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ABSTRACT.
Purpose: To characterise the nature and degree of ocular disorders and cerebral
morphological and functional abnormalities in a population-based group of visu-
ally impaired full-term pre-school children.
Methods: Forty-five children who were born at full-term between 1989 and 1995
in Värmland, Sweden, were reported as being visually impaired. An ophthalmo-
logical examination was performed and clinical data regarding mental develop-
ment and neurological disease were obtained for all children. Cerebral imaging
was performed in 35 children.
Results: Twenty-six per cent of the children were found to have ocular disorders
only. Forty-two per cent had cerebral morphological abnormalities, verified by
cerebral imaging, and 65% had signs of cerebral functional abnormalities. In
total, 74% were found to have cerebral morphological and/or cerebral functional
abnormalities.
Conclusion: The majority of children with visual impairment, including children
with ocular disorders, were found to have cerebral morphological and/or cer-
ebral functional abnormalities. We suggest that any child with visual impairment
should therefore undergo cerebral imaging and be examined by a paediatrician
in order to establish the correct diagnosis.
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The causes of visual impairment in
children have changed over recent

years. In the past, ocular disease was the
predominant cause of reduced vision
(Lindstedt 1972), however, as medical,
ophthalmological and surgical treatment
have improved, there has been a decrease
in the proportion of children with this
type of visual impairment (Blohmé &
Tornqvist 1997). Improved general medi-

cal care has increased the number of very
pre-term and severely sick children who
survive, resulting in a greater proportion
of children who have visual impairment
due to brain damage (Rosenberg et al.
1996; Blohmé & Tornqvist 1997).

Several recent neuroradiological
studies have demonstrated that periven-
tricular leukomalacia (PVL) is the most
common cause of visual dysfunction in

children born pre-term (Eken 1995; Ja-
cobson et al. 1998). However, to our
knowledge, the types and extent of cer-
ebral lesions that are associated with vis-
ual impairment in full-term children have
yet to be described.

The purpose of this study was to
characterise the nature and degree of
ocular disorders, cerebral morphological
and functional abnormalities in visually
impaired full-term children.

Definitions
Visual impairment (VI) was defined as an
optotype acuity Æ0.3 with the best cor-
rection, or a visual acuity above 0.3 in
combination with visual field restriction.
In cases in which the child was unable to
co-operate (due to young age and/or
mental incapacity) a subnormal grating
acuity or persistently abnormal fixation
behaviour were considered as visual im-
pairment.

Disorders of the eyes and anterogenic-
ulate visual pathways are referred to as
‘‘ocular disorders’’ in the text.

Patients
The county of Värmland in Midwest
Sweden has 282,000 inhabitants (Befolk-
ningsstatistik 1994). During the period
January 1, 1989 to December 31, 1995,
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25,000 children were born in the county.
Ninety-nine per cent of all children in
Sweden attend routine visual screening at
local Child Care Units (Kvarnström et al.
1998). The ability to fixate was evaluated
at infancy in all children, and optotype
acuity was assessed for each eye at 4 years
of age. Infants with deviant fixation be-
haviour and/or subnormal acuity were re-
ferred to the regional ophthalmology ser-
vice for further assessment.

Among the children born between
1989 and 1995 in Värmland, a total of 66
were found to be visually impaired and
reported by the regional ophthalmol-
ogists between February 1991 and April
1998. Eighteen of these children, who
have been described in a previous paper
(Jacobson et al. 1998), were born pre-
term. Subsequently, three more pre-term
children were identified. One had a cer-
ebral malformation, the second had PVL
and cerebral atrophy confirmed by
neuroradiology, and the third had no
ocular disorder but strabismus and men-
tal retardation associated with cerebral
palsy, a clinical picture resembling PVL.
The parents of this child, however, did
not agree to cerebral imaging.

Gestational age was estimated by fetal
ultrasonography, performed at week 17
of gestation (post-menstruation). Forty-
five children had gestational age at birth
Ø37 weeks. Thus, 45 full-term children
(26 boys and 19 girls), median age 2
years, (range 2 months to 7 years and 2
months), with visual impairment were in-
cluded in the present study.

