treatment and six prospective controlled trials without
randomisation were found. No studies compared treatment with no treatment. Most of the studies were
methodologically flawed.

Screening programmes

One prospective controlled trial and 16 retrospective studies (observational studies and audits) of
different screening programmes were found. They showed that orthoptic screening programmes
perform better than health visitor (HV) or GP screening in terms of programme yield and positive
predictive value. The mean uptake rate was 64.8%. The mean referral rate was 6.7% for primary
orthoptic screening programmes and 3.9% for HV/GP screening. The positive predictive value ranged
from 47.5%-95.9% for orthoptic screening and 14.4%-61.5% for HV/GP screening. Only two studies
were found which reported numbers of false negative cases. The findings of the one prospective study
do not support the belief that identifying children with amblyopia in the preschool period reduces the
prevalence of this condition in children aged seven.



Conclusions

There is a lack of good quality research into the natural history of the target conditions, the disabilities

associated with them, and the efficacy of available treatments. We believe that this evidence is

essential to support a screening programme for a non-fatal condition for which there have been no

rigorously controlled trials. An invitation to preschool vision screening carries with it the implicit

assumption that screening is going to benefit the child. In the absence of sound evidence that the target

conditions sought in these programmes are disabling and that the interventions available to correct

them do more good than harm, the ethical basis for such interventions is very insecure.

Recommendations for research

There is a need to research the following areas:

m A W N

The extent of disability attributable to the target conditions.

The prevalence of blindness or partial sight attributable to amblyopia in the UK.

The prognosis for vision in the amblyopic eye following loss of vision in the better eye.

The impact of orthoptic treatment on family life and the psychological wellbeing of the child.
The effectiveness of orthoptic treatment for amblyopia on vision and quality of life. This should
be a randomised controlled trial in which the control group is not treated, using health outcome
measures defined in studies of disability. This would also provide data on the natural history of
amblyopia. Trials undertaken in groups of children aged three to four and five to seven would

determine whether screening in the preschool years confers any benefit over screening at school
entry.

The effectiveness of treatment of non cosmetically obvious squints and refractive errors in this
age group.



BACKGROUND

Vision screening of children aged three to four years of age was developed in the context of the UK
child health surveillance programmes during the 1960s and '70s in response to a need perceived by
health professionals. In the 1980’s a variety of different programmes were practiced in different parts
of the country.'®

Aim of vision screening

There is some uncertainty in the literature about the precise aims of programmes to screen children’s
vision at this age as they have the potential to identify a range of visual problems. This is in contrast to
other screening programmes where the aim is to identify a single disease entity. The primary aim of
vision screening at this age is the identification of the less severe common defects which we have
called target conditions: - amblyopia, refractive errors and the non cosmetically obvious squints which
cannot be detected without screening (latent and intermittent squints and microtropias)'.

Target conditions

Amblyopia has been defined as a unilateral or bilateral decrease of vision, for which no cause can be
found on physical examination of the eye.'"® It can be present at varying levels of severity and usually
affects one eye only. Refractive errors describe the situation in which light rays cannot be focused on
the retina and a blurred image is formed. The image can almost always be focused with the help of
spectacles. Squint (strabismus) is a condition in which the two eyes are not aligned. In cosmetically
obvious squint one eye is obviously looking in a different direction from the other. In small angle or
micro-squint the deviation is not obvious and is revealed with the cover test. Latent and intermittent
squints are only present under certain circumstances and can be revealed with the uncover test. These
may develop into cosmetically obvious squints. None of the target conditions (amblyopia, refractive
error and non cosmetically obvious squint) are clinically obvious. These three conditions are
associated with one another but the relationship is complex and its precise nature is uncertain.*
Refractive errors (particularly anisometropia and hypermetropia) may strain ocular muscle balance
and cause squints. Squints may also arise independently of refractive errors. Both are thought to
predispose to childhood amblyopia because vision in one eye may be suppressed (the eye may become
amblyopic) to prevent diplopia (double vision) when the ocular muscles cannot keep both eyes
focused on a single image. Experimental evidence from animal studies and clinical experience in
humans suggests that there is a sensitive period in the human child up to the age of about eight years
when this process may occur and may be reversible. It would appear that vision is important for
normal growth and development of the eye. Loss of vision in one eye may result in loss of
oculomusclar balance and squint.

! Both the ophthalmological and epidemiological terms used in this report are defined in the glossary (see
appendix A)



Conditions other than the target conditions which may be detected by screening

Cosmetically obvious squints should, by definition, be identifiable by parents or health professionals
without a screening programme and most children with squints present by this route.” " From time
to time, a child with a cosmetically obvious squint will present through screening who has "slipped
through the net" of child health surveillance. Although the frequency of this problem is unlikely to be
sufficient to justify a screening programme in its own right, the identification of these children is an
added benefit of the programme. Clinicians sometimes justify these programmes on the basis of
identifying the rare childhood conditions that cause partial sight or blindness. Visual impairments are
often detected in the first weeks of life by simple inspection,* and these children present
spontaneously because their parents notice that they cannot see.” Very occasionally however a child
will turn up for screening with a serious problem, such as retinoblastoma or a cataract, which has not
been noticed by the parents. Such instances are too rare to be used to justify the screening programmes
but, as for cosmetically obvious squints, their detection in this way is an added benefit. A true cost-
benefit analysis of screening should take both into account.

The effect of target conditions on visual function and quality of life

Amblyopia

Visual acuity

The human eye is a very complex organ performing many different types of visual function.
Traditionally visual acuity (the limit of spatial visual discrimination, commonly measured using letters
or other geometrical forms) has been the most clinically valued characteristic in describing quality of
vision.'” In adults it is usually tested with a letter chart at six metres. In young children, the method of
testing must be appropriate to the age of the child and for preschool children there are a variety of
visual acuity tests. Visual acuity testing is the main screening method used to identify the target
conditions, and reduced visual acuity not justified by other organic defects defines amblyopia.'' If
visual acuity screening is carried out accurately all children failing could, according to this measure,
be regarded as disabled. However, children with amblyopia may have very good acuity in the
unaffected eye. They may only have a visual acuity deficit with one eye closed.

Stereopsis

Children with amblyopia may suffer another type of visual disability - lack of binocular function. Two
eyes focusing on an object from a slightly different angle allow the perception of depth (stereopsis). If
one eye cannot see at all this cannot happen. Stereopsis is not an all or none phenomenon; people may
have partial stereoscopic function measured in seconds of arc. The extent to which amblyopia affects

stereopsis is therefore important in assessing visual disability from amblyopia.” '*

Other Visual Functions
Complete lack of vision in one eye would cause visual disability by reducing the visual field (the area
which an individual can see without moving their head). Complete lack of vision is, however, unusual



in amblyopia. Other aspects of visual function include perception of both colour and movement. These
are not generally thought to be influenced by the target conditions.

Refractive errors

Refractive errors create a blurred image on the retina and thus also reduce visual acuity. A degree of
hypermetropia (long sight) is normal in young children® and because most children have strong
powers of accommodation, visual acuity may not be affected. However, the effort of accommodation
in the presence of hypermetropia is thought to predispose to the development of squint.
Hypermetropia and other refractive errors (myopia or short sight, anisometropia or unequal refraction
in the two eyes and astigmatism) should be correctable with spectacles with no residual disability
other than the need to wear spectacles.

Impact of amblyopia and refractive error on everyday life

It has been suggested that amblyopia and uncorrected refractive error may interfere with a child’s
development, educational performance and sporting ability. As a consequence of educational failure
they may also have a long term disabling effect on adults. Adults suffering from amblyopia might
have a problem with a number of activities: - racquet sports, driving, or jobs requiring fine motor
coordination. Imperfect vision may be a reason for refusing entry into the armed forces and or to pilot
training programmes. People with amblyopia are more at risk of blindness than those with two good
eyes as a result of injury or disease in the non-amblyopic eye.

Squint

Non cosmetically obvious squints may progress to become obvious .and unsightly and may, as a
consequence, cause psychological problems. If these squints cause amblyopia they may be associated
with poor stereoscopic function. They are thought to cause eyestrain (pain brought on by ocular
muscle spasm) and headaches.

Treatment of target conditions

Traditionally, amblyopia has been treated by occlusion of the non-amblyopic eye by covering it with a
patch, and this is the only method currently in use in the UK. Patching deprives the child of vision in
the good eye and encourages use of the amblyopic eye to prevent loss of vision. Regimes for patching
vary from one orthoptic department to another. In recent decades, alternative treatments have been
tried. Penalization, or selective fogging of one eye using spectacles or cycloplegic drugs, is one such
method. Systems designed to stimulate the amblyopic eye - pleoptics (dazzling light flashes) and
CAM stimulation (high contrast grating patterns) - are another. Children in whom amblyopia is
identified are treated with intermittent patching of the good eye to force continued use of the
amblyopic eye and thus prevent loss of vision.

A refractive error may be treated to effect an immediate improvement in visual acuity or because it is
thought to be contributing to the development of amblyopia or a squint. In the latter case, a refractive
error may be treated at a level of severity that would not be considered to warrant treatment in its own



right. Squints that progress to become clinically obvious may be treated with surgery to the extra-
ocular muscles to restore binocular single vision by realigning the visual axis or to improve cosmesis
in the absence of binocular single vision.

Types of preschool vision screening programmes

In the past, UK child health surveillance programmes have incorporated a great variety of preschool
vision screening tests undertaken at various ages.'” Traditionally health visitors or clinical medical
officers carried out these tests as part of a child health surveillance contact. The commonest tests at
three to four years of age are inspection of the eyes for cosmetically obvious squint and other visual or
ocular abnormalities, the cover-uncover test for squint, and a test of visual acuity, most commonly the
Sheridan Gardiner test. In the last two decades programmes have been established by orthoptists in
which children are invited to attend specifically to have their vision screened using a battery of
orthoptic tests, including visual acuity, cover-uncover test, further tests of ocular muscle balance and
tests of stereopsis. In some districts in which there is no primary orthoptic screening, orthoptists have
set up community clinics or secondary screening clinics to which health visitors (HVs), general
practitioners (GPs) and clinical medical officers (CMOs) can refer children about whom there is any
concern either as a result of a primary screen or as a result of a clinical consultation. In other districts,
referrals are made directly by HVs and CMOs, and in some places the referral has to be made via the
GP. Orthoptists may also aim to invite and screen all high-risk children (those with a family history of
visual problems or those with congenital defects).”” The range of possible programmes therefore
extends from no screening by anyone and referral to an ophthalmologist for children who present
clinically through surveillance by HVs, GPs or CMQOs, to screening with the cover-uncover test with
or without visual acuity by HVs, GPs or CMOs, a limited orthoptic screen of high risk children, and a
full population primary orthoptic screen. All but the last of these models may be provided with or
without a community orthoptic clinic.

Previous reviews of preschool vision screening programmes

In 1989 a UK national working party undertook a review of the effectiveness of these programmes as
part of an overall review of preschool child health surveillance. The working party concluded that
there was no evidence to support screening at any age other than three to four years and that the
efficacy of this screen was questionable.’”’ The report identified a number of research issues that
needed to be answered before a national screening programme could be recommended. In contrast
both in the USA and Canada reviews of the evidence relating to preschool vision screening have led
national bodies to conclude that screening at three to four years of age is effective and efficient and
should be available to all children.'"'"

The need for evidence of effectiveness

In a recent Executive Letter, the Department of Health stated that shifts in investment are expected,
away from ineffective and less effective interventions towards those that have been shown to be



effective.”” The need for evidence of effectiveness is again underlined in the NHS Executive’s
programme ‘Promoting Clinical Effectiveness’.” This review has addressed the fundamental questions
that remain about the efficacy of preschool vision screening.



CRITERIA FOR EVALUATING SCREENING PROGRAMMES

The basic principles of screening and the criteria by which the effectiveness of screening programmes
may be judged were defined by Wilson and Jungner in 1968.'° The criteria can be summarised as
follows: -

The condition
* is common and disabling

* the natural history is known
« there is a recognisable latent or pre-symptomatic phase

The screening test
 isreliable, valid and repeatable

* is acceptable, safe and easy to perform

* has a high positive predictive value

* is sensitive and specific-

* has a cost which is commensurate with the benefits of early detection

Treatment
¢ is effective and available

* service provision is adequate to treat the children identified by the screening programme
* there is an agreed policy on who will be treated

Failure to fulfill any one of these criteria calls into question the validity of the screening programme.
All of the criteria can in theory be evaluated in a single study if the study starts by allocating children
to be screened or not screened, and the entire population is followed up for several years to identify
false negative cases and to measure the benefits in children who have been screened. In the absence of
such studies it is useful to evaluate the extent to which each of the criteria is fulfilled. Although the
criteria are usually presented in the above order, it is more logical to address questions relating to
treatment before those relating to the efficacy of screening. If there is no effective treatment for the
condition the questions about the efficacy of the screening programme become superfluous. The
research questions for this review have been formulated using the Wilson and Jungner criteria but in
this more logical order.



RESEARCH QUESTIONS

The conditions

Prevalence

What is the prevalence of the target conditions (amblyopia, refractive errors and non cosmetically
obvious squints) in three to four year old children? What proportion of children with cosmetically
obvious squints and partial sight and blindness fail to present spontaneously?

Natural history
What is the natural history of the three target conditions?

Disability
What are the consequences of the primary target conditions in terms of disability at that time or later,

as measured by various outcomes such as visual acuity, stereopsis, educational achievement and the
performance of everyday activities?

Treatment

What is the effect of treatment of the primary target conditions in three to four year olds on visual
function and current and future disability?

Is there evidence that this is more effective than treating the same conditions in five to seven year
olds? If treatment is as effective at five to seven years, screening could be carried out at school entry.

Screening

What is the uptake of screening following invitation? Is there evidence that these screening
programmes can identify the target conditions efficiently?

The parameters of a screening programme that predict its performance are the sensitivity, specificity,
positive predictive value and yield.

10



Measuring the efficiency of screening

Target Target
condition | condition
present absent
Test +ve a b
Test -ve c d

a= true positive cases b= false positive cases
c= false negative cases d= true negative cases

Yield = a
a+b+c+d
a

Positive predictive value = a+b
Negative predictive value = d

c+d
Sensitivity = a Specificity = d

a+c b+d

Potential research questions not included in this review

We have not attempted to identify and critically appraise all the literature pertaining to the
performance of the numerous vision tests that could be used in this age group. We have restricted the
search to tests that have been used in population screening programmes. This is necessary before a test
can be recommended for use in a screening programme, as the results of testing in experimental
conditions are not always replicable in practice. The reliability, validity and repeatability of a test
determine the sensitivity, specificity and positive predictive value of the test’s performance in a
screening programme, and tests which have been shown to score highly on the latter must therefore
perform reasonably on the former. Visual acuity charts in which the lines are scaled in a logarithmic
fashion (LogMAR charts), and which can be scored by letter rather than by whole lines, seem to have
advantages over the Snellen scale, including greater accuracy and better test-retest reliability * * but,
in the UK, they are at present used only in research.

11



We have not looked for studies of the safety of these tests. All are non-invasive and have been in use
for decades. It seems reasonable to assume that they are safe. Nor have we looked for studies of their
acceptability. To some extent a high uptake rate can be regarded as a proxy measure of acceptability
by a community.

We have not attempted to assess the adequacy of current service provision. This would need to be
undertaken before a screening programme such as this was implemented.

This review has not attempted to assess the effectiveness of screening at three to four years of age
relative to alternative strategies for the identification and treatment of visual defects in children. These
include the identification and treatment of risk factors for amblyopia and squint in infants by various
methods of refraction, and screening at school entry.

12



REVIEW METHODS

The NHS CRD Guidelines on Undertaking Systematic Reviews of Research on Effectiveness'?® were
consulted. Trevor Sheldon, Director of the NHS Centre for Reviews and Dissemination, offered
advice and support on all aspects of the review.

Adyvisory Group

A multi-disciplinary group of researchers and practitioners with diverse opinions were invited to help
identify literature, comment on the protocol, check our interpretation of the literature, and offer peer
review of a draft report and advice on implications. One meeting of the group to discuss an early
version of the report was held. The group did not determine the contents of the review.

Search Strategy

Studies in any language were considered for inclusion. Medline was searched from its start date of
1966 and other databases from 1975.

Studies that focused on children with severe disabilities who also had visual defects were excluded.

Electronic searching
The electronic search strategies were devised with the help of Anne Lusher at the Cairns Library,
Oxford, and Julie Glanville at the NHS Centre for Reviews and Dissemination.

The search strategy was modified to meet the requirements of each database. For those which code the
research designs, separate searches were undertaken to identify a) RCTs b) CCTs and c) other study
designs. The search strategies are included in Appendix B.

The following databases were identified by a CROS search (Appendix C) as those with the greatest
number of references relating to the broad topics with which the review is concerned:

Biological Abstracts
Medline

Embase

SciSearch

Psychlit

IAC Health Periodicals
Cinahl

13



In addition, ERIC, an educational database, and IAPV (Incidence and Prevalence) databases were
searched.

Handsearching

The results of the handsearching undertaken by Jennifer Evans and Richard Wormald at Moorfields
Eye Hospital for the Cochrane Collaboration were made available for the purpose of the study. RCTs
and CCTs of screening and treatment were looked for in the following journals:

British Journal of Ophthalmology 1948-1995

Ophthalmic and Physiologic Optics/Br J Optometry and Physiologic Optics 1948-1995
British Orthoptic Journal 1985-1995

Clinical Vision Sciences 1986-1995

European Journal of Implant and Refractive Surgery 1989-1995

Experimental Eye Research 1985-1995 (some issues missing 1994/5)

Journal of the British Contact Lens Association 1985-1992

Progress in Retinal Research 1985-1995 (1 issue missing 1994)

Vision Research 1961-1970,1975,1980,1985,1990,1992,1995

Visual Neurosciences 1988-1995

Journal of Paediatric Ophthalmology/Strabismus 1964-1994 (except 1978 & 1980 and some
nurnbers missing in 1994)

We were notified of potentially relevant RCTs and CCTs identified at the Baltimore Cochrane Centre
for inclusion in the Vision Trials Register.

The British Orthoptic Journal 1976-1996 was handsearched for any studies relating to the research
questions.

Other sources .

A request for unpublished data was sent to departments of ophthalmology, vision sciences and
orthoptics and to researchers in this field. Notification of the review and a similar request was made in
the following publications: British Orthoptic Society newsletter, Optician, and Optometry Today.

