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Abstract

Our objective was to present the findings of an opt-in, school-based eye care service for chil-
dren attending 11 special schools in England and use these findings to determine whether a
vision screening programme would be appropriate for this population. Data from eye exami-
nations provided to 949 pupils (mean age 10.7 years) was analysed to determine the preva-
lence and aetiology of visual deficiencies and reported eye care history. For 46.2% (n = 438)
of pupils, a visual deficiency was recorded. 12.5% of all the children seen (n=119) had a
visual deficiency that was previously undiagnosed. Referral for a medical opinion was made
for 3.1% (n = 29) of pupils seen by the service. Spectacle correction was needed for 31.5%
(n =299) of pupils; for 12.9% (122) these were prescribed for the first time. 3.7% (n = 11) of
parents/carers of pupils needing spectacles chose not to use the spectacle dispensing ser-
vice offered in school. Eye care history was available for 847 pupils (89.3%). Of the pupils
for whom an eye care history was available, 44% (n = 373) reported no history of any previ-
ous eye care and10.7% (n = 91) reported a history of attending a community optical prac-
tice/opticians. Only one pupil from the school entry 4-5 age group (0.6% of age group n =
156) would have passed vision screening using current Public Health England screening
guidelines. Children with a diagnosis of autism were significantly less likely to be able to pro-
vide a reliable measurement of visual acuity. This study supports previously published evi-
dence of a very high prevalence of visual problems in children with the most complex needs
and a significant unmet need in this group. It demonstrates routine school entry vision
screening using current Public Health England guidelines is not appropriate for this group of
children and very low uptake of community primary eye care services.

Introduction

Sight is a critical sense for everyone and understanding a child’s visual abilities and limitations
is vital to optimally support their development [1]. There is a body of evidence that children
with learning disabilities are significantly more likely to experience eye and vision problems
than members of the general childhood population [2-7]. Children with the most complex
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needs are likely to be taught in special schools. In England 79% of children with severe learning
disabilities and 81% of children with profound and multiple learning disabilities attend such
schools [8]. The total population attending special schools in England at the time of writing is
estimated at 117,888 [9].

Vision screening in the general childhood population improves the identification and cor-
rection of reduced vision and is implemented in many countries worldwide [10]. Under the
recommendations of the United Kingdom National Screening Committee [11], all children
should have access to an orthoptic led screening of vision at school entry (age 4-5 years) pri-
marily to identify amblyopia, but also refractive error and strabismus. However, it has been
suggested that the provision of this type of screening, in special schools is patchy [5] and it is
questionable if such screening is suitable for children with complex needs, given that many
cannot be assessed using established visual acuity tools [4]. Studies [2,4,5] have also highlighted
the low uptake of hospital eye care and primary care optometric eye examinations in commu-
nity optical practices by the special schools population. The UK eye care professional bodies
with SeeAbility have developed a recommended Framework for special schools eye care [12]
which advocates the provision of routine eye care, including refraction, eye health checks and
spectacle dispensing, in the special school environment. In 2017, Public Health England made
resources available to support the commissioning and delivery of child vision screening and
these recommend a routine full eye examination should be offered in school for all children
attending a special school [13].

This study reports on service evaluation data from an opt-in school based eye care service
provided by optometrists, orthoptists and dispensing opticians working with SeeAbility, a UK
charity supporting people with learning disability and sight loss, across 11 special schools in
England between 2013 and 2017. This evaluation sets out to report on uptake of the service,
clinical findings, and self-reported eye care history of children attending at first appointment.

Methods

Eye examinations were offered to children attending 11 special schools in London (8 schools),
Buckinghamshire, Durham and Manchester. Informed parental consent (see S1 Fig.) was
obtained prior to the eye care team visiting the school and parents were given a detailed ques-
tionnaire exploring previous ocular and general health history prior to the first visit [14],(see
S2 Fig).

The questionnaire included 5 questions used to identify features of cerebral visual
impairment (CVI) [15]. Cerebral visual impairment is an umbrella term for visual perceptual
difficulties with a cerebral, rather than ocular origin. The cerebral deficit is often unknown,
but manifestations of CVI are more common amongst children with a history of brain injury
or maldevelopment. CVI can range from obvious poor sight to difficulties in specific tasks
(such as negotiating steps) with good visual acuity. Children with a score of 3 or more were
designated as suspect CVI and referred to a qualified teacher for the visually impaired (QTVI)
for a more detailed inventory of questions where this service was available. Some children in
the study had a diagnosis of CVI reported by parents or school; these were all children with
recognisable poor sight.

In each case primary general health diagnosis was recorded as reported by parents or, when
available, from school medical records.

During the 4 years since the service was launched, eye examinations were carried out by 6
optometrists, all experienced in working with children with disabilities. Examinations took
place in suitable rooms of minimum 3 metres in length which could be blacked out and chil-
dren were accompanied to the test by a member of teaching staff who knew them well and/or a
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parent. Refraction was conducted by retinoscopy, with the use of 1% cyclopentolate drops to
produce cycloplegia when clinically necessary and practically possible in the judgement of the
optometrist. Visual acuity was measured using available age and ability-appropriate tests. Tests
available included Keeler Preferential Looking Cards [16] Cardiff Acuity Test[17], Bradford
Visual Function Box[18] (in year 4 of operating our service), LogMAR linear and single
crowded versions of Kay Pictures[19] and Keeler LogMAR Crowded letter test (formerly Glas-
gow Acuity Cards) [20].

