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Ocular and visual defects in a geographically defined
population of 2-year-old children

Maureen Stayte, Ann Johnson, Catherine Wortham

Abstract
Ocular and/or visual defects were diagnosed
by age 2 years in 2.1% of infants born in 1984
in one health district. Infants oflow birth weight
or infants requiring special care in the neonatal
period had a two and a halftimes greater risk of
vision and ocular defects than the remainder of
the population. In particular, the rate of squint
and neurological disease affecting the visual
system was significantly greater in this high
risk group than in the low risk group. The
degree of visual impairment in the high risk
group tended to be more severe than in the low
risk group. Overall, however, the majority of
children with vision or ocular defects (85%)
were in the low risk group.

With falling perinatal mortality the numbers of
infants of low birth weight who survive the
perinatal period are increasing.' These infants
are known to be at increased risk of ocular and
vision defects.23 There is concern that they may
be contributing unduly to pre-school vision
impairment within the community. While Blind
and Partially Sighted Registration is one source
of severe visual impairment data, the infor-
mation is often incomplete by 2 years of age and
does not include all types of visual and ocular
defects.

In order to look at this problem we have
ascertained the outcome of referrals of infants
from birth to 2 years to the hospital eye service
in a geographically defined population. The
numbers of referred infants who were of low
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birth weight or who had required special care in
the neonatal period were compared with the
number of referrals from the remainder of the
population. The characteristics of the ocular and
vision defects diagnosed in the two populations
are described.

Materials and methods
Information on all infants who were referred for
an ophthalmological opinion by 2 years of age
was obtained by searching eye clinic and
orthoptic records within Oxfordshire Health
District. This was a manual search; only the
Blind and Partially Sighted Registers were on a
computerised system. It involved searching all
hospital index files, hospital notes, and
registers of new patients attending orthoptic
departments within the Oxfordshire health
district. Casualty records were excluded. Ad-
ditional information was obtained from the
paediatric assessment centres, from Special
Needs Advisers to the Department of Education,
Department of Social Services who held the
'Blind Register', Eye Operation Register, and
the Birth Registers.
The following information was abstracted

from the records: (a) Health district of birth; (b)
birth weight; (c) whether admitted to special care
nursery; (d) age at referral; (e) outcome of
referral.
A case was defined as a child with a recognised

or suspected ocular or visual abnormality
requiring treatment or surveillance. Cases were
classified as shown in Table I. Children with

TABLE I Numbers ofchildren with diagnosed ocular and vision defects at age 2 years

Number (ratellOOO survivors at 2years)

High risk Low risk Total Relative
infants infants infants* (95% confidence limits)

Heterotropia (intermittent or constant):
(i) No glasses ordered 91 358 421 133 521 3-4(1-7, 70)
(ii) Glasses ordered 5 (3 ) 41 (13) 46 (146) 1-9(0-8,4-9)

Defects associated with neurological
disease (including optic atrophy and
cortical blindness) 9 (23 0) 7 (1-1) 16 (2 4) 20 5 (7 7, 54 8)

Periorbital pathology (including anomalies of lid,
orbit, and extraocular muscles) - 13 13 (2 0) -

Nystagmus:
manifest 3 7 10
latent - (7-7) 1 (1-3) 1 (1.7) 6-0(1-6,22 5)

Intraocular pathology (including
retinopathy ofprematurity) 1 9 10 (1-5) 1-8(0-2, 14-0)

Refractive error without heterotropia
(glasses ordered) 1 6 7 2-66 (0 3, 22 0)

Refractive error without heterotropia
(no glasses ordered; surveillance
and further refraction required) 1 5 6 3-2 (0-4, 27-3)

Esophoria without refractive error
needing continued surveillance - 6 6

Heterophoria with refractive error
(glasses ordered) - 3 3 -

Total number of infants* with
visionoroculardefect 21 (53-7) 118 (18-9) 139 (21-0) 2-8(1-8,4-5)

Total number of infants in each group 391 6243 6634

* Some infants have more than one defect.
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blocked tear ducts and conjunctivitis were

excluded.
The total population under study was divided

into two groups:
(1) Infants born in 1984 to mothers resident in

the Oxford health district at the time of birth,
who were either less than 2000 g birth weight or

who were 2000 g or more at birth and requiring
admission to a special care nursery for longer
than 24 hours were termed 'high risk'. These
infants were identified as part of the Oxford
Region Child Development Project4 and were

considered at increased risk of ocular and vision
defect.

(2) Infants born in 1984 who were 2000 g or
more at birth and did not require any special
care in the neonatal period were designated as

'low risk'. This group consisted of infants with
these characteristics who were resident in the
district at age 2 years. While not all may have
been born to mothers resident in Oxfordshire
at the time of birth, it was assumed that among
this low risk population the population
movement into the district was balanced by
those leaving the district.5
Outcome information was sought on infants

from the high risk group who were known to
have left the district and to have been referred
for an ophthalmological opinion to a centre
outside the district. Infants who had moved
into the district after birth, and were known to
have been of low birth weight or requiring
special care were not included in the study.