Reference lists of retrieved articles were scanned to identify other relevant studies.
The following databases of grey literature were searched: SIGLE (System for Information on Grey
Literature in Europe), DHSS-Data, Faculty of Public Health Medicine Database of Dissertations,

Index of Scientific and Technical Proceedings, Dissertation Abstracts, Index of Theses, NHS Research
Register, PHISH, MSc theses from university departments of Community Paediatrics.
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Inclusion Criteria

Studies were considered for inclusion on the grounds of relevance (subjects), outcome and design. For
some of the research questions the range of study designs included is far greater than those usually
included in systematic reviews. These are often confined to controlled or randomised controlled trials.
Our inclusion criteria for studies on disability were particularly wide. It was deemed important to
identify the literature on which clinicians base their views on disability and to appraise the extent to
which it supports those views.

Studies that meet the inclusion criteria are tabulated. Those that were rejected on one or more of the
criteria are identified in Appendix D. Some did not meet the inclusion criteria but provided useful
contributory information, which is referred to in the text.

Prevalence studies
Subjects: a representative population of children aged 3-4 years.
Outcome: prevalence of the primary target conditions.

Design: cross-sectional studies.

Natural history studies
Subjects: a representative population of children in whom any of the primary target conditions
were identified at age 3-4 years and whose visual defects were not treated.

Outcome: any visual changes observed over time in children who had not been treated.

Design: cohort studies of 20 or more subjects.

Disability studies
Subjects: any aged 3 years or more.

Outcomes: any type of disability attributable to any of the primary target conditions.

Design: any (cross-sectional, comparative, case control, cohort, trials of treatment, qualitative,
systematic and non-systematic reviews) studies that investigated whether disabilities were
associated with the target conditions. In particular, we hoped to find studies that aimed to establish
whether there was a causal relationship between visual defects and disability.

The epidemiological criteria for establishing a causal relationship were described by Bradford Hill in
1971."" They are: -

+ strong and consistent, statistically significant association not accounted for by confounding
factors

* adose-response relationship
* evidence that the visual defect preceded the disability
* evidence that the disability could be reversed by correction of the visual defect
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Treatment studies
Subjects: children aged 3-7 years who were treated for any of the primary target conditions.

Outcomes: visual outcomes, visual complications associated with surgery, spectacle use, disability,
patient perceived outcomes, other side effects.

Design: prospective controlled trials, with or without randomisation.

Screening programme studies
Subjects: children aged 3-4 years.

Outcomes: uptake rates, referral rates, diagnostic yield, positive predictive value, negative
predictive value, sensitivity, specificity, costs, visual outcomes, and patient perceived health
outcomes.

Design: prospective controlled trials, observational studies and audits.

Critical Appraisal

The studies have been critically appraised independently by the two authors. The methodological
shortcomings of each study are identified in the tables. Those of the different study designs are
discussed in the text.

Data Extraction

Data was extracted from studies meeting the basic inclusion criteria by the first author and checked by
the second. Any disagreements were discussed and resolved. Where possible, the authors of the
studies concerned were contacted if data was unclear or appeared to be incomplete.

Data Synthesis

Results from studies that provide comparable numerical data on aspects of screening programmes
have been gathered together in one table. Where possible these data have been pooled. Where
secondary calculations have been made in order to produce comparable data this has been indicated in
the tables. Some studies, particularly those on screening programmes, have addressed more than one
of the research questions and so appear more than once in the results tables. A qualitative approach
has been used to explore aspects of the research hypotheses that are not suitable for quantitative
synthesis.
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RESULTS: PREVALENCE

No studies were found which were conducted with the primary aim of establishing the prevalence of
amblyopia, refractive errors and squints at three to four years of age. Our search strategy and inclusion
criteria were specific and should have been sensitive. It seems unlikely that we have missed studies
that are retrievable electronically at present.

We identified two types of study which could contribute to this research question: retrospective
analyses of hospital records in communities where hospitals serve a defined catchment population and
observational studies of the yield of screening programmes for this age group (these are presented in
Tables 5a and 5b in the section on screening).

Prevalence rates depend on the definition of the condition. All three target conditions can be present at
varying degrees of severity. Comparing the yield from screening programmes, that is the proportion of
children in the screened population found to have a target condition, is complicated by the absence of
precise definitions of the conditions in the studies (see Tables 5a and 5b). Only one study gave a yield
for micro-squints,* and the other studies failed to distinguish between different types of squint when
reporting yield. The level of acuity at which amblyopia is considered significant may not be defined,
and the type and degree of refractive error included in the prevalence estimates of refractive errors is
not always identified. One study of screening programme yield included all children of the relevant
age referred to eye hospitals’ and one recorded separately referrals made through screening and by
other routes,” while the rest included only those referred from the programme. The latter studies will
underestimate the prevalence of the conditions because they may exclude children who have presented
spontaneously and do not turn up for screening because they are already under the care of an eye
hospital.

The studies of primary orthoptic screening programmes presented in Table 5a provide an estimate of
total yield of 2.4-6.1%. The study with a yield of 2.4%’ excluded isolated refractive errors from the
target conditions. The studies with yields of 5.9%” and 6.1%® both identified 4.3% of children as
having refractive errors (including anisometropia), but the severity of hypermetropia and myopia were
not defined and may have included mild cases. The second of these studies stated that glasses were
prescribed if the refraction was more than +4 D but there is no indication that only children with
refractive errors at this level were included in the yield. If these two studies are excluded the range of
yields reported in these programmes runs from 2.7 to 4.4%.

We found one survey of ocular and/or vision defects detected in a cohort of children born in 1984 and
followed up to the age of five, in one health district.” In this district during this period a secondary
orthoptic screening service was provided. 5.1% of the children were found to have an ocular or vision
defect requiring treatment or surveillance between the ages of two and five years. Heterotropia was the
primary defect in 2.3% of children and heterophoria in 0.5%, while refractive error only was found in
2.1% and other pathologies (non target conditions) in 0.2%. These figures include children who also
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had amblyopia, which was classified according to the putative cause (squint, refractive error or
cataract).

One study’ analysed in detail all referrals to all hospitals in Leicester to identify the age specific and
cumulative incidence of amblyopia. There was no primary orthoptic screening in place in this city.
The cumulative incidence of amblyopia up to age three years was 1.25% and up to four years 1.69%.
Three percent of the population of Leicester were diagnosed as having had amblyopia of 6/12 or worse
by the time they reached eight years of age. In theory, if pre-school vision screening is effective in
identifying children with amblyopia earlier than they would otherwise present, these figures from
Leicester should underestimate the prevalence of amblyopia at age three and four years.

No comparable studies of squint or refractive error prevalence in this country have been found. The
lack of information on the prevalence of non cosmetically obvious squints (intermittent squints, latent
squints and micro-squints) is notable. One study® suggests that the figure may be very high. Seventy-
seven per cent of a group of 86 children selected as controls for a study of dyslexic children from a
whole population of second grade children in one Swedish county, were shown to have a tropia or
phoria at near and 25.4% at distance. This contrasts with the much smaller number of children found
to have a tropia or phoria in the birth cohort study discussed above.”” That study was based on a
population of children referred to the Eye Hospital and would not have included children in whom
there was no reason to suspect an abnormality. The control group in the Swedish study approximates
to a normal population and is more likely to give an indication of the true prevalence.

No studies were found which addressed the question of how many children with cosmetically obvious
squints and partial sight and blindness fail to present spontaneously. The few studies that touched on
the issue of spontaneous presentation of children with visual defects are discussed in the section on
screening.

Summary

Despite the methodological limitations of the studies included in this section, and excepting the

67,84

difference between the two studies mentioned above,”* the prevalence estimates are consistent. There

can be no doubt that the target conditions are sufficiently common to justify screening programmes
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RESULTS: NATURAL HISTORY

We found no studies designed with the intention of documenting the natural history of squint,
amblyopia or refractive error in three to four year olds. This was a focused search strategy and it is
unlikely that correctly coded studies were missed.

We found some studies that, although they do not fill our inclusion criteria for natural history studies
and are methodologically limited, provide useful background data.

One of these'* was set up to evaluate the effectiveness of a primary orthoptic screening programme for
children aged three to four in Newcastle. The prevalence of amblyopia associated with non
cosmetically obvious squints or refractive error (straight- eyed amblyopia) was significantly higher in
the group who underwent orthoptic screening than it was in the other groups of children and more of
these children received treatment. This was attributed to the efficiency of orthoptic screening in
finding children with amblyopia. When the children were followed up to the age of seven it was
expected that the prevalence of amblyopia would be higher in the group which had not been screened
by orthoptists because fewer of the amblyopic children in this group would have been identified and
treated. The prevalence of amblyopia was found to be the same in all groups. The implication of this
result is that some of the amblyopia identified and treated in the orthoptic screening group would have
resolved spontaneously if left untreated. This study was a CCT not an RCT and the sample sizes
small, so conclusions must be drawn with caution. (A fuller appraisal of this important study is to be
found in the section on screening).

The second study'' followed up 22 of 24 children referred to the eye department of a Swedish
children’s clinic following screening at four years of age with confirmed mildly reduced visual acuity
of 0.65 (decimal equivalent of approximately 6/9) in both eyes, or 0.65 in one and 0.8 (approximately
6/7.5) in the other. Distance visual acuity was tested using the HVOT chart. Two of the children had
hypermetropia of >+3.25D in both eyes. None of the 24 children were treated. At five years of age 18
of these children could see 0.8 or better with each eye. The visual acuity of the four whose vision had
not self-corrected had not deteriorated. However, in two of these the refractive error had increased
slightly. These children were treated with spectacles and patching at five years and both improved.
This is a small study, but its findings are in agreement with'* and call into question the need to refer or
treat children with amblyopia of 6/9 at three to four years of age.

The third study was also Swedish.'”’ This study followed up babies of parents who reported that they,
or a sibling, had had a squint. These children had their vision tested at 3, 6, 12, 24 and 48 months. All
the children who developed an esotropia (a convergent squint) by four years (17.6% of this group of
34 children) were hypermetropic >+4.0D at six months of age. Half of the group who were
hypermetropic to this degree at six months did not develop squints, but in these children, in contrast to
the former, the hypermetropia had decreased by four years. The study also documents the changes in
refraction that occurred in this group of children over this period. Most babies were more
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hypermetropic at six months than they were at three months and at this age the modal refractive index
was +3.0-3.75D. Hypermetropia reduced in all children except those who ended up with squint; at four
years of age the modal refractive index was +1-1.75D. The study was small and the statistical
significance of the results was not tested.

In a study of 186 one year old children,"* bilateral hypermetropia of +2.00D or more and/or
anisometropia or astigmatism was significantly associated with a child eventually developing a squint
and/or amblyopia. This finding also applied to a group of 215 preschool siblings of children presenting
with squint and/or amblyopia, in whom the presence of +2.00D or more of bilateral hypermetropia, or
+1.00D or more of anisometropia was significantly associated with a child being found to have squint
and/or amblyopia two or more years later.'"”

The results lend support to the hypothesis that hypermetropia in early infancy that does not reduce
with age results in cosmetically obvious squint. However treatment of hypermetropia following early
detection will result in the correction of hypermetropia in many children in whom it would regress
naturally.

We found one small study that provides some circumstantial evidence of the natural history of
amblyopia in people with squints. This reported the prevalence of amblyopia in 20 immigrants to the
United States from south east Asia (average age 20 years) with a history of untreated early onset
esotropia, who were seeking an improvement in their cosmetic appearance.” These were compared
with 20 people with the same condition who had received orthoptic and surgical treatment and for
whom the follow-up period varied from one to eight years. Of the treated group, 20% had amblyopia
prior to surgery and 80% afterwards. In the untreated group, only 15% had amblyopia. Although these
two groups are not at all comparable, the findings in the untreated immigrant population are important
as they suggest that, in this group at least, amblyopia was by no means an inevitable consequence of
uncorrected cosmetically obvious squint.

Summary

The few studies which provide information about what would be expected to happen to the vision of
children with any of the target conditions at three to four years in the absence of intervention do not
support the need to treat these children, but there are many important gaps in the data. Lack of
documentation of the natural history of the three target conditions means that it is impossible to
estimate the effect of treatment from studies which have no control group. Any improvement observed
during the course of treatment might be occurring in spite of, rather than because of, treatment.

20



RESULTS: DISABILITY

We found 21 studies which aimed to investigate whether a variety of disabilities were associated with
any of the three target conditions The literature on the relationship between visual defects and reading
difficulties is particularly extensive and diverse. The reviews we identified on this subject®"**® cover
studies dating back to 1932 conducted by a range of professionals (psychologists, optometrists,
ophthalmologists, educationalists, and neurologists). We have not attempted to appraise all the studies
in these reviews as they predate the rest of our search.

Five different types of study design were identified:

» Studies of representative cohorts of children in which the performance of the small number of
children with a visual problem is compared to that of the remainder of the population

+ Studies comparing a group of children or adults with a problem to a similar group without the
problem. Most of these studies were comparative studies rather than true case control studies.
This study design has been applied to groups of children with reading difficulties, groups of
clumsy children and groups of children with learning difficulties; in these studies the outcome
was visual defects. The same study design has been applied to a group of students with
amblyopia; in this study the outcome was performance of everyday activities

» Studies in which the level of vision is correlated with the level of potential disability using both
attributes as continuously distributed variables rather than categorical variables as in the designs
above

* Experimental studies in which the vision of normal subjects is artificially impaired in the way
that the vision of people with the target conditions might be impaired and performance at
everyday activities measured

* Studies of the epidemiology of partial sight aiming to identify the proportion in which
amblyopia is a contributory factor

The first two types of study are methodologically sufficient only to establish the first of the
epidemiological criteria necessary to conclude that the target conditions cause disability. They should
be able to identify a strong and consistent association if one exists. To fulfill these criteria such studies
need to have tested whether potential confounding factors associated with both the problem and the
outcome (for example social class) have been taken into account. The mathematics are complex and
time consuming. Computer software which can “ adjust” for confounding factors was only developed
in the 1980s and these calculations were not commonly done before that time. Two of the later cohort
studies®"* and one of the studies comparing matched groups® did this.

The third type of study (correlating levels of defect with levels of disability) can go some way towards
demonstrating that the disability gets worse as the target condition gets worse, a dose-response
relationship. The problem with this design is that some measures of visual performance, such as visual
acuity, are rank order rather than continuously distributed variables. The fourth is valuable in showing
that a reduction in visual function could result in impaired performance, that is that the vision defect
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precedes the disability. The findings from the latter type of study, however, need to be substantiated in
people who have had the target conditions since childhood to demonstrate that the developing brain
was not able to develop compensatory mechanisms. The fifth is important in defining the size of this
particular and important outcome in later life. None of these studies designs is sufficient to
demonstrate the last and most important criteria in establishing a causal relationship, that by reversing
or treating the visual defect it is possible to prevent the development of disability.

The studies we identified and appraised are presented in Table 1 at the end of the section on disability,
where they are organised by study design and topic.

Studies of representative cohorts of children in which the performance of the small number of children
with a visual problem is compared to that of the remainder of the population

The strength of these studies is that the group of children with whom the ‘abnormal’ children were
compared was truly representative of the general population. An additional advantage is that, in all but
one study,’ vision and educational tests were carried out independently of each other. Their
disadvantage rests in the level of diagnostic accuracy, which is limited because many different people
(school medical officers and nurses) carried out the testing and standardisation of testing and diagnosis
is difficult.

We identified four studies of this kind.***"* The earliest in children aged seven showed an association
between squint and educational performance. Children with squints scored less well on tests of
reading and copying, and were rated by teachers as fidgety and clumsy and having less intelligible
speech. This association appeared to be due to a clustering of problems in some children who were
labelled as having ‘minimal cerebral dysfunction’. After excluding clumsy children, significant
differences remained in the performance of children with squints in the reading and copying design
tests. The results of the second study* in five year olds were consistent with the first. They showed an
association between squint and poor performance in neuro-developmental tests. The third study™
examined the motor abilities of children with reduced stereoscopic function likely to be due to
amblyopia or squint, comparing those with other children. Children with poor stereoscopic vision at
seven years had poorer motor ability at five years. In this study potentially confounding factors like
socio-economic status, physical development and IQ were taken into account. The fourth study® was a
large UK study using more complex analysis on children aged ten. The results of school visual acuity
testing were used to group children with less than perfect vision according to the likely cause. The
performance of these children was compared with those with perfect vision. The most dramatic
finding in this study was the superior intelligence test performance of children who were likely to have
myopia. This association has also been found in other studies.’® "' The differences in the other
groups were small. The only group who appeared to be reading at a level that was inconsistent with
their intelligence were children who failed the near but not far vision tests. These children were likely
to have been hypermetropic and to have had poor accommodative powers. This study also adjusted for
confounding factors. Because of the very large size (15000 children) the statistically significant
differences are small in absolute terms.
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Studies comparing a group of children or adults with a problem to a similar group without the problem

Reading

The literature suggests that the relationship between reading and vision has intrigued researchers for
almost a century. We identified three reviews looking at the prevalence of visual defects in children
with reading difficulties compared to children who had no reading difficulties.®*"** These covered
studies dating back to the 1930’s. The first and most recent™ was based on a systematic search for
studies with quantitative outcome data. Thirty-four studies were included. The authors applied
statistical tests of heterogeneity to the data and provide results for analyses with and without the
outliers. It does not appear that the studies were critically appraised and that any were excluded on the
grounds of methodological inadequacy. The results of this review are consistent with the studies
showing that myopia is negatively associated with poor reading. The authors found a positive
association with hypermetropia and anisometropia. Some types of squint (exotropia at near and
vertical phorias) were positively associated with poor reading, and others (esophorias at both near and
far) were negatively associated.

The authors of the second recent review’' did not specify their search strategy. They aimed to identify
studies with a control group, which looked at the prevalence of refractive error in children with
reading difficulties. They did not specify methodological quality criteria and do not appear to have
excluded studies on the grounds of methodological inadequacy. They presented a qualitative synthesis
of the results of the studies and concluded that myopia was not associated with reading difficulty, but
that hypermetropia and anisometropia were. None of these three conditions was defined in terms of
the level of refraction and the ages of the children in the different studies were not specified. It is
impossible to tell whether the visual assessment was carried out by an independent reviewer.

The third review® was another non-systematic review of studies of children with reading difficulties.
It included “only studies which adhere to the rudiments of scientific investigation” but did not specify
what these are. The findings are consistent with the above reviews with regard to refractive errors.
Squints were found to be positively associated with poor reading.

Lack of information on the methodological quality of the studies included in these three reviews
makes it impossible to place much weight on the findings. The one finding which would appear to be
consistent in all these studies and is born out in the studies quoted above is that children with myopia
perform better than their peers at reading. In contrast hypermetropia and anisometropia may be
associated with poor reading. The studies on oculomotor function and squint have produced
inconsistent findings.