For children starting reception year (at age 4-5) or nursery, a joint optometric/orthoptic
assessment was carried out when possible, with visual acuity and binocular vision status being
measured by an orthoptist. For all children, we attempted to measure vision and/or visual acu-
ity monocularly and binocularly, with the pupil’s existing spectacles if worn. For all children,
we attempted an assessment of binocular vision using tests including observation of corneal
reflections, cover tests at distance and near, assessment of ocular motility, near point of con-
vergence, 20/10 base out prism test, observation of smooth pursuit and saccadic eye movement
ability, quality of fixation, stereopsis, and observation of visual reflexes (Optokinetic nystag-
mus, vestibulo-ocular reflex, blink). Pupil reactions, media quality, and an assessment of inter-
nal and external ocular health were attempted for all pupils.

Spectacles were prescribed when required. Parents or carers were given the choice of a spec-
tacle dispensing service offered in school or being issued with a spectacle prescription voucher
to use at a community optical practice.

Pupils were referred to their GP or for an ophthalmological opinion in secondary care
according to clinical judgement.

A detailed lay language report form designed in collaboration with Ulster University School
of Optometry and Vision Science, was completed for each child (S3 Fig)[21](. This was
designed to clearly explain the findings of the assessment including the child’s visual abilities,
recommended actions (including need for spectacles wear when necessary) and ongoing care
plan. The report was designed to be easily incorporated into each child’s Education Health and
Care Plan (EHCP); it was given to parents and school and was made available to Qualified
Teachers of the Visually Impaired (QTVIs) when visual defects were identified. Reports were
also shared when relevant and, depending on local arrangements with school paediatricians,
speech and language teams and occupational therapists.

The data for this service evaluation was derived from annual audit of the SeeAbility service,
which does not require ethical approval. Nevertheless, the proposed use of audit data was scru-
tinised and approved by the Cardiff School of Optometry and Vision Sciences Human
Research Ethical Committee, prior to commencement of the service.

Our analysis of data was carried out using SPSS (IBM Corp., version 20.0.0.2) and was lim-
ited to the first examination of each pupil; this may have been performed over more than one
contact during a period of a few weeks to gain as complete a clinical assessment as possible.
Where children were absent, unwell or unable to complete their assessment, it was possible to
rearrange appointments to allow maximally efficient use of clinician’s time.

The distribution of refractive error is influenced by ethnicity [22] and the schools covered
by the SeeAbility service have a varied ethnic mix. The ethnicity of individual pupils participat-
ing in the service was not recorded at the time of testing. However, the ethnic diversity of the
London schools is available, and figures for September 2016 across the eight participating Lon-
don schools were: White European 34%, South Asian 12%, Black African Caribbean 32% and
‘other’ (East Asian, mixed or minority groups such as Afghan, Turkish etc.) 22%.

Anecdotal clinical observation indicated pupils with a diagnosis of autism were less likely to
provide a reliable visual acuity measurement using the available tests than their peers with a
learning disability of a different aetiology. We explored this in our data analysis by comparing
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Table 1. Parent reported eye care history.

Previous Eye Care History

Information not available
No previous eye care
Currently under hospital eye service

Discharged from hospital eye service,
community follow up

Discharged from hospital eye service, no
community follow up

No hospital eye service, seen by community
optometrist

No hospital eye service, seen in school by
optometrist

https://doi.org/10.1371/journal.pone.0212733.t001

ability to obtain a reliable visual acuity measurement in pupils with and without an autism

diagnosis.

Results

Over the four-year period 949 new children were seen; 509 were of primary school age and
440 secondary school age. Mean age was 10.7 years (range was 3.0 to 19.8 years).

Location and uptake of service

Uptake of this opt-in service varied from year to year and from school to school.

At the end of academic year 2017, the mean uptake of the service was 81% (range 66-92%).
Most of the children seen (n = 826, 87.0%) attended 9 schools in the south east of England, 8 of
which are in the Greater London area (S4 Fig gives further detail). Very young children aged
2-3 years were not offered the service but in a few cases these younger children were seen
when requested by the school or parents. The uptake rates exclude the 2-3yr olds.

Clinical findings

Reported history of previous eye care. Table 1 shows the parent reported eye care history
for pupils seen by the service. This information was available for 847 pupils (89.3%).

Of pupils for whom history was available 373 (44%) reported no previous eye care. Overall,
91 (10.7%) reported having attended a community optical practice. A further 6 pupils (0.7%)
had been seen in school by an optometrist under special arrangements in which children were
referred by a paediatrician.

Presenting level of vision. It was possible to assess every child for whom consent was
received but often with only limited engagement in some elements of formal testing. In some
cases, repeat attempts at assessment were necessary, or it was necessary to see children in their
own classroom, a ball pool, corridor or sensory room.

A reliable measure of presenting visual acuity using a formal test was recorded for 574
(60.5%) pupils. This was defined as the acuity in the better eye or the binocular acuity when no
monocular acuity was available. Low vision (WHO criterion [23] of LogMAR 0.5 or poorer in
the better eye, or binocular) was recorded for 143 pupils (24.9% of the pupils for whom it was
possible to record a presenting level of vision). This included 26 pupils with severe visual
impairment and 12 pupils with CVI that precluded quantitative acuity measurement.