Results
In 1984 there were 6687 live births to mothers
who were resident in the Oxford health district at
the time of delivery. Fifty three infants had died
by age 2 years: 33 died in the neonatal period, a
further 18 before the age of 1 year and two infants
died in their second year (Table II). Forty two of
the 53 infants who died were in the high risk
group and 11 were in the low risk group. The
mortality rate in the high risk groups was
97/1000 live births compared with a mortality
rate of 1 8/1000 live births in the low risk
population.
Of the 6634 infants alive at age 2 years 252

(3 -8%) had been referred for an ophthalmological
opinion. One hundred and thirty nine of these
were diagnosed as having an ocular or visual
defect. Overall 2 - 1% of the 2-year-old population
had a diagnosed ocular or visual impairment.
Of these infants (alive at age 2 years) 391 were

in the high risk group and 6243 in the low risk
group (Table III). Twenty one of the 391 high
risk infants and 118 of the 6243 low risk infants
had an ocular or vision problem by age 2 years.

Although the risk of such impairment was
significantly higher in the high risk group than in
the low risk group (relative risk=2-8 with 95%
confidence limits of 1-8 to 4 5) (Fig 1), the high
risk group contributed only 15% of all cases.

Overall the commonest defect was hetero-
tropia, which was present in 70% of all children
designated as cases (Table I). The types of
heterotropia and heterophoria diagnosed by age
2 years are shown in Table IV. Approximately
half the cases in each group had a constant

TABLE II Total number ofinfants in study

53 died before
2 years

1984 total live births - 6687

6634
1 13 - no eye defect

252 (3-8%) referred
for specialist

2-I-peye opinion
139 (2 1%o) -defetct preentnt

esotropia, whereas only two children had
constant exotropia. Heterophoria was recorded
only in the low risk group. The risk of hetero-
tropia was significantly greater in the high risk
group than in the low risk group (relative risk=
2 7 with 95% confidence limits of I 5 to 4 7).

Ocular and visual defects associated with
neurological disease accounted for 12% of all
defects detected by age 2 years. Of the 16 infants
in this category 11 had cerebral palsy. Six of
these 11 children had a heterotropia. Many of the
children with cerebral palsy had severe impair-
ment of vision (three with optic atrophy and
three with 'cortical blindness'). The relative risk
of a vision/ocular defect associated with neuro-
logical disease in the high risk group of infants
was 20-5 with confidence limits to 7-7 to 54-8.

Intraocular and periorbital pathology account-
ed for 17% of all cases, all but one of which were
in the low risk group. The defects in the low risk
group were lens opacities (2), congenital chor-
oiditis (1), unilateral microphthalmos and colo-
boma (1), bilateral colobomata (1), correctopia (1),
congenital toxoplasmosis (1), depigmented iris
(1), cataract and retinal detachment secondary to
trauma (1), unilateral ptosis (5), Marcus Gunn
syndrome (2), Duane's syndrome (2; 1 type A, 1
type B), Brown's syndrome (1), and inferior
oblique overaction, with binocular single vision
in the primary position (3).
There was a single case of grade IV retino-

pathy of prematurity in the high risk group,
classified under intraocular pathology.
The range of refractive errors are shown in

Figure 2, showing the eye with the highest
refractive error. Astigmatism is in minus
cylinders. Seventy one children (51% of all
children with an eye defect) had a recorded
refractive error. Glasses were prescribed for 56
children. A further six children were not ordered
glasses at this age but required further refractions
and surveillance. No overall difference in the
degree or type of refractive errors was found
between the high risk and the low risk groups.
Ten of the 139 2-year-old children with an eye

defect were blind or had very low vision. The

TABLE nI Numbers ofinfants in high risk and low risk
groups

6634 alive at 2 years

High risk Low risk
391 6243

21 cases 118 cases
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Figure 1: Vision and ocular defects in 2-year-old children by
birth weight group and by admission to special care nursery.

underlying causes were cortical blindness (3),
optic atrophy (3) (all these six children had
cerebral palsy), retinopathy of prematurity (1),
toxoplasmosis (1), optic nerve hypoplasia (1),
and leucodystrophy (1).
The proportion of children with visual defects

who appeared to have no useful vision or who
will require low vision aids was considerably
greater in the high risk group than the low risk
group (six of 21 in the high risk group compared
with four of 118 in the low risk group). The
relative risk of severe impairment in the high risk
group was 30 0 with 95% confidence limits of 6-8
to 84-5.

Discussion
By age 2 years 3 8% of the infant population of a
health district had been referred to a specialist
eye service. A little over half of these referrals
proved to fulfil the criteria of a case. Thus 2 1%
of the population had a diagnosed ocular or
visual defect by age 2 years, Kendal et al found
1[6% seen by 2 years,6 rising to 89% at age 6
years, and Kohler looked at 4-year-olds and
found 8-9%.7
The detailed search was unlikely to have

missed cases referred within the health district.