The four primary studies we have included were undertaken more recently than those included in the
reviews and two are methodologically superior. These studies have concentrated on the relationship of

oculomotor abnormalities to reading difficulty. The largest study® **

was a case control study of the
86 dyslexic children in a cohort of children from one Swedish county each of whom were matched to

a non-dyslexic child of the same age, sex, social class and intelligence. Visual assessments were
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undertaken by an ophthalmologist and orthoptist blind to the child’s reading ability. This study
concluded that dyslexic children did not differ significantly from control children in terms of
oculomotor function. A study of similar design and size in Finland,* but in which visual assessment
was not blinded, concluded that the only oculomotor difficulty was a reduction in the ability of the
eyes to converge on near objects (so preventing a double image). The two other studies'*' had small
sample sizes, matching was restricted to age, sex and, in the latter study, intelligence. Visual
assessment was not blinded. These studies suggested that dyslexic children had an abnormal vergence
response. It is likely to be important that the largest study, which was also the only one in which the
possibility of bias in visual assessment was excluded by blinding, found no difference in oculomotor
function between children with dyslexia and those without.

Clumsiness

One small study® compared the visual performance of children who were defined as clumsy on a test
of motor competence with that of a group of children who were similar in terms of age, sex and IQ.
Blind assessment was undertaken. The study found that clumsy children performed less well on tests
of visuospatial discrimination but there was no dose-response relationship.

Learning difficulty

We found another small study® comparing the visual performance of children from classes classified
as learning disabled with a group of children from a conventional class in the same school grade. The
assessment was not carried out blind, no academic testing was carried out and no information on IQ
was available. Vertical fixation disparity was said to be more common in the learning disabled
children.

Amblyopia and perceptual skills

We found one non-systematic review” in which the authors brought together a number of studies that
contribute to the debate on the importance of stereopsis in humans. They noted the lack of studies
exploring the functional consequences of reduced stereopsis. Evidence relating to the importance of
binocular vision seems to be conflicting. The authors concluded that even people who require a high
level of visual skilis, such as pilots, function well without stereopsis, but that it appears to be an
advantage in certain tasks, such as those requiring complex hand-eye co-ordination.

We identified one unpublished study®® that investigated the impact of amblyopia on contrast
sensitivity, the ability to detect depth in stereopsis tests, and the judgment of spatial relationships. The
performance of students with amblyopia in exercises designed to test these skills were compared with
those of students who had the same level of visual acuity in their better eye and no amblyopia, but
who had monocular acuity deficits due to under-corrected or uncorrected refractive errors. This study
suggested that monocular amblyopia had little impact on perceptual skills and was unlikely to affect
the performance of everyday tasks in ‘most normal environments where spatial cues are abundant’,
The author suggested that people with amblyopia might find it difficult to construct topographical
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maps from aerial photographs or to detect counterfeit money, but did not investigate further the
possible functional consequences of amblyopia in terms of ‘real life’ activities. The severity of
amblyopia amongst these students was not specified and the sample sizes were small. The fact that
those in the control group also had reduced vision in one eye, albeit due to refractive errors, may offer
some explanation for the similarities in the test performance of the two groups.

Another study with several methodological weaknesses™ attempted to assess the stereoscopic ability
of office workers. The study used an outcome measure which was not validated and collected this data
in a questionnaire. The results suggest that the majority of office workers do not make use of the
stereoscopic function they do have. One hour’s instruction produced a subjective improvement.

Studies in which the level of vision is correlated with the level of potential disability using both attributes
as continuously distributed variables rather than categorical variables as in the designs above
Three studies of representative samples of children, one large™ and two small** all looked for a
correlation between visual defects and reading ability and found none. In these studies, children’s
performance on various dimensions of visual function was graded, as were the outcomes (such as
reading scores). The authors assessed the level of correlation between vision and outcomes.

Experimental studies in which the vision of normal subjects is artificially impaired in the way that the
vision of people with the target conditions might be impaired and performance at everyday activities
measured

We found two studies in which the vision of normal subjects was artificially impaired in order to
assess the impact on specific tasks. The first® examined the performance of a small convenience
sample of university staff in a tightly controlled experimental situation. This sample performed less
well at almost all tasks with one eye closed and there was a significant interaction with dim light. The
reduced performance was not entirely accounted for by lack of stereopsis. Another study® rendered
primary school children myopic with spectacles. The children performed less well than would have
been expected from their visual acuity in discriminating complex pictures.

Studies of the epidemiology of partial sight aiming to identify the proportion in which amblyopia is a
contributory factor

Finally, one much-quoted study’” attempted to calculate the contribution which amblyopia makes to
blindness and suggested that the rate of 1.75/1000 amblyopes was higher than the risk of blindness in
the general population. During the same period in Finland, the overall blindness rate in children was
0.11/1000 and in adults aged 15-64 years 0.66/1000. These calculations did not take account of
changes in the birth rate or in the incidence of amblyopia over time, and are dependent upon the
quality of the ascertainment and registration of blindness in Finland. Knowledge of the size of this
problem is very important in assessing the potential impact of screening and treatment, and it is
surprising that the Finnish study has not been repeated elsewhere. There are reports of improvement in
vision in amblyopic eyes after functional loss in the good eye. One study'*' found that of 59 cases of
unilateral amblyopia with the loss of the good eye taken from literature and 144 cases obtained from a
questionnaire sent to ophthalmologists, in 47.5% and 28.5% respectively there was a reported
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improvement in the acuity of the amblyopic eye. The authors took the latter group to constitute a more
random selection and noted that 17.4% of that group improved without any treatment.

Summary

Although experimental studies suggest that people with good vision in only one eye might be expected
to be disabled in a number of ways, this finding has not been born out in the one study of the
performance of people with amblyopia. This may be because most people with amblyopia have some
vision in their poor eye or because people with only one good eye since childhood develop
compensatory visual mechanisms. The latter study did not carry out tests on all the areas demonstrated
to be affected in the experimental study and the participants were not tested in the dark. Further more
detailed studies of the performance of adults with amblyopia are urgently needed.

One strong and consistent relationship emerges from studies of visual defects and reading. Children
with myopia perform better at tests of reading than their peers. Whether this is due to superior
intelligence or to reading ability alone is not so clear. The relationship, although of academic interest,
is of little consequence to the debate about the importance of preschool vision screening partly
because myopia is rare in this age group and partly because there are no clear therapeutic implications.
The possibility that hypermetropia might interfere with learning to read warrants testing in a well
designed randomised controlled trial of spectacle correction but the evidence is not sufficient to
warrant screening at this stage.

The quality of the literature on visual defects and disability is insufficient to offer any advice to

parents about what might be expected to happen to children who have amblyopia, non cosmetically
obvious squint or refractive error if they were left untreated.
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RESULTS: TREATMENT

RCTs and CCTs of treatment (Table 2)

We identified five prospective RCTs and six prospective CCTs of treatment for the target conditions.
None were found which were specifically relevant to this age group for the three target conditions. As
our electronic search was complimented by extensive handsearching of relevant journals undertaken
by the Cochrane Collaboration it is unlikely that studies meeting our inclusion criteria were missed.

Study findings

Three RCTs compared the effect of the CAM vision stimulator with conventional orthoptic treatment
in children aged five to fifteen.”” > The studies found no significant benefit from CAM treatment,
which may explain why it is no longer used in this country.

Only one study was found which compared any treatment for any of the target conditions with
placebo.* Given the uncertainty about the natural history of these conditions this is a serious gap.
Even the one study we found did not have a no-treatment control arm. This study was an RCT in
which all patients received orthoptic treatment but the trial invéstigated whether there was any benefit
from additional treatment with the drug levodopa/carbidopa (which had been found in single-dose
studies temporarily to improve contrast sensitivity and visual acuity). The control group was given
placebo capsules. Improvements in visual acuity and contrast sensitivity were seen in both groups,
though the intervention group showed a greater improvement in both than the control group. After one
month the levodopa/carbidopa group had regressed slightly and the control group had not maintained
any improvement.

The final RCT looked at the beneficial effect of prism adaptation on surgery for acquired esotropia.”
Many of the participants had squints that would have been cosmetically obvious. Success rates were
highest in those in whom surgery was based on the prism-determined angle. No controlled studies,
with or without randomisation, of treatment for latent squints were found.

We found one prospective controlled trial of the efficacy of preoperative prism correction for acquired
esotropia,” which had similar findings to the RCT of this intervention.”® The other five prospective
CCTs that we found compared different approaches to amblyopia treatment.?”** ™™ 7 The studies that
compared treatment with CAM gratings and either blank discs (instead of gratings)™ or occlusion”
found no significant difference in visual acuity between the groups after treatment. Small
improvements in visual acuity were seen but the small number of participants in each study limits the
value of the findings. Confidence intervals are wide due to small sample sizes. Further, in the study
comparing treatment with blank discs or gratings, people in both groups received both types of
treatment at each session and, although visual acuity was measured before, between and after each
treatment, there remains a possibility that the two interventions might have interacted. In the study
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comparing three different occlusion regimes,® ‘improvement’ in visual acuity and fixation is reported
but not defined, and it lacks information on baseline measurements, the method of allocation to
treatment groups, the personnel involved, and any explanation of the variety in the length of treatment.
The study comparing minimal occlusion and full-time occlusion in addition to CAM treatment” shares
several of these flaws. It reports a greater improvement in visual acuity in the group prescribed full-
time occlusion, and notes that 33% of those with improved acuity after treatment showed some
deterioration three months later. The study comparing occlusion with pleoptics” found that pleoptics
offered no advantage over treatment with occlusion.

The validity of the findings

Some of the limitations of the studies have been outlined above, and further details are given in Table
2. Appraising the quality of these studies is made difficult by the lack of information on one or more
aspects of the study design. Information on the means by which people were allocated to each
treatment group is essential when assessing study validity. If they were allocated according to the
clinician’s judgment, it is likely that the groups were not comparable at baseline. To reduce the
potential for investigator bias it is important for the personnel examining participants for the outcome
measure of interest, such as visual acuity, to remain ‘blind’ to their status in terms of exposure to a
particular treatment. This was done in some of the studies but in one of the RCTs it was not,* and in
other studies blind assessment was not mentioned and presumably was not part of the study design.
Knowledge of the comparability of control and treatment groups at the start of the study is essential
when interpreting treatment outcomes, but this was missing from several studies. A lack of
information about compliance with treatment also weakens the findings. Most importantly none of
these studies compared a treated group with an untreated group so they cannot provide an answer to
the question “does treatment for the target conditions work?”

Other studies of treatment

Because of the paucity of evidence from prospective RCTs and CCTs we reconsidered including
retrospective controlled trials in the review. Such studies suffer from all the problems outlined above
as well as loss of data through missing case-notes and inadequate recording of outcomes. It was
decided that such studies were methodologically weak and would not be able to answer the research
questions. However, some retrospective studies provided data on two important areas of treatment:
compliance and outcomes at different ages. These have been included in the text but the
methodological limitations of these studies need to be remembered when evaluating the ‘evidence’
they provide.

Outcomes of treatment at different ages

We found one UK study that compared the outcome of treatment for amblyopia in children of
different ages.’ This was a retrospective uncontrolled study of a large unselected population of
children at seven orthoptic centres in the UK. The paper did not discuss the sources of referral for
these children. Final visual acuity was not significantly different in children treated at age three to five
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years compared with those who started treatment at five to eight years. The initial visual acuity was a
more important determinant of outcome than the child’s age.

Non-attendance and compliance

A study of a preschool vision screening programme in an inner city area in Scotland looked at factors
affecting the attendance rate for treatment of amblyopia detected on screening.” Stepwise regression
analysis showed that socioeconomic status was the only variable to significantly affect the attendance
rate, which declined as socioeconomic status fell. The probability of non-attendance from the model
was 20.5% for classes one and two, and 37.1% for class three. In a prospective controlled study
comparing visual outcomes in children from three different screening programmes in Newcastle and
Northumberland.' of the 97 children across all three groups who were identified as having defective
vision, 26.8% defaulted from further investigation or treatment.

Two studies were found which looked at attendance at follow-up appointments and parental reports of
compliance with patching in different age groups. One study retrospectively reviewed the records of
496 children with amblyopia and found that 11.7% of three to six year olds were non-compliant
compared with 14.5% of six to nine year olds.” The other, a prospective study of 350 children with
amblyopia, recorded non-compliance in 28% of two to five and a half year olds, 36% of five and a half
to eight year olds and 53% of eight to eleven year olds.* The recent development of an occlusion dose
monitor has made possible the objective monitoring of occlusion.”

We identified no studies that attempted to assess any negative impact of orthoptic treatment on the
child or the family. Preschool children are thought to be more compliant, but enforcing patching in a
reluctant child would be likely to have a negative impact on family life. Some children are admitted to
hospital to enforce patching. How commonly such difficulties occur is not documented in the
literature but the fact that non-compliance is a problem implies that patching is not easy.

Visual improvement following treatment for amblyopia

Seven of the screening programme studies discussed in the next section attempted to measure the
improvement in visual acuity that occurred in children who were screened positive, referred and
treated.>* ' %3+ ¥ These results are equivalent methodologically to those that would be gained from
uncontrolled observational studies of treatment. They substantiate clinical beliefs that children’s vision
does improve during treatment, but without a comparison group of untreated children they cannot
show that treatment works. They provide an indication of the extent of improvement that can be
expected from an unselected sample of children whilst undergoing treatment. In these studies visual
acuity improved two or more lines in between 50% and 85% of children and between 60% and 80% of
children achieved 6/6 vision.

Few studies looked at the extent to which these observed improvements in visual acuity following
treatment are maintained. Three studies of CAM therapy™ "> reported that some of those who had
responded to treatment subsequently deteriorated, and in the RCT of levodopa/carbidopa treatment*

neither group maintained the initial improvement in visual acuity, although deterioration was greater
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in the control group. However, these studies evaluated short-term outcomes only, giving results of
follow-up between one and three months after the completion of treatment.

Treatment of refractive errors

The immediate effect of spectacle correction of refractive errors on visual acuity is sufficiently well
established for an RCT of treatment to be superfluous. Questions remain, however, about the
significance of reduced visual acuity in preschool children. If these children do not suffer problems
from isolated refractive errors before they get to school age they could be identified and treated at
school entry. Orthoptists treat children with minor refractive error to prevent the development of
squint or amblyopia. The search did not reveal any studies of the impact of this intervention.

Summary

Our search for evidence that treatment for any of the three target conditions is effective has been
disappointing. We have been able to substantiate clinical beliefs that children with amblyopia do
improve during treatment, but without sound evidence on the natural history of these conditions this
evidence falls very far short of showing that treatment works. Whether the documented improvement
in visual acuity is accompanied by a reduction in disability is a question that does not seem to have
been posed. All the studies of amblyopia treatment we have examined have taken as given that an
improvement of visual acuity in one eye is important to children. Studies on compliance with
treatment suggest that orthoptic treatment is not without problems for families but potential negative
effects of treatment have not been explored. Our search did not pick up studies that followed the
progress of children with non cosmetically obvious squint through treatment. As the natural history of
these conditions has not been documented such evidence would not amount to proof that these
treatments work. The case for identifying and treating refractive errors in this age group could only be
made in studies which demonstrated that children with these problems were in some way disabled and
that the disability could be corrected with spectacles. These have not apparently been undertaken.
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RESULTS: SCREENING PROGRAMMES

RCTs of screening

We identified no RCTs of screening programmes for three to four year olds. An RCT comparing the
effectiveness of two preschool vision screening programmes offered to children under 37 months of
age in Avon, England has recently been completed.” In this trial 2029 children were randomised into
the intervention group and were offered vision screening at the ages of 4, 8, 12, 18, 25, and 31 months.
1461 children were randomised into the control group and were offered the current screening
programme, which consisted of a check for squint at the age of seven months by a health visitor and a
secondary screen at orthoptic clinics for those whom the health visitor or GP referred. The children in
both groups received a ‘Gold Standard’ visual examination at 37 months of age, and the results of this
examination were used to compare the effectiveness of the two programmes. The main outcomes of
the trial were the sensitivities and specificities of the programmes, and also the sensitivities of the
individual tests used at different ages. The data also provides some information on the natural history
of refractive error up to the age of three or until the development of squint and/or amblyopia if sooner.
Because the study is nested within an observational study of a population birth cohort, data is
available on other aspects of the children’s development and the investigators will be looking at
whether any disabilities are associated with squint, amblyopia or refractive errors.'” This study will
not be able to answer other questions relating to the three and a half year old screen, such as when and
how to treat the target conditions.

CCTs of screening

We found one highly relevant prospective CCT" comparing visual outcomes at the age of seven years,
in children who were screened at three by orthoptists, GPs or HVs. Following the introduction of a
pilot community-based orthoptic screening programme in Newcastle in 1987, a cohort of 1026 three-
year-olds who were offered screening by this method was compared with children from two local
districts, matched for demographic factors, who were screened through the existing programmes. In
one of these areas, screening by health visitors was offered to 1380 children, and in the other 1151
children were invited for screening by HVs, GPs or CMOs in clinics. The initial report on the
programmes’’ suggested that orthoptic screening led to children receiving earlier treatment for
‘straight-eyed’ visual acuity deficits and squints. The uptake, referral and false positive rates, and the
positive predictive value, for these programmes are given in Tables 4 and 5.

The cohorts examined at seven years of age were slightly larger, owing to the extension of the initial
study.'” At this stage, children from all three cohorts with suspected visual defects were identified
from six sources, including records from school entry visual screening (known to have more than 95%
coverage). Children without a record of examination at the hospital were examined at school by an
orthoptist. This study'* demonstrated a significant difference (p< 0.0001) in the age at which children
presented with straight-eyed amblyopia in the orthoptic screening cohort (3.4 years) compared with
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the HV (5.6 years) or GP (4.5 years) screening cohorts. This was also true of refractive errors (3.8
years in the orthoptic screening cohort compared with 5.4 and 5.1 years in the HV and GP cohorts
respectively) but there was no significant difference in the presentation of squint (3.8, 3.9, and 4.1
years). Many more children with amblyopia were identified in the orthoptic screening cohort (Table
3a). However the prevalence of amblyopia at seven years of age was very similar in all three cohorts
(Table 3b). This study was adequately powered to detect a 40% difference in prevalence of the
conditions at seven years and may have missed a smaller difference. The implication of the finding
from this study is that orthoptic screening successfully identifies children with amblyopia which
improves following treatment but possibly to no greater extent than it would have improved
spontaneously without treatment. The study did not look at the outcome of screening in terms of the
prevalence of non cosmetically obvious squints not associated with amblyopia.

