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Introduction: Pre-school orthoptic vision screening (POVS) was implemented by the Scottish government
and is a standardised assessment to promote early detection of visual problems in children. The target
conditions are amblyopia, refractive errors and strabismus. We present the preliminary findings for the
first three years of the screening program.

Methods: The data from POVS was collected retrospectively. The data includes screening years 2013 to
2016 inclusive. Data was collected from each health board in Scotland. We report the coverage, referral
rate, true positives and positive predictive values.

Results: A total of 167,962 children were due to have vision screening over the 3 screening years included
in this paper. This figure does not include the children that opted out of the eye test (mean opt-out rate
1.8%) and children that already attend the hospital eye service (mean already attend rate 3.1%). The POVS
program had a mean coverage of 85.5%, ranging from 63.7% to 94.8% between health boards. Over the
3 year screening period, the mean referral rate was found to be 17.9%. The mean true positive rate was
88.9%, and the mean positive predictive value was 86.9%.

Conclusion: The Scottish data set on pre-school orthoptic vision screening has shown excellent mean
coverage. A consistently high true positive rate over the three screening years demonstrates it is a

sensitive screening program, which is essential for the detection of visual problems in children.
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Introduction

Pre-school orthoptic vision screening (POVS) has been
undertaken in all Scottish (mainland) health boards since
2012. This is a whole population, orthoptist-delivered
screening with full audit data. We present an overview of
some of the preliminary findings from the first three years
of the national data collection from Scottish POVS.

In 2003, the fourth edition of the ‘Health For All
Children’ report was published; this is more commonly
known as the Hall 4 report (Hall and Elliman 2006).
Guidance was published in 2005 on how best to apply the
recommendations in Scotland (Howie 2005). It stated that
“All children should be screened by an orthoptist in their
pre-school year, between the ages of four and five years,
removing the need for vision testing on school entry”.
Prior to the publication of the Hall 4 report, provision of
vision screening varied between health boards, with some
health boards having no screening in place, whilst others
had orthoptic vision screening in place for over 30 years.
Following the publication of the Hall 4 report, the vision
assessments that were offered as part of the universal
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pre-school child health program changed significantly.
A national orthoptic delivered pre-school vision screen-
ing service was introduced. This replaced the 39-month
Health Visitor assessment of vision and the Orthoptist
vision screening in Primary 1, which had been imple-
mented in only some health boards in pervious years.
The pre-school year in Scotland captures children
between the ages of 3 years and 6 months and 5 years and
5 months, which is the ideal age for detecting the target
conditions of amblyopia, strabismus and refractive errors
(Williams 2009). By 2012, all mainland health boards in
Scotland were collecting screening data on a national
form, which was then uploaded to the national database
at Information Services Division (ISD), within National
Services for Scotland (NSS). The data presented in this arti-
cle is from the first 3 complete years of pre-school orthoptic
vision screening (2013/2014, 2014/2015 and 2015/2016).

Methods

In Scotland, the pre-school year captures all children that
will turn 4 between March 1st and the end of February
the following year (e.g., the current 2018/2019 screening
year will capture all children with a date of birth between
01/03/2014-28/02/2015, inclusive). These children are
a similar age to reception age children in England and
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Wales. It should be noted, however, that these cohorts will
not match in age exactly, as the school intake differs by six
months in Scotland.

The cohort of eligible children is provided by each
health board’s child health department. Therefore, any
child registered with a GP in their health board area will
be offered vision screening. Almost all of the orthoptic
departments carry out the vision screening assessment
in the children’s nursery setting. When possible, each
health board's orthoptic department will attempt to make
repeat visits to the nurseries when/if required. Further
vigilance is employed for children from deprived areas as
it is recognised that they are more likely to require refer-
ral (O'Colmain et al. 2016; Williams et al. 2008). In addi-
tion, children from deprived areas are more likely to fail
to attend offered appointments. If children are repeatedly
absent from nursery or do not attend a nursery they will
be offered an appointment at a local eye clinic.

The National Screening Committee (NSC) recommenda-
tion (UK NSC 2019) states “Children are asked to read the
letters out from a particular distance until they can read
no more”, which implies testing vision to threshold. The
Scottish screening test includes an assessment of vision
in each eye to threshold. Vision tests used include Keeler
crowded LogMAR with a pass mark of 0.200, Sonksen
crowded LogMAR with a pass mark of 0.100 (Salt et al.
2007) or crowded Kay Pictures with a pass mark of 0.100
(Saul and Taylor 2012; O'Boyle et al. 2017). If a child is una-
ble to reliably match letters, the orthoptist will use crowded
Kay Pictures. All health boards have the capacity to offer a
recall, which is the opportunity to repeat the screening for
those results thought to be doubtful on the day of testing.