Number of Percentage of Total Pupils Seen | Percentage of Respondents where eye care history
Respondents by Service known (n = 847)
(total n = 949)
102 10.7% NA
373 39.3% 44.0%
189 19.9% 22.3%
20 2.1% 2.4%
188 19.9% 22.2%
71 7.1% 8.4%
6 0.6% 0.7%

PLOS ONE | https://doi.org/10.1371/journal.pone.0212733 March 11,2019

4/12


https://doi.org/10.1371/journal.pone.0212733.t001
https://doi.org/10.1371/journal.pone.0212733

©'PLOS|ONE

Findings from opt-in special school eye examination service

The recommended pass criteria for UK school vision screening for ages 4-5 years [13] is a
monocular score of 0.2 LogMAR using the Keeler LogMAR crowded letter test. In the SeeAbil-
ity service, 156 pupils fell into this age group (4.00 to 5.97 years) but only 10 pupils were able
to use a LogMAR crowded acuity type test (Kays Pictures LogMAR or Keeler LogMAR) and
only one (0.6%) was able to pass the test using the reccommended Keeler test.

Of the 574 pupils able to take part in acuity assessment and accepting binocular acuity in
cases in which no monocular acuity was available, 300 (52.3%) pupils failed to achieve Log-
MAR 0.2 using any of the tests available. Using the more rigorous criterion of successful mon-
ocular acuity recording of LogMAR 0.2 or better in each eye, a total of 76.8% of special school
pupils across all ages would fail vision screening.

Of the 375 pupils with no acuity score recorded, the reason for this was recorded for 348
pupils. Of these, 38 pupils had severe visual impairment or CVI and for 310 pupils co-opera-
tion / comprehension was too limited to achieve a reliable threshold result.

A diagnosis of disability was available for 855 pupils. For the purposes of analysis of ability
to co-operate for visual acuity, the pupils were divided into those with a diagnosis of autism
(444, 51.9%), and those with another diagnosis (such as Down’s syndrome, cerebral palsy,
global developmental delay, specific syndromes etc., 411, 48.1%). Some children had a dual
diagnosis of Down’s syndrome and autism and were categorized under autism. Pupils whose
acuity was too poor to attempt acuity were excluded. Among the pupils who had autism,
61.7% were cooperative for acuity, while among pupils without autism, 68.9% were cooperative
for acuity testing. The difference was significant (}2 = 4.41, p = 0.04); children with autism
were less likely to be successfully tested for acuity.

Incidence and type of refractive error requiring spectacle correction. An assessment of
the level of refractive error was possible for 932 (98.2%) right eyes and 928 (97.8%) left eyes
using the objective method of retinoscopy. Cyclopentolate 1% eye drops were used for 47
(5.0%) examinations. (Cyclopentolate is routinely used in paediatric ophthalmic assessment to
measure refractive error by paralysing accommodation and to gain a good retinal view through
a dilated pupil).

Table 2 shows the spectacle prescribing pattern of the service.

Overall 646 (68.1%) pupils had either no refractive error or very low refractive error which
did not indicate the need for spectacles; 299 (31.5%) children needed spectacles and for 122
(12.9%) these were prescribed for the first time, A very high proportion of the 299 parents /car-
ers of children needing spectacles (n = 288, 96.3%) chose to have them dispensed and fitted in
school.

Myopia of <-0.50 in either eye was measured in 212 pupils (22.3%); 38 pupils (4.0%) were
high myopes (<-6.00D), including 8 children with myopia in excess of -13.00DS. The high
myopes comprised 19 of primary school age and 19 of secondary age. Of this group of high
myopes, 6 children were given spectacles for the first time by the service.

Table 2. Spectacle prescribing pattern.

Prescription advised Number of pupils Percentage of all students seen by service
(n=949)
No spectacles prescribed 646 68.1%
First spectacles prescribed 122 12.9%
Changed spectacle prescription 71 7.5%
Replacement spectacles due to poor 18 1.9%
condition
No change to existing spectacles needed 88 9.3%
Spectacle wear discontinued 4 0.4%

https://doi.org/10.1371/journal.pone.0212733.t002
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Hypermetropia of >+2.00 in either eye was measured in 144 (15.2%) pupils. Astigmatism
was defined as >1.00DC in either eye and was noted for 271 (28.6%) pupils (astigmatism can
be present in isolation or co-exist with myopia or hyperopia).

Accommodative accuracy is the ability to accurately focus onto a close target when cor-
rected for any hyperopia, myopia or astigmatism and it is often impaired in children with
learning disabilities [24,25,26]. This was assessed in 700 pupils: of these 572 (81.7%) had accu-
rate accommodation and 74 (10.6%) had inaccurate accommodation. The children with under
accommodation were prescribed spectacles incorporating a prescription for near vision, for
100% of these pupils, this was for the first time.

Incidence of strabismus and other problems with eye movement. A problem with eye move-
ments/alignment (an orthoptic anomaly) was recorded in 239 (25.2%) of pupils; 214 (22.6%) had
strabismus and 23 (2.4%) had nystagmus (involuntary eye movements). Other orthoptic anomalies
recorded included poor eye movement control and lack of smooth pursuit eye movements.

Incidence of other pathology. A pathological condition was recorded in 72 (7.6%) pupils;
some pupils had more than one condition. This included 4 cases of blepharitis (eyelash infec-
tion), 5 cases of conjunctivitis, 4 cases of keratoconus, 12 cases of cataract, 4 optic disc anoma-
lies and 7 retinal anomalies.

Visual field defects and cerebral visual impairment (CVI). Hemianopia is a total loss of
one half of the vision in each eye, originating at a neural level; 13 cases were recorded, 5 of
which were previously undiagnosed. A further 10 pupils had another gross visual field defect.