The study design, although very much more appropriate to our research questions than any of the
other studies we found, has a number of deficiencies. Firstly, at seven years the children did not
undergo a ‘gold standard’ examination by which outcomes could be compared. Final outcomes were
determined from a number of sources and by the results of tests conducted by different types of
practitioner. Secondly, the children in the three cohorts came from areas that were matched for
demographic factors and numbers of children but, as with all non-randomised trials, there remains a
possibility that they differed in some other way. Family history of squint is an important risk factor
for squint and consequently amblyopia in children.'” A higher prevalence of squint amongst parents in
the orthoptic screening cohort could account for these findings. The prevalence of squint was lower in
the HV screening cohort but not to a statistically significant degree. Thirdly, children known to have
visual abnormalities prior to 30 months of age were excluded from the analysis in all three cohorts.
Fewer of these exclusions in the orthoptic screening cohort could account for the findings. The report
does not provide data on the comparability of the cohorts in these respects so it is impossible to be
sure that such bias does not exist. Taken together these methodological problems limit the certainty
that can be placed on the findings of the study.

Other studies of screening

We found one other study® that compared the prevalence of visual defects in two groups of school
entrants, only one of which had undergone preschool vision screening. There was a significant
difference in the number of children with ‘visual impairment’ in the two groups: 10% in the screened
and 15% in the unscreened group (p<0.01). When divided into those with mild and moderate/severe
visual impairment (VA 20/40, equivalent to 6/12 Snellen, and 20/50+ respectively), the difference
reached statistical significance only for those with moderate/severe impairment (p<0.01).

We found a number of other studies of screening programmes which provided information on uptake
rates, referral rates, positive predictive value and programme yield. The commonest type of screening

researched in these studies is the primary orthoptic programme. Some of these studies™** ™

compared
this information from more than one type of programme (primary orthoptic screening and another

type), but none of the latter studies were set up as controlled experiments nor were the data collected
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prospectively. These studies allow a slightly more accurate comparison to be made between the
outcome of different programmes than studies providing data on a single type of programme because
the data would have been collected in the same way and the same diagnostic tests are likely to have
been used. However, the extent to which data from these studies compares to that collected in
uncontrolled studies of the different programmes is also important. We have presented the results of
these studies according to programme type, with the studies which compared more than one
programme identified in bold.

The largest group of studies provided information on uptake rates and referral rates (Tables 4 and 5).
Fifteen of these provided data on primary orthoptic screening programmes, two on CMO screening,
one on both HV and GP screening and one from Sweden on combined paediatrician and nurse
screening. Thirteen studies published referral rates or provided data from which they could be derived
by secondary calculation in primary orthoptic screening and the same four studies provided referral
rates on HV or doctor screening These studies are all observational studies or audits. They have the
advantage over studies carried out in the context of a research programme in that they represent
current practice, but there may be bias in terms of which centres record and write up their results.

Ten studies of primary orthoptic screening and the four studies of other types of screening programme
provided data on detection rates from which positive predictive value and programme yield could be
calculated. Two studies produced figures for false negative cases (Table 5).

Eight studies produced information on visual outcomes following treatment of children
identified in screening programmes, as discussed in the section on treatment.

Uptake Rates (Tables 4a and 4b)

Studies reporting uptake rates have been based on programmes using a variety of methods of
invitation to parents of children in a range of socioeconomic circumstances. In the majority of these
programmes, children were invited to attend screening locally and some had a choice of sites.

Overall rates for primary orthoptic screening ranged from 43.9% to 80.3% with a mean of 64.8%. This
is excluding one study'' that reported an uptake rate of 86% for the first three months of a new
screening programme in Ayrshire. This was exceptional and may reflect the enthusiasm with which
the programme was launched, with coverage in the local media as well as information sent directly to
parents of eligible children.

Studies that reported that a second invitation was sent to parents of children who failed to turn up
following the first had a higher mean rate (77%) than studies which reported one invitation only
(50.5%). In one area® a second invitation resulted in the attendance of 40% of those who had
previously failed to do so.
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The rate of uptake following one invitation was higher in more affluent areas® ® than less affluent
areas;” " it was also higher than the rate of uptake following two invitations in a less affluent area.”
The rate in studies where the number of invitations was not specified was intermediate between those

with two invitations and those with one.

Vision screening by HVs, GPs and CMOs is undertaken as part of a routine surveillance contact in
which parents are offered more than vision screening alone. These programmes would be expected to
have a higher uptake rate. The range shown in Table 4b is from 53.5% to 84%, with a mean of 76.2%.
The Swedish study should be considered separately.’’ It evaluates a preschool vision screening
programme provided in the context of the four year old ‘health control’ in Sweden, for which the
uptake rate was 95.1%.

A study comparing primary orthoptic screening with screening by health visitors in an area of Kent
also requires separate consideration.”” The 21 health visitors received training from the orthoptists and
were invited to screen children in their areas. Their co-operation was variable, with eight screening no
children at all, three screening 66% or more and the remainder less than 66% of their caseload of
eligible children. There is no information on the reasons why health visitors who did screen, screened
some children and not others.

A proportion of the target population is not invited to attend screening because the children are not
located. This is a problem that few studies addressed. Early screening programmes suffered from the
problem of poor record-keeping and locating children could present a serious challenge.” A study
dating from the 1970’s"' found that 39% of the children were untraceable if information provided by
the department of community health and child care was used alone. Enlisting the help of health
visitors proved to be an effective means of reducing this figure. It should now be possible to locate the
majority of children through GPs. In a recent study® it was estimated that 87-90% of the target
population were sent appointments.

Referral Rates (Tables 5a and 5b)

Referral rates determine the level of diagnostic resources required to support a screening programme
and are predictive of an important component of the total costs. It should be possible to vary the rate
by changing the referral criteria from the screening test. Referring all children with 6/9 vision or worse
should result in a higher referral rate than referring only those with 6/12 or worse. Referrals should
also depend on the type of test used. Some studies did not report which séreening tests or referral
criteria were used but the majority of those that did used a battery of tests (in orthoptic screening
programmes) - the cover test, 20D base out prism, monocular visual acuity using Sheridan Gardiner
single optotypes. Some programmes included a test of stereopsis but there was no consistency in the
type of stereotest. With the exception of the Swedish programme,*' all those for which a visual acuity
test was named used Sheridan Gardiner optotypes, sometimes with the Kay Picture test as an
alternative if children were unable to cope with the Sheridan Gardiner test.
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In some programmes a significant proportion of children were recalled for a second test before a
decision was made to refer on or not. The non-attendance rate for recall appointments was given in
one study only and was 30.6%." The same study noted that the referral rate from the recalled group
was increased threefold. The re-examination of children should reduce the number of inappropriate
referrals to eye hospitals and clinics, but increase the workload in the community. In the two studies
which gave figures, the proportions re-screened and found to be normal were 14.8% and 6.4%.%" ¢
Three studies gave rates of non-attendance at referral appointments of 4%, 4.3% and 5%.***** An
unpublished audit™ which looked at whether children who failed visual screening at five years of age
had undergone orthoptic screening aged three reported that of the 21 children who had previously been
screened, nine had been unable to complete the vision test. Of these, six had refused to co-operate at
the initial appointment and three of the six failed to attend the follow-up appointment. Of the
remaining three, one was not followed up and two again failed to complete the tests. They were not
sent for again, as they were soon to start school.

Rates of referral from primary orthoptic screening programmes (Table 5a) ranged from 4.1% to 10.6%
of the screened population. The programme with a referral rate of 10.6% included ‘family history’
amongst its referral criteria.* The lack of details given in some of the studies makes it difficult to
comment on the impact of different types of test and referral criteria on referral rates, but the
relationship does not seem to be straightforward.

Referral rates from HV/GP/CMO screening programmes (Table 5b) were very low in the Newcastle
study” but rates from the other two studies are comparable with those for primary orthoptic screening.
One study from Sweden is exceptional, with a referral rate of 15.2%," but the referral criteria for this
programme were both stringent and broad.

One study’ noted the problem of calculating referral rates from hospital records. Whilst it was possible
to ascertain which health professional made each referral, it was not possible to detect whether this
was a result of primary screening. No other study discussed this problem, but the problem may also
have applied to other retrospective studies.

Detection rates (Tables 5a and 5b)

The two measures of the effectiveness of a screening programme which can be calculated relatively
simply using the number of true positive cases are the yield, that is the proportion of cases of the target
conditions in the screened population which are correctly identified, and the positive predictive value -
the proportion of people with a positive test result who do have a target condition. These can be
calculated either by obtaining and recording the results of the referral examination or by a
retrospective analysis of hospital case records. All of the studies identified did the latter. Two other
important indicators of screening test performance are sensitivity, the proportion of people with a
target condition who were correctly identified on screening, and specificity, the proportion of
individuals without a target condition who had a negative screening test result. The calculation of
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these measures, along with the identification of false negative cases, requires the entire screened
population to be re-examined at a later date.

Programme yield

The figures for programme yield have already been discussed under prevalence. Given the variety of
different types of screening programme from which they are derived they provide a consistent picture
of a prevalence of all target conditions of between 2.4% and 6.1%. Most studies gave a yield for broad
categories of defect which included more than one of the target conditions. Studies which gave figures
for distinct conditions reported a range of yields for straight-eyed amblyopia of 0.3%-1.0%,* **
strabismic amblyopia 0.2%-0.6%,”** amblyopia (all types) 1.8%," strabismus without amblyopia
0.1%-0.8%,”> strabismus with or without amblyopia 1.1%-1.7%"***"* and refractive errors 1.3%-
5.6%.>**">*® One study gave a yield for micro-squint, 0.7%.%

Positive predictive value (PPV)

The positive predictive value depends on the definition of a positive case. Most studies have defined
as positive all children who received treatment with patching, spectacles or surgery. This definition
can only provide consistent data if there is complete agreement amongst orthoptists as to which
children should be treated. The literature suggests that this is unlikely to be the case. In six studies of
orthoptic screening programmes for which this figure could be calculated,”* * > **® the PPV varied
from 47.5% to 66.4%. Three studies gave much higher PPVs. One study® recorded only 4.1% false
positives, giving a PPV of 95.9%. This study classified as true positive children with hypermetropia of
two dioptres or more. In the other studies tabulated the majority of these children would have been
counted as false positives. Another study” recorded a similarly high PPV but in this study a large
number of children were reviewed twice before referral. In the third recording a PPV of over 90%,%
children were reviewed before referral where there was doubt, and positive cases were broadly defined
as those with ‘reduced vision in one or both eyes and/or squint’.

In health visitor and CMO programmes the PPV was much more variable, ranging from 14.4-61.5%,
and the yields lower. If the study which excluded refractive errors and gave a yield of 0.6% is
considered separately,’ the yield from these programmes ranges from 0.9-2.6%.

Another study,” not included in the tables because it covers school aged as well as preschool children,
throws some light on the predictive value of health visitor screening. This was a study of all referrals
of children aged under eleven years attending a first outpatient appointment at Suffolk eye clinics.
Amongst those attending hospital eye clinics, a similar proportion assessed as normal by HVs or
school nurses had visual defects detected (68%, 71% and 80% in the three districts) as amongst those
whom they had referred as abnormal. The positive predictive value of HV or school nurse screening
was estimated to be 62%, 64% and 80%, but with a similar false positive rate. Those whom the health
visitors regarded as normal may have been referred because of parental concern or if the child had a
family history of a visual defect such as squint. Health visitors undertaking formal visual acuity testing
did no better than those carrying out a general check with no formal visual acuity test in terms of the
yield of children with amblyopia. This study is discussed further below.
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Negative predictive value

Two studies™ ** have attempted to identify the false negatives of preschool vision screening and have
based their results on the findings at school entry vision screening. These studies give a negative
predictive value of 98.1% and 99.3% respectively. The problem with this study design is that it is
impossible to be sure that the visual defect identified at five to six years of age was present when the
child was examined at three. Screening at school entry is easier than at three because children find it
easier to complete the tests. The accuracy however depends on the tester, usually school nurses whose
training and skills may vary. A minimum estimate of the number of false negatives can be made by
examining all eye hospital records and identifying children who were screened as normal but
presented to the eye hospital with a problem at a later date. Eye hospital records rarely record
sufficient detail about screening to allow this to be done.

Studies of other types of screening programme

Three studies were found which attempted to evaluate secondary community orthoptic screening
clinics. The aim of the first of these studies” was only to assess whether such a service reduced
unnecessary referrals to eye hospitals. This was an audit evaluating a mobile orthoptic service, to
which health visitors made referrals, 18 months after its introduction. It reported a 25% reduction in
inappropriate referrals of children aged under five. The second" was the study of referrals of all
children under eleven attending a first outpatient appointment at Suffolk eye clinics in one year. It
sought to assess the impact of different community based vision assessment services on referral
patterns for assessment of visual acuity or ocular motility. Three districts were compared, in which
HVs checked children's eyes at three and a half years. In district one, HVs referred to GPs or
opticians. In both the others a secondary orthoptic screening service was in place which took referrals
from HVs. The secondary orthoptic service appeared to offer little advantage over direct referral to the
eye hospital in district two but in district three there were fewer false positive referrals to the eye
clinics. There was no significant difference in the age at presentation of amblyopia between districts,
despite the operation of a secondary orthoptic service to which health visitors could refer in two
districts. No relationship was found between community vision screening and the referral of new cases
of manifest squint.

A third study® also examined data on all referrals to eye hospitals over a long period. Two cohorts of
amblyopic children from before and after the introduction of a secondary orthoptic screening service
and the transfer of responsibility for child health surveillance to GPs were compared. The initial
screening at three and a half years continued to be carried out by health visitors throughout this period.
For children with large angle strabismus no change was detected in the mean age of presentation and
regression analysis showed no significant effect of ethnic origin or social deprivation (estimated using
the Townsend deprivation score) in either cohort. For children with amblyopia without large angle
strabismus, the average age of presentation was reduced by nineteen months following the changes
from 6.6 years to 5.0 years and a link between social deprivation and age at presentation was no longer
seen.
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We know of one study in progress that is attempting to evaluate a secondary screening programme
based on family history of visual defects or parental concern. In this district all parents are sent a
questionnaire and those with a positive family history or parental concern invited for a screening
test.'”

Factors influencing presentation

Some evidence was found relating to the spontaneous presentation of children with visual defects. A
Swedish study of children found to be strabismic and/or amblyopic over a period of nine years noted
that micro-squints and straight-eyed amblyopia were mostly detected at preschool vision screening
and manifest large-angle squints by parents. A survey of 525 children (mean age 3.7 years) referred
from any source to an ophthalmology department in Leicester’” found that parents and other relatives
made up the largest group of those first noticing the defect and that they had an overall accuracy of
76%. They first picked up 47% of suspected, and 54% of confirmed, squints, 62% of cases of
strabismic or mixed strabismic/anisometropic amblyopia and 17% of amblyopia with anisometropia
only. No distinction was made in this study between cosmetically obvious squints and those that
cannot be detected without screening. Parents who noticed a defect did not always take action, a
referral being made only after the child had been seen by a health visitor. An unpublished audit of an
orthoptic screening programme® looked at parental concern in those for whom a record was available
(74% of those referred). Of 31 children referred with an initial visual acuity of 6/24 or worse, 17 had
no history of parental concern, and of 24 strabismic children (no details of the type of squint given) 18
had no history of parental concern.

Three studies®™ * %

examined variables which it was thought might influence presentation. The first
looked at 1531 new cases of amblyopia and found that the median age of presentation for strabismic
amblyopia (3.64 years) was significantly lower than for strabismic/anisometropic amblyopia (4.68
years) and anisometropic amblyopia (6.27). Only 15% of children with anisometropic amblyopia
presented before the age of five. Boys presented later than girls and Asians later than Caucasians. At
the time of this study, vision screening at three and a half years of age was undertaken by health
visitors. There was no significant association with ethnic origin. Another study,* which used data
from a historical cohort of 897 children in seven orthoptic centres in the UK, found no significant
association between sex or ethnicity and age at presentation for any type of amblyopia. A relationship
between social deprivation and age at presentation was found only in children with anisometropic
amblyopia, with those from the most deprived areas presenting twenty-two months later than those
from the least deprived. The third study® is discussed above. A limitation of these studies is the lack
of information on the source of referral for each child.

A case-control study from the USA" compared several characteristics in 75 children with late
diagnoses of amblyopia (median age 5.5 years) and 86 with early diagnoses (median age 3 years). This
was a selective population of predominantly white, upper-middle class children with good access to
primary care during the preschool years. Children with early diagnoses more often had a positive
family history of strabismus, larger angles of strabismus, higher maternal educational level, greater
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parental suspicion that a defect was present and an increased chance that the parents requested the
examination that led to diagnosis.

Summary

Taken together these studies provide reasonable evidence that primary orthoptic screening
programmes can be provided in the UK with acceptable uptake and referral rates. In the one
prospective controlled study that has been undertaken primary orthoptic screening was shown to be
more effective at identifying children with the straight eyed amblyopia and refractive errors (but not
necessarily squint) than health visitor, GP or CMO programmes. Primary orthoptic screening has not
been compared with open access secondary orthoptic screening or with spontaneous presentation. The
former has been shown to reduce unnecessary referral to eye hospitals and possibly to reduce the age
at presentation of amblyopia. In order for spontaneous presentation to be more effective than HV or
doctor screening it would need to be postulated that the latter actually inhibit parents from seeking
specialist advice for children about whom they are concerned. Children with straight-eyed amblyopia
rarely present spontaneously.

The one prospective controlled study we identified, however, does not support the belief that
identifying children with amblyopia in the preschool period reduces the prevalence of this condition in
children aged seven years of age. We identified no studies that enable comment to be made on the
benefit of identifying and treating refractive errors in this age group. None of the studies provide
evidence for or against screening for non cosmetically obvious squint.

54



SS

AN I |wv SurusaIng
4! 1T IoUOTNOR1] [RISUAD)
(ST -@v Suruoaiog
01 17 IONISTA IESH
(81-L) (31N “966T)
11 81 Suruserog ondoyuQ o AeIg
([eAI2)UI DUIPIJUOD)
2 uonendod erdoA[quie s spjo
JO 000T 13d 2oua[esdly | Jed£ WAAIS Jo JoqUINN 110400 Apms

eidoA[qure Jo 3du3[eAdxd pue 1I1070d OB Ul SP[0 I3 UdAds didoA[qure Jo Joqunu [e)0], “q€ I[qeL

uone[noed AILpuoddS .

