
                          CVI Prevalence Study Group (2021). Cerebral visual impairment‐
related vision problems in primary school children: a cross‐sectional
survey. Developmental Medicine and Child Neurology, 63(6), 683-
689. https://doi.org/10.1111/dmcn.14819

Publisher's PDF, also known as Version of record
License (if available):
CC BY
Link to published version (if available):
10.1111/dmcn.14819

Link to publication record in Explore Bristol Research
PDF-document

This is the final published version of the article (version of record). It first appeared online via Wiley at
https://doi.org/10.1111/dmcn.14819 . Please refer to any applicable terms of use of the publisher.

University of Bristol - Explore Bristol Research
General rights

This document is made available in accordance with publisher policies. Please cite only the
published version using the reference above. Full terms of use are available:
http://www.bristol.ac.uk/red/research-policy/pure/user-guides/ebr-terms/

https://doi.org/10.1111/dmcn.14819
https://doi.org/10.1111/dmcn.14819
https://research-information.bris.ac.uk/en/publications/8a7b6e2a-7d24-45b0-9971-1167e94aa811
https://research-information.bris.ac.uk/en/publications/8a7b6e2a-7d24-45b0-9971-1167e94aa811


DEVELOPMENTAL MEDICINE & CHILD NEUROLOGY ORIGINAL ARTICLE

Cerebral visual impairment-related vision problems in primary
school children: a cross-sectional survey

CATHY WILLIAMS1,2 | ANNA PEASE1 | PENNY WARNES2 | SEAN HARRISON2 | FLORINE PILON3 | LEA
HYVARINEN4 | STEPHANIE WEST5 | JAY SELF5,6 | JOHN FERRIS7 | CVI PREVALENCE STUDY GROUP,*

1 Bristol Medical School, University of Bristol, Bristol; 2 University Hospitals Bristol NHS Foundation Trust, Bristol, UK. 3 Bartimeus Centre for Complex Visual
Disorders, Zeist, the Netherlands. 4 Rehabilitation Sciences, TU Dortmund University, Dortmund, Germany. 5 University Hospital Southampton NHS Trust,
Southampton; 6 Clinical and Experimental Sciences, University of Southampton, Southampton; 7 Gloucestershire Hospitals NHS Foundation Trust, Gloucester, UK.

Correspondence to Cathy Williams at Centre for Academic Child Health, Bristol Medical School, 1-5 Whiteladies Road, Clifton, Bristol BS8 1NU, UK. E-mail: cathy.williams@bristol.ac.uk

*Members of the CVI Prevalence study group are listed in the Acknowledgements.

PUBLICATION DATA

Accepted for publication 16th December

2020.

Published online

ABBREVIATIONS

CVI Cerebral visual impairment

SDQ Strengths and Difficulties

Questionnaire

AIM To estimate how many children in mainstream primary schools have cerebral visual

impairment (CVI)-related vision problems and to investigate whether some indicators might

be useful as red flags, if they were associated with increased risk for these problems.

METHOD We conducted a survey of primary school children aged 5 to 11 years, using

whether they were getting extra educational help and/or teacher- and parent-reported

behaviour questionnaires to identify children at risk for CVI. These and a random 5% sample

were assessed for CVI-related vision problems. We compared the usefulness of potential red

flags using likelihood ratios.

RESULTS We received questionnaires on 2298 mainstream-educated children and examined

248 children (152 [61%] males, 96 females [39%]; mean age 8y 1mo, SD 20mo, range 5y

6mo–11y 8mo). We identified 78 out of 248 children (31.5% of those examined, 3.4% of the

total sample), who had at least one CVI-related vision problem. The majority (88%) were

identified by one or more red flag but none were strongly predictive. Fewer than one in five

children with any CVI-related vision problem had reduced visual acuity.

INTERPRETATION Children with CVI-related vision problems were more prevalent than has

been appreciated. Assessment of at-risk children may be useful so that opportunities to

improve outcomes for children with CVI-related vision problems are not missed.

