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Optic nerve hypoplasia and astigmatism:
a new association

Sabah M Zeki

Abstract
Thirty-one patients with optic nerve

hypoplasia (ONH) or septo-optic dysplasia
and two patients with segmental ONH under-
went retinoscopy. The results were compared
with those of 20 normal subjects. There was

a higher prevalence of astigmatism in the
patients than in the controls. Two patients
with segmental ONH had no evidence of
astigmatism. The association of astigmatism
with ONH has not hitherto been reported. The
close association of ONH with astigmatism
highlights the importance of performing care-

ful retinoscopy in children with ONH or septo-
optic dysplasia in order to identify and correct
errors of refraction, thereby optimising visual
function and diminishing the likelihood of the
development of superadded amblyopia.

Optic nerve hypoplasia (ONH) is a non-

progressive congenital abnormality of one or

both optic nerves associated with a diminished
number of axons.' 2 It causes various degrees of
defective vision ranging from minimal visual
impairment to total blindness. Bilateral disease
has increasingly been reported as being com-

moner than unilateral disease.3-1 ONH often
does not represent simply an isolated ocular
anomaly. Several clinically important endocrine
and central nervous system abnormalities are

now recognised as associated conditions467 as

well as a large number of systemic abnormali-
ties.' 8 Lambert et al have produced a useful
comprehensive review of the literature on ONH.
Segmental ONH9 and tilted discs in association
with ONH'° have also been described.
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Patients and methods
Thirty-three patients with ONH underwent
retinoscopic examination. Four of them had
unilateral ONH and two had unilateral seg-

mental ONH. They had been identified from the
inpatient disease index of the Royal Hospital for
Sick Children (RHSC) and the RHSC Out-
patient Department diagnostic index maintained
by the consultant staff. Two of the patients were
identified in the eye department at Aberdeen
Royal Infirmary and were also included in the
study (with permission of the head of the depart-
ment). Moreover, two patients were referred to
the author during the period of the study.

All patients with non-segmental ONH also
had disc-macula/disc diameter ratio of over 3-1
which is characteristic of the condition." 12 Only
one patient (no. 16) showed no double ring sign.
However, she had severe constriction ofthe visual
fields, hypothalamic obesity, cerebral palsy, and
mental retardation. Comparing the diameter of

her optic discs with the width of the slit-lamp
beam, on contact lens biomicroscopy, showed
her optic discs to have 1 mm diameter (average
disc diameter in normal persons is 1 -42 (SD 0 24)
mm).'3 Eighteen normal children from a local
primary school were also tested (after the parents
had consented to their child's being refracted),
and two normal adult volunteers were refracted
to make a total number of 20 normal subjects. All
patients and control subjects received one drop
of 1% cyclopentolate to induce cyclolegia in each
eye half an hour before retinoscopy.

Retinoscopy was performed by using the right
eye of the examiner to test the right eye of the
patient and the left eye of the examiner to test
the left eye of the patient. It was performed from
a distance of two-thirds of a metre and as close
to the visual axes of the patients as possible.
The patients and the normal subjects were
encouraged to look at a target positioned 6 m
away. Retinoscopy was performed on all patients
and normal subjects by the author.
For the purpose of statistical analysis of data

the mean for the two eyes was taken as the datum
value for a subject unless only one eye had been
assessed, in which case the value for that eye was
taken. The rationale for this type of analysis has
been described previously.'4'"

Results
The normal group was divided into two accord-
ing to age. The first group comprised nine
subjects aged 4 to 7, and the second group
comprised 11 normal individuals between the
ages of 8 and 35. The two groups were compared.
There was no statistically significant difference
between the two age groups in the normal control
group either with regard to the total spherical
power (t test, p>05) or astigmatism (t test,
p>05).
The correlation coefficient for the age varia-

tion of the total spherical power in the two
groups of normal subjects was not significant
(Pearson correlation coefficient, p>0 1). The
mean total spherical power of the right eye in the
younger group was +2 35 dioptres, while the
mean of the total spherical power of the right eye
in the older group was +2-20 dioptres. The mean
astigmatism in the younger group was 0 14
dioptre in the right eye, while it was 0-20 for the
right eye in the older group. The mean astigma-
tism in the left eye was 0-17 dioptre in the first
group and 0-20 in the second.
The correlation coefficient between the mean

total spherical power and age among the patient
group was not significant (Pearson correlation
coefficient, p>0. 1).