(1oL1)
. 0. . Suruosiog
150 0T°60) (8°1°8°0) Isuonnoeld
(%6091 | (%Y DT | (%EDTT )
. o . (1800)
T1 %0 (60 ‘€°0) (I'T ‘v"0) Surueonog
(%8O LT | (%90)TT | (%80)9T | 30usiA WikeH
sd9) 10 sAH ‘sisndoylao
(ss1) Aq s183L ¢ Je PIUAIS
€190 (Sc6'D) (L1°Lo Sumoanng | IPUP IO Nﬂuw_wwﬂw
(60O VL | (BLDEY | (%TD 6T ondoqup |t L | 510 ‘o6eD)
PR[[0nu0d 2A1303dsosg o ABIg
EAGRAE] erdof[qure (u)
JAnPRIPY pafa-ysrens jumbg 11040) adAg, Apmg

sIsougeIp [eurj Aq eale goed ul

P2QUIPI SHONIPUOD J933e) ) YIIM UIP[IYD JO (x[BAIINUI DUIPYUO0I) X (5% ) JIIqUINU [BI0 [, “B¢ Jqe],

L SUIUIIIDS UOISIA [00Yds31d Jo [eL1) PI[[O1IU0D IA1)d3ds0I]




9¢

surweigoid
(T08°5'8L) Buruearos ondoyuo (31N ‘9661)
Areurnd e WIOI] S[RIIAJAI
(F6L9) £°6L “UOTIB)IAUT PUODIS ISYJE POPUSIE PUINE 0] PIIB] Oy SOyl JO %0 Aforewrrxoiddy Jo Apmis aanadsonoy oc UBLIMAN
seale payolew ¢ Uf
sowwreIdoid SuruasIos UorsIA
(979 5'9S) [ooyoserd QIND/ID/AHZ AH (11 ‘0661)
paystqesss 2 ondoyuio jo7id
(119) 9°6S ‘Juas suoneaut om], | e Sumredwoo Apmis sanoedsorg 1 SIATE[
JU3S SUOUDIIAUL OM]
%S08 ugaw
(0'TL‘S°€9) surwrexgoid 1N ‘1661)
Surusaiss ondoyuo Areurd
(ZOY) ++T°L9 “JUSS UOTIBIIAUL JU(Q) ® Jo Apms aanoadsonay ¢s PIEULIOA,
(€89 ‘v'+9) swwreiold SuruasIos (31N ‘9861)
orurreyiydoyondoypo Arewrnd
(LOST)+¥'99 ‘JUSS UOHBIIAUI SUQ) e Jo Apnis 2anoedsonay op WRISU]
(8'15 ‘9'6%) surure1goxd (AN ‘p/e661)
Suruoaios ondoypo Arewrad
(L96€) 0'1S ‘Jues UoneAur suQ © 10§ elep peysiqndun) o1 11empuEs 29 £9pn(
(1's¥ ‘82h) sumreigoxd (310N ‘9/S661)
. : Surussios ondoyuo Areurad
#915) 6°¢v "SUOTIEIIAUI UO PIST JHOW JWeg “Jrow Auung AqQod, §iim SASJ INOge 1ojed] uoneuuoyul syuoied oaed SAH ® 10] eep paystqndun , wegduming
Ju3s uoyvIAUL 2UO)
(Tearyur
PDUIPPUOD) B
PIUIIIS
(W), UONBULIOJU] JURAI[AI JIYHO ) UOBIAUL JO POIIA adLy, Apmg

Suruaaadg uonendod dndoy)iQ Arewni] - sajey a3eidn) ey dqe,




LS

(T8 ‘c'8L) sunurergord oI “1661)
Suruseios ondoyno Arewrrd
(LIET) €08 *PAJe)S JOU JUSS SUOTIBITAUI JO IaqUURN oD 1A §'¢ 1B SASJ I10] SUOneIAuL 2483 SAH ® 10J BIEp paysiqndun 1, UOPUIMS
o107 uaAI8 SuruesIos Arewrrid
(§'79°0°65) 10y 21031y ‘0014138 ondoyuio N “v661)
AUNUIwod e Wolj S[ela)al
(8S81) 8°09 "PaJeIS J0U JUSS SUONBIAUL JO JOqUINN Jo Apms aanoadsonay « SUTTIA
rvL ‘0TL) sowweigold Surusa1os AH % (31N ‘6861)
‘pa3eIs 10U JUSS ondoyyio Arewnd Surreduwos
(6ETE) T°EL SUONBIAUI JO JOqUINN ‘UONeUNIEX? 2y} Jo asodind 2p armjeu o) uredxa o) syuared pajoeIuod SAH “o[qissod a1aym Kpmys aanoadsonay oz SPIEMPH
sourreiSold Surusaios
uoista jooyosaid QD
(6'€L°8°1L) ondoypo Arewrnd Supredwos In ‘1661)
‘STe11aJaI JO $3J0U 958D JUISR
(9LIS) 8'TL “Pale)s J0U JUSS SUOHRIIAUI JO JOQUINN Apms 110409 aAnd2dsonay < 198109
(8'9L‘6'€L) asurerord (1N ‘6861)
Suruesios ondoypo Arewrnid
(SLYD) V'SL *PaJeIs JOU JUIS SUONBIIAUL JO JOqUINN B Jo Apmis 2a1)0adsonay ; [[ospreag
P2IDIS 10U JU3S SUOUDIIAUL JO L2qUINN
uBIw
wLLosL swwrerzoxd (10N ‘sv661)
Suruearos ondoyuo Arewnd
(€280) €9L "PusyIe 0) paTe] PIIYd JI JUSS UOHEIIAUL PUOIRS ® Jo yipne paysiqndup) oyerreH
([eArdur
IDUIPUOI)
PIUIAIIS
gy, UONBULIOJUI JURAI[BI I3[0 3P UONBIIAUI JO POYIIAI adAy, Apms




8¢

-ordures WopueI uIOI] PAJR[NO[ED Bl PAJBWNST 4

UoTIB[NO[BD ATRpUO0JaS 4

068 ‘0°€Y) "uaIpTIYd 9[qI81e Amuept 03 Surdjey sA [ Aq sururerSord mau ay) ur paaoIdull sem SIYJ, "Padel] JOU aIom swurerSoid Suruaaios GIN ‘8L61)
% 6 % sassaIppe SurureIqo Yim saT[NOLJIP PAId SIOYINY "PUNIE JOU PIP x%9 €T ‘ApTus AJI[Iqeses] oy uf 's1sa) ondoyiro Aremud e jo
{Z¥) 098 Jo asodind 7 swroyos Jnoqe POULIOJUT SJUSIed "BIPaUI [BO0] U Arorqnd qiim payoune] ‘QuIayos JO SYIUOWI ¢ ISILY | SUIUOUI 2311} ISITY 2y} JO JIpOY 1 UoIRWED)
42110
%819 ueat
(8°LS ‘T9S) surwres3oxd Suruaaios GIn ‘s661)
uortsia sndoyiio Arewrtid
(Zv18) O°LS *Pa7e)s J0U JUSS SUOTIBIIAUI JO Joquiny ‘suonelraur juss uonendod 91qIS1[o %0618 Piewnsy ® Jo Apmys aapoadsonoy og UOSWRTITA\
(easdyur
UIPLUOI)
PIUIIOS :
(a)ay, UONRULIO)UI JUBAIII I9Y)0 2p UONBIATI JO POYIIA AdAT, Apmg




6S

(6°S6 ‘€'¥6) uepomerpded e 79 sasInu Aq (Uapams ‘€L61)
‘SIIPIOSIP 249 Jo swoydwAs 2p ‘porrad [ereuoau 2z Sunsay s sunueiford SUraaIds UOISIA
(L) 1°S6 YUIq JO AI0ISIY ‘SIOPIOSIP 949 JO AIOISIY A[TUIe] QI AIBUUONSanb pue UOIIBIIAUL JUSS SjuaIed 1ooyosaid Arewriid e Jo Apms 1oyoD) 1» PO
%TIL ueawx
*(SHOYO) JUIISIIIP 931}
Jo Aprys e Jo yed) Jyooys IOUR[[IIAINS
e10uag e Jo yed se sgo) pue
SOIAD “SIONSIA [I[eaY JO UOTIRUIQUIOD
B AQ SJUOW 9¢-()§ 1B PAUIIOS UIP[IYD
J0 1I0Y02 © JO Apms 9A1102ds01g
(€98 °L'18)
{(U99s SPI0231 [GT [/L96) U9 SPIODAI (sn0qe se)
(Z18) O'+8 Jo uoruodoid se a1el pajewWIIIsH "UOTIBIIAUI JO POYISUI JO S[IRI9p OU ‘Juowafuelie [00 aaoqe sy 1 Staref
*(SHOYO) JUAISIJIP 21}
Jo Apws e Jo wed) YooUd SOUB[[IAAINS
[e19Ua3 ® JO red se syjuowt ()¢
1B SIONSIA UI[eaY AQ POUQaIds UAIPIYD
JO 10y02 ® JO Aptus 9an0adso1g
seare payoreul ¢ ur ssunueIdord Suruaaios
(L°19°€'96) uorstA 100y9sa1d OWD/IO/AHE (31N ‘0661)
AH paysiqessa 7 sndoyyo
(€¥L) 0°6S (u93s SpI02AI OQE /66T 1) Uas sprodal Jo uorodoid se ajel pajewlnisy JISIA SWOH jo11d ® Surredwos Apms aansadsorg 1 STATRL
soururergold Surueaios
(€98 °L€8) uors1A fooydsald QIND % sndoyuo (3N ‘1661)
Krewrnd Surredwiod ‘sfe1Ia)ar Jo saj0u
(0€52) 0'S8 ‘STIeIap ON "SuruoaIds ejuawdoraaap Jo 1red se payoayd UOISIA aseo ursn Apms Hoyoo aansadsoney ¢ 198109
SpI009I
yIreay [ooyos jo srdures wopuel e Juisn
{L'LS ‘T6P) (10 ‘z661)
ourureisord Suruooos
#82) S¢S -ardures wopueI wIolj paje[nofed ajel pAjewinsyg UONBIAUL JO POYISUI JO STRIP ON uoIsia 1ooyssaid QD € Jo 1pny ATV
(Tearyur
DUIPYUOI) B
PIURIIS
(u)9, UOIJBULIOJUI JUBAJ[II JIT[JO 29 UONEIAUI JO POYIIA adL1, ApmsS

urueardg wonemdog OIND/ID/AH - S99l 3erd)) qp SIqe.,




09

'J0J pajunoddeun

URIPTIYD
+ "popnoxe
SIOIID JATIORIJOY S'Ly T
*SNUISIQRIIS 10/ e10L
eidoArqure yym
25011 S€ pauLop ) L91 %80 erdoAqure
saseo aanisod anig, INOYIIM SUWSIGRIIS
-Buruearos sunnol ae g1t %90 o
ap1sno sispdoyro eidoAjqure onusIqeIlS
10 SO woiy (s sy
SUIOD JARY ABUI (zz1) STISIqRIIS
S[ELIJar SWOS V'O 09)0°61 *0'T oy erdoA[qury (€90)x1°€ "S[re1op ON s 98109
(GO 4]
(L6D) '6 “STreIop ON , Weygumirg
x9°¢
1e101,
(I1€) «€°1 10119
SAORIJRI TRISBIG
pauIquIOD (s1 (aPy) L1 "STUWISIQRI)S 1SOJMURL 10/29 943 191D $SI] 10 6/9 VA DY
Sumoo1os | uourwos SnusIqens
A1BpUOD3S 995) ©¥ce) ‘w9 18 (od£10)do
2 Areurd woay St sIpu eidoAqure 9[8uIs) JourpIer) UepLIYS Y A IR[NOOUOUI ‘)$2)021a)s Aqsty ‘wstid
9rex oanisod osTed | nwIIXe (81) «L0 ordonewosiuy @1y N0 95Bq ‘(T (7 ‘“90U9SI0AU0D ‘(JNQ) SIUSWIAOUI JRINOO “1$9) JI9A0)) IS ¢ TTespIeag
(TeATayur
DUIPYU0)
oy »®
ey an[eA P3113jax
aAnisoq ATPIPAIY (w)o, uonIpuo)) PaUdIdS
SyuauIIo)) asfeq aAnIsogq PRIX 1w3IE], Jjo(@% (O¥) LRI [BL1J3Y P (IS) SIS3L, SuIUDg Apmg

Sumuaaxdg ondoyliQ) AIBWLLJ - S9)IBY UONONI(] PUE [BLIJAY *BS d[qe],




19

"PIpnOXa

2 dn-mofjoJ 01 150]
(%S S "x%S L6
ST Add °U3
Papniour aIe 9say)
usym 29 soanisod
9N JO UOnUIyop

s Apms oy

Ul popn[our os[e
QI3 $199J9P IS0
‘Kimus seredss

® SE PIIyIuapI

jou erdof[que

29 J01I5 9ATIORIJOI 096 «6°S
Jo uonmIep .
ON “(S[eLIayaI ®0],
AH 62 ‘dO ‘Telio)ol 210Jaq “IqnOp AU JI ‘pIUUEXS
£8) swwrergoid &) 0T «1°0 Jumowyun K30101108 -0y "$949 Jo 2oueIeadde reuuouqe ‘wsud 03 9suodsor [BULIOUQE ‘OSI0M
QOUB[[[OAINS YI[BIY UOTSIA P2o0paYy, {69 °‘C’S) 10 WIDY ADUSIOIINSUI 3DUSTIOAUOD ‘90UR[EQ S[OSNW JO AI[[[BULIOUQR
PIIYO WOIJ PaLIoforx ‘erdo1o10)ay ‘90oue)ISIpP/IBaU UI/ANO 95eq (I 0] < BLOYdOX9/0s3 ‘saka
Z11 TeUonIppy (erdonouwosue "PIMITARI | UIIMISG YA UI 20USISIJIP 9UI] [ < ‘043 10N 6/9 > VA :(sI0w 10 1)DY
(oD LOL *€'F | "OUN) SIOLIS SANJRIISY Ot our
‘[EULIOU pUNOJ *159)0919)s SueT ‘wisud 1no 9seq ‘g g ‘sed£101do Ieurpres) uepueys
2 POMIIASI %8 b @01 W) Tse 1 SnwsIqens (861) 19 Y A "OOUOUI ‘SIUSTIIAOUIL JBTNOO0 “IS3) I9A0D s34 Jo douereaddy :1.S oz SPTRMDPH
(L'9°T¢)
& [ompues
(9£0) 6°S ‘S[reISp ON % Aspng
‘swrurergoid
SOUB[[IOAINS
Qireay pryo
g3no1y) parosysp
Apeaire s10950p (o11'8'9)
pey SI9I0 ¢ wevs S[relsp ON [ HoIowe?)y
([eataur
DUIPLUO0D)
@ »
ey anfeA pal1ajaa
aanIsoj 3ANPIpAIY (w)a, uonIpuo)) PAUAIIS
SJUIUIUIC)) asteq ANISOJ PIRIX je8ae], Jo (w2, (DY) BUINLI) [e119J9Y X (IS) SIS9], SuMuLaIg Apmg




9

saansod asfey

913 Ul papn[our
UOIJBAIISqQO

Joj syjusunjuiodde
jeadar uoard
SuOnIPUOd J251E)
-Uou YA UIPTIYD
"7 % | s31] ul el
[BIIaJ9I 10 USAIS
s21n31] JUIIIQ

P li |

sawm ¢ sem dnoi3
PaMDIASI 10 3Bl
[e112]3Y "pusye

‘paqudsaid Jusuniesn
10/29 POULIJUOD A[Mau

‘umouyun :)Y

0] PaTIeJ 3sa) ‘(erdo£[quue 10 SIOIIS ©01°LS)
JO «9%9°0€ "MITAI ((4)) JATIOBIJAI 0] 20P) 'sa1nyord a4y 10 SurydolewW 19719] IJUIpIeD)
I0J PaTIES +%8°61 x0'ST Lo T9s s¥¥ | 501 yA 10729 sjumbg (8%) x6'L | uepuaus VA ‘wskd 1no 3seq @ (7 ‘SIUSWIAOUI TE[NOO ‘S153) 10A0D) 11§ ¢ SIATR[
"SASd passed
peq 2p A1Ud [0OUdS "$949 U9aM19q Y A UT 9OUIJJIP U | < 10729 943 10UJ10
J& 9A+ PaUaaIds SIWISIQRIIS Ul $S3] 10 Z1/9 VA 10729 juInbs & sem 9193 JI [BULIOUQR PIWSP UOISIA
oym asoy} 10/29 UOHIS1I0D
se pautJap ‘(97) 6°1 [eoudo mmogim ‘1s18ojouppyydo uv £q uonov.Lfa4 21821dojoLo Jusmiapun osjp
s9ATIE30U 35T, 6t 1ok 2A1199J3( UDLPJIYD [Ty "US[[QUS 1O ISUIPIeS UBPLISYS LD2Ul] YA “159) I0A0D) 1S o¢ TIRISUJ
(reasayuy
DUIPYU0I)
W% »
ey anfeA paxIdjal
JADISOJ ARIpaLY e, uonpuo) PaUIRIIS
SjuaWImIO)) as[ed aanisoq PRI 1981e], Jo(w% (OY) eELI) [B119J3Y P (LS) SIS, SUMMRIG Apmgs




€9

(1€ ¥'99 Ve [LITA S
“usunutodde ©01) 8¢ «S'1 SIOLIA QATIORIIY
[B1I9]a1 pULa)IE ‘Te119J1 910J2q ‘1qnOP UL JI ‘P[eIoY
0] Pa[IB] %E Y oY) Tel +9°0 snwsIqens *KRULIOUGE JRNOO0 19710 AUR “159]0219)5 03 asuodsal aAnesau ‘1591
wsud 0] asuodsal TBWIOUqe ‘SIUSUAOU Je[o0 [euLiouqe ‘etoydolaioy
*1$9)0919)8 € 191 90 | ®erdoA[que stwisiqens Sunesuadwodsp ‘SNWSIQRIS ISAIUBW ‘943 IUIP 9/9 > VA 0¥
10 )s9) wsud 959t
Surqrey uo A[o[08 (19) SnWSIqens ‘w9 e sad£101do 9f3urs JouIpIRn) UBPLISYS VA "O0UOUI ‘1$9109191S ONLL
pal1aJa1 p[IYd ON 102 (8%) 8°S1 «L0 moyqim erdoA[qury ) 1's | ‘wsud no aseq " 07 ‘@ouaSIaAUOD ‘SIUSUWDAOW IBNI0 SIS} 19A0D) (1S pe UBLUMAN
"patean
10U 2501} [[B U0
paseq uone[nIed
AIRpUOI3S "ISTA
[enIUL JO Syuow
6 WA TelIou
se padreyosip
USIPIHYD
+1 UO paseq
%101 3O 318l
aansod asfey soAId
oYY ‘paliojel -100d uoTIRIod00D JI [B1I0J2I 910J9q S0UO PI[[BIFY
ATaM %E9] “UOISTA JR[NOOUI] 10 uotsny 100d ‘90ue[equil S[osnul B[N0 ‘ANSWWASE
“Js1A snotAa1d eroeg ‘sisoyd ‘a1misod peoy [RULIOUQE ‘sNISEISAU ‘STUUSIGRI)S 1S9 IUBLE
B WIOJ] PI[[edal *A1281ns 10 Suryored ‘e1oydoxo/0s9 JUBIIIIUSIS ‘049 I0YIIR 9/9 > VA -(2I0W 10 1) DY
6v€ JO “(umouyun ‘sopor3vads yiim wsse)
SUONO) (3S) JUSUIJBI) 9)BTPIII] -s21m01d 9Key 10 9dKy0ydo o[3uts IouIpIRD UBPLIDYS VA
palfeda1 95 €61 <71t (Z8) 9°'8¢S sy Surmbar uaIpiy) €8) st ‘wisud 100 9seq “(J (7 “90UITISAUOD ‘SJUSUWIAOUI JB[NI0 IS9] 19A0D) LS 2 SUTTIN
(rearur
UIPYU0d)
®% »
ey n[eA PAII3Jax
ANIsoJ JANIpII] (w)9, uonpuo)) PAUPRIS
SHUIUWIWIO)) aseq JAnIsog PRIX 1981y, Jo (u)g, (DY) BLAILI) [BLIJY % (IS) $159], Euruasang Apmig