A recent review proposed that cerebral visual impairment
(CVI) should be considered as a verifiable visual dysfunc-
tion not attributable to disorders of anterior visual path-
ways or ocular disorder.1 Manifestations reported to be
part of CVI include reduced acuity (of non-ocular cause),2

visual field defects,3 oculomotor disorders,4 abnormal
crowding ratio (difference between visual acuity tested with
single and crowded optotypes),5,6 impaired motion detec-
tion,7 and many visuo-cognitive or visuoperceptual impair-
ments.8–10 Some authors regard reduced visual acuity as
essential for the diagnosis of CVI,11 while others do
not.2,3,8

Cerebral visual impairment has been described after pre-
term birth12 or in neurodevelopmental disorders13 includ-
ing cerebral palsy,14 autism,15 or genetic or chromosomal
conditions.16,17 Academic underachievement is also associ-
ated with CVI.18 Children’s behaviour may indicate
CVI,19,20 while CVI-related behaviours may be misinter-
preted as manifestations of autistic spectrum or attention-
deficit/hyperactivity disorders.21 There is an unmet visual
need, including due to CVI, in children who attend special

schools,22 but little is known about the unmet visual need
in mainstream schools even though half of children with
Education, Health and Care plans in the UK attend
these.23

The diagnosis of CVI usually involves a multidisci-
plinary team, inputs from parents, and multiple assess-
ments. Therefore, we aimed to estimate the prevalence of
CVI-related vision problems in a one-off survey of a sam-
ple of mainstream primary schools in England. A sec-
ondary aim was to investigate indicators (red flags) that
could identify children as being at risk of having these
problems. We investigated having extra educational help, a
neurodevelopmental disorder, and responses to behavioural
or CVI-specific questionnaires as potentially useful red
flags.

METHOD
This was a cross-sectional survey, using questionnaires and
school information to identify children potentially at risk
of CVI who were then assessed to look for specific, non-
ocular, CVI-related vision problems.
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Sampling and recruitment
Our sampling was opportunistic: we invited all mainstream
primary schools local to the collaborating ophthalmolo-
gists. The head teachers of 11 mainstream schools and one
special school volunteered to participate (the latter only if
parents/caregivers could accompany their children). The
information sheets for mainstream school parents con-
tained an ‘opt out’ slip to return if they wanted their child
not to be included.

Data collection
The Strengths and Difficulties Questionnaire (SDQ) has
good predictive value for behavioural and mental health
problems in children.24 The short Impact supplement is
almost as predictive of behavioural problems as the full
SDQ.24 Teachers were asked to complete the full SDQ
including the Impact supplement and parents were asked
to complete the Impact supplement only. Parents were also
sent a short set of five questions suggested as screeners for
CVI-related vision problems (Gordon Dutton’s five ques-
tions25). Schools shared information about extra educa-
tional help and children’s medical diagnoses. We obtained
information on the proportion of children in each school
who had free school meals, which we used as a proxy for
local area deprivation, from the local authority websites.

Nested case-finding examinations
We invited children to a vision examination if they were in
any of the following groups: potentially at risk for CVI or
comparison groups.

Potentially at-risk for CVI children were defined as fol-
lows: having extra educational help (My Plan, My Plan+,
Education, Health and Care plan, or equivalent); teacher-
reported SDQ Impact score of +2; parent-reported SDQ
Impact score of +2; 3 out of 5 positive CVI screening
questions (Gordon Dutton’s five questions).25 These ques-
tionnaires are shown in Appendix S1 (online supporting
information).

The comparison groups consisted of a random 5% sam-
ple of mainstream-educated children (we used Microsoft
Excel [Microsoft Corporation, Redmond, WA, USA] to
generate random numbers based on the study IDs, ordered
them, took the top 5%, and removed children with extra
educational help [since they were already invited]) and chil-
dren attending the special school (as long as an adult could
accompany them to the assessment).

Children in the random 5% and in the special school
were included to provide comparison groups expected to
have fewer or more children with CVI-related problems
respectively, than the at-risk mainstream-educated children.
We wanted to avoid stigmatizing invited children, so made
it clear in the information leaflets that we were inviting a
random sample of typically developing children as well as
children at risk of CVI.

Parents of invited children were sent a 51-item CVI-re-
lated questionnaire19 (from which the Gordon Dutton’s

five questions are taken), questions about the child’s medi-
cal and ophthalmic history, information sheets for the child
and parent, a consent form, and a child assent form.

Vision examinations
Children who returned a signed consent form to their
school were examined by a study orthoptist on school pre-
mises. The vision assessments lasted 45 to 60 minutes and
followed a set protocol comprising a range of tests.