Methods
Visual function and ocular examination
Visual acuity was assessed by methods
suitable for the age and ability of the
child. Sixteen children were identified as
visually impaired because of low linear
optotype acuity, nine because of subnor-
mal grating acuity and twenty because of
abnormal fixation behaviour. Visual
fields were assessed by the confrontation
method.

Inspection of the anterior segment and
fundus examination with binocular oph-
thalmoscopy were performed in all
children. Refraction was carried out and
appropriate glasses prescribed if needed.
Thirty-seven out of the 45 children were
examined by one of the authors (SG). In-
formation on the remaining seven
children was obtained from thorough file

investigations and discussions with the
treating ophthalmologist.

Cerebral imaging (nΩ35)
Cerebral imaging was performed in all
children, except ten who had obvious
ocular reasons for visual impairment
(Table 1; patients 1–3, 6–8, 10, 12, 23 and
25). In those children who had been sub-
mitted to repeated imaging, all examina-
tions were reviewed but the findings from
the latest available investigation were
used. The brain was imaged using com-
puted tomography (CT) in eight children
and by magnetic resonance imaging
(MRI) in 27 children.

Clinical data
The attending paediatrician or paediatric
neurologist of each child completed a
data sheet requesting information on
mental development, cerebral palsy,
shunt-treated hydrocephalus and epi-
lepsy.

Results
Table 1 and Figure 1 summarise the re-
sults of this study.

In the following, the material will be
described along three lines: 1) ocular
manifestations, 2) mental development
and 3) neuroradiological findings (Fig.
1).

Children with ocular disorders (nΩ30)
Thirty (66%), 14 boys and 16 girls, of the
45 children had an ocular disorder (pa-
tients 1–30).

Children with ocular disorders and
normal intellectual development (nΩ13)
Thirteen of these children (patients 1–13)
had normal intellectual development.
Eleven (patients 1–11) were considered
healthy and had no other diagnoses.
Neuroradiology was performed in four of
the children and was found to be normal.
In addition, one child had severe myopia,
abnormal optic discs and craniostenosis
but showed otherwise normal develop-
ment (patient 12). Thus 12 children had an
ocular disorder as the main reason for
their visual impairment.One girl with op-
tic nerve hypoplasia (patient 13) had con-
genital ataxia; severe visual perceptual dis-
turbances and neuroradiologically dem-
onstrated cerebellar vermis hypoplasia,
but otherwise normal cerebral mor-
phology. Her intellectual development
was, however, normal.

Children with ocular disorders and
impaired mental development (nΩ17)
The remaining 17 (56%) of the 30
children with ocular disorders (patients
14–30) had impaired mental develop-
ment. Five of these children (patients
14–16, 18 and 19) had additional cer-
ebral palsy where neuroradiology re-
vealed abnormal cerebral morphology.
One child (patient 21) had epilepsy, but
normal cerebral morphology. One boy
(patient 17) with optic nerve hypoplasia
and impaired mental development, but
without additional neurological symp-
toms, also had radiological findings of
PVL.

Eight further children in this group
had additional diagnoses. One boy (pa-
tient 20) had neurofibromatosis type I
with cerebral morphological abnormali-
ties. One girl (patient 22) was diagnosed
as having homocysteinuria and retinitis
pigmentosa verified by analysis of the
blood and by ERG, respectively, but
with no pathological findings on cer-
ebral imaging. Six of the children had a
chromosomal aberration, five with
Down syndrome (patients 24–26, 29 and
30) and one with trisomy 13 (patient
23). Neuroradiology was performed in
four of these patients and was found to
be normal.

The remaining two children (patients
27 and 28) with impaired mental devel-
opment, had ocular fundus colobomata,
but no other diagnoses and normal neu-
roradiological findings.

Children without ocular disorders (nΩ15)
Fifteen (33%), 12 boys and 3 girls, of
the 45 children had no ocular disorders
(patients 31–45).