Cerebral visual impairment, a problem with visual processing at a cerebral level, was diag-
nosed or suspected in 141 (14.9%) pupils. All were referred to the QTVI for further evaluation.

Incidence of visual deficiency of any aetiology. A visual deficiency was recorded when a
child had a defect of any aetiology (correctable refractive error, orthoptic anomaly, ocular
pathology or suspected / confirmed cerebral visual impairment) irrespective of visual acuity
scores. Results were available for 923 (97.3%) children; a decision would not be made for the
remaining pupils after first assessment. Of these 923 pupils for whom it was possible to con-
firm the presence or absence of a visual deficiency 438 (47.5%) pupils had a visual deficiency
and 119 of these (12.9%) were previously undiagnosed.

Of the 373 pupils with no history of previous eye care reported, 61 (16.4%) had a visual defi-
ciency that was not previously known, 47 (12.6%) needed a spectacle prescription, 37 (9.9%)
had low vision according to WHO criteria [23] including 5 pupils who had vision too low to
be recorded (1.3%).

Onward referral. Twelve (1.3%) pupils were referred to their GP for further management
and 17 (1.8%) for the opinion of an ophthalmologist. In addition 32 (3.4%) pupils were
referred by the optometrist for an orthoptic opinion—this was provided in school by a See-
Ability orthoptist (this number discounts the new starters who received an orthoptic assess-
ment as part of the service).

Discussion

This evaluation shows that many children in our special school population have undiagnosed
visual needs. Our findings align with those of previously published studies which reported the
prevalence of ocular and visual anomalies among children with learning disabilities, including
those in special schools elsewhere in the UK [2,4,5] and in other countries [3,6,7].

Previously published work has looked at children attending special schools in Wales [5],
Scotland [2] and the north of England [4]. In the present study, 87.0% of pupils attended
schools in the south east of England, mainly in the greater London area; thus it helps to inform
the UK wide picture.
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Measurement of visual acuity

Despite the availability of a wide range of visual acuity tests, a reliable measurement of visual
acuity using established methods was only possible for 60.5% of children. This is considerably
lower than headline rates of cooperation reported by other studies [2,4,5]. Pilling [4] reported
a rate of 97% cooperation with functional vision assessment which included the use of the
Bradford box, a novel visual function instrument [18]. The rate of cooperation with standard
tests (Crowded Keeler LogMAR, Crowded Kays pictures and Cardift Acuity Test) was 62%, a
similar proportion to that found in our evaluation. Woodhouse [5] reported successful acuity
measurement in 96% of cases using Crowded Keeler LogMAR, Crowded Kays pictures and
Cardiff Acuity Test with over half (54%) being able to complete the most challenging test, the
Keeler Crowded LogMAR test and only 15 children refusing monocular assessment. Given
that only 25 (2.6%) of our pupils were able to cooperate with the Keeler crowded test this
would suggest we were assessing a less able population.

Routine school entry vision screening, as recommended by the UK National Screening
Committee [11] relies on the ability to engage with standard acuity tests. In our evaluation
only 1 child from the school entry 4-5 age group would have passed this screening test which
demonstrates that routine school entry vision screening is not appropriate for this group of
children.

Most currently available tests have been developed based on normal cognitive development
and so are not optimal for this population which indicates a need for development of further
tests specific to the learning-disabled child. As our findings show that children on the autistic
spectrum were less likely to achieve a reliable acuity measurement, tests targeted to this group
are clearly needed.

Refractive error

Of all the vision deficiencies identified, the need for refractive error correction was the most
prevalent with 31.5% of pupils needing spectacles, 12.9% for the first time. When compared to
large population based studies [22], this study and previous studies of children with learning
disabilities [2-7] indicate a significantly higher incidence of refractive error than in the general
population. This further indicates the need for inclusion of refraction in any routine
assessment.

For 98% of children we were able to carry out refraction using retinoscopy to determine
refractive error and prescribe refractive correction when indicated. This strongly supports the
routine use of retinoscopy as a more reliable means to identify refractive error than vision
screening alone.

Significant uncorrected refractive error can mean a child is visually impaired in a functional
sense, impairing their social, emotional and behavioural development and access to visual ele-
ments of their specialised education. Crucially a child may be unable to communicate poor
vision if they are nonverbal. For example eye-gaze control technology allows the user to oper-
ate a laptop, computer or speech-generating device using movements of their eyes. Children
with limited communication may be assessed for use of this technology and assumed cogni-
tively unable to access it when simple correction of refractive error could allow them to do so.
A systematic review by Williams et al [27] concluded that refractive error correction leads to
functional improvement in children with neurodevelopmental impairment.

Orthoptic anomalies

Strabismus and other orthoptic anomalies were the next most prevalent visual deficiency iden-
tified in this cohort of children with 25.2% of pupils having a problem with eye movements/
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alignment noted. Studies estimate the prevalence of childhood squint in the general population
at 2.1% [28] making incidence 10 times higher in our cohort of children.

Cerebral Visual Impairment (CVI)

14.9% (n = 141) of pupils had confirmed or suspected CV1, a significant cohort. It is extremely
important that CV1 is identified in children, so that presenting difficulties can be managed in
an appropriate way, rather than being incorrectly assigned to a child’s learning disability.