Cerebral visual impairment-related vision tests, all
binocular (included to answer the primary research ques-
tion) included the following: crowding ratio at distance;
crowding ratio at near; horizontal and vertical supranuclear
eye movements (pursuits and saccades); peripheral visual
field awareness to confrontation; contour integration cards;
simple visuo-cognitive tests (LEA Mailbox, LEA Rectan-
gles); alternate items from the Motor-Free Visual Percep-
tual Test.

Routine visual function and oculomotor tests (included
to investigate the overlap with the CVI-related vision
problems) included the following: ocular alignment (cover
and alternate cover tests); near point of accommodation
and convergence; stereopsis; colour vision.

Additional tests (included to provide preliminary data
for future research) were: low contrast acuity (LEA 10M
shapes); grating orientation acuity; eye movements and
peripheral visual field awareness with auditory distractor;
numbers, shapes, and letters near acuity test (LEA 3-in-1
test).

All tests were carried out with the child’s own glasses if
available. Data were entered online into a secure REDCap
database (v7 and v8) held at the University of Bristol.

Feedback of test results
Each child’s results were discussed with the school staff by
CW. A brief summary letter for each parent was provided
and another letter for onward referral to an optometrist or
the local eye unit was given if habitual binocular distance
or near acuity was 0.2 logMAR or worse, or if there was
strabismus or field loss that was not mentioned in the par-
ent questionnaires.

Data analysis
Vision test results are given as proportions of children with
impairments using clinical criteria or local or published
norms (except for some of the additional tests). We

What this paper adds
• A minimum of three percent of primary school children had at least one

cerebral visual impairment (CVI)-related vision problem.

• Fifteen percent of children with at least one CVI-related vision problem had
reduced visual acuity.

• Seventy-nine percent of children with CVI-related vision problems were
already receiving extra educational help.

• Impact scores (indicating possible behavioural or developmental difficulties)
from parents were more predictive than those from teachers.

• Testing eye movements and fields with distraction increased the numbers of
children classed as having impairments.
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describe the prevalence of CVI-related vision problems by
age, sex, and by whether the children were at risk or in the
random 5% sample. We assessed associations with estab-
lished risk factors: preterm birth;12 previous admission to a
special care baby unit;26 deprivation; and ethnicity.27 More
details of the tests and analysis are given in Appendix S1.

Likelihood ratios were used to estimate the usefulness of
the red flags as indicators that a child was at increased risk
of having CVI-related vision problems. Positive likelihood
ratios indicate a higher prevalence of the target condition
than baseline if the flag is present: 15% higher if the posi-
tive likelihood ratio is equal to 2; 30% higher if the posi-
tive likelihood ratio is equal to 5; and 45% higher if the
positive likelihood ratio is equal to 10. The converse
applies for negative likelihood ratios: 15% lower if the
negative likelihood ratio equals 0.5; 30% lower if the nega-
tive likelihood ratio equals 0.2; and 45% lower if the nega-
tive likelihood ratio equals 0.1.28

Ethical permission
Research ethics approval was granted by the University of
Bristol Faculty of Health Sciences Ethics (ref. 39801),
including the parental opt out and consent for examination
arrangements.

RESULTS
Participants
Of the 2372 children in the mainstream schools, 74 (3.1%)
were opted out by their parents, leaving 2298 (96.9%) plus
14 children from the special school; thus, 2312 children
took part. A flow chart of data collection (carried out from
2017 to 2019) is shown in Figure S1 (online supporting
information). Fewer opted out children attended the
schools with at least a quarter of children eligible for free
school meals (12% compared with 21%; p=0.093) but simi-
lar proportions had extra educational help (14.9% com-
pared with 19.4%; p=0.328) or a diagnosed
neurodevelopmental condition (5.4% compared with 3.9%;
p=0.496).

Questionnaire data returns
We received 2217 out of 2298 (96.5%) teacher-reported
and 714 out of 2298 (31.0%) parent-reported question-
naires for the mainstream-educated children and 10 out of
14 (71.4%) teacher-reported and 5 out of 14 (35.7%) par-
ent-reported questionnaires for the special school-educated
children.

Invitations and consent for testing
A total of 547 out of 2298 (23.8%) mainstream-educated
children were invited to the vision assessment (Table 1).
We invited an additional 16 mainstream-educated children
at the request of their teachers.

Less than half, 239 out of 547 (43.7%), of invited chil-
dren brought a signed consent form, plus 9 of the 16 chil-
dren requested by teachers, giving a total of 248
mainstream-educated children who were then tested, as

were the 14 children in the special school who had a par-
ent/caregiver who could accompany them.