Children without ocular disorders with
normal intellectual development (nΩ3)
Three children without ocular disorders
had normal intellectual development.
Two boys (patients 31 and 32) had PVL,
diagnosed by neuroradiology. The third
child (patient 33) had attention deficit
disorder, and neuroradiology revealed bi-
lateral occipital atrophy.

Children without ocular disorders with
impaired mental development (nΩ12)
Twelve (80%) of the 15 children without
ocular disorders (patients 34–45) had im-
paired mental development. Two of them
(patients 34 and 35) had PVL, but no ad-
ditional neurological symptoms or other
diagnoses. Five children (patients 36–39
and 43) had additional neurological
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Fig. 1. Venn diagram of 45 full-term visually
impaired children, with regard to impaired
mental development (nΩ29), abnormal neuror-
adiological findings (nΩ19) and ocular dis-
orders (nΩ30).

symptoms; four had epilepsy (one of
whom also had cerebral palsy), and one
had cerebral palsy only. Neuroradiology
revealed cerebral abnormalities in four of
these children.

Among the remaining five children,
with impaired mental development, three
had chromosomal aberrations. One had
trisomy 16, one had XYY and one had
Down syndrome (patients 40, 42 and 44,
respectively). One boy (patient 41) had
multiple organ malformations, and
neuroradiology demonstrated agenesis of
the corpus callosum. One child (patient
45) had no additional diagnoses.

Children with impaired mental
development (nΩ29)
Twenty-nine (65%) of the 45 children had
impaired mental development. Twelve
(41%) of these children had no ocular dis-
order and 4 of these 12 children had nor-
mal neuroradiological findings (patients
42–45). Seventeen children had both an
ocular disorder and impaired mental de-
velopment (patients 14–30). Among
these, seven had abnormal neuroradiol-
ogical findings. Altogether, 27 of 29
children with impaired mental develop-
ment had undergone neurological im-
aging, which revealed cerebral pathology
in 15 of these children.

Children without impaired mental
development (nΩ16)
Of the 16 children without impaired men-
tal development, 13 (81%) had an ocular
disorder (patients 1–13). One girl in this
group had abnormal neuroradiological
findings demonstrating cerebellar vermis
hypoplasia.

Of the remaining three children (pa-
tients 31–33), all had cerebral pathology
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Fig. 2. Fundus photograph of the right eye (a) in a 6-year-old boy with periventricular leukomalacia (patient 17, Table 1), demonstrating a large
optic cup in a normal sized optic disc. T1-weighted axial image showing bilaterally reduced periventricular white matter (arrow). This and other
images from the same study also shows global reduction of the amount of white matter. The ventricles are dilated secondary to this focal as well
as general loss of white cerebral matter. These findings are pathognomonic for Periventricular Leukomalacia.

affecting the posterior visual pathways
(two with PVL and one with bilateral oc-
cipital atrophy).

Children with cerebral imaging (nΩ35)
Twenty of the 35 children in whom neuro-
radiology was performed had an ocular
disorder. Neuroradiological findings were
abnormal in 8 of these children (patients
13–20). Of the remaining 15 imaged
children who had no ocular disorders, 11
had abnormal neuroradiological findings
and 8 of these children had impaired
mental development. Thus, 4 children
had neither ocular nor cerebral morpho-
logical abnormalities. Three of these
children had chromosomal aberrations
(patients 42–44) and one boy had im-
paired mental development only (patient
45).

Cerebral imaging affecting
retrogeniculate visual pathways and/or
the visual cortex (nΩ15)
Cerebral abnormalities affecting the re-
trogeniculate visual pathways and/or the

visual cortex were seen in 15 individuals
(12 boys and 3 girls). Six (13%) of the
45 children, all boys, had periventricular
leukomalacia (patients 17, 31, 32 and 34–
36) and four children had occipital cor-
tical abnormalities (patients 18, 33, 37
and 38). Four children had generalised

Table 2. Ocular disorders in 45 children born full-term, 1989–1995, reported as visually impaired.