Other visual disorders

While other disorders were rarer, of note were the 4 children identified as having keratoconus.
Keratoconus is a degenerative corneal condition which is relatively rare in the general popula-
tion (incidence 0.27%) [29], but with a significantly higher incidence in the population of peo-
ple with learning disabilities (5.5% in people with Down’s syndrome) [30]. The recently
developed technique of corneal collagen cross-linking, can halt the progress of keratoconus
[31] so timely intervention can make it possible to avoid the need for rigid contact lenses and,
in later stages of the disease, a corneal transplant.

Unrecognized vision problems

Overall there was a significant cohort of children within the schools who had a previously
unrecognized visual deficiency identified (12.9% of the children seen for whom it was possible
to confirm (n = 119)).

Of particular interest were the 373 children with no history of eye care; of these, 61 (16.4%)
had a previously undiagnosed visual deficiency with 47 (12.6%) needing a first pair of
spectacles.

Identification of sight problems in the general population is often symptom led [32] but
many children with complex needs would not be able to self-report a change in vision or they
may not recognise there is a problem. There is also the risk that behaviours secondary to poor
vision may be wrongly attributed to the diagnosis of a learning disability, an example of diag-
nostic overshadowing, a common issue across all areas of healthcare for people with learning
disabilities [33].

Reported eye care history

Our results support existing evidence of poor uptake of primary and secondary eye care service
by this group, with 44% of pupils for whom eye care history was available reporting no history
of eye care. Only a small number of pupils, 91(10.7% of those for whom eye care history was
known), had made use of community/high street optometry services. These services are free
under the NHS England General Ophthalmic Service (GOS).

In our study, only 20 (9.6%) of the 208 pupils who had been discharged from hospital care
had gone on to make use of these services. From this it could be hypothesized that children
requiring refractive correction or adaptions to allow for low vision, once discharged or lost to
follow up from a hospital eye clinic, may fail to access the correct spectacles or support. In
light of the high incidence of refractive errors reported, this suggests significant unmet need.
Given that having an eye test at an optometric practice is a free service for all children, these
findings suggest that there must be considerable barriers for parents in accessing this commu-
nity option.

The hospital eye service was the most frequently reported location for a child to have previ-
ously received eye care (46.9%, n = 397)). As it has been shown that failure to attend rates for
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hospital eye clinics are high for all children [34] and even higher for children with complex
needs [35], it is likely that children currently under hospital care and requiring refractive cor-
rection or adaptions for low vision may get lost to follow up and may lose access to the correct
support or spectacles.

The benefits of service provision in the special school

Our findings confirm those of earlier studies that almost all children with learning disabilities
can have an eye examination if the correct preparation is made [2,5]. Carrying out testing in
school allows for minimal disruption to the school day and familiar surroundings which, in our
experience, leads to better compliance with testing. Being in the school setting allows for the
observation of children’s functional vision abilities in a familiar setting which may be the only
visual assessment available when formal measures of vision are not possible. Furthermore, the
ability to be flexible with appointments when children are unwell or not having a ‘good day’ in
terms of tolerance or behaviour, means that there is effectively a near zero non-attendance rate.

Consent rates into the service were high (in 2016/17 academic year 81% (range 66-92%)) in
the 9 schools where the whole school was offered the service). For 96.3% (n = 288) of pupils
needing spectacles, families chose to have them dispensed and fitted in school. This suggests a
service in school is well received and convenient for families.

In our experience, the presence of an eye care service in school allows for more effective dis-
semination of relevant information to teaching and support staff. As it is within the school set-
ting, staff become familiar with the service as they attend examinations with their pupils and
this allows for informal information sharing and increased awareness and understanding
among teaching staff of vision related issues. More formally, visual abilities, needs and limita-
tions are routinely included in a child’s Education Health and Care Plan (EHCP). Little et al
[36] have evidenced that this visual information has previously been rarely mentioned. Work-
ing closely with the school ensures that pupils’ visual abilities and spectacle needs can be incor-
porated into classroom interventions defined in these plans.

Are current public health surveillance mechanisms and contracts to deliver
optometric eye examinations to children with learning disabilities
effective?

It has been shown that the nature of the NHS England General Ophthalmic Service, which
provides eligible groups with a free eye examination at an optometric practice, produces geo-
graphical inequalities regarding service provision [37] and it has been suggested that its struc-
ture and funding is a contributor to eye health inequality [38,39]. These studies evidence the
inadequacy of the current General Ophthalmic Service for people with complex needs and the
very low uptake of the free NHS eye examinations in our study population (10.7%) supports
this conclusion.

Limitations

The study did not explore the eye care history or status of around 20% of pupils who did not
opt into the service in the schools where the service was offered. These findings cannot there-
fore be taken to represent the entire special school population.

Conclusion

The very low uptake of free NHS eye examinations in our population suggests that the NHS
General Ophthalmic Service is currently failing children with complex needs in England.
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Furthermore, only one child of 156 of school entry age would have passed routine vision
screening as currently recommended by the National Screening Committee [11]. Routine
vision screening is demonstrably inappropriate for this population. This and other UKstudies
[2,4,5], provide evidence of a high incidence of visual deficiencies, including a high incidence
of correctable refractive error, in the UK special school population. The study provides evi-
dence that existing eye care services in England are failing to identify and manage a significant
proportion of children with visual deficiencies This is evidence that children attending special
schools need a targeted in-school eye care service that provides full, regular, routine, eye exam-
inations and spectacle provision as described by the Framework for provision of eye care in
special schools in England [12] and recommended by Public Health England’s screening
guidelines [13].