The proportions of children having extra educational
help were similar in those who did and those who did
not bring a consent form (58.7% vs 58.1%, v2=0.02,
p=0.884); however, children with a signed consent form
were more likely to have a neurodevelopmental disorder
than those without (18.2% and 7.3% respectively,
v2=15.6, p<0.001).

Characteristics of participating children
Among all 2298 participating mainstream-educated chil-
dren, 1144 (49.8%) were male, 1073 (46.7%) were female,
and data were missing for 81 (3.5%); 1874 (81.5%) were
white British, 193 (8.4%) were of a different origin, and
data were missing for 231 (10.1%). Four-hundred and fifty
(19.6%) were at schools where a quarter or more children
were eligible for free school meals. The mean age was
8 years 4 months (SD 1y 9mo; range 5y 5mo–11y 10mo).
Overall, 435 (18.9%) were having extra educational help
and 77 (3.4%) had a diagnosed neurodevelopmental disor-
der (autism, attention-deficit/hyperactivity disorder, cere-
bral palsy, developmental coordination disorder, epilepsy,
learning difficulties or developmental delay, chromosomal
or genetic syndrome). Teachers in mainstream schools
reported high Impact scores for 261 out of 2217 (11.8%)
of children. Parents reported high Impact scores for 70 out
of 714 (9.8%) and high Gordon Dutton’s five questions
scores for 12 out of 682 (1.8%) children.

Among the 14 participating children from the special
school, 12 (85.7%) were male and two (14.3%) were
female; 12 (85.7%) were white British and two (14.2%)
were of other ethnicities. The mean age was 7 years 11
months (SD 1y 5mo; range 5y 10mo–11y 3mo) and 43.5%
of the children at the school were eligible for free school
meals.

The results for the full SDQ completed by the teachers
and the full vision questionnaire completed by the parents
of invited children will be presented elsewhere.

Table S1 (online supporting information) shows the
characteristics of the 248 children who were examined.

Table 1: Indications for invitation to vision assessments

Invited Attended

Extra educational help only 143 60
Extra educational help + teacher report 125 48
Extra educational help + parent report 20 15
Teacher + parent report 7 3
Extra educational help + teacher
report + parent report

24 16

Teacher report only 102 42
Parent report only 19 14
Subtotal 440 198
Random 5% sample 107a 41b

Total 547 239

aAfter removing 12 due to having extra educational help. bAfter
removing 14 due to having extra educational help.

Cerebral Visual Impairment-Related Problems Cathy Williams et al. 3



There was the intended excess of children having extra
educational help (58%), a neurodevelopmental disorder
(18%), or high Impact score reported by teachers (43%) or
parents (47%). The Gordon Dutton’s five questions indi-
cated risk for CVI in 10% of the children with parent-
completed questionnaires. One in six children were born
preterm and one in eight had been on a special care infant
unit.

Prevalence of CVI-related vision problems
As shown in Table 2, almost a third of mainstream-edu-
cated children tested (78 out of 248, 31.5%) had at least
one, and 26 out of 248 (10.5%) had multiple CVI-related
vision problems. The results for males (33.5%) and females
(31.1%) and for children in different age bands were all
similar (33.3%, 38.5%, and 25.3% for ages 5–6y, 7–8y,
and 9–11y respectively, having any CVI-related vision
problems).

Sixty per cent (47 out of 78) of mainstream-educated
children with any CVI-related vision problems had been
identified by only one test: abnormal crowding ratio at
near (n=8) or distance (n=3); abnormal pursuits (n=5) or
saccades (n=8); impaired peripheral field awareness (n=2);
contour integration at or below the 5th centile (n=1);
estimated in the lowest 5th centile of the Motor-Free
Visual Perceptual Test (n=6); problems with the LEA
Mailbox (n=10) or LEA Rectangles (n=4).

In the mainstream schools, 60 out of 144 (41.7%) of
children having extra educational help and 23 out of 45
(51.1%) of children with a neurodevelopmental disorder
had at least one CVI-related vision problem and 22 out of
131 (16.8%) and 12 out of 37 (32.4%) respectively had
more than one CVI-related vision problem.

