Eye (1991) 5, 470-475

The Systemic and Genetic Significance of Congenital

Optic Disc Anomalies

M. JACOBS and D. TAYLOR

London

Summary

Optic disc anomalies have great significance as a clue to associated systemic prob-
lems and as a marker of inherited disease. Optic nerve hypoplasia and colobomas of
the optic disc are the main visually significant disorders; however, the Morning
Glory disc anomaly and Aicardi’s syndrome may also be associated with visual

impairment.

The diagnosis of congenital optic disc anoma-
lies is of great importance because of the gen-
etic and systemic implications. The
ophthalmologist has the opportunity of being
the first to diagnose an underlying disease or
syndrome and referring patients for genetic
and paediatric assessment. It is of equal sig-
nificance to parents that some optic nerve
anomalies are not associated with inherited
disease. Peripapillary myelinated nerve fibres
and optic disc drusen which are not usually
associated with systemic conditions are not
discussed.

Optic Nerve Hypoplasia

Optic nerve hypoplasia is a unilateral or bilat-
eral, non-progressive condition which results
from an excessive loss of axons of the involved
optic nerve before its full development.'-

It is characterised by the presence of a small
optic disc often surrounded by an inner yellow
ring and an outer pigmented ring, which com-
prises the ‘double ring sign’ (Fig. 1).* The
major blood vessels coming off the hypoplas-
tic optic disc are usually normal although
sometimes they may be tortuous.” Only a part
of the disc may be hypoplastic. Superior seg-

mental optic nerve hypoplasia is thought to be
associated with maternal diabetes.™

The visual acuity may vary from near
normal (6/9) to no light perception.® Severe
optic nerve hypoplasia is easily appreciated
but the more subtle forms are more difficult to
diagnose even with direct ophthalmoscopy.’
Diagnosis is essentially clinical but the diag-
nosis may be aided by further studies. Firstly,
diagnosis can be enhanced by comparing the
ratio of the major blood vessel diameter to the
diameter of the optic disc, and secondly by
studying the ratio of the disc centre-to-fovea
distance (DM) to disc diameter (DD) from a
photograph (a DM/DD ratio of greater than3
is considered diagnostic). Another method is
by measuring the horizontal diameter of the
optic disc from a 35 mm transparency; optic
discs less than 3.4 mm in horizontal disc diam-
eter can be considered hypoplastic in subjects
with no major ametropia.®’ Although not
diagnostic the pattern and flash visual evoked
potential may also be of assistance in that it
may help to identify and quantify the postreti-
nal defect in which the responses are atten-
uated; the electroretinogram is normal.

The cause of optic nerve hypoplasia is
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Optic disc hvpoplasia. The outer ring of the
double ring is about the size of a normal optic disc.

Fig. 1.

unknown. It may occur due to an insult any-
where along the developing visual syvstem
from the retinal ganglion cells to the occipital
cortex.”

Retrograde degencration of axons which is
anormal phenomenonin the developing optic
nerve may be excessive resulting in reduced
numbers of axons.” Chromosomal studies in
the vast majority of cases are normal. Siblings
have been described with De Morsier's syn-
drome and there are a few reports of tamilial
cases.” Most geneticists consider the condition
to be non-genetic with low recurrence risks in
the absence of environmental causes.” Optic
nerve hypoplasia has been associated with
diabetic mothers, young maternal age. nul-
liparity. intrauterine infections. and maternal
ingestion of quinine. lysergic acid and diethy-
lamide. alcohol and anticonvulsants, ' -3

Ocular associations include microphthal-
mos, aniridia, coloboma, nystagmus and
strabismus.*

There is a high incidence of neurological
and endocrine associations." The neuro-
logical associations include basal encephalo-
coeles. hypoplasia of the cerebellar vermis,
cystic dilatation of the 4th ventricle. posterior
fossa cysts, and anterior visual pathway space
occupying lesions including tumours.” "