Supporting information

S1 Fig. Parental consent form.
(PDF)

S2 Fig. About my child and their eyes questionnaire.
(PDF)

S3 Fig. Results of my child’s eye test.
(PDF)

$4 Fig. Location, pupil age range and school size for participating schools.
(PDF)

S5 Fig. Anonymised data set.
(PDF)

Acknowledgments

The authors wish to thank Raimonda Bullaj, Tania Stewart-Davis, Simon Berry and Daniel
Crown, optometrists, Laura Smith, Miriam Conway, Rhiannon Bader and Helen Downey,
orthoptists and Edward Saunders, Dispensing Optician for their part in data collection and the
SeeAbility administrative team. Thanks also to the school nurses, administrators and teaching
staff of the special schools involved (S4 Fig) for their contribution to the success of the eye
examinations.

Author Contributions

Conceptualization: Lisa A. Donaldson, Marek Karas, ]J. Margaret Woodhouse.

Data curation: Lisa A. Donaldson, Marek Karas, ]. Margaret Woodhouse.

Formal analysis: Lisa A. Donaldson, Marek Karas, Donna O’Brien, J. Margaret Woodhouse.
Investigation: Lisa A. Donaldson, Marek Karas, Donna O’Brien, J. Margaret Woodhouse.
Methodology: Lisa A. Donaldson, Marek Karas, ]. Margaret Woodhouse.

Project administration: Lisa A. Donaldson, Marek Karas, Donna O’Brien, J. Margaret
Woodhouse.

Resources: Lisa A. Donaldson.

Software: J. Margaret Woodhouse.

PLOS ONE | https://doi.org/10.1371/journal.pone.0212733 March 11,2019 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0212733.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0212733.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0212733.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0212733.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0212733.s005
https://doi.org/10.1371/journal.pone.0212733

® PLOS |ONE

Findings from opt-in special school eye examination service

Supervision: ]. Margaret Woodhouse.

Validation: J. Margaret Woodhouse.

Writing - original draft: Lisa A. Donaldson.

Writing - review & editing: Lisa A. Donaldson, Marek Karas, Donna O’Brien, J. Margaret

Woodhouse.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Keil S, Fielder A, Sargent J. Management of children and young people with vision impairment: diagno-
sis, developmental challenges and outcomes. Archives of Disease in Childhood. 2017; 102:566—71.
https://doi.org/10.1136/archdischild-2016-311775 PMID: 27852581

Das M, Spowart K, Crossley S, Dutton GN. Evidence that children with special needs all require visual
assessment. Archives of Diseases in Childhood. 2010; 95:888-92.

Nielsen LS, Skov L, Jensen H. Visual dysfunctions and ocular disorders in children with developmental
delay. |. Prevalence, diagnoses and aetiology of visual impairment. Acta Ophthalmologica Scandina-
vica. 2007; 85:149-56. https://doi.org/10.1111/j.1600-0420.2006.00867.x PMID: 17263780

Pilling RF, Outhwaite L. Are all children with visual impairment known to the eye clinic? British Journal
of Ophthalmology. 20186; pii: bjophthalmol-2016-308534.

Woodhouse JM, Davies NJ, McAvinchey A, Ryan B. Ocular and visual status among children in special
schools in Wales: the burden of unrecognised visual impairment. Archives of Diseases in Childhood.
2014; 99:500-4.

Gogate P, Soneji FR, Kharat J, Dulera H, Deshpande M, Gilbert C. Ocular disorders in children with
learning disabilities in special education schools of Pune, India. Indian J Ophthalmol. 2011; 59:223-28.
https://doi.org/10.4103/0301-4738.81036 PMID: 21586845

Puri S, Bhattarai D, Adhikari P, Shrestha JB, Paudel N. Burden of ocular and visual disorders among
pupils in special schools in Nepal. Arch Dis Child. 2015 Sep; 100(9):834—7. https://doi.org/10.1136/
archdischild-2014-308131 Epub 2015 Apr 21 PMID: 25900842

Pinney A. Understanding the needs of disabled children with complex needs or life-limiting conditions:
Council for Disabled Children 2017.Available from: https://councilfordisabledchildren.org.uk/help-
resources/resources/understanding-needs-disabled-children-complex-needs-or-life-limiting-conditions

Department of Education. Special educational needs in England: January 2018. UK Government; 2018;
Available from: https://www.gov.uk/government/statistics/special-educational-needs-in-england-
january-20184d.

Evans JR, Morjaria P, Powell C. Vision screening for correctable visual acuity deficits in school-age chil-
dren and adolescents. Cochrane Database of Systematic Reviews 2018, Issue 2. Art. No.: CD005023.
https://doi.org/10.1002/14651858.CD005023.pub3 PMID: 29446439

National Screening Committee, 2013; Available from: https://legacyscreening.phe.org.uk/vision-child.