More children had CVI-related vision problems in the
at-risk group (73 out of 207, 35.3%) than in the random
5% sample (5 out of 41, 12.2%; v2=8.4, p=0.004). The
child in the random 5% sample with three CVI-related
vision problems was born preterm and had a parent-re-
ported high Impact score. The prevalence of CVI-related
problems in the at-risk mainstream-educated children was
lower than in special school-educated children (73 out of
207, 35.3% and 8 out of 14, 57.1% respectively; v2=2.7,
p=0.100).

Most (68 out of 86, 79.1%) children with at least one
CVI-related vision problem were getting extra educational
help or had a diagnosed neurodevelopmental disorder. An
additional 9 out of 86 (10.5%) had a high Impact score
reported by either teacher or parent.

Had we found all children with CVI-related vision prob-
lems, then the prevalence in the mainstream schools would
be 78 out of 2298 (3.4%, 95% confidence interval [CI]
2.5–4.0) with any and 26 out of 2298 (1.1%, 95% CI 0.7–
1.7) with multiple CVI-related vision problems.

Associations between CVI-related vision problems and
known risk factors
Children who had been admitted to a special care infant
unit were more likely to have CVI-related vision problems
than children who were not: 16 out of 31 (51.6%) com-
pared with 51 out of 175 (28.5%; v2=6.5, p=0.011). How-
ever, we found similar rates in children born before 37
weeks gestation as in those born at 37 weeks gestation or
more: 15 out of 39 (38.5%) and 52 out of 172 (30.2%)
respectively (v2=1.0, p=0.319). There was a trend towards a
higher prevalence in children who attended schools with
greater free school meal eligibility: 31 out of 75 (41.3%)

Table 2: Summary of cerebral visual impairment (CVI)-related visual impairments identified

Type of visual impairment

Mainstream
schools: at-risk
sample (extra
educational
help, NDD) (n=207)

Mainstream
schools,
random
5% (n=41)

Total mainstream-educated
children tested (n=248)

Special school
educated
children (n=14)

Excess crowding ratio for distance (a ratio of 2 or more,
equivalent to ≥0.3 LogMAR difference between acuity
with single vs crowded optotypes)

5/205 (2.5) 0 (0) 5/246 (2.0) 0/8 (0)

Excess crowding ratio at near (defined as for distance) 14/199 (7.0) 1/40 (2.5) 15/239 (6.3) 0/1 (0)
Abnormal pursuits 19 (9.2) 1 (2.4) 20 (8.0) 0 (0)
Abnormal saccades 17 (8.2) 0 (0) 17 (6.9) 0 (0)
Impaired peripheral visual field to confrontation 15 (7.3) 0 (0) 15 (6.1) 3 (21.4)
Contour integration 5th centile or worse 3/203 (1.5) 1 (2.4) 4 (1.6) 1/8 (12.5)
Problems with postbox 24/206 (11.7) 1 (2.4) 25/247 (10.1) 4 (28.6)
Could not do rectangles 8/206 (3.9) 1 (2.4) 9/247 (3.4) 3/8 (37.5)
Estimated MVPT 5th centile or less 12/203 (5.9) 2 (4.9) 14/244 (5.7) n/a
Number of CVI-related vision problems

0 125 (64.8) 35 (87.5) 160 (68.7)
1 43 (28.3) 4 (10.0) 47 (20.2)
2 12 (6.2) 0 (0) 12 (5.2)
3 13 (6.4) 1 (2.5) 14 (6.1)

Total with all tests 193 40 233 0
Any CVI-related vision problem 73 (35.3) 5 (12.2) 78 (31.5) 8 (57.1)

Data are n (%). Not all children completed every test, so the denominator varies between cells. NDD, neurodevelopmental disorder; MVPT,
Motor-Free Visual Perception Test.
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compared with 55 out of 187 (29.4%; v2=3.5, p=0.063),
but no association with ethnicity (33.2% for white children
compared with 40.1% non-white; v2=0.3, p=0.589).

Prevalence of routinely tested visual and oculomotor
problems
In Table S1, approximately one-third of children tested
had at least one instance of strabismus, reduced distance
acuity, an extended nearpoint of convergence, or worse
than average accommodation. These routinely tested for
impairments were more frequently present in children with
CVI-related vision problems than in children without: 40
out of 78 (51.3%) and 46 out of 170 (27.1%) respectively
(v2=13.9, p<0.001). Only 12 out of 78 (15.4%) children
with CVI-related problems had binocular distance acuity
worse than 0.3 logMAR. Seventeen children had colour
vison abnormalities: 12 had a red-green defect (all males);
four had red-green and blue-yellow defects (one female);
and one male had a blue-yellow defect. Half of tested chil-
dren in the mainstream-educated group had worse than
foveal stereoacuity.