¥9

Jusunurodde
[e119J01
puaje 0} pare %<

‘uonoersnes s 3sndoynro o3 pajerdurod jou 1533 10410 Aue
“uinbs juale] 1WeSIUSIS JO ISAPIUBUI ‘5943 30q 10 U0 6/9 > VA DA

"UONRI[NSU0D (TLPS) ‘(sedfy03do
oeanud 918u1s JouIpIen) ueplIayg Arensn) YA ‘(Sue A[ensn) 159109133s
€ J0] pado o¢ (8L1) €9 “wsud Jno 3seq " (7 ‘2IUITI2AUOD ‘SJUSUIIAOUL JB[NOO0 153} I9A0)) 11§ o JOURIED
(SLYS)
"TEULIOU PUNOJ
79 PIMIIADI + %P9 (v v'9 ‘STte19p ON 1 SUSS
([eATayUL
DUIPYUO0D)
L) ®
ey aneA palidjal
AnIsod ANDIPAIY (w)ay, uonipuo) Paua2.I0s
sjustIwo)) asteq aamsod PRIX jesie], Jo (W (OY) BRI [eLIY R (LS) SIS, Sumaag £pmg




$9

"UOTRINO[RD ATRPUOIS 4

-odures
WOIJ PAJRUINSS
qJB1 TeLIa)ey

(81
4y

(L1E) 9¥6

(%

jumbs
10729 $942 410q 10

JUO U UOISTA PIINPIY

Tecy)

(LD =L9

1qnOp AUE JT PamMaIAdI 3 ARIA “AJI[elLIOUqe
eomuI 15730 I0 uinbs snotaqo ‘(sanodip wsud g<) 1591 19400
UO UOTIBIASD PIRMINO/PIBMUI ‘940 IOII3 (UST[AUS) 6/9 > VA (Aue) DY

"(100d uoneradood

usym sa1nyoid aAey JO W9 I 1IeyD ISUIpIes) UepLSYS) PIed [iim W9
ua[aug VA ‘erysod peay ‘(srewrtue Jo sa1mord 29 AL MIAL) 1S910913)S
‘wistid 1o 2seq (] 0T ‘SITSUAAOUW B[N0 ‘@OUITISAUOD ‘§1§9] 19A0D) (LS

¢ PIEULIOA

*pasn §159)
Suruaaros 1430

Y3 I0J s[reIop
Te[rurs sQAIS Apnis
STy L, 'seansod
as[ey 2q 01

punoj aIsm %6°94
‘6/9 > 18 1531

VA 343 porey oum
URIP[IYD IS0 JO
‘6/9 > JO TSI 183}
VA Aq Suruaaos

je aanisod

SB PonyIIuapl
A11091100 2IoM
%L'T8 (6/9 >

v A) erdofjquie jo
$3SBD PAULITJUOD JO

*BuruosIos

310J2q pasouderp
u2eq 10U pey

oYM 29 S[qe[TeAE
aIam $PIOJAI
woym 10y S[elraja1
CIL 2y uo paseq
Jusunuiodde
[euRya1

puane 01 potef %y

(829 vL

'S

£V

xL'0

=1

0L

(erdoA1quie
ym ardoad

apnpour sdnoid 2soy])

erdonjowosrue
Suipnpour

SIOLID QATIOBIJOY
erdonoIoIy

eidonomonu

Surpnpoxs ‘snwISIqeRNS

(€11°6'6)

(£98) 9°01

-8183)02121s 10 wstid 0y asuodsar Jo yoe[ ‘Aeo1sTy AJ1UDf SIUIWIAOW
Ie[NO0 [RULIOUqE “umbs ‘942 19Y3Ie $SO] 10 6/9 VA -(Aue) DY

‘sadKy01do
S[8urs JourpIes) UBPIAUS VA ‘(ON.L I0 SI[OI10 J0PURI) 1§3)0219]S
‘wszd N0 9sBq *( (T ‘SIUSWAAOW B[N0 ‘(W9 % WOEE) 153) I0A0D) IS

o5 UOSWIBIITIAN




99

paquosald juouniean umow(un 1Y (eurmreiSoxd
IO pauLIjuod ATmau sndoyuo
"U29S SPI0J3I ‘(erdoAjquue 10 10119 ©TLo "UOTSTA Jeau 2p IeJ I0J ATepuodas ou
WoIJ Parewsa (s QATIORIJDI O] 20p) SUOTIIIJRI eUINI JO ANDWIWAS 10] 29 1UINbS SNOIAGO I0] PIYoayd oY) SOND/AD/AH)
23e10400 SUTUSAIG | )x$8E ®)¢$19 £0'T | ssol VA 10/ sjumnbg (€D +9°1 ‘padnou Jumbs Ji payse sjuared- yoayo Jumbg (syuow 9¢-0¢ V) 11§ 1¢ STATR[
(eurwrer3oxd
paqudsald juaunean ondoyuo
10 PAULIIJu0D ATmau Arepuosas
‘UIS SPIOAI “(erdoAjquue 10 JOII9 (L7800 ‘umouwyun ou ‘AH)
WOIJ PAIeIISI (9 QAORIAI 01 20P)

98819400 FuToR10g | )x$'8C L) ges +6'0 | SSO[ VA 1o/ syutnbg (€D =L'1 * peaxy e dn yord, 42342 prepuelg (Syuour O 3v) (LS 1¢ STATR[

“JOJ PoJuNOdJeUN

URIPTIYS ¥ 144! 90
[eI0L
PepaOXa @81 10
SIOIId DANIORIISY SNwSIqens (sanuad sndoyio
© s *C'0 Arepuooss
*SNUUSIQRIS 10/29 ridofjquie orwisiqeng 0) Te1I9)a1
erdoArqure s Ts9¢) umowun 5y Wi ‘OND)
95043 Se pauygop snwsiqexns .
s9580 9ARIsod oniy, 078 RTL €0 moyam erdokjqury ainvvy *STreIap JOUMNY-ON “SIUSUWISAOUI JB[NJ0 ‘943 YoBd VA LS ¢ 308109
ey CIEA
E) aneA LCRAE)ER |
anisod | aanompalg ()9, uonrpuo) PAUIIIS

sjmawmo)) | asfeq Janpsod PRIX 1R3rey, oy QW) BN [B11RJFY ¥ (1S) SIS, UUAIS Lpmg

SUIRI19S OIND/ID/AH - $318Y UOIII(Y PUE [BLIY *qS qBL




L9

%b6€

ueaul

(I17) + %Y TL

Jo a1e1 2AnIsod 9s[ej
B J)IM SA Y WOIJ

6T % (1€) +%ELE
Jo 91e1 2AnIsod as7e]
e q)im sdoy wiosg
S[e1I9Ja1 ¢§ ‘eale
Surusa1os ondoyuo
ur(6) «%8¥1
SIOLIS QAIIORIJDI 29
(r€) x%L S ymbs
Je1 oanisod onn
(L1} %6°LT el
aanisod asfey reare
SwWEs WOIJ S[elIofal
dD 19 "SumueaIds
AH Areurnd

10J oIk USAIS saey

9ve

aneie

el

*9'C

*9'1

01

0L

(erdonowostue Surpny
-OUT) SI0LI3 SATIORIIY

SnusIqens

#6°¢<)

@O L

's94a Jo oouereadde feunouqe ‘wistid 0) asuodsol [BULICU]E ‘OSIOM

10 wdg AJSUSIOIINSUT 3OUSTISAUOD “90UBTRq S[OSNLU JO A)[I[RULIOUqE
‘erdonoIe)ay “@oue)SIp/IESU UI/ANO 58] (T 0] < eHoYdoxa/0ss ‘saks
U2aM190 Y A UT QQUAIIIP QUL | < ‘943 oIS 6/9 > VA (310w 10 1)DY

15910218 Sue ‘wisud no aseq “(q 07 ‘sedAioido Isurpresn) uepusys
VA "O0UOUI “SJUSWIOAOUI JETNIO IS3) I0A0D ‘s34 Jo souereaddy ;1S

TBLISILID [BLISJSI 29 SPOYISUW SUTUSQIOS SUIMO[[O] UT Palonnsur SAH

(3sndoyuo
paseq-Tendsoy
0] [eLISJSI (A H)

oz SPTEMPT

SJUUIWO))

ey
2
Aplsoq
asfeq

(w3
nep
2ADIIPRIY
aADISOg

%
PRIA

uonipuoy)
jPdae],

palIajal
PAuURIIS
Jo (W

(O¥) BLAL) [BLIRPY 3 (IS) SISAL Surusesng

Apmg




89

"UOTIB[NOTRY ATBPUOISS 4

‘i Jo 95e
311 20UTS $303]3p Y}
padofaasp pey 10 (€S1) 0tv 9 uonEeAI3sqo
Sumaalds Jooyosard
Jo soane3ou Io)e 10 A[2IBTPIULILLL
asTe] 2] IayIIa Iom juoumean; Surpssu
29 §109J9p PaoOaIop SISPIOSIP JUBdTUSIS
-AImau pey [ 1
*£ 93e 1B paudaIds-al (€€)T6 'l
1M (%5°79) 0£S1
(a10Wx
‘patean 10 (1) eidonswosuy
Q1M snuusiqens
Jo sad£y 1930, (10w 10
erdokquie Inoyim ¢'7 wspew3nse ‘olow
SOUBTRQUIT S[OSTIUL 10 (1 erdoAw ‘a1owr
WA UBIPTID 10 ¢'7 erdoradAy)
SIOIID SATIORIJAI ‘8unso)-aI Uo pafrey J1
Juounurodde (ZED69E 9°¢ AUeOLIusIs, ATuo spew spenajal ‘ounrer3ord Jo yeak 1511 191y "UOISTA J1d00s0aIals
[®11a]01 puslie 9AT193J2p 10 SNwWISIqeIlS JO SUSIS “a£a JoYIIL $SI[ 10 9/G VA DY (ueLo
01 pa[Te] (9) %9'1 Le) o1 91 SOWISIGRIS JS9IIUETA (991 °L'ED) . -erpaed/esinu)
"1591 Y A Surye;s 69S) *18910919)$ ALJ MIAA ‘UIG 18 SO0y § W 1sog
10J Pal1aJaI 9496 91 W) €71 81 erdokqury P9¢) TSI -zonbIeIAl VA "00UOUI ‘SJUSTWISAOW JR[NO0 159} J9A0D ‘oouereaddy 1§ ) (4
ey (W%
E) anfeA ERAE)EX]
AnIsod AANPIIpAL] (w)ay uonipuo)) Pau3aIds
sjuswwo) | 3sEq aansoq PRIX w3rey, o (W% (DY) B [B1RRY P (IS) SISA, SudRIg Apmg




RESULTS: COSTS

Costs for childhood screening, including vision, is a topic that has been prioritised by the Standing
Group on Health Technology, and a review is being carried out by the York Health Economics
Consortium. No studies were identified in this review which were designed with the primary aim of
evaluating the costs of screening. Some of the observational studies and audits of screening
programmes included some cost data. An audit of an orthoptic screening programme reported an
estimated cost of £417 (1990 prices) per child with an initial visual acuity of 6/24 or less who
improved by two lines or more after treatment.” In the same year, the cost of primary vision
screening requiring 15 sessions a month in another area was calculated to be around £33 per
session, with an additional cost to the NHS of providing salaries for orthoptic screening of £6000.°
The costs from a primary orthoptic screening programme from April 1995 to March 1996, for
which the uptake rate was 44%, are given as £4.82 per child sent for and £10.99 per child seen.’
These figures include the cost of the orthoptists' salaries, travel and stationery, but exclude the cost
of training, dressings and equipment. The costs of a secondary orthoptic screening programme in
1995 are given as £58 per session (almost £7000 per year), £4.49 per child sent for and £7.30 per
child seen, where the uptake rate was 61%.” These figures suggest that the cost of orthoptic
screening is not great. This means that a relatively small benefit to children’s visual health from
these programmes may be judged cost effective when compared to the benefits to be gained form
other more expensive programmes.
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DISCUSSION

Although systematic reviews of other screening programmes have been carried out, the
methodology for this work is both less well developed and more complicated than that for reviews
of treatment RCTs. This review is unusual in that it concerns screening for a non-fatal disease.
This has raised the issue of the appropriateness of the health outcome used to measure success or
failure. This has been the most intellectually taxing part of this review and it is likely that it could
be improved and developed with further work.

Search strategies

Search strategies were devised for each database with the aim of producing a high yield of
potentially relevant studies. The Cochrane Collaboration's 'optimally sensitive strategy' for
searching Medline was used with that database. This search strategy has been developed over a
number of years and is continually being revised. It was developed with the aim of identifying
RCTs and CCTs. At the same time the Cochrane Collaboration has been working with Medline to
improve the coding of RCTs and CCTs so that their search strategies are even more sensitive. This
study has relied on searches of other databases for which there has been much less developmental
work. Because we were only able to identify one RCT or CCT that aimed to answer the principle
question “is screening worthwhile?” we have searched for studies answering a number of
different research questions relevant to the assessment of screening programmes.

Selection of studies

The searches initially yielded over five thousand references and all but those listed in this
document were eliminated on the basis of titles and abstracts (where given) by one reviewer (SKS).
Any reference that appeared remotely suitable for further scrutiny was downloaded and
considered more carefully. We found a number of studies at this stage which did not strictly fulfill
the search criteria, and were not sufficiently robust from a methodological point of view to answer
our research questions, whose results nevertheless are worthy of mention, either because they
question currently held beliefs, or because they throw some light on the research questions. It is
possible that some studies of this nature were missed in the initial sift of 5000 references. Finding
and critically appraising all of them was beyond the scope of this study.

Literature was also identified late in the course of the study as a result of consultation on the draft
report that we had not identified in the electronic search or request for unpublished studies. Our
advisory group was particularly helpful in this respect. Where possible and appropriate these
studies have been included in the review. This process improves the credibility of the review
because it ensures that studies that clinicians believe are important and which underpin their
professional practice are included. In a review like this where the adequacy of electronic searching
must be open to question it is however important to be aware that this process could lead to bias.
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Studies that support current clinical practice are more likely to be included than those that do not.
None of the evidence identified late in the review provided definitive answers to our research
questions. The problem of failing to identify all relevant literature is more likely to have affected
the identification of studies relating to natural history and disability than the other topics.

Appropriateness of outcome measures

The most controversial component of our review is that pertaining to the extent of disability
caused by these defects. This is also the area in which the review is least strong. Whilst we can be
confident that we would have identified studies which fulfill the criteria for causality we believe we
may have missed some studies which might throw light on the subject and be useful for generating
hypotheses. To many clinicians working in this field it appears self-evident that a reduction in
visual acuity (which may range from one line on the Snellen chart to six) in one eye, or a lack of
stereopsis must be disabling. The risk of severe visual impairment for the person with amblyopia
through loss of vision in the good eye is frequently cited as a key reason for identifying and
treating amblyopia, but the contribution of amblyopia to blindness is virtually undocumented.
There is also a need for further studies of the prognosis for vision in the amblyopic eye when
vision in the better eye is lost. The belief that reduced binocular vision or minor refractive errors
cause problems for children and adults is biologically plausible, but it does need supporting by
methodologically sound studies and these do not seem to have been carried out. We have
attempted to present a range of the studies that are commonly quoted as demonstrating that visual
defects must be disabling and demonstrate why they do not prove this.

Effectiveness of treatment

The second most controversial aspect of this review is the conclusion we have reached about the
impact of treatment on the three target conditions. There is a strongly held clinical belief that
treatment works, and several clinicians have told us that the prevalence of dense amblyopia in
childhood has reduced during their working lives. However the evidence relating to the natural
history of these conditions is inadequate and there do not appear to be any methodologically
sound trials of the effect of treatment of any of the conditions on visual function. Current clinical
practice appears to be based on theory and on observational studies of treatment. Whilst this may
be considered sufficient as a basis for clinical practice it is not sufficient for the establishment of a
screening programme. In the absence of knowledge about the disabilities attributable to the target
conditions it is difficult to see how clinicians will be able to give parents a clear picture of how
treatment will benefit their child and to achieve informed consent to treatment.

Side effects of screening and treatment

We found no studies that aimed to measure negative effects of screening. Potential visual side
effects of treatment (diplopia, deprivation amblyopia and failure of emmetropisation) are
acknowledged"™'" but the potential psychological impact on the child or the family is seldom
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mentioned, still less explored. The evidence that the detrimental effects of screening programmes
can outweigh the benefits is mounting.'” There is evidence that many older children prescribed
glasses for refractive error do not wear them,” suggesting that the perceived improvement in visual
functioning achieved by spectacles is not always sufficient to offset the perceived social disability
attributable to wearing spectacles. Patching is likely to be more socially and psychologically
disabling than spectacle wearing and could have deleterious effects on both the child and the
family.
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CONCLUSIONS

Our conclusions and recommendations differ from those of other recent reviews [eg. 111, 112,
122] which judge that preschool vision screening is worthwhile. These reviews have based their
conclusions on literature that has been appraised in this review. Our review differs from these in
that it has taken a more rigorous approach to the evidence relating to disability and treatment. We
believe that this evidence is essential to support a screening programme for a non-fatal condition
for which there have been no rigorously controlled trials. An invitation to preschool vision
screening carries with it the implicit assumption that screening is going to benefit the child. In the
absence of sound evidence that the target conditions sought in these programmes are disabling
and that the interventions available to correct them do more good than harm, the ethical basis for
such interventions is very insecure.
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RECOMMENDATIONS

Clinical Practice

Purchasers and providers should be appraised of the results of this review and advised not to
implement new screening programmes.