TABLE iV Types ofstrabismus diagnosed by age 2years

Total High risk Low risk
number infants infants
ofcases

Heterotropia
Constant:

convergent 60 10 50
divergent 2 1 1

Intermittent:
divergent 22 2 20
convergent 14 2 12

Total 98 15 83

Heterophona
Esophoria 8 0 8
Exophoria 1 0 1
Total 9 0 9

Total number of infants
in each group 6634 391 6243

However, population movement and uneven
shifts of population could result in under-
estimates in the numbers of cases in the low risk
population. Ascertainment was more likely to be
complete in the high risk group, where there was
a vigorous follow-up, including tracing infants
who had moved outside the district. Under-
ascertainment could also occur as a result of
failure of cases to come to the attention of the
ophthalmological services by age 2 years. This
was again more likely to occur in the low risk
group, where surveillance was less rigorous.
However, despite this possible underestimate of
the numbers of cases in the low risk group, 85%
of all cases were from this section of the popul-
ation.
We confirmed the previously described in-

crease in risk of ocular and vision defects among
low birth weight infants and infants requiring
special care.238 In our series this high risk group
had a higher rate of heterotropia, a higher
prevalence ofocular and vision defects associated
with neurological deficit, and a more severe level
of visual loss.
The prevalence of heterotropia in the

population studied was 1[5%, comparable with
1-3% described by Friedman et al9; esotropia
comprised 1 -0% of cases. Few cases of hetero-
phoria were detected. This could be because they
cause little concern in this age group. Further
study of this population may show a higher
percentage of these cases. The small numbers of
cases of intermittent esotropia may be due to the
fact that the accommodative system is not fully
functional in many children by 2 years of age. l0
All cases of intermittent exotropia of divergence
excess type may not have been detected, as most
fixation tasks are carried out at near fixation in
this age group.

In a recent study of vision screening tests
applied by health visitors to high risk infants
under the age of 2 years almost all the children
who were identified as having a heterotropia had
an obvious defect on direct observation."
Low birth weight infants and infants admitted

to a special care nursery have a higher prevalence
ofcerebral palsy than the remainder of the infant
population. 12 Eye defects are frequently present
in children with cerebral palsy,I and indeed such
defects accounted for almost half of all eye
defects seen in the high risk group. Eye
examination of all children with a central motor
deficit would appear to be indicated. Conversely,
the presence of a heterotropia in a low birth
weight infant may be a marker of an underlying
motor deficit.
Amblyopia was not included in our classifi-

cation of defects, as the diagnosis could not be
confidently made in this very young age group. 14
Accurate testing of uniocular visual acuity was
not possible before the age of 2 years with the
equipment available in the clinics. However, a
number of children with strabismus and aniso-
metropia as well as those with conditions such as
lens opacities and ptosis, were under observation,
or receiving treatment for potential or suspected
amblyopia. They are classified within other
groups as appropriate.
At the time of this study there was no

systematic ophthalmological follow-up exam-
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Figure 2: Range ofrefractive errors in high risk and low risk groups
refractive error recorded).

rrors: High risk group high in infants who have been oflow birth weight
or been admitted to a special care nursery, these

)ptC infants will form only a small proportion of all
defects seen by the ophthalmic services by the

.3 . age of 2 years. Yet their disability is often severe
and associated with other deficits especially in

2 the motor area. Hence the demands they make
. on clinical services are considerable.

It is possible that in future the numbers of
-1 * impaired infants in the high risk group may

increase. It is likely that, with neonatal intensive
;_________t care, mortality rate among the high risk infants

2 4 6 will continue to fall, and it is arguable that as

tres Hypermetropla more of the vulnerable high risk infants survive
the numbers of children with a vision or ocular
defect will increase. A counter-argument is that

group the increasing sophistication of neonatal inten-
sive care will in the future result in not only a
continuing fall in mortality rate but also an

* improving quality of survivors. These two
opposing views are at present largely unsubstan-
tiated, and as the limits of viability continue to be
lowered it will be essential to monitor trends in
numbers and characteristics of ocular and visual
defects seen in the early childhood population.
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ination of infants who had been in the Special
Care Baby Unit, and hence milder grades of
retinopathy ofprematurity were not consistently
reported. A system of regular evaluation of all
such infants is now operating, and it is likely that
this will result in an increase in the number of
high risk infants requiring ongoing surveillance
by specialist ophthalmological services.
Not all children had a recorded refractive

error, but the overall impression was that the
range of refractive errors did not differ between
the high risk and low risk groups. In particular
we were unable to demonstrate a high prevalence
ofmyopia (possibly as a feature of retinopathy of
prematurity) in the low birth weight population
as has been previously described.8I3 However,
without a systematic follow-up of the ocular
status of the low birth weight infants it is likely
that some children with myopia will only become
known to the ophthalmological services after the
age of 2 years.

Overall, we conclude that, although the
relative risk of ocular or visual impairment is
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