De Morsier’s syndrome (septo-optic dys-
plasia) is recognised by the clinical triad of
short stature. nystagmus and optic disc hypo-
plasia.' It is characterised by a spectrum of
midline developmental anomalies associated
with optic nerve hvpoplasia and possible
hypopituitarism.”"" " These midline develop-
mental anomalies may involve the optic
chiasm, optic tracts, the septum pellucidum,
corpus callosum, 3rd ventricle. hvpothalmus.
pituitary stalk, and the pituitary gland.”'"™"
Other central nervous system abnormalities
associated with this syndrome include cere-
bral and cerebellar atrophy. hydrocephalis.
cerebral  infarcts, and  porencephalic
cysts.” ™" About two-thirds of patients with
De Morsier’s syndrome are estimated to have
some form of pituitary hypofunction.”'* The
pituitary hypofunction varies from a defi-
ciency of growth hormone to panhypopituita-
rism.”  The most common pituitary
abnormality is that of growth hormone defi-
ciency.™ During the neonatal period infants
may present with hypoglycaemia, jaundice,
apnoca or scizures.™

It has been suggested that workup of these
patients should include neuroradiologic imag-
ing studies if the patients are below four years
of age, but if normal developmental mile-
stones are achieved after one year of age we
believe that neuroradiologic studies are not
necessarily helpful." Magnetic resonance
imaging rather than computerised tomogra-
phy is probably the procedure of choice as the
former is thought to be more sensitive for
detecting subtle midline abnormalities.'

Careful monitoring of growth and develop-
ment is important in the management of these
children and this applies also to unilateral
cases." Children with unilateral optic nerve
hypoplasia and reduced vision should
undergo a trial of occlusion therapy because
amblyopia may be added to the organic visual
defect."

Colobomas of the optic nerve

The term “coloboma’ describes anotch, gap or
fissure in the eye.” These occur secondary to
faulty closure of the embryonic fissure.™
Colobomas can be subdivided into two main
types: chorioretinal (which may be associated
with colobomas of the iris. ciliary body and



472

Fig. 2.
enlarged with an excavated centre. This patient had
assoiated renal and anal abnormalities.

Optic disc coloboma. The optic disc is

optic disc colobomas) and optic nerve
colobomas.”

Optic nerve colobomas are usually unilat-
eral although bilateral colobomas are quite
frequent but asymmetrical.” Most are spor-
adic although an autosomal dominant heredi-
tary pattern has been reported and less
frequently autosomal recessive or X-linked
recessive pedigrees.” Chromosomal analysis
should be considered in children with optic
disc colobomas.

Optic disc colobomas may appear as large
excavations of the nerve head up to 25
dioptres deep and involving nearly all of the
disc which may be enlarged (Fig. 2).* The
colobomas may assume different forms
including optic disc pits, peripapillary staphy-
lomas, and a variety of anomalous dysplastic
forms.' If the macula or optic nerve is
involved then there may be a reduction in
visual acuity.’

Optic disc colobomas may be associated
with a variety of ocular anomalies including
posterior embryotoxon, nonrhegmatogenous
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retinal detachment, strabismus, nystagmus
and posterior lenticonus.***

When associated with systemic problems
they can be divided into four groups.’

(1) Neurological associations: Dandy
Walker cyst, arhinencephaly, anencephaly,
agenesis of the corpus callosum, and sphenoi-
dal encephalocoeles. The morning glory disc
anomaly (see below) may also be associated
with some of the above neurological
associations.”

(2) Chromosomal abnormalities: trisomy
13-15, 18, 22; cat eye syndrome; 4p- syn-
drome and monosomy 9, 11p-, 13g- and trip-
loidy. Many of these syndromes are not
compatible with life.

The ocular anomalies of trisomy 13-15
(Patau’s syndrome) may include microphthal-
mia, retinal dysplasia, optic nerve hypoplasia,
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Persistent hVDEIDlHSUC primary vitreoug. cat.
aract, anterior cleavage syndrome. corneal
opacities, cyclopia. intraocular cartilage and
colobomas of the optic nerve, iris, and/or pos-
terior pole.””*® Other abnormalities include
those of the heart and palate.™

Trisomy 18 (Edward’s syndrome) may have
any of the following ocular characteristics
present: microphthalmia, prominent epican-
thic folds. blepharophimosis. ptosis, hyper-
telorism, optic disc anomalies, uveal
colobomas, congenital glaucoma, and corneal
opacities.” Affected infants are feeble with
characteristic facies, mental retardation and
cardiac abnormalities.”