Patient number(s) Type of ocular disorder Number

5, 13, 14, 17, 19, 24 optic nerve hypoplasia 6
15, 16, 18, 20 optic nerve atrophy 4
11, 21, 25, 26 essentiel congenital nystagmus 4
1, 3, 4 ocular albinism 3
9, 27, 28 fundus coloboma 3
8, 29 aphakia 2
2, 22 retinitis pigmentosa 2
23, 27 microphthalmus 2*
6 Peter’s anomaly 1
7 congenital nyctalopia 1
10 vitreoretinal dysplasia 1
30 macular anomaly 1
12 optic disc anomaly 1
31–45 none 15

* Patient 27 in addition with fundus coloboma.

cerebral atrophy (patients 14–16 and 40)
and one boy had pathological my-
elination (patient 39).

Children without cerebral imaging (nΩ10)
Neuroradiology was not performed in
ten children (patients 1–3, 6–8, 10, 12, 29
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Table 3. Cerebral imaging findings in 35 children born full-term, 1989–1995, reported as visually
impaired.

Patient number(s) Type of cerebral lesion Number

17, 31, 32, 34–36 periventricular leukomalacia 6
18, 33, 37, 38 occipital atrophy 4
14–16, 40 general cerebral atrophy 4
19, 41 abnormalities corpus callosum 2
39 pathological myelination 1
13 vermis hypoplasia 1
20 optic nerve glioma 1
4, 5, 9, 11, 21–28, 42–45 normal cerebral imaging 16

and 30). All had an ocular disorder ex-
plaining their visual impairment. Seven
children (patients 1–3, 6–8 and10) had no
additional diagnoses, while two of the
children (patients 29 and 30) had Down
syndrome, and one girl (patient 12) had
craniostenosis.

Discussion
Among visually impaired children in the
present study, 42% had cerebral morpho-
logical abnormalities verified by cerebral
imaging, and 66% had signs of cerebral
functional abnormalities (impaired men-
tal development and/or neurological
symptoms). Twenty-six per cent of the
visually impaired children were found to
have ocular disorders only.

Absence or impairment of visual fix-
ation and visual behaviour were criteria
for inclusion in this study. This report is
from a regional centre in Sweden without
immediate access to vision-evoked poten-
tials or electroretinograms to validate the
clinical observations, however, it was
clear from detailed clinical observation
and assessment that all the children re-
ported in the present study had visual im-
pairment.

The finding that a large proportion of
the visually impaired children also had
impaired mental development reflects the
association between mental ability and
visual performance. It should be noted
that accurate visual evaluation is difficult
to perform in a child with reduced mental
capacity, including poor concentration,
poor co-operation and limited communi-
cation. In addition, a well functioning
visual system includes the ability to pro-
cess, sort and interpret the visual input,
functions that have been shown to be
affected in children with impaired mental
development. Children with severe visual
impairment or blindness also have more

severely impaired mental development
than sighted children (Warburg 1982). In
addition, children with additional impair-
ments, including mental impairment, suf-
fer from the most severe visual impair-
ment (Rosenberg et al. 1996; Blohmé
2000). In the present study there were five
children (patients 41–45) who had neither
ocular disorders nor abnormal cerebral
imaging affecting the retrogeniculate vis-
ual pathways or the visual cortex. All of
these children had impaired mental devel-
opment and it may be speculated that
their reduced mental capacity is the most
likely explanation for their poor visual
performance. Children with impaired
mental development also often have a de-
layed appearance of their visual response
(Uemura 1979). In the present study, 36
children were below 5 years of age at the
time of their visual examination and most
of these children had impaired mental de-
velopment. This may suggest that some
of these children will improve their visual
capacity later in life, a proposition sup-
ported by the studies of Blohmé &
Tornqvist 1997 and Blohmé 2000.

Children with cerebral visual impair-
ment have been shown to have complex
disorders in cognitive visual functions in
addition to visual acuity and/or visual
field defects (Good et al. 1994; Ahmed &
Dutton 1996; Dutton et al. 1996; Jacob-
son et al. 1996). Thus, a visually impaired
child with cerebral pathology often mani-
fests more severe visual function impair-
ment than a child who is visually im-
paired due to ocular disorders only (Ek
2000).