The orthoptic delivered screening also includes cover
test carried out for near and distance fixation, ocular motil-
ity assessment, convergence, assessment of binocularity
using a 20* prism reflex test and a pass/fail stereotest (1st
plate of Frisby Stereotest or gross plates on TNO).

Any child who did not meet the visual acuity standard
or was found to have an inter ocular difference (IOD) of
three letters or more required referral. Children with a
manifest strabismus, significant latent strabismus, ocular
motility defects, binocular abnormalities (such as poor
convergence and negative stereopsis) were referred at the
discretion of the orthoptist.

There is a lack of evidence in the literature about what
constitutes significant 10D in this age group of children.
Due to the cohort of children being tested, there is poten-
tial for children as young as 3 years and 5 months being
tested. The orthoptists wanted to ensure that children in

Table 1: Coverage.

Screening Number of Eligible Mean Percentage
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the early stages of developing amblyopia were not being
missed. It was decided that if an 10D of three letters or
more was found this would require referral. For example,
children with better than ‘pass mark’ vision could still
potentially be referred if found to be at risk of developing
amblyopia. The number of children referred solely from
3 letters of 10D was a total of 20 over the 3 year period
(mean 0.07%, range 0.03%—0.11%) with a true positive
rate of 50.5%. This referral criteria was found to be small
enough to have negligible impact on the service.

The benefit of an orthoptic delivered screening service is
that multiple tests can be carried out at the time of screen-
ing with only a small increase in test time, to ensure all
amblyogenic risk factors are detected. An article published
in the Ethics Journal of American Medical Association
states, “Since few tests have both high sensitivity and high
specificity, multiple tests are often used to aid in detection
of disease” (Herman 2006). This incurs no additional cost
to service provision in NHS Scotland. Furthermore it may
reduce costs to the government in the form of educational
support at school as it is well recognised that binocular
vision anomalies are associated with visual symptoms
when reading (Northway 2012; Northway 2013).

The vision screening program has an opt-out consent
policy. Parent/carers have the option to opt their child out
of the program.

Results

The following tables provide an overview of the findings
from the first three years of Scottish national data collec-
tion. Table 1 displays the number of children that were
due to have their POVS. Over the 3 years, a total of 167,962
children were eligible for vision screening. This figure
excludes children that have actively opted-out (mean
withdrawn rate 1.8%, range 1.6%-2.2%) of the eye test
and children that already attend the hospital eye service
(mean 3.1%, range 2.2%-3.6%). The Scottish screening
program had a mean coverage of 85.5% for the 3 years
represented in this paper. This is slightly lower than cover-
age found in 2 audits of vision screening carried out by
the British and Irish Orthoptic Society (BIOS) in the rest
of the UK (range 89%—-93%) (Carlton, Griffiths & Mazzone
2017; Griffiths, Carlton & Mazzone 2018). The data in the
BIOS audits were limited by lack of feedback from par-
ticipating sites. The 2015-2016 audit data includes anal-
ysis of results from 38 out of 204 sites (18.6%) and the
2016/2017 results from 42 out of 204 sites (20.5%). The
results in our paper cover 100% of the mainland health
boards in NHS Scotland.

Range of Percentages

Year Children* Screened per Health Board

2013/2014 56019 85.4% 63.7-94.8%
2014/2015 55919 87.0% 73.1-94.5%
2015/2016 56024 84.3% 66.5-92.8%

* The number of children eligible for vision screening is excluding children that opt-out of the service and children that already

attend the hospital eye service.
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It was noted the same health board had the lowest
coverage for each of the screening years included in this
paper. This health board had periods of staff shortages
due to sickness/maternity leave, which led to patients
being appointed at clinics rather than the orthoptists
making nursery visits. If this board is excluded from the
calculation, the mean coverage increases to 88%, similar
that that of the BIOS audits.

Table 2 illustrates the referral rates for each screening
years. The mean referral rate was found to be 17.9%. This
was similar to previously published referral rates from
other pre-school screening services. Hu and colleagues
(2012) reported a referral rate of 17% and lower when
compared with a study carried out by Buckley and Perkins
(2010) (22%) that screened a similar age group of children.