SeeAbility, Association of British Dispensing Opticians, British and Irish Orthoptic Society, College of
Optometrists, Local Optometric Committee Support Unit, Royal College of Ophthalmologists. Frame-
work for provision of eye care in special schools in England. 2016; Available from:. https://www.
seeability.org/Handlers/Download.ashx?IDMF=f3c1194b-512e-41a4-844d-b564222ad84d (last
accessed February2019)

Public Health England. Child vision screening. Available from: https://www.gov.uk/government/
publications/child-vision-screening. (last accessed February2019)

SeeAbility.About your child and their eyes form. Available from: https://www.seeability.org/Handlers/
Download.ashx?|IDMF=4e0ecfa6-4a95-44e1-ae2d-2db3afd3eaf1. (last accessed February2019)

Dutton G. N., Calvert J., Ibrahim H., Macdonald E., McCulloch D. L., Macintyre-Beon C. et al. 1 Jan
2010 Structured clinical history-taking for cognitive and perceptual visual dysfunction and for profound
visual disabilities due to damage to the brain in children. In : Visual Impairment in Children due to Dam-
age to the Brain: Clinics in Developmental Medicine

Neu B, Sireteanu R. Monocular acuity in preschool children: Assessment with the Teller and Keeler acu-
ity cards in comparison to the C-test. Strabismus. 1997; 5:185-202. https://doi.org/10.3109/
09273979709044534 PMID: 21314372

Woodhouse JM, Adoh TO, Oduwaiye KA, Batchelor BG, Megiji S, Unwin N, et al. New Acuity Test for
toddlers. Ophthalmic and Physiological Optics. 1992; 12:249-51. PMID: 1408183

PLOS ONE | https://doi.org/10.1371/journal.pone.0212733 March 11,2019 11/12


https://doi.org/10.1136/archdischild-2016-311775
http://www.ncbi.nlm.nih.gov/pubmed/27852581
https://doi.org/10.1111/j.1600-0420.2006.00867.x
http://www.ncbi.nlm.nih.gov/pubmed/17263780
https://doi.org/10.4103/0301-4738.81036
http://www.ncbi.nlm.nih.gov/pubmed/21586845
https://doi.org/10.1136/archdischild-2014-308131
https://doi.org/10.1136/archdischild-2014-308131
http://www.ncbi.nlm.nih.gov/pubmed/25900842
https://councilfordisabledchildren.org.uk/help-resources/resources/understanding-needs-disabled-children-complex-needs-or-life-limiting-conditions
https://councilfordisabledchildren.org.uk/help-resources/resources/understanding-needs-disabled-children-complex-needs-or-life-limiting-conditions
https://www.gov.uk/government/statistics/special-educational-needs-in-england-january-20184d
https://www.gov.uk/government/statistics/special-educational-needs-in-england-january-20184d
https://doi.org/10.1002/14651858.CD005023.pub3
http://www.ncbi.nlm.nih.gov/pubmed/29446439
https://legacyscreening.phe.org.uk/vision-child
https://www.seeability.org/Handlers/Download.ashx?IDMF=f3c1194b-512e-41a4-844d-b564222ad84d
https://www.seeability.org/Handlers/Download.ashx?IDMF=f3c1194b-512e-41a4-844d-b564222ad84d
https://www.gov.uk/government/publications/child-vision-screening
https://www.gov.uk/government/publications/child-vision-screening
https://www.seeability.org/Handlers/Download.ashx?IDMF=4e0ecfa6-4a95-44e1-ae2d-2db3afd3eaf1
https://www.seeability.org/Handlers/Download.ashx?IDMF=4e0ecfa6-4a95-44e1-ae2d-2db3afd3eaf1
https://doi.org/10.3109/09273979709044534
https://doi.org/10.3109/09273979709044534
http://www.ncbi.nlm.nih.gov/pubmed/21314372
http://www.ncbi.nlm.nih.gov/pubmed/1408183
https://doi.org/10.1371/journal.pone.0212733

'PLOS|ONE

Findings from opt-in special school eye examination service

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Pilling RF, Outhwaite L, Bruce A. Assessing visual function in children with complex disabilities: the
Bradford visual function box. British Journal of Ophthalmology. 2016; 100:1118-21. https://doi.org/10.
1136/bjophthalmol-2015-307558 PMID: 26628627

Kay H. New method of assessing visual acuity with pictures. British Journal of Ophthalmology. 1983;
67:131-3. PMID: 6821677

McGraw PV, Winn B. Glasgow Acuity Cards: a new test for the measurement of letter acuity in children.
Ophthalmic and Physiological Optics. 1993; 13:400—4. PMID: 8278195

SeeAbility. The results of your child’s eye test. Available from: https://www.seeability.org/Handlers/
Download.ashx?IDMF=ce0d677d-c1a8-46fe-840b-429f75c43b89 (last accessed February2019)

Logan NS, Shah P, Rudnicka A, Gilmartin B, Owen CG. Childhood ethnic differences in ametropia and
ocular biometry: the Aston Eye Study. Ophthalmic & Physiological Optics. 2011; 31:550-8.

World Health Organisation Factsheet. Available at:http://www.who.int/en/news-room/fact-sheets/detail/
blindness-and-visual-impairment (last accessed February2019)

Woodhouse JM, Meades JS, Leat SJ and Saunders KJ. Reduced accommodation in children with
Down’s syndrome. Investigative Ophthalmology & Visual Science June 1993, Vol. 34, 2382-2387.

Anketell P, Saunders KJ, Gallagher SM, and Little JA, Reduced accommodation in children with Autism
Spectrum Disorder. Investigative Ophthalmology & Visual Science April 2014, Vol. 55, 3770

McClelland JF, Parkes J, Hill N, Jackson AJ, Saunders KJ. Accommodative dysfunction in children with
cerebral palsy: A population based study. Investigative Ophthalmology & Visual Science May 2006,
Vol. 47, 1824—1830. https://doi.org/10.1167/iovs.05-0825 PMID: 16638987

Williams C, Northstone K, Borwick C, Gainsborough M, Roe J, Howard S, et al. How to help children
with neurodevelopmental and visual problems: a scoping review. British Journal of Ophthalmology.
2014; 98.