Astigmatism was common in the 58 eyes of
patients with ONH (apart from the two patients
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TABLE I Thefindings ofretinoscopy in the patientgroup

Total spherical power Astigmatism
Age

Patient (years) Sex OD OS OD OS

1 6 F 225 25 15 0
2 4 M 1-75 0-75 1 5 0 5
3 3 F 1-62 1-12 0 25 0 75
4 4 M 3 75 2-87 0 5 0 75
5 3 F -4-62 -3-37 0 75 1-25
6 4 F 625 7 2 1 5
7 4 F -2 5 -3-25 2 3 25
8 4 F 3-12 3-12 0-25 0 25
9 8 M 2 2-12 0 5 1-75
10 17 M -2 25 -0-87 6 3 25
11 21 F 0-12 000 1-75 15
12 1 F 4 25 4 75 1 0-5
13 19 F 1-37 2-62 0 75 2-75
14 11 M 1-25 1-12 4 4 25
15 3 M 1-62 05 1-25 15
16 2 M 2 25 2-12 0 5 0 25
17 7 M 3-37* 3-5 0.25* 0 5
18 15 F -1-37 -1-37 4-25 4 25
19 8 F 2-12* 2-67 0.25* 0 75
20 2 M 2 5 2 5 1-5 2
21 16 M 1-25 0-75 0 5 0 5
22 7 F 5* 3*75 0 00* 2
23 6 M 1 12 2-37 2 75 2-25
24 14 M 0 5 0 37 2 5 2 25
25 7 M 15 25 15 25
26 7 M 0-25 -2 25 1-25 2 25
27 26 F 1-75 1-75 0 5 0-5
28 4 M 4 5 5 0-5 1
29 19 M 15 2-37 05 025
30 4 M 2 2-62 1 1-75
31t 9 F 3 3 000 000
32 43 F t 0 5 t 0 5
33t 22 F 1-75 1-75 0 00 0 00

*Findings in eyes which were deemed not to have ONH
tThis patient's right eye had high myopia, dense amblyopia, and a
visual acuity of light perception only.
fPatients with segmental ONH.

with segmental ONH, who had no astigmatism)
when compared with the normal subjects (Table
I). This was statistically highly significant
(Mann-Whitney test and Welch's test, p<0-001).
The mean astigmatism in the right and left eyes
with ONH was 1-53 and 1 52 dioptres respect-
ively. The proportion of patients with ONH who
had astigmatism greater than 0 5 dioptre was

TABLE II Visual acuities with and without correction

Unaided Aided

Patient OD OS OD OS

1 * * * *

2 0 5/60 3/60 0-5/60 3/60
4 * * * *
6 6/60 2/60 6/36 2/60
7 5/60 0 5/60 6/60 0 5/60
8 6/18 6/12 6/18 6/12
9 1-5/60 6/36 1 5/60 6/36
10 6/60 6/60 6/60 6/24
11 * * * *
12 *
13 6/60 5/60 6/24 6/18
14 3/60 6/60 6/60 6/36
15 *
16 1/60 6/9 1/60 6/9
17 6/6t * 6/6t *
18 6/36 6/18 6/18 6/12
19 6/6t 0-5/60 6/6t 0 5/60
21 6/9 6/24 6/7 5 6/12
22 t * '*
23 3/60 6/60 3/60 6/60
24 6/60 6/36 6/60 6/36
25 6/36 6/60 6/36 6/60
26 3/60 1-5/60 3/60 1 5/60
27 6/7 5 6/7 5 6/6 6/6
28 6/60 6/36 6/60 6/36
29 6/12 6/7-5 6/7 5 6/6
30 6/12 6/18 6/12 6/12
31f 6/6 6/6t 6/6 6/6t
32 * 6/18 * 6/12
33f 6/7 5 6/6t 6/6 6/6t

