








Role of ocular involvement in the prediction of visual development and clinical prognosis in Aicardi syndrome
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Figure 3 The relation between visualfunction and
macular appearance in 13 eyes of seven patients that could
be classified on both measures. Higher values represent
better scores (see textfor details). Filled circles represent the
right eye and open circles represent the left eye. Letters
identify the patients listed in Table 1.

Flash VEPs were abnormal in one patient
(patient J), a finding that was consistent with
parental reports of visual inattentiveness.
Moreover, flash VEPs were normal in a second
patient (patient I) who had normal acuity
measured on the Sheridan-Gardner test. How-
ever, they were also normal in the third patient
(patient F) who had abnormal preferential
looking acuity.
A poor clinical outcome was evident in 10

(71%) of 14 patients (Table 1): these 10 were

immobile and had no language skills (that is, a

clinical outcome score of 1). All five patients
who died fell into this category before death.
Of the nine patients who were alive, five had a

poor outcome score of 1 (patients F, J, L, M,
and N). Good visual function, evaluated either
subjectively by parents or objectively, was

found in all four of the girls who could ambu-
late. However, two ofthose who were immobile
(patients M and N) also had good visual func-
tion.

Figure 4 shows the relation between clinical
outcome score and the size of the largest
lacuna at birth. The six patients (patients B, D,
E, L, M, and N) with the largest lacunae (5 disc
diameters) also had the worst clinical outcome
score. Moreover, the two patients (patients I

and K) with the best clinical outcome scores
also had the smallest lacunae. A Spearman
rank order correlation for all 14 patients
revealed a moderate but significant correlation
between lacunar size and outcome score

(rho=0.63, p<0.02).
We also considered the association between

the neuroradiological findings at time of
diagnosis ofAicardi syndrome and the ultimate
clinical outcome. All our patients demon-
strated partial (patients G, K, and M) or total
agenesis of the corpus callosum either on

pneumoencephalography (patients E, D, and
M), computed tomography scanning (patients
A, B, C, F, G, H, I, J, L, and N), or magnetic
resonance imaging (patient K). Although all
three of the girls with partial agenesis had good
visual function, two were able to ambulate and
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Figure 4 The relation between the largest lacunar size and
clinical outcomefor all 14 patients in our series. Each point
represents the results for one patient. Higher values on the X
axis represent a better clinical outcome score (see textfor
details). Letters adjacent to each point identify the patients
listed in Table 1.

communicate; one was not. Other neuroradio-
logical abnormalities included porencephalic
cysts (patients D, G, I, and J), decreased corti-
cal tissue (patients B, C, D, F, M, and N), and
cortical heterotopias (patients B, D, and I). Of
the three girls with heterotopias, two have died
(at age 13 years and 2 years); one can walk and
speak, and has normal visual acuity on
Sheridan-Gardner single letter testing.

Discussion
We have described the ocular findings, visual
function, and clinical outcome, as measured by
mobility and language, in a series of 14 patients
with Aicardi syndrome. We found that the
degree of ocular involvement at birth can sug-
gest the child's visual, language, and ambula-
tory potential. Specifically, good visual func-
tion can be expected if the chorioretinal
lacunae do not involve the fovea and if normal
foveal development is apparent on clinical
examination. Children with smaller chorioreti-
nal lacunae at birth appear to have a better
ultimate clinical prognosis: they have better
mobility and language skills. Since the location
and size of the chorioretinal lacunae do not
change during the patient's lifetime, their
status can be evaluated at any time to assist in
determining the patient's visual and clinical
prognosis.