Each year some children are absent on the day of the
screening at nursery or do not attend nursery. These chil-
dren are therefore offered an appointment at a local clinic
to have their vision screening carried out. Unfortunately,
the attendance at these clinics is poor and there is a high
number that “did not attend” (DNA). The mean DNA rate
for the cohort for children due to be screened over the 3
screening years was 13.6% (range 12.3%—14.8%).

True positives were confirmed if significant refractive
error was found. Significant refractive error was defined
as hypermetropia or myopia >1.00 DS; >1.00 DC of astig-
matism; anisometropia (either spherical or cylindrical) of
>1.00 D. This was irrespective if glasses were prescribed at
first visit. There is still no scientifically robust evidence as
to prescription guidelines in children. Our cut off criteria
was based on unpublished local audits of refractive errors
that can cause reduced visual function if left uncorrected.
Reassuringly, a review paper by Susan Leat (2011) provides
evidence to support our criteria from multiple studies.

Other abnormalities such as significant latent squint,
manifest squint, ocular motility defect, abnormality of
binocular vision were also classed as positive referrals
even if no treatment was required. In these cases, advice
is given to parent/carers of symptoms to be aware of and,
if relevant, the child monitored for deterioration of con-
trol of intermittent strabismus. A paper by Masqud and
Medford (2015) found a mean false positive rate of 15.3%
when comparing their study with 2 other orthoptic deliv-
ered services (13%, 13%, 20%). The mean false positive
rate for our 3 years of screening was 13% (range; 11.2%—
14.5%) which is similar to the false positive rate found
by the studies in Masqud and Medford's paper (2015).
However, we need to bear in mind the variance of clas-
sification of false positive for these studies, for example
significant myopia in Hu and colleagues’ (2012) paper
was defined as “> +/-3.00 D", which seems unreasonably
strict especially with regards to myopia. Whilst Masqud
and Medford (2015) acknowledge “no set protocols exist
within the department for prescribing glasses and so were
prescribed at the examiners discretion”.

Table 3 demonstrates the true positive and positive
predictive value (PPV) for each screening year. The true
positive rate of the program was found to be consistently
high for the three screening years. The mean true posi-
tive rate was 88.9% (range 85.5%—-88.8%). The screening

Table 2: Referral Rate.

National Referral Rate

Screening Number Percentage Range per

year Referred Health Board
2013/2014 8733 17.5% 13.7-25.6%
2014/2015 9191 18.1% 12.7-34.5%
2015/2016 9018 18.3% 8.9-36.8%

Table 3: True Positives and Positive Predictive Value.

Screening True Positive Predictive
year Positives% Value%

2013/2014 85.5% 85.8%
2014/2015 86.6% 86.5%
2015/2016 88.8% 88.4%

programme has maintained a high PPV for the 3 years of
national data collection with a mean PPV of 86.9% (range
85.8%—88.4%).

Discussion
It is evident from the Scottish data that the pre-school
orthoptic vision screening service is providing excellent
national coverage, high positive predictive values and true
positive rates.

A previous study by Dent and Fieldsend (2015) sug-
gested coverage is much better when screening is carried
out in school compared to pre-school. They found the
coverage at pre-school to be as low as 60% in contrast to
96% at school. This was similar to the health board in NHS
Scotland that offered clinic appointments (65%). However,
a higher mean coverage (88%) can be achieved when
assessing children in their nursery setting. In Scotland,
children receive a funded nursery place in their pre-school
year (currently 16 hours per week, term time), and the
uptake of this is very high. For example in 2013, 98% of
eligible children were registered with a nursery (Furness
2013). Therefore, testing children in their pre-school year
in Scotland is the optimum time to carry out the screening
assessment not only for coverage but also for timely detec-
tion of our target conditions (Williams 2009).

Primary 1 children in Scotland are six months older than
children in the equivalent year group in England. The age
disparity between countries would result in later vision
screening in Scotland if it were to be carried out in Primary
1. This may give rise to potential visual problems being
identified six months later in comparison to England. A
paper by Williams states “the most effective treatment to
be ideally between 3 and 5 years of age, and under 7 years”
(Williams 2009). Other studies also support early detection
and treatment of amblyopia as best for visual outcomes
(Hu et al. 2012; Koo, Gibert & Vanderveen 2017; Holmes
et al. 2011). The Scottish programme of vision screening
carried out in a child's pre-school year allows early detec-
tion and treatment without compromising coverage and
without an increase of false positives and ensures all chil-
dren are starting school with the best possible vision. A
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study carried out by Bruce et al demonstrated the negative
effect of non compliance with spectacle wear with chil-
dren’s early literacy abilities (Bruce et al. 2018).