Providers currently offering screening programmes should consider discontinuing them. From an
ethical point of view it is appropriate to continue screening only in the context of a controlled trial
of treatment such as that described below.

Research

There is an urgent need to research:

Disability

a) the extent of disability attributable to amblyopia. A variety of different types of study are
needed, including qualitative studies exploring with sufferers the ways in which they feel
their condition has affected them. We are currently conducting a small qualitative study
exploring this area. There is also a need for comparative experimental studies measuring the
performance of people with amblyopia at tests that might be expected to be affected by
monocular function.

b) disability attributable to refractive errors, particularly the possibility that hypermetropia
might cause problems with reading which could be corrected with spectacles, or might
contribute to the development of a squint. These possibilities could be studied in an RCT.

c) whether there is any disability associated with non cosmetically obvious squints.

d) the prevalence of blindness or partial sight attributable to amblyopia in the UK. A national
survey of the incidence and causes of loss of vision in the better eye in children and adults
with unilateral amblyopia, from data collected by the British Ophthalmic Surveillance Unit,
is planned to start this year.'"” Data will be collected for a period of not less than 18 months.
Studies are also needed to assess the extent to which an amblyopic eye can regain function
late in life if the good eye fails.

Until it is established that these conditions are disabling and in what ways, it will remain impossible
to demonstrate that pre-school vision screening programmes offer any health gain. Once these
studies have been completed, and it has been demonstrated that the conditions are disabling,
appropriate health outcome measures can be devised.

Treatment

e) the impact of orthoptic treatment on family life and psychological wellbeing of the child.
Initially, qualitative studies are needed to explore possibly unexpected consequences.

f) the effectiveness of orthoptic treatment on amblyopia and quality of life. This needs to be a
randomised controlled trial of treatment versus no treatment. The outcome of treatment
needs to be measured in terms of health outcomes defined in studies of disability. Trials
should be undertaken in children both of three to four years of age and of five to six years
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to determine whether screening at age three and four confers any benefit over screening at
school entry. This type of study would also provide data on natural history.

g) the effectiveness of treatment of non cosmetically obvious squint and refractive errors in this
age group. This also needs to be a no-treatment controlled RCT, but if d) is underway could
use amblyopia as an outcome.

Screening
No further studies of the efficiency of screening in identifying children with the target conditions
should be undertaken the research on disability and treatment has been undertaken.

75



STUDIES INCLUDED IN THE REVIEW

Information about individual studies is given in the text and/or tables.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Abrahamsson, M., Fabian, G., and Sjostrand, J. Refraction changes in children developing
convergent or divergent strabismus. British Journal of Ophthalmology 1992; 76:723-7217.

Alberman, E.D., Butler, N.R., and Gardiner, P.A. Children with squints - a handicapped
group? The Practitioner 1971; 206:501-506.

Allen, J.W. and Bose, B. An audit of preschool vision screening. Archives of Disease in
Childhood 1993; 67:1292-1293.

Bax, M. and Whitmore, K. Neurodevelopmental screening in the school-entrant medical
examination. The Lancet 1973; 2(825):368-370.

Beardsell, R. Orthoptic Visual Screening at 3.5 years by Huntingdon Health Authority.
British Orthoptic Journal 1989; 46:7-13.

Jones, R.K. Lee, D.N. Why are two eyes better than one: the two views of binocular vision,
J Experimental Psychology, Human Perception and Performance 1981; 7:30-40.

Birmingham Unpublished data on preschool vision screening in S. Birmingham, April
1995-March 1996. Personal communication from Mrs J. Nolan (Head Orthoptist)

Bishop, D.V., Jancey, C., and Steel, A.M. Orthoptic status and reading disability. Cortex
1979; 15:659-666.

Bolger, P.G., Stewart Brown, S.L., Newcombe, E., and Starbuck, A. Vision screening in
preschool children: comparison of orthoptists and clinical medical officers as primary
screeners. BMJ. 1991; 303(6813):1291-1294,

Buzzelli, A.R. Stereopsis, accommodative and vergence facility: do they relate to dyslexia?
Optom.Vis.Sci. 1991; 68(11):842-846.

Cameron, H. and Cameron, M. Visual screening of pre-school children. BMJ 1978; 1693-
1694.

Campbell, L.R. and Charney, E. Factors associated with delay in diagnosis of childhood
amblyopia. Pediatrics 1991; 87(2):178-185.

Carney, C.V., Lysons, D.A. and Tapley, J.V Is the incidence of constant esotropia in
childhood reducing? Eye 1995;.9(6):.40-41.

Bray, L.C., Clarke, M.P,, Jarvis, S.N., Francis, P.M., and Colver, A. Preschool vision
screening: A prospective comparative evaluation. Eye 1996; 10: 714-718.

Conway, M. A Study of the Referral Patterns of Childhood Amblyopia in Suffolk.
Unpublished Part II thesis, Faculty of Public Health Medicine:1995.

Comelissen, P., Bradley, L., Fowler, S., and Stein, J. Covering one eye affects how some
children read. Developmental Medicine And Child Neurology 1993; 34:296-304.

Cornelissen, P., Bradley, L., Fowler, S., and Stein, J. What children see affects how they
spell. Developmental Medicine And Child Neurology 1994; 36(8):716-726.

Comnelissen, P., Bradley, L., Fowler, S.A., and Stein, J. What children see affects how they
read. Developmental Medicine And Child Neurology 1991;33(9):755-762.

Dudley & Sandwell Eye Departments Unpubished audit of preschool vision screening,
April 1993-March 1994.Personal communication: Miss SM Thompson FRCOpth.

76



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

Edwards, R. Orthoptists as pre-school screeners: A 2-year study. British Orthoptic Journal
1989; 46:14-19.

Evans, B.J., Drasdo, N., and Richards, I.L. An investigation of some sensory and refractive
visual factors in dyslexia. Vision Res. 1994; 34(14):1913-1926.

Evans, B.J.,, Drasdo, N., and Richards, L.L. Dyslexia- The link with visual deficits.
Ophthalmic and Physiological Optics 1996; 16(1):3- 10.

Fathy, V.C., and Elton, P.J. Orthoptic screening for three- and four-year-olds. Public
Health 1993; 107 (1):19-23,.

Feldman, W., Sackett, B., Milner, R., and Gilbert, S. Effects of preschool screening and
hearing on prevalence of vision and hearing problems 6-12 months later. The Lancet
1980; 1014-1017.

Fielder, A.R., Irwin, M., Auld, R., Cocker, K.D., Jones, H.S., and Moseley, M.J. Compliance
in amblyopia therapy: objective monitoring of occlusion. British Journal of
Ophthalmology 1995; 79(6):585-589.

Flom, M. and Neumaier, R. Prevalence of amblyopia. Public Health Reports 1966;
81(4):329-341.

Freeman, C.F. Costings for the secondary orthoptic screening programme in South
Worcestershire for 1995 - data presented at the Royal College of Ophthalmologists, June
1996.

Gallaher, R. Community Orthoptic Visual Screening: First Year Report 1994-1995. South
Bucks NHS Trust. (Unpublished).

Good, W.V., da Sa, L.C.F,, Lyons, C.J., and Hoyt, C.S. Monocular visual outcome in
untreated early onset esotropia. British Journal of Ophthalmology 1993; 77(8):492-494.

Fielder, A.R., Moseley, M.J. Does stereopsis matter in humans? Eye 1996; 10:233-238.

Grisham, D. and Simons, H. Refractive error and the reading process: A literature analysis
J.Am.Optom.Assoc. 1986; 57(1):44-55.

Grosvenor, T. Are visual anomalies related to reading ability? J.Am.Optom.Assoc. 1977,
48(4):510-517.

Hall, P. The relationship between ocular functions and reading achievement.
J.Pediatr.Ophthalmol.Strabismus 1991; 28(1):17-19.

Helveston, E. et al Visual function and academic performance. Am J Opth 1985; 99:346-
355.

Henderson, S., Barnett, A., and Henderson, L. Visuospatial difficulties and clumsiness: on
the interpretation of conjoined deficits. Journal of Child Psychology & Psychiatry 1994,
35(5):961-969.

Ingram, R.M., Holland, W.W., Walker, C., Wilson, J.M., Arnold, P.E., and Dally, S.
Screening for visual defects in preschool children. British Journal of Ophthalmology
1986; 70:16-21.

Jarvis, S.N., Tamhne, R.C., Thompson, L., Francis, P.M., Anderson, J., and Colver, AF.
Preschool vision screening. Arch.Dis.Child 1990; 65:288-294.

Kani, W. Human Amblyopia and its Perceptual Consequences.PhD thesis, University of
Durham., 1980.

77



39.

40.

41.

42.

43,

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Keith, C.G., Howell, E.R., Mitchell, D.E., and Smith, S. Clinical trial of the use of rotating

grating patterns in the treatment of amblyopia. British Journal of Ophthalmology. 1980;
64(8):597-606.

Kheterpal, S., Jones, H.S., Auld, R., and Moseley, M.J. Reliability of visual acuity in
children with reduced vision. Ophthal. Physiol. Opt. 1996; 16(5):447-449,

Kohler, L. and Stigmar, G. Vision screening of four-year-old children. Acta
Paediatr.Scand. 1973; 62(1):17-27.

Kohler, L. and Stigmar, G. Visual disorders in 7-year old children with and without
previous vision screening. 1978; Acta Paediatr Scand 67:373-3717.

Larson, W.L. Disabled stereopsis may be the norm among well-educated people. Medical
Hypotheses 1995; 44:309-310.

Latvala, M.L., Korhonen, T.T., Penttinen, M., and Laippala, P. Ophthalmic findings in
dyslexic schoolchildren. British Journal of Ophthalmology 1994; 78(5):339-343.

Leguire, L.E., Rogers, G.L., Bremer, D.L., Walson, P.D., and McGregor, M.L.
Levodopa/carbidopa for childhood amblyopia. Investigative Ophthalmology & Visual
Science 1993; 34:3090-3095.

Leguire, L.E., Walson, P.D., Rogers, G.L., Bremer, D.L., and McGregor, M.L. Longitudinal
study of levodopa/carbidopa for childhood amblyopia. J.Pediatr.Ophthalmol.Strabismus.
1993; 30(6):354-360.

Lennerstrand, G. and Samuelsson, B. Amblyopia in 4-year-old children treated with
grating stimulation and full-time occlusion; a comparative study. British Journal of
Ophthalmology. 1983; 67(3):181-190.

Levartovsky, S., Oliver, M., Gottesman, N., and Shimshoni, M. Factors affecting long term
results of successfully treated amblyopia: initial visual acuity and type of amblyopia.
British Journal of Ophthalmology. 1995; 79(3):225-228.

MacLellan, A. and Harker, P. Mobile orthoptic service for primary screening of visual
disorder in young children. BMJ 1979; 994-995.

Malik, S.R., Gupta, A.K., and Grover, V.K. Occlusion therapy in amblyopia with eccentric
fixation. British Journal of Ophthalmology. 1970; 54(1):41-45.

McGee, R., Williams, S., Simpson, A., and Silva, P.A. Stereoscopic vision and motor ability
in a large sample of seven-year-old children. Journal Of Human Movement Studies 1991;
13:343-352.

Milne, C. An evaluation of cases referred to hospital by the Newcastle Pre-School
Orthoptic Service. British Orthoptic Journal 1994; 51:1-5.

Monfardini, A. Incidenza dell'astigmatismo nella oftalmometria preventiva nel terzo anno
di vita in 2000 Bambini (The incidence of astigmatism in preventive ophthalmometry in
the third year of life, in 2000 children.) Bollettino Di Oculistica 1988; 67:113-116.

Newman, D.K., Hitchcock, A., McCarthy, H., Keast-Butler, J., and Moore, A.T. Preschool
vision screening: outcome of children referred to the hospital eye service. British Journal
of Ophthalmology. 1996; 80:1077-1082.

Nucci, P., Alfarano, R., Piantanida, A., and Brancato, R. Compliance of antiamblyopia
occlusion therapy. Acta Ophthalmologica 1992; 70:128-131.

Nyman, K.G., Singh, G., Rydberg, A., and Fornander, M. Controlled study comparing

'CAM treatment with occlusion therapy. British Journal of Ophthalmology 1983;

67(3):178-180.

78



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Ohtsuki, H., Hasebe, S., Tadokoro, Y., Kishimoto, F., Watanabe, S., and Okano, M.
Preoperative prism correction in patients with acquired esotropia.
Graefes. Arch.Clin.Exp.Ophthalmol. 1993; 231(2):71-75.

Oliver, M., Neumann, R., Chaimovitch, Y., Gotesman, N., and Shimshoni, M. Compliance
and results of treatment for amblyopia in children more than 8 years old.
Am.J.Ophthalmol. 1986; 102(3):340-345.

Prism Adaptation Study Research Group Efficacy of prism adaptation in the surgical
management of acquired esotropia. Arch.Ophthalmol. 1990; 108(9):1248-1256.

Repka, M.X. and Wentworth, D. Predictors of prism response during prism adaptation.
Prism Adaptation Study Research Group. J.Pediatr.Ophthalmol.Strabismus. 1991;
28(4):202-205.

Seng, C., and Curson, J. Study of the outcomes of referrals from the orthoptic vision
screening programme, 1991. Bedfordshire Health, Charter House, Alma St, Luton.
(Unpublished)

Shaw, D.E., Fielder, A.R., Minshull, C., and Rosenthal, A.R. Amblyopia: Factors
influencing age of presentation. The Lancet 1988; 2:207-209.

Simons, H.D. and Gassler, P.A. Vision anomalies and reading skill: A meta-analysis of the
literature. American Journal of Optometry & Physiological Optics 1988; 65(11):893-904.

Smith, L.K., Thompson, J.R., Woodruff, G., and Hiscox, F. Social deprivation and age at
presentation in amblyopia. Journal of Public Health Medicine, 1994; 16 (3):348- 351.

Smith, L.K., Thompson, J.R., Woodruff, G., Children's vision screening- Impact on
inequalities in central England. Journal of Epidemiology and Community Health, 1995;
49 (6):606-609.

Sonksen, P.M. and Macrae, A.J. Vision for colored pictures at different acuities: The

Sonksen picture guide to visual function. Developmental Medicine And Child Neurology
1987; 29:337-347.

Stayte, M., Reeves, B., and Wortham, C. Ocular and vision defects in preschool children,
British Journal of Ophthalmology 1993; 77:228-232.

Stewart Brown, S., Haslum, M.N., and Butler, N. Educational attainment of 10-year-old
children with treated and untreated visual defects. Developmental Medicine And Child
Neurology 1985; 27:504-513.

Sucher, D.F. and Stewart, J. Vertical fixation disparity in learning disabled. Optometry And
Vision Science 1993; 70(12):1038-1043.

Sullivan, G. and Fallowfield, L. A controlled test for the CAM treatment for amblyopia.
British Orthoptic Journal 1980; 37:47-55.

Swindon Unpublished data on preschool vision screening in Highworth, Swindon, 1983-
1991. Personal communication from Mrs J M James (Head Orthoptist, Princess Margaret
Hospital) '

Williams, C., Harvey, 1., Frankel, S., Golding, J, Sparrow, J.M., Harrad, R.A and the
ALSPAC Children in Focus Study Team: Preschool Vision Screening — Results of a
randomised controlled trial. Investigative Ophthalmology and Vision Science 1996;
37:S1111.

Terrell Doba, A. Cambridge stimulator treatment for amblyopia. An evaluation of 80
consecutive cases treated by this method. Aust.J.Ophthalmol. 1981; 9(2):121-127.

Thompson, J.R., Woodruff, G., Hiscox, F., Strong, N., and Minshull, C. The Incidence and
prevalence of amblyopia detected in childhood. Public Health 1991; 105:455-462.

79



75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Tommila, V. and Tarkkanen, A. Incidence of loss of vision in the healthy eye in
amblyopia. British Journal of Ophthalmology 1981; 65:575-577.

Tytla, M.E. and Labow Daily, L.S. Evaluation of the CAM treatment for amblyopia: a
controlled study. Invest.Ophthalmol.Vis.Sci. 1981; 20(3):400-406.

Veronneau Troutman, S., Dayanoff, S.S., Stohler, T., and Clahane, A.C. Conventional

occlusion vs. pleoptics in the treatment of amblyopia. Am.J.Ophthalmol. 1974; 78(1):117-
120.

Waddingham, P. and Whale, K. Children who failed visual screening at age 5. Were they
seen by the orthoptist at age 3?7 Unpublished audit, Birmingham & Midland Eye Hospital,
1993.

Wang, Y.D., Thompson, J.R., Goulstine, D.B., and Rosenthal, A.R. A survey of the initial
referral of children to an ophthalmology department. British Journal of Ophthalmology
1991; 74:650-653.

Williamson, T.H., Andrews, R., Dutton, G.N., Murray, G., and Graham, N. Assessment of an
inner city visual screening programme for preschool children. British Journal of
Ophthalmology, 1995; 79 (12):1068- 1073.

Woodruff, G., Hiscox, F., Thompson, J.R., and Smith, L..K. Factors affecting the outcome
of children treated for amblyopia. Eye 1994; 8:627-631.

Woodruff, G., Hiscox, F., Thompson, I.R., and Smith, L.K. The presentation of children
with amblyopia. Eye 1994; 8:623-626.

Wormald, R.P. Preschool vision screening in Cornwall: performance indicators of
community orthoptists. Arch.Dis.Child 1991; 66(8):917-920.

Ygge, J., Lennerstrand, G., Rydberg, A., Wijecoon, S., and Pettersson, B.M. Visual functions
in a Swedish population of dyslexic and normally reading children Acta Ophthalmologica
1993; 71: 1-9. .

Oculomotor functions in a Swedish population of dyslexic and normally reading children.
Acta Ophthalmologica 1993; 71:10-21.

Other references

86.

87.

88.

89.

90.

91.
92.

93.

Church, C. The identification and management of visual impairment. In: Screening And
Surveillance In General Practice, edited by Hart, C.R. and Burke, P.Edinburgh: 1992,

Department of Health, EL (95) 105, 2; (7.12.95).

Dickersin, K., Scherer, R., and Lefebvre, C. Identifying relevant studies for systematic
reviews. In: Systematic Reviews, edited by Chalmers, I. and Altman, D.G.London:BMJ
Publishing Group, 1995,p. 17-36.

Fielder, A.R. and Moseley, M.J. Anisometropia and amblyopia - chicken or egg? British
Journal of Ophthalmology 1996; 80:857-858.