(3) Syndromes: Meckel-Gruber syndrome
(autosomal recessive), Goltz syndrome (X-:

3. Aicardi’s The

Fig.
demonstrates peripapillary hypopigmented lacunae.
The eye was also microphthalmic.

syndrome. right  eye
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Fig. 4. Aicardi's syndrome. The left eve of the same
patient as in Figure 4. The lacunae are less obvious but
are present below the optic disc. The eve was of normal
size.

linked dominant) and the Lenz Microphthal-
mia (X-linked recessive) syndrome.

The Meckel-Gruber cyndrome 18 an auto-
somal recessive condition characterised by
coloboma, microphthalmos, cleft palate,
micrognathia, polydactyly, renal abnormali-
ties, encephalocoele and cryptorchidism.*

The Goltz syndrome is an X-linked domi-
nant condition characterised by colobomas.
focal dermal hypoplasia, and variable mental
retardation. !

The Lenz Microphthalmia syndrome is an
X-linked recessive condition characterised by
colobomas, prominent ears, skeletal defects,
and crowded teeth.*

(4) CHARGE association.

The CHARGE association includes
patients with at least four features prefixed by
the letters of the CHARGE mnemonic: Colo-
boma, Heart defects, Atresia of the choanae,
Retarded growth and development, Genital
hypoplasia. Ear abnormalities and/or hearing
loss.™ Facial palsy, renal abnormalities, tra-
cheo-oesophageal fistulae, and orofacial
clefts may also accompany the above main
features.™ Russell-Eggitt er al. found that
80% of patients with the CHARGE associ-
ation had ocular abnormalities.” They
reported that the majority had retinochoroi-
dal colobomata with optic nerve involvement.
Some of the changes were subtle with some-
times only pallor of the retinal pigment epi-
thelium inferonasal to the optic disc.™

The Morning Glory Anomaly
The morning glory disc anomaly is charac-
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terised by an enlarged and often excavated
optic disc with a central core of white glial tis-
sue and surrounded by a pigmented raised
annulus of subretinal tissue (Fig. 5);"’ how-
ever, it may have slightly varying configura-
tions.” The majority of the cases are
unilateral.” Visual acuity is generally poor
(6/36 to light perception) but rarely may be
good.™

Patients usually present with strabismus or
poor vision in one eye.” Up to one-third of
cases develop serous retinal detachment.™ It
may be associated with a host of other ocular
anomalies including cataract, strabismus,
foveal hypoplasia, preretinal gliosis, pupillary
membrane remnants and aniridia to name a
few."’ Systemic abnormalities that it may be
associated with include basal encephalocoele,
absent corpus callosum, cleft lip and palate,

and renal abnormalitiag but moct eaces oceur
in isolation.” Excavation results from a mes-
enchymal defect.” Either there is faulty
closure of the posterior scleral wall and lam-
ina cribrosa with subsequent herniation of ret-

Fig. 5. The Morning Glory Disc Anomaly. This is an
enlarged optic disc with raised peripapillary tissue and
glial tissue in the centre of the concavity of the optic disc.
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inal and neural tissue, or perhaps there is a
closure defect of the embryonic fissue.™"’

Aicardi’s syndrome

This syndrome is characterised by infantile
spasms, absence of the corpus callosum and
defects in the choroid.™ It is nonfamilial and
occurs in persons with two X chromosomes.

The choroidal lacunae are usually bilat-
eral.” Clinically they are well defined hypo-
pigmented lesions with minimal surrounding
pigment, and tend to occur around the optic
disc (Figs 3 and 4). They appear to be a defect
in the retinal pigment epithelium and choroid
without significant retinal involvement.™
Adjacent to the disc there may be an elevated
glial anomaly with grey pigmentation.™

In three of four cases described by Hoyt et
al. associated optic nerve colobomas were
present.™ Other ocular features which may be
present include microphthalmos, persistent
pupillary membranes, and glial tissue extend-
ing from the optic disc.™

The seizures usually occur within the first
two months of life; they may occur as infantile
spasms or seizures of a more generalised dis-
order.” The infantile spasms occur in flexion
but may also occur in extension.*

Other than agenesis of the corpus callosum,
vertebral anomalies (fusion of the vertebral
bodies), rib and hand anomalies, cortical het-
erotopia, hypotonia, microcephalia and men-
tal retardation may be present.”*

Key words: Coloboma. optic nerve hypoplasia.
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