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Abstract

Purpose: Walker-Warburg syndrome (WWS) is a type of congenital muscular dystrophy
(CMD) characterised by severe brain malformation, lissencephaly, and congenital eye abnor-
malities. Despite the coexistence of various eye abnormalities, results from optical coherence
tomography (OCT) in WWS have not previously been reported. We herein report specific
OCT findings in an infant with WWS. Patients and Methods: The patient was a 14-day-old
boy delivered by caesarean section at 38 weeks and 4 days of gestation and with a birth
weight of 2,543 g. A cranial MRI showed lissencephaly, hydrocephalus, an encephalocele, and
cerebellar hypoplasia, consistent with the diagnosis of WWS. Results: A bilateral ocular ex-
amination showed no abnormalities of the anterior eye segment. A fundus examination
showed a persistent hyaloid artery in the vitreous cavity, a widespread loss of fundus pig-
mentation, transparent choroidal vessels (some choroidal vessel sections were visible), and
the absence of a distinct macular reflex. OCT showed no foveal pit and an indistinct laminar
structure of the retina. The infant subsequently developed congenital glaucoma and he then
died of respiratory failure at the age of 8 months. Conclusions: WWS is associated with a
high incidence of congenital eye abnormalities, and this infant showed findings consistent

with WWS. OCT revealed a marked retinal dysplasia. © 2015 S. Karger AG, Basel
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Introduction

Walker-Warburg syndrome (WWS) is a type of congenital muscular dystrophy (CMD)
characterised by severe brain malformation, lissencephaly, and congenital eye abnormalities
[1]. CMD is a general term for muscular dystrophies that develop at, or within a few months
after birth, with symptoms of muscle weakness and muscle hypotonia. WWS is a very rare
disease. Fukuyama-type CMD (FCMD), which accounts for most cases of CMD in Japan, and
muscle-eye-brain syndrome, which is seen in Finland, are similar disorders showing muscle,
brain, and eye abnormalities [2].

The life expectancy is usually less than 1 year in WWS, but about 20 years in FCMD,
making a differential diagnosis important [2]. Eye abnormalities associated with WWS in-
clude cataract, corneal opacity, glaucoma, and retinal malformation [1]. WWS can be distin-
guished from FCMD by genetic testing, but the severity of eye abnormalities also differs
among these pathologies; this can be useful in the diagnosis. We herein report specific find-
ings seen on optical coherence tomography (OCT) in an infant with WWS.

Case Report

History of Present Illness

Our patient was a 14-day-old infant boy. Foetal ventriculomegaly was diagnosed at 32
weeks of gestation, and the mother was referred to the Department of Obstetrics and Gyne-
cology at Takatsuki General Hospital in early March 2014. A foetal MRI showed lissenceph-
aly, hydrocephalus, an encephalocele as well as cerebellar hypoplasia - WWS was suspected.
The infant was delivered by caesarean section at 38 weeks and 4 days of gestation, with a
birth weight of 2,543 g and an Apgar score of 5 at 1 min and 7 at 5 min. A muscle hypotonia
was noted at birth, and his serum creatine kinase level was high, at 12,530 1U/], strongly
suggesting a CMD. At 2 days old, the encephalocele was repaired and a ventriculoperitoneal
shunt was placed for the hydrocephalus (fig. 1). The respiratory status stabilised, and the
neonate was referred to our department for an ophthalmological evaluation at the age of 14
days.

Findings on Initial Evaluation

The intraocular pressure (I0P) was within normal limits: right eye 10.6 mm Hg; left eye
16.8 mm Hg (I-care® tonometer; Revenio Group Corporation, Helsinki, Finland). The corneas
were transparent bilaterally, and no cataracts were present, but a persistent hyaloid artery
was seen posterior to the lens. A funduscopy showed a widespread loss of fundus pigmenta-
tion, transparent choroidal vessels (some choroidal vessel sections were visible), and the
absence of a distinct macular reflex (fig. 2). OCT (iVue® portable OCT; Optovue Inc., Fremont,
Calif.,, USA) showed no foveal pit, some laminar structure of the outer retinal layer, and an
indistinct laminar structure of the inner retinal layer (fig. 3).

Genetic testing after birth showed a mutation in POMT1, a gene encoding glycosyltrans-
ferase, thus confirming the diagnosis of WWS. The infant was discharged from our hospital
at 1 month old and scheduled for a follow-up evaluation with a nearby ophthalmologist.
However, he was not examined for 5 months, and a re-evaluation at 5 months old showed
corneal opacities and buphthalmos, a corneal diameter of 14 mm in both eyes, and bilateral
elevated IOP (right eye, 37.6 mm Hg; left eye, 33.1 mm Hg) by I-care® tonometry. The infant
was therefore referred to the Department of Ophthalmology at Osaka Medical College.
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A topical eye treatment was prescribed, but IOP remained in the high 30s. The corneal
thickness was 516 pum in the right eye but thinner (389 pm) in the left eye. No improvement
in visual function was expected, but for facial cosmetic reasons and to prevent secondary
corneal injuries such as corneal perforation, cyclocoagulation was considered. However, the
infant died at 8 months of age due to respiratory failure.