Teasdale, T.W., Fuchs, J., Goldschmidt, E. Degree of myopia in relation to intelligence and
educational level. The Lancet 1988; 1351-1354,

Hall, D. Health For All Children. New York:Oxford University Press. First edition, 1989.

Hall, S., Pugh, A., and Hall, D. Vision screening in the under-5's. BMJ 1982; 285:1096-
1098.

Hess, R. Is amblyopia an impediment to binocular function? Eye 1996; 10:245-249.

80



94.

9s.
96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.
108.
109.

110.
111.

112.

113.
114.

Howland, H.C. Early refractive development. In: Early Visual Development, Normal And
Abnormal, edited by Simons, K.Oxford, New York:Oxford University Press, 1993,p. 5-13.

Johnson, A. Visual problems in children:detection and referral. JRCGP 1984; 34:32-35.
Jones, R. and Lee, D. Why two eyes are better than one: The two views of binocular vision.

Journal of Experimental Psychology Human Perception and Performance 1981; 7(1):30-
40.

Lysons, D., Horne, G., Newcomb, E., Robinson, J., and Stephenson, G. British Orthoptic
Society Visual Screening Project 1991. (Unpublished)

Moseley, M.J. and Fielder, A.R. Occlusion therapy for childhood amblyopia: current
concepts in treatment evaluation. In: Infant Vision, edited by Vital-Durand, F., Atkinson, J.,
and Braddick, O.J. Oxford, New York, Tokyo: Oxford University Press, 1996,p. 383-400.

NHS Executive, Promoting Clinical Effectiveness - a framework for action in and
throughout the NHS. 1996.

Price, D., Minshull, C., Moseley, M., and Fielder, A. The acuity card procedure: its use in
orthoptics. British Orthoptic Journal 1987, 44.

Roy, B., Cameron, M., Paterson, D., Taylor, W., and Cameron, J. The place of the orthoptist
in visual screening of pre- -school children. British Orthoptic Journal 1977, 34.

Servos, P., Goodale, M., and Jakobson, L. The role of binocular vision in prehension:
kinematic analysis. Vision Research 1992; 32(8):1513-1521.

Stewart Brown, S.L., Haslum, M:N., and Howlett, B. Preschool vision screening: A service
in need of rationalization. Archives of Disease in Childhood 1988; 63:356-359.

Vital-Durand, F., Atkinson, I., and Braddick, O.J. Infant Vision. Oxford, New York, Tokyo:
Oxford University Press. , 1996.

Williams, C. Senior Registrar in Ophthalmology, Bristol Eye Hospital. Personnal
communication.

Wilson, J. M. G., and Jungner, G. Principles and Practice of Screening for Disease. Public
Health Papers, WHO, Geneva, 1968.

Auld, R. Head Orthoptist, Birmingham & Midland Eye Hospital. Personal communication.
Dodridge, C. Head Orthoptist, Oxford Eye Hospital. Personal communication.

Schmidt, P. P. Allen figure and broken wheel visual acuity measurement in preschool
children. Journal of the American Optometric Association 1992; 63 (2): 124.

Campos, E. Amblyopia. Survey of Opth 1995 40(1):23-39.

Guide to Clinical Preventive Services. Report of the U.S. Services Preventive Task Force.
Williams & Wilkins, Baltimore, second edition 1994: 373-382,

Canadian Task Force on the Periodic Health Examination. The Canadian Guide to Clinical
Preventive Health Care. Ottawa: Canada Communication Group, 1994:298-304.

Hill, A.B. Principles of Medical Statistics. London, Lancet 1971: 313.
Hard, A.L., Williams, P., Sjostrand, J. Do we have optimal screening limits in Sweden for

vision testing at the age of 4 years? Acta Ophthalmologica Scandinavica, 1995; 73 (6)
483- 485.

81



115.

116.

117.

118.

119.

120.

121.

122.

123.
124.

125.

126.

Aurell, E., Norrsell, K. A longitudinal study of children with a family history of
strabismus: factors determining the incidence of strabismus. British Journal of
Ophthalmology 1990; 74:589-594.

Ingram, R.M., Traynar, M.J., Walker, C., Wilson, J.M. Screening for refractive errors at age
1 year: a pilot study. British Journal of Ophthalmology 1979; 63:243-250.

Ingram, R.M. and Walker, C. Refraction as a means of predicting squint or amblyopia in
preschool siblings of children known to have these defects. British Journal of
Ophthalmology 1979; 63:238-242.

Burian, H.M., von Noorden, G.K. Binocular vision and ocular motility. an edition. Mosby,
1980:219-220.

McManus, 1.C., Mascie-Taylor, C.G.N. Biosocial correlates of cognitive abilities. J. Biosoc.
Sci. 1983; 15:289-306.

Peckham, C.S., Gardiner, P.A., Goldstein, H. Acquired myopia in 11-year-old children.
BMJ: 1977; 542-544.,

Vereecken, E.P., Brabant, P. Prognosis for vision in amblyopia after the loss of the good
eye. Archives of Ophthalmology 1994; 102: 220-224,.

Simons, K. Preschool vision screening: rationale, methodology and outcome. Survey of
Ophthalmology 1996; 41(1):3-30.

Stewart-Brown, S. Screening could seriously damage your health. BMJ 1997; 314:533.

Rahi, J. MRC Clinical Training Fellow, Great Ormond Street Hospital/Institute of Child
Health. Personal communication.

Mr M P Clarke, Consultant Ophthalmologist, Royal Victoria Infirmary, Newcastle. Personal
communication.

NHS Centre for Reviews and Dissemination. Undertaking Systematic Reviews of Research

on Effectiveness — CRD Guidelines for Those Carrying Out or Commissioning Reviews.
CRD Report 4, University of York, 1996.

82



APPENDIX A

GLOSSARY
1. Terms relating to vision

Amblyopia Reduced visual acuity in the absence of organic disease, which cannot be improved by
spectacles. It is usually uniocular. Amblyopia is held to be reversible up to the age of about eight
years. Children presenting with amblyopia will be treated with occlusion or other therapies in
order to reverse the visual loss. It is thought to be caused by hypermetropia and/or anisometropia
as well as the various types of squint. Some practitioners will treat these refractive errors in
preschool children to prevent the development of amblyopia. Others will follow up these children
and intervene as soon as the amblyopia appears.

Anisometropia A difference in refractive error between the two eyes.

Binocular single vision (BSV) The simultaneous use of both eyes so that each eye contributes to a
common singular perception. There are grades of BSV. In the highest form the object is fixated at
the centre of the retina in both eyes and fusion of the two images allows depth perception
(stereopsis).

Cover/uncover test A test used to detect squint, in which each eye is covered in turn while the
child fixes on a specified target, and the tester observes the movements of the eyes.

Cycloplegic drugs These are drugs which block the action of the ciliary muscle, preventing
accommodation. In addition, pupillary dilation occurs.

Diplopia Double vision, or seeing two images of one object simultaneously.
Hypermetropia Refractive error where the principal focus is behind the eye (‘long sight').

Intermittent squint There is a manifest squint at some times or distances but the visual axes are
aligned at others. Children with intermittent squints may respond to spectacle correction alone if
they are also hypermetropic. They may be followed up and undergo surgery if the squint
becomes less well controlled, in order to prevent the loss of binocular vision and the development
of a cosmetically obvious squint.

Latent squint (heterophoria) With both eyes open the visual axes are aligned. When one eye is
covered, the eye under cover deviates; when the cover is removed, it comes back into alignment. A
small heterophoria is present in the majority of people without ocular symptoms. Small latent
divergent squints are regarded as common in children children aged 3-4.5 years and are not
thought to be associated with any adverse effects. No intervention is recommended. Small latent
convergent squints are often accompanied by hypermetropia, for which spectacle correction is
prescribed with the aim of preventing further deterioration of the squint.
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Manifest squint (heterotropia) With both eyes open the visual axis of one eye is deviated from the
point of fixation. It may be constant or intermittent.

Microsquint (microtropia) A small angle heterotropia usually of 10 dioptres or less. These are
associated with abnormal binocular function but cannot be treated. They are often associated with
anisometropia and both of these conditions are thought to predispose children to developing
amblyopia. Children with microtropias are prescribed spectacles if they are anisometropic and
they are followed up to allow incipient amblyopia to be detected and treated early.

Myopia A refractive error where parallel rays of light focus in front of the retina when the eye is
at rest ('short sight").

Occlusion Obscuring the vision of one eye, either totally or partially, to prevent or reduce visual
stimulation.

Refractive error An abnormal refractive index.
Squint The lay term for strabismus.

Stereopsis The image seen by each eye is slightly different; the fusion of these two images allows
perception of depth.

Strabismus The misalignment of the visual axes of the two eyes. It may be manifest or latent.

Visual acuity The limit of spatial visual discrimination, commonly measured using letters or other
geometrical forms (optotypes). Two of the scales used to measure visual acuity, the Snellen and
LogMAR scales, are given below.

Snellen LogMAR
6/60 1.0

- 0.9
6/36 0.8

- 0.7
6/24 0.6 -
6/18 0.5

- 0.4
6/12 0.3
6/9 0.2
6/7.5 0.1
6/6 0.0
6/5 -0.1
6/4 -0.2
6/3 -0.3

NB. Many Snellen charts stop at 6/5.
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2. Epidemiological terms

False Negatives Individuals with a negative test result who actually have a target condition.
False Positives Individuals with a positive test result who do not have a target condition.

Negative Predictive Value (NPV) The proportion of individuals who test negative who do not
have a target condition.

Positive Predictive Value (PPV) The proportion of individuals with a positive test result who
have a target condition.

Screening The presumptive identification of unrecognised disease or defect by the application of
tests, examinations, or other procedures which can be applied rapidly to a whole population.
Screening sorts out apparently well people who probably have a disease/defect from those who
probably do not.

Sensitivity (true positive rate) The proportion of individuals with the target condition in a
population who are correctly identified by a screening test.

Specificity (true negative rate) The proportion of individuals free of the target condition in a
population who are correctly identified by a screening test.

Surveillance Ongoing observation of the health of individuals or populations.

Yield. The proportion of individuals in the screened population who are found to have a target
condition
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APPENDIX B

SEARCH STRATEGIES

Medline

1 RANDOMIZED-CONTROLLED-TRIAL in PT

2 "RANDOMIZED-CONTROLLED-TRIALS"/ all subheadings

3 RANDOM-ALLOCATION

4 DOUBLE-BLIND-METHOD

5 SINGLE-BLIND-METHOD

6 #1 or #2 or #3 or #4 or #5

7 explode "REFRACTIVE-ERRORS"/ all subheadings

8 explode "OCULAR-MOTILITY-DISORDERS"/ all subheadmgs

9 explode "VISION-DISORDERS"/ all subheadings

10  explode "VISION-TESTS"/ all subheadings

11 (VISION near SCREENING) in TI,AB,MESH

12 RETINOBLASTOMA in TI,AB,MESH

14  (VISION or SIGHT or EYE) near TEST*

15 DEFECT* near VISION

16 (EYE or SIGHT) near PROBLEM*

17  SPECTACLES or GLASSES

18 explode "CHILD"/ all subheadings

19 CHILD* or PRESCHOOL*

20 #18 or #19

21  #6 and #20 and (#7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17)

22  CLINICAL-TRIAL in PT

23 explode "CLINICAL-TRIALS"/ all subheadings

24  (CLIN* near TRIAL*) in TI,AB

25 "PLACEBOS"/ all subheadings

26 PLACEBO* in TLLAB

27 RANDOM* in TILAB

28 RESEARCH-DESIGN"/ all subheadings

29  (SINGL* or DOUBL* or TREBL* or TRIPL*) near (BLIND* or MASK*)

30  #22 or #23 or #24 or #25 or #26 or #27 or #28 or #29

31  #30 and #20 and (#7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or
#17)

32  #31 not #21

33 TG=COMPARATIVE-STUDY

34  explode "EVALUATION-STUDIES"/ all subheadings

35 FOLLOW-UP-STUDIES

36 PROSPECTIVE-STUDIES

37 (CONTROL* or PROSPECTIV* or VOLUNTEER¥*) in TI,AB

38  #33 or #34 or #35 or #36 or #37

39  #38 and #20 (#7 or #8 or #9 or #10 or #11or #12 or #13 or #14 or #15 or #16 or #17)

40  #39 not (#31 or #21)
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Biological Abstracts

1 AMBLYOP*
REHABILITAT*
DISABILIT*
#1 and (#2 or #3)

B LN

AMBLYOP*

OCCLUSION

THERAP* or TREATMENT* or MANAG*
SCREEN* or TEST*

#1 and (#2 or #3 or #4)

REFRACTION or REFRACTIVE
STRABISMUS or SQUINT

SPECTACLES or GLASSES

VISION near SCREEN*

MICROTROPI*

MYOPI*

HYPERMETROPI*

ANISOMETROPT*

ASTIGMAT?*

10 DEFECT* near VISION

11  (VISION or SIGHT or EYE) near TEST*
12 CHILD* or PRESCHOOL* '

13 #12 and (#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11) -

OO oo ~-1TAA WP WLDDEUVRWLWDND=

Psychlit

1 explode VISION DISORDERS

2 explode EYE DISORDERS

3 explode OCULAR ACCOMMODATION

4 explode HYSTERICAL VISION DISTURBANCES
5 explode REFRACTION ERRORS

6 VISION near SCREENING

7 VISION SCREENING

8 6 or 7

9 AMBLYOP*

10  (VISION or SIGHT or EYE) near TEST*

11  SPECTACLES or GLASSES

12 DEFECT* near VISION

13 (VISION or SIGHT or EYE) near (PROBLEM* or DISORDER*)
14  MICROTROPIA

15  SQUINT or STRABISMUS

16 MYOPI*

17  HYPERMETROP*

18 ANISOMETROP*

19 ASTIGMAT*

20 REFRACTIVE

21  PRESCHOOL* or CHILD*

22 2land lor2or3ordorS5or8or9orl0orllorl2orl3orldorl5or16or 17 or

18 or 19 or 20)
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Science Citation Index (SciSearch)

1  RANDOMI?ED CONTROLLED TRIAL*
2 RANDOM ALLOCATION

3 DOUBLE BLIND

4  SINGLE BLIND

5 1234

6  CHILD*PRESCHOOL*

7  AMBLYOPIA

8  REFRACTIVE ERROR*

9  STRABISMUS,SQUINT

10 VIS* SCREENING

11 VISION TEST*

12 SIGHT TEST*

13 EYE TEST*

14  SPECTACLES,GLASSES

15 OCULAR MOTILITY DISORDER*
16 5+6+(7,8,9,10,11,12,13,14)

17 CONTROL* TRIAL*

18 CONTROL* STUD*

19 CLINICAL TRIAL*

20 DOUBLE BLIND

21  SINGLE BLIND

22 TRIPLE BLIND

23 TREBLE BLIND

24 DOUBLE MASK*

25 SINGLE MASK*

26 TREBLE MASK*

27  TRIPLE MASK*

28 RANDOM*

29  PLACEBO*

30 RESEARCH DESIGN*

31  MULTICENT* STUD*

32 17,18,19,20,21,22,23,24,25,26,27,28,29,30,31
33 32+6+(7,8,9,10,11,12,13,14,15)
34 33-16

35  PROSPECTIV* STUD*

36 VOLUNTEER*

37 COMPARATIVE STUD*

38 EVALUATI* STUD*

39  FOLLOW?UP STUD*

40 LONGITUDIN* STUD*

41 COHORT STUD*

42 35,36,37,38,39,40,41

43 4246+(7,8,9,10,11,12,13,14,15)
44 43-(33,16)
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Embase

Search strategy for RCTs and other controlled studies.

O -1 ON U W N —

RANDOMIZED CONTROLLED TRIAL
RANDOMIZATION

randomi?ed control* trial*
DOUBLE BLIND PROCEDURE
SINGLE BLIND PROCEDURE
1,2,34,5

CHILD*, PRESCHOOL*
REFRACTI* ERROR*
AMBLYOPIA

explode EYE DISEASE
RETINOBLASTOMA

explode VISUAL DISORDER
explode VISUAL IMPAIRMENT
explode VISION TEST

explode VISUAL SYSTEM EXAMINATION
explode STRABISMUS
SPECTACLES,GLASSES
6+7+(8,9,10,11,12,13,14,15,16,17)
explode CLINICAL TRIAL
explode CONTROLLED STUDY
explode MAJOR CLINICAL STUDY
clinical trial*

control* stud*

control* trial*

double blind

single blind

treble blind

triple blind

double mask*

single mask*

triple mask*

treble mask*

explode PLACEBO

placebo*

random*

METHODOLOGY
INTERMETHOD COMPARISON
TECHNIQUE
19,20,21,22,23,24,25,26,2,28,29,30,31,32,33,34,35,36,37,38
7+39+(8,9,10,11,12,13,14,15,16,17)
40-18

COMPARISON

comparative stud*

evaluati* stud*

EVALUATION AND FOLLOW UP
FOLLOW UP

LONGITUDINAL STUDY
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48
49
50
51
52
53
54
55
56
57

PROSPECTIVE STUDY

RETROSPECTIVE STUDY

COHORT ANALYSIS

control*

prospectiv*

volunteer*®

PRACTICE GUIDELINE

42,43,44,45,46,47,48,49,50,51,52,53,54

7+55+(8,9,10,11,12,13,14,15,16,17)
56-(40,18)
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APPENDIX C

CROS SEARCH

This is conducted over all 60 Biomedical Sciences Databases plus Social Sciences and General
Reference on DATASTAR and ranks them according to the number of 'hits',

Vision and Screening:
Medline
Embase
IAC Health Periodicals
Biological Abstracts
Science Citation Index
PsychLit

Vision and Disability:
IAC Health Periodicals
Medline
Embase
Science Citation Index
Biological Abstracts
PsychLit

Vision and Treatment:
Medline
Embase
TIAC Health Periodicals
Biological Abstracts
Science Citation Index
PsychLit

Vision and Screening and Preschool:
Medline
Embase
PsychLit
IAC Health Periodicals
Biological Abstracts
Cinahl

Science Citation Index
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APPENDIX D

STUDIES EXCLUDED FROM THE REVIEW

The reasons for exclusion are given in parentheses at the end of each reference. Subjects (S) ,
outcome (O) and design (D) refer to the criteria given in section 5.3. Studies excluded on the
basis of one of those criteria may also have failed to satisfy one or more of the others but, for
most studies, only one reason is stated. Where studies have been rejected for other reasons these
are stated. Studies of tests used for screening have been marked (T) - see 8.5.12. Some studies
found on disability were suitable only for background reading, for example those reviewing
current opinion, and have been marked (B).
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