Visual development can sometimes be esti-
mated by flash ERGs or flash VEPs. Other
authors2"'-" have found normal responses in
most patients tested with flash VEP or ERG.
They did not, however, make any attempt to
correlate these findings with more rigorous
methods of testing visual acuity. In our series,
neither flash VEP nor flash ERG recorded
before visual acuity testing was useful in
predicting ultimate visual function in patients
with Aicardi syndrome.
Good visual fumction appears to be pre-

served, as expected, if the chorioretinal lacunae
do not involve the fovea and if the foveal devel-
opment appears normal on funduscopic
examination. Previous histopathological stud-
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ies7 of the chorioretinal lacunae show hypopig-
mentation and abnormal differentiation of the
retinal pigment epithelium, as well as a
disorganised sensory retina. Thus, poor visual
function should be anticipated when lacunae
involve the fovea, and good visual function
when the lacunae do not involve a well
differentiated fovea. Our findings of a signifi-
cant correlation between visual function and
macular appearance confirmed this prediction.
Although good visual outcome may be

suggested by a normal appearing fovea devoid
of lacunae, other factors may play an important
role in visual development. Ocular abnormali-
ties such as retinal detachment and ani-
sometropia contributed to poor vision in our
patients. Even if the anterior visual pathways
appear intact, the posterior pathways, which
are important in processing and interpreting
visual signals, may be abnormal. These poste-
rior pathways may be affected by sedation sec-
ondary to anticonvulsants, seizure activity, or
neuroanatomical abnormalities. Neuroradio-
logical studies248 of patients with Aicardi
syndrome have illustrated such abnormalities
as partial or total agenesis of the corpus callo-
sum, cortical heterotopias (resulting from
abnormal neuronal migration), ventricular
dilatation, porencephaly, posterior fossa cysts,
and cerebellar hypoplasia. In addition, abnor-
malities in cortical cytoarchitecture, malforma-
tions of cerebral gyri, and agenesis of the
corpus callosum have been confirmed
histopathologically. .17-19 Despite the evidence
of large brain lesions, however, no optic
atrophy that could have resulted from such
abnormalities was identified.

Partial agenesis of the corpus callosum may
be associated with good vision, since all three
of our patients had good visual function. How-
ever, partial agenesis of the corpus callosum
does not necessarily predict good clinical
outcome: only two of these three patients were
mobile. Cortical heterotopias, surprisingly, did
not predict either visual or clinical outcome. Of
the three patients with heterotopias, two were
immobile and had no language before death,
but one had normal visual acuity and was able
to walk and speak. Note, however, that had our
sample been larger, we might have found a sig-
nificant relation between the status of the cen-
tral nervous system and clinical outcome.

Since patients with Aicardi syndrome are
often developmentally delayed, clinical meas-
urements of visual acuity may also be affected
by their mental retardation and lack of
cooperation. On ophthalmic examination, de-
velopmentally delayed children who are over
the age of 30 months and have normal eyes
have been shown to have below normal prefer-
ential looking grating acuities (Wyngaarden
and Lewis, unpublished data). Under that age,
however, Wyngaarden and colleagues (unpub-
lished data) found no relation between cogni-
tive level and grating acuity. This suggests that
our 19-year-old patient N, whose grating
acuity in her left eye was in the low normal
range, might have visual acuity well within nor-
mal limits if her marked developmental delay
were not present. In contrast, there would be

no reason to expect that developmental delay
contributed to the poor grating acuity of
patient F, tested at 9 months of age. Nor would
there be any reason to believe that develop-
mental delay affected the objective pattern
VEP results.
Good visual function does not consistently

predict a better clinical outcome. Four girls
who had good vision in at least one eye all had
some ambulatory and language skills. How-
ever, two patients who were immobile and had
no language ability still demonstrated good
visual function in at least one eye.
When we evaluated the size, location, and

symmetry of the lacunae to determine whether
these factors could predict eventual clinical
outcome, we found that the size of the largest
chorioretinal lacuna was moderately but sig-
nificantly correlated with outcome measures of
mobility and language skills. All patients whose
lacunae were larger than 5 disc diameters in at
least one eye were immobile. Furthermore, of
the four patients who had a good clinical
outcome, one was only mildly affected in both
eyes, and the other three had asymmetric ocu-
lar involvement with small or no lacunae in one
good eye. Despite the potential inaccuracy of
sizing the lacunae by gross visual comparison
with a clinically normal optic disc, we were still
able to show a significant correlation with
mobility and language outcome. The size of
the largest lacuna did not, however, appear to
correlate with visual function. Rather, visual
function correlated with the degree of foveal
differentiation or involvement by the lacunae.
The chorioretinal lacunae can be asymmet-