Additional visual impairments
As shown in Table S1, testing eye movements and periph-
eral visual awareness in the presence of an auditory distrac-
tion resulted in more children with abnormal pursuits or
impaired visual field awareness in the at-risk group than in
the random 5% sample (Fisher’s exact test, p=0.035 and
p=0.031 respectively), but similar numbers in each group
had abnormal distracted saccades. Children in the special
school-educated group were more likely to have poor low
contrast acuity than children in the mainstream-educated
group (Fisher’s exact test, p<0.001).

More children with at least one CVI-related vision prob-
lem had additional impairments than children without
CVI-related vision problems: impaired distracted saccades
(27.1% vs 4.0%; v2=30.1, p<0.001); impaired distracted
pursuits (30.6% vs 10.2%; v2=16.9, p<0.001); impaired dis-
tracted fields (22.4% vs 4.0%, v2=21.6, p<0.001); poor low
contrast acuity (46.5% vs 31.9%; v2=5,4, p=0.02); and let-
ters greater than 0.2 logMAR worse than numbers or
shapes (4.0 vs 0.6; v2=3.9, p=0.083).

Usefulness of potential red flags
Table 3 shows the sensitivity, specificity, and positive and
negative likelihood ratios of the potential red flags (unless
the likelihood ratio 95% CIs included unity, so they were
not significantly predictive).

If the target condition was any CVI-related vision prob-
lem, the most sensitive red flag was having extra educa-
tional help, but this was poorly specific with a positive
likelihood ratio of 1.5. Conversely, the most specific flags
were having a neurodevelopmental disorder (which had a
positive likelihood ratio of 2.3) and the Gordon Dutton’s
five questions, both of which had low sensitivity.

We hypothesized that the number of CVI-related vision
problems may reflect the severity of disturbance to the

visual system and compared the results for when the target
was one or multiple CVI-related vision problems (Table 3).
None of the red flags had positive likelihood ratios differ-
ent from 1 when predicting children with only one CVI-
related vision problem; however, having a neurodevelop-
mental disorder and/or a parent-reported high Impact
score were predictive for multiple CVI-related vision prob-
lems, with positive likelihood ratios of 3.8 and 2.7 respec-
tively. The negative likelihood ratio for parent-reported
Impact scores indicated a prevalence of 30% below base-
line if this flag was confirmed to be absent.

DISCUSSION
Our primary aim was to estimate how many children in main-
stream primary schools had CVI-related vision problems.
Our results suggest that on average, there would be at least
one affected child in every class of 30 children. It is important
to recognize that not all children we identified with CVI-re-
lated vision problems would be diagnosed as having a CVI if
they presented to a clinical setting. However, most had risk
factors or difficulties associated with CVI.

We found that most of the affected children (79%) were
already recognized as being at risk due to having extra edu-
cational help or a known neurodevelopmental disorder.
Impact scores from the parents were more informative
than the equivalent teacher-reported scores and the parent-
reported Gordon Dutton’s five questions was the most
specific of the flags but had low sensitivity (12%). How-
ever, our results for parent-reported data are limited by
the low numbers and low statistical power.

One advantage of using likelihood ratios is that they are
not generally affected by the baseline prevalence of the tar-
get condition and can be used in high- and low-risk set-
tings, unlike sensitivity and specificity, which vary with the
underlying prevalence. Across all participating mainstream-
educated children, the estimated baseline prevalence of
children with any CVI-related vision problems was 3.4%;
it was 1.1% for children with multiple CVI-related vision
problems. Therefore, increases in prevalence of between
15% and 30% above baseline for children with red flags
whose positive likelihood ratio is between 2 and 4 (as in
this study) would still result in most children with the red
flag not having the condition.

Given these results, providing assessments to identify or
exclude CVI for children who need intervention for educa-
tional or behavioural problems may be preferable to
attempting to screen for CVI. Also, paediatricians and
teachers need to be aware that children who are managing
at school but have emotional or behavioural problems at
home can have CVI-related vision problems (and possibly
CVI) as seen in our random 5% sample.