Discussion

WWS is a very severe type of CMD with an autosomal-recessive inheritance and a life
expectancy of only 6-12 months [1]. The cause is reported to be gene mutations in POMT1 or
POMT2, which encode glycoprotein enzymes [3, 4], but in many cases it remains unclear. The
diagnostic criteria for WWS include type II lissencephaly, cerebellar malformations, retinal
abnormalities, and CMD. The eye abnormalities include a high incidence of retinal lesions
such as retinal dysplasia and retinal detachment [5, 6]. Corneal opacities, shallow anterior
chamber, cataracts, glaucoma, microphthalmia, and persistent hyperplastic primary vitreous
have also been reported as complications [7-10].

WWS, together with FCMD and muscle-eye-brain syndrome, are ‘alpha-
dystroglycanopathies’ with abnormal sugar chain moieties of alpha-dystroglycan, a compo-
nent of the dystrophin-glycoprotein complex in the sarcolemma. This leads to abnormalities
in the skeletal muscle, brain, myocardium, and retina, where alpha-dystroglycan is distribut-
ed [11]. Differential diagnosis between WWS and severe FCMD is particularly important in
terms of predicting life expectancy.

FCMD is primarily seen in Japan, with most cases involving abnormal gene sequences
inherited from common ancestors, and genetic testing shows a mutation consisting of an
approximately 3-kb retrotransposon insertion in the 3’ non-coding region of the fukutin
gene [12]. Ocular findings in FCMD include myopia, entropion, esotropia, nystagmus, cata-
racts, chorioretinal lesions (retinal lattice degeneration, chorioretinal atrophy, retinal de-
tachment), and optic disc hypoplasia [13]. The incidence of these findings increases with age.
Differences in the severity of eye abnormalities between FCMD and WWS have been report-
ed, but the details remain unclear.

Alpha-dystroglycan is involved in the central nervous system development, including
adhesion with neuron basement membranes, fusion of the cerebral cortex, and angioarchi-
tecture at the brain surface. Alpha-dystroglycan deficiency plays a central role in brain func-
tional and structural abnormalities such as lissencephaly [11]. In the type II lissencephaly
seen in WWS, histological findings include an almost complete lack of cortical differentiation
(so-called laminar structure), a paucity of neurons, and abundant glial/mesenchymal tissue
[14].

Our search of the literature found no previous reports of OCT used to evaluate the retina
in WWS. According to previous reports using OCT, it has been discovered that as with adults,
the formation of the foveal depression already exists at the neonatal stage, and that there is a
clear formation of the layer structure of the retina [15-17]. OCT in our patient showed some
laminar structure of the outer layer of the retina, but the laminar structure of the inner layer
was indistinct. Moreover, we also observed the reflection of the innermost layer as being
prominent. The internal limiting membrane is the basal lamina of the Miiller cell, and there is
a possibility of some type of causal relationship between retinal dysplasia as well as Miiller
cell dysplasia in particular, and the thickening of the internal limiting membrane. The lami-
nar structure of the outer layer of the retina usually seen on imaging is presumed to be the
external limiting membrane. The external limiting membrane is a site of Miiller cell adhe-
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sion, and these Miiller cells differentiate to some degree. However, as in the central nervous
system, neurons remain undifferentiated with alpha-dystroglycan deficiency, so the laminar
structure of the retina does not develop.

In an autopsy case of WWS, Gerding et al. [7] found undifferentiated neurons in the in-
ner layer of the retina and differences between the inner and outer layers of the retina. OCT
findings in our patient are consistent in terms of retinal structure. Although we could not
find any literature investigating the Miiller cell with autopsy cases for WWS in the scope of
our investigation, it has been reported that in FCMD, which is a similar condition, there were
abnormalities with the type IV collagen and laminin produced by Miiller cells and that Miiller
cells are involved in retinal dysplasia [18]. In addition, that study reported that as with
WWS, retinal dysplasia also exists with FCMD and that there is an increase in S-100 protein
and glial fibrillary acidic protein in perivascular glial cells.

WWS is associated with a high incidence of congenital eye abnormalities (particularly
retinal dysplasia), and OCT results in our patient were consistent with these findings. The
cause of retinal dysplasia is presumed to be undifferentiated neurons due to alpha-
dystroglycan deficiency. OCT showed an indistinct laminar structure of the retina, suggesting
undifferentiated neurons. Congenital eye abnormalities may offer a clue to the diagnosis of
WWS. Further case studies from an ophthalmological perspective are necessary.
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Fig. 1. Cranial MRI (T1WI) of the patient in this study at 22 days of age. a Agyria. b Lissencephaly of the
brain surface, hydrocephalus, cerebellar and brainstem hypoplasia, and an enlargement of the fourth
ventricle are evident. Each lesion is indicated by an arrow. (1) Agyria and lissencephaly of the brain sur-
face, (2) hydrocephalus, (3) cerebellar hypoplasia, (4) enlargement of the fourth ventricle, and (5) brain-
stem hypoplasia.
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Fig. 2. Funduscopic images of the right (a) and left (b) eye show a widespread loss of fundus pigmenta-
tion, transparent choroidal vessels, and no distinct macular reflex.

Ao ¥

Fig. 3. OCT findings of the patient’s right eye. a OCT shows no foveal pit and some laminar structure of the
outer retinal layer. b An indistinct laminar structure of the inner retinal layer.
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