ric in size, as in two of our patients who had
lacunae in one eye that were larger than 5 disc
diameters and in the other eye, smaller than 1
disc diameter. Lacunae can also occur in only
one eye: monocular lacunae have been de-
scribed in 8% to 14% of patients in other
reports.28 We found them in three (21%) of
our patients: two had good visual, ambulatory,
and language development; one did not.
Evidently, the presence of only monocular
lacunae does not consistently predict clinical
prognosis.

Severe eye disease was also asymmetric in
our series. Microphthalmos, found in four
(29%) of our patients, was associated with reti-
nal detachment in two and with a large retinal
and iris coloboma in another. Microphthalmos
has been reported in 21%-44% of patients.248
Although it is usually unilateral, it is difficult to
determine from the available reviews whether
the other eye was also severely involved. In our
series, the other eye of the four patients with
microphthalmos was of normal size with no
retinal detachment. In fact, the normal sized
eye of patient N had normal visual acuity, as
measured by preferential looking. Three of the
four patients with such severe eye disease died,
one by age 14 years and two by age 3 years.
The remaining girl who survived is immobile
and has no language skills. Clearly, severe ocu-
lar involvement is often unilateral and appears
to be an indicator of poor prognosis.
We found some optic nerve abnormality in at

least one eye of all of our patients, although
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others have found a much lower frequency
(50% ofpatients)." This discrepancy probably
reflects our inclusion criteria, since we, unlike
others, classified optic nerve drusen and mildly
hypoplastic, dysplastic, or pigmented discs as

abnormal. Optic nerve abnormalities, however,
do not seem to be associated with either
impaired vision or poor clinical outcome.
Despite the presence of dysmorphic, hypoplas-
tic, or colobomatous discs in four of our

patients, they all demonstrated good visual
function as long as the foveal development in
the affected eye was good. Of the nine patients
still alive, six had significant disc abnormalities,
a finding that illustrates the poor prognostic
value of this feature.

In conclusion, the description and frequency
of the ocular features in our series of patients
with Aicardi syndrome are similar to those dis-
cussed by other authors, with the exception of
the frequency of optic disc abnormalities. To
our knowledge, however, this is the first
systematic evaluation of visual acuity in pa-
tients with Aicardi syndrome and of the
prognostic relation between ocular features at
birth and clinical and visual outcome.
Our findings emphasise the role of the oph-

thalmologist both in the diagnosis and man-

agement of patients with Aicardi syndrome.
The diagnosis can be confirmed from the iden-
tification ofpathognomonic chorioretinal lacu-
nae. Visual acuity can be documented with
standard clinical tests such as the Snellen and
Sheridan-Gardner tests, or with pattern VEP
and preferential looking, if available. Unfortu-
nately, in our series, the role of ERGs and
VEPs with a flash stimulus had limited predic-
tive value for estimating visual function. Good
visual function can be anticipated if the fovea
of at least one eye appears normally developed
and is uninvolved by lacunae. The child should
receive regular ophthalmic care and be moni-
tored for anisometropia, refractive error, and
retinal detachment. Severe involvement of one
eye with microphthalmos may indicate a poor

prognosis. All patients should receive maximal
therapeutic assistance to enable them to
develop to their full potential since this cannot
be predicted with certainty in infancy. How-
ever, the presence of predominantly small cho-
rioretinal lacunae, especially if one eye is
normal or only mildly involved, suggests a bet-

ter prognosis for mobility and language devel-
opment in children with Aicardi syndrome.
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