Although many of the affected children we identified
were receiving extra educational help, they were not get-
ting vision-based support, perhaps due to lack of awareness
or to other competing problems. However, teachers may
find information about vision problems useful when sup-
porting children.29

Cerebral Visual Impairment-Related Problems Cathy Williams et al. 5



This study has several limitations. Our schools were
self-selected, more disadvantaged, and less ethnically
diverse than schools in England overall.23,30 We were
unable to examine half of the children we invited so we
would have underestimated the true prevalence of CVI-re-
lated vision problems. We did not check for refractive
errors and so may have underestimated visual acuity, stere-
opsis, and/or ability to accommodate. Peripheral field
awareness testing was by confrontation and may have
missed some visual field defects. Our estimate of severity
of CVI-related problems (using the number of tests failed)
may be inaccurate since one major impairment may be
more disabling than two or three minor ones. Using the
full Motor-Free Visual Perceptual Test or other formal
neuropsychology assessments may have given different
results.

The strengths of this study include the range of vali-
dated assessments, examiners being masked to the child’s
risk factors, and a community rather than clinical setting.
We identified fewer affected children in the random 5%
sample than in at-risk children, supporting the specificity
of our protocol. The additional tests suggested that using
an auditory distractor may unmask some abnormalities in
at-risk children and further research would be useful.

These results suggest CVI-related vision problems may
be more prevalent in primary schools than has been appre-
ciated. Pathways to assessment and support are needed for
affected children so that opportunities to help them by

meeting their visual needs are not missed. Studies that are
powered to assess different approaches to identifying
affected children are needed, as is research into the benefits
of doing this for individual children and their families and
for the school and health care systems that support them.
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Table 3: Positive and negative likelihood ratios, sensitivities, and specificities for possible red flags that might indicate a child is at risk for CVI-related
vision problems

Target condition level Red flag n
Positive likelihood
ratio (95% CI)

Negative
likelihood
ratio (95% CI)

Sensitivity
(%) Specificity (%)

Any CVI-related vision problem
Extra educational help 262 1.5 (1.3–1.9) 0.4 (0.3–0.7) 79.1 48.9
NDD 262 2.3 (1.4–3.6) 0.8 (0.7–0.9) 34.9 84.7
Teacher-reported Impact score 256 NS NS 48.8 57.6
Parent-reported Impact score 128 1.6 (1.1–2.3) 0.7 (0.4–1.0) 59.0 62.9
Parent Gordon Dutton’s five questions 107 NS NS 12.9 90.8

Severity of condition (estimated by the number
of CVI-related problems)
1 only (vs none) Extra educational help 233 1.3 (1.1–1.7) 0.6 (0.4–1.0) 70.2 47.3

NDD 233 NS NS 12.8 83.3
Teacher-reported Impact score 233 NS NS 40.0 57.7
Parent-reported Impact score 107 NS NS 47.4 64.8
Parent Gordon Dutton’s 5 questions 107 NS NS 0 91.4

2 or more (vs 1 or none) Extra educational help 233 1.6 (1.3–2.0) 0.3 (0.1–0.8) 84.6 47.3
NDD 233 3.8 (2.2–6.7) 0.6 (0.4–0.9) 46.2 87.9
Teacher-reported Impact score 227 NS NS 50.0 59.2
Parent-reported Impact score 107 2.7 (1.9–3.9) 0.2 (0.0–1.0) 88.9 67.4
Parent Gordon Dutton’s five questions 107 NS NS 11.1 93.4

Combination of red flags
2 or more (vs 1 or none) Extra educational help +

teacher-reported Impact score
126 1.5 (1.0–2.2) 0.7 (0.4–1.2) 59.1 59.6

2 or more (vs 1 or none) Extra educational help +
parent-reported Impact score

54 2.3 (1.4–3.5) 0.2 (0.0–0.3) 59.1 59.6

2 or more (vs 1 or none) Extra educational help +
Gordon Dutton’s five questions

52 NS NS 12.5 90.9

CVI, cerebral visual impairment; CI, confidence interval; NDD, neurodevelopmental disorder; NS, not significant.
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DATA AVAILABILITY STATEMENT
The data that support the findings of this study are avail-
able from the corresponding author upon reasonable
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SUPPORTING INFORMATION

The following additional material may be found online:

Figure S1: Flow chart of data collection.

Table S1: Summary of child characteristics, routinely tested

vision problems and additional visual impairments identified

Appendix S1: Questionnaires used to identify children as at

risk of CVI-related vision problems, details of vision tests used,

reliability of test procedures, and analysis.

Appendix S2: Participating schools.
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