In addition, many of the children with
abnormal cerebral morphology had ad-
ditional neurological symptoms, such as
epilepsy, cerebral palsy, attention deficit
disorder, and ataxia. Among the 16
children with normal imaging, 12 had
chromosomal aberrations and/or im-
paired mental development. These find-

ings further support the frequent finding
of additional handicaps among children
with visual impairment, and are in ac-
cordance with other studies (Rosenberg
et al. 1996; Blohmé & Tornqvist 1997a).

In our group of full-term children, 15
(33%) had abnormal cerebral mor-
phology affecting the retrogeniculate vis-
ual pathways, while 12 (26%) had ocular
disorders only that could explain the im-
paired vision.

Of the 15 children with abnormal mor-
phology of the retrogeniculate visual
pathways, six had PVL. In the visually
impaired children born preterm during
the same period, analysed and reported
previously (Jacobson et al. 1998), ten
children had PVL. Another child with
PVL was later defined as preterm and a
further preterm child had the clinical pic-
ture of PVL (cerebral palsy and strabis-
mus) although not verified by neuroradi-
ology. Thus, altogether 18 (27%; 15 boys
and 3 girls) out of 66 visually impaired
children born in our county between 1989
and 1995, had periventricular leukomala-
cia. Five of the full-term children with re-
trogeniculate visual pathway abnormali-
ties also had an ocular diagnosis; namely,
optic nerve atrophy and optic nerve hy-
poplasia. Among the ten preterm
children with periventricular leukomalac-
ia, two children had marked optic disc
cupping and three had optic nerve
atrophy.

In the present study, 26% of the pa-
tients with ocular disorders had abnor-
mal neuroradiological findings. This re-
flects the high association between ocular
and cerebral abnormalities. In a study by
Waugh et al. (1998), 51% of the children
with congenital disorders of the periph-
eral visual system, i.e. disorders of the
anterogeniculate visual pathways and the
globe, had brain anomalies confirmed by
neuroradiology. In the present study,
eight (26%) of the 30 children with ocular
disorders had brain anomalies confirmed
by neuroradiology. This is a smaller pro-
portion than that reported by Waugh et
al., however, when the eight children with
ocular disorders and impaired mental de-
velopment (a sign of brain dysfunction
despite normal neuroradiology) are in-
cluded, the total proportions become
comparable. It should be stressed that ten
of the children with ocular disorders in
our study had not been examined by
neuroradiology.

Four of the children had the diagnosis
essential congenital nystagmus, a term
that in fact is an indication of ‘‘cause un-
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known’’. All four children had normal
neuroradiological findings and no other
ocular manifestations.

The habilitation of children with cer-
ebral visual impairment differs from that
of children with ocular visual impairment
(Jan & Freeman 1998), not only because
they often have multiple disabilities, but
also because they often have visual per-
ceptual disturbances in addition to their
low visual acuity and/or visual field re-
striction (Dutton et al. 1996; Jacobson et
al. 1996). There are also reasons to be-
lieve that even if the child has normal vis-
ual acuity and no visual field defects, she
or he may still have problems employing
the visual system optimally on account of
visual perceptual disturbances. Like
others, we suggest that the definition of
visual impairment ought to be broadened
(WHO, Bangkok 1992; Valberg & Fosse
1999), particularly because financial sup-
port for habilitation is often dependent
upon the definition of visual impairment.

Conclusion
The majority (74%) of children with vis-
ual impairment were found to have cer-
ebral morphological and/or cerebral
functional abnormalities. It should be
stressed that 60% of children with ocular
disorders had cerebral morphological
and/or cerebral functional abnormalities.
We therefore recommend that children
with visual impairment should undergo
neuroradiological assessment and paedi-
atric examination as a routine compo-
nent of their work up in order to establish
the correct diagnosis, thus allowing
children with functional visual impair-
ment access to optimal habilitation strat-
egies.
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