Masqud and Medforth (2015) stated “an orthoptic vision
screening programme is the ‘gold-standard’, as shown by
its excellent PPV and low re-test rates, and as such pro-
vides an excellent quality of service to children and par-
ents”. Our findings from the vision screening taking place
in NHS Scotland is providing evidence to support this
statement of a gold standard service.

Our complimentary tests that check for amblyopia risk
factors also have the added benefit of detecting binocular
vision problems. Arguably, this is a controversial area, but
there are publications discussing the detrimental effects
on reading and learning abilities in children with uncor-
rected refractive error and undetected binocular vision
problems (Northway 2012; Northway 2013; Leat 2011;
Bruce et al. 2018; Christian et al. 2018; Scott et al. 2002).
Undetected binocular vision anomalies can have a lasting
life long impact (Northway and Dutton 2009).

There is no doubt testing vision, as a stand-alone screen-
ing tool, in an orthoptic-led service with a stringent train-
ing programme in place can also achieve good outcomes
for detecting amblyopia (Garretty 2017). However, the
service in Scotland is orthoptic delivered, and as such, the
other tests are easily carried out as part of our service, and,
therefore, do not result in any additional cost to the service
that is provided. These tests do not cause any undue stress
to the child and could potentially be more cost-effective
in the long run for the child if unnecessary educational
interventions can be avoided. The visual skills needed for
reading are much more complex than identifying letters
on a vision chart. A quality of life questionnaire is in the
process of being designed with help from a research and
development team in NHS Tayside. The aim is to gather
information from parents and carers of children referred
from pre-school screening for problems other than vision.
It is hoped this will provide evidence the advice given at
these appointments is invaluable and this shared decision
making can help avoid future problems and anxieties.

Limitations
There are still variabilities between health boards in the
following areas: type of crowded Log MAR letter test used
(Keeler and Sonksen), number of repeat visits to nurseries
and the option to recall. However, all children in Scotland
are offered an opportunity to have a standardised eye
screening, which includes a crowded vision test and basic
orthoptic assessment. This is important as there are no
other vision screening episodes in childhood.
Unfortunately, some children may be missed when
moving between health boards within the screening year.
Regular communication between health boards and their
child health department will help keep this number to a
minimum.

Conclusion

The current orthoptic delivered vision screening service in
Scotland offers a comprehensive gold standard service with
high true positives and high positive predictive values.

This comprehensive service detects amblyopia and its
risk factors (refractive error and strabismus), which is the
most common vision deficit in children in the UK (Tailor
et al. 2016). It also detects muscle imbalance and binocu-
lar vision abnormalities, which if left undetected could
potentially impact the child’s educational abilities and
affect them into adulthood (Northway 2012; Northway
2013; Leat 2011; Christian et al. 2018; Scott et al. 2002;
Northway and Dutton 2009).

Maintaining a high coverage is vital for capturing those
children in more vulnerable backgrounds who are at
higher risk of having visual defects (0’Colmain et al. 2016;
Williams et al. 2008). Coverage appears to be lower in the
health boards that offered clinic appointments rather
than nursery visits. When possible, assessing children
at nursery and repeat visit to the nurseries, especially in
areas of deprivation, is vital for capturing the most vulner-
able children in our communities.

The complimentary orthoptic screening tests help main-
tain an acceptable false positive rate and ensure full visual
screening is offered to maximise every child’s potential
when going to school. When discussing pre-school and
school screening, we need to bear in mind the age group
of children being discussed as this can vary from country
to country.

Future work is needed to look at false negative data.
This is likely to be low due to the orthoptic tests carried
out at screening. For example, cover test at 33 cm on an
accommodative target can pick up significant esophoria;
even in the presence of normal vision, this could suggest
underlying hypermetropia (Liu, Li & Li 2006; RNIB 2020).

As of September 2019, the POVS programme was
renamed See4School. It is hoped this will promote bet-
ter public awareness of the importance of vision screening
and increase engagement with the screening program. The
See4School program'’s fundamental aim is early detection,
referral and prompt treatment of visual defects. Vision
screening can help reduce the prevalence of amblyopia
(Solebo, Cumberland & Rahi 2014), which is vital for the
prevention of avoidable blindness in future generations of
an ageing population.

Kay picture crowded test referred to in this article is the
first edition crowded test.
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