Pathai S, Cumberland PM, Rahi JS. Prevalence of and early-life influences on childhood strabismus:
findings from the Millennium Cohort Study. Archives of Pediatric and Adolescent Medicine. 2010;
164:250-7.

Godefrooij DA, de Wit GA, Uiterwaal CS, Imhof SM, Wisse RPL. Age-specific incidence and prevalence
of keratoconus: a nationwide registration study. American Journal of Ophthalmology. 2017; 175:169—
72. https://doi.org/10.1016/j.aj0.2016.12.015 PMID: 28039037

Shapiro M, France T. The ocular features of Down’s syndrome. American Journal of Ophthalmology.
1985; 99:659-63. PMID: 3160242

Mazzotta C., Caporossi T, Denaro R, Bovone C, Sparano C, Paradiso A et al. (2012). Morphological
and functional correlations in riboflavin UV A corneal collagen cross-linking for keratoconus. Acta
Ophthalmologica, 90(3), 259-265. https://doi.org/10.1111/j.1755-3768.2010.01890.x PMID: 20456255

Leamon S, Hayden C, Lee H, Trudinger D, Appelbee E, Hurrell DL, et al. Improving access to optometry
services for people at risk of preventable sight loss: a qualitative study in five UK locations. Journal of
Public Health. 2014; 36:667—73. https://doi.org/10.1093/pubmed/fdt130 PMID: 24408903

Emerson E, Baines S. Health inequalities and people with learning disabilities in the UK. Tizard Learn-
ing Disability Review. 2011; 16:42-8.

Hirani N, Karafillakis EN, Majeed A. Why children do not attend their appointments: is there a need for
an interface between general practitioners and hospitals allowing for the exchange of patients’ contact
details? Journal of the Royal Society of Medicine Open. 2016; 7:1-5.

Jmor F, Ho V, Farrell S, Rudduck G, Gashut A, Rowlands A. Transfer of Ophthalmic services from a
Hospital based Eye clinic to Special School Eye clinic for children with special needs Archives of Dis-
ease in Childhood. 2014; 99:A131-A2.

Little J, Saunders KJ. A lack of vision: evidence for poor communication of visual problems and support
needs in education statements/plans for children with SEN. Public Health. 2015; 129:143-8. https://doi.
org/10.1016/j.puhe.2014.12.009 PMID: 25700789

Shickle D, Todkill D, Chisholm C, Rughani S, Griffin M, Cassels-Brown A, et al. Addressing inequalities
in eye health with subsidies and increased fees for General Ophthalmic Services in socio-economically
deprived communities: a sensitivity analysis. Public Health. 2015; 129:131-7. https://doi.org/10.1016/j.
puhe.2014.07.010 PMID: 25443104

Bowen M, Edgar DF, Hancock B, Haque S, Shah R, Buchanan S, et al. The Prevalence of Visual
Impairment in People with Dementia (the PrOVIDe study): a cross sectional study of 60-89 year old
people with dementia and qualitative exploration of individual, carer and professional perspectives.
Health Service Delivery Research. 2016; 4.21.

Shickle D, Davey CJ, Slade SV. Why is the General Ophthalmic Services (GOS) Contract that under-
pins primary eye care in the UK contrary to the public health interest? British Journal of Ophthalmology
2015; 99:888-92. https://doi.org/10.1136/bjophthalmol-2014-305345 PMID: 25273827

PLOS ONE | https://doi.org/10.1371/journal.pone.0212733 March 11,2019 12/12


https://doi.org/10.1136/bjophthalmol-2015-307558
https://doi.org/10.1136/bjophthalmol-2015-307558
http://www.ncbi.nlm.nih.gov/pubmed/26628627
http://www.ncbi.nlm.nih.gov/pubmed/6821677
http://www.ncbi.nlm.nih.gov/pubmed/8278195
https://www.seeability.org/Handlers/Download.ashx?IDMF=ce0d677d-c1a8-46fe-840b-429f75c43b89
https://www.seeability.org/Handlers/Download.ashx?IDMF=ce0d677d-c1a8-46fe-840b-429f75c43b89
http://www.who.int/en/news-room/fact-sheets/detail/blindness-and-visual-impairment
http://www.who.int/en/news-room/fact-sheets/detail/blindness-and-visual-impairment
https://doi.org/10.1167/iovs.05-0825
http://www.ncbi.nlm.nih.gov/pubmed/16638987
https://doi.org/10.1016/j.ajo.2016.12.015
http://www.ncbi.nlm.nih.gov/pubmed/28039037
http://www.ncbi.nlm.nih.gov/pubmed/3160242
https://doi.org/10.1111/j.1755-3768.2010.01890.x
http://www.ncbi.nlm.nih.gov/pubmed/20456255
https://doi.org/10.1093/pubmed/fdt130
http://www.ncbi.nlm.nih.gov/pubmed/24408903
https://doi.org/10.1016/j.puhe.2014.12.009
https://doi.org/10.1016/j.puhe.2014.12.009
http://www.ncbi.nlm.nih.gov/pubmed/25700789
https://doi.org/10.1016/j.puhe.2014.07.010
https://doi.org/10.1016/j.puhe.2014.07.010
http://www.ncbi.nlm.nih.gov/pubmed/25443104
https://doi.org/10.1136/bjophthalmol-2014-305345
http://www.ncbi.nlm.nih.gov/pubmed/25273827
https://doi.org/10.1371/journal.pone.0212733