*Blind eye.
tEyes which were deemed not to have ONH.
tPatients with segmental ONH.
?=The visual acuity of this patient could not be subjectively
tested.

62% in the 27 right eyes with ONH and 66 5% in
the patient group's 31 left eyes with ONH (apart
from the two patients with segmental ONH).
Only one subject in the normal group had
astigmatism ofgreater than 0 5 dioptre in her left
eye (0 75 dioptre). Furthermore, one patient
(no. 26) who had left unilateral ONH showed no
astigmatism in the right eye, while in the eye
with ONH (left eye) he had 2 dioptres of
astigmatism. Of the other three patients with
unilateral optic nerve hypoplasia one had a
highly myopic blind eye, and her other eye had
ONH with astigmatism of 0'5 dioptre. Of the
remaining two patients one had 0-25 dioptre
astigmatism in the normal eye (but she had a 0 75
dioptre of astigmatism in the eye with ONH),
and the last patient with unilateral ONH had
0-25 dioptre of astigmatism in the normal eye
and an 0 5 dioptre in the eye with ONH.

Considering the axes of astigmatism in the 58
eyes with ONH, in 63% ofthe eyes with astigma-
tism the axis (of the positive cylindrical lens) was
either vertical or horizontal to within 5°. In 37%
the axis was oblique. Seven patients (23%) with
bilateral ONH had either a horizontal or vertical
axis of astigmatism in one eye and oblique axis in
the other eye. In only three patients were the axes
of astigmatism opposite to each other in the two
eyes (within 5°).

Patients with bilateral ONH and whose visual
acuities were known were divided into two
groups. The first group comprised patients with
visual acuities worse than 6/36 in the better eyes
(9 patients), and the second group comprised
patients with visual acuities of 6/36 or better in
the better eyes (15 patients). The degrees of
astigmatism in the better eyes was compared in
the two groups (the average degree of astig-
matism for the two eyes was taken for a patient
when the visual acuities were the same in the two
eyes). There was no statistically significant dif-
ference in the severity of astigmatism between
the first group (mean 1-23 dioptres), and the
second group (mean 1 84 doptres) (Welch's test,
P>O- 1).
The mean total spherical power in the normal

subjects was +2'26, while this was + 1-6 for the
eyes with ONH in the patient group. However,
this trend was not statistically significant
(Welch's test, 0-1<p<0-2).
The visual acuities could be assessed in 30 of

the patients. The unaided visual acuities ranged
from no light perception to 6/7 5 (Table II). The
unaided visual acuities were 6/6 in the patients
with segmental ONH.

Discussion
The literature on ONH has been reviewed.'6
Forty reported cases of ONH were found in
which the refraction had been documented.
These were thought to have the same age and sex
distribution as the normal population.
The finding in the present paper of a close

association of ONH with astigmatism highlights
the importance of careful retinoscopy in a child
with ONH, in order to optimise visual acuity
which may be already substantially impaired. It
is therefore recommended that all such children
should be refracted at the earliest opportunity.

Zeki
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Optic nerve hypoplasia and astigmatism: a new association

The mean total spherical power in the patient
group was 30% lower than in the normal sub-
jects, suggesting a trend towards myopia. How-
ever, this was not found to be statistically
significant.
The relationship between ONH and astigma-

tism is not known, and further investigation by
keratometry may shed further light on the
association between the two disorders. It is also
important that this study is repeated in other
such children in order to determine the overall
prevalence of astigmatism in ONH.
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