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Duchenne
and Becker
muscular
dystrophies
are X-linked
allelic disorders
in which
the association
of central
nervous
system
dysfunction,
typically
in the form of mental
retardation,
is a well recognized
feature.
They are both due to
mutations
in the dystrophin
gene, whose corresponding
protein
products
are expressed
both in the muscle
and central
nervous
system.
We have observed
an increased
frequency
of epilepsy
in children
with Duchenne
and Becker
muscular
dystrophy
attending
our clinic.
Out of 254 boys with this condition
(201 Duchenne
and 53 Becker),
eight
children,
four in the Duchenne
and four in the Becker
group,
had a confirmed
diagnosis
of epilepsy
(cumulative
incidence
3.14%,
with a subgroup
incidence
of 1.99%
in the Duchenne
and 7.54%
in the Becker
group).
Statistical
analysis
indicated
that only the incidence
of epilepsy
in Becker
muscular
dystrophy
was significant
(p < 0.007).
Our
data suggests
that epilepsy
may be a rare associated
feature
in children
with
muscular
dystrophy
secondary
to
dystrophin
deficiency.
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Introduction
Duchenne and Becker muscular dystrophies
(DMD
and BMD) are allelic disorders
due to mutations in
the X-linked dystrophin
gene. Mutations that result
in severe disruption
of the function of this gene
give rise to DMD; no dystrophin
is usually visible
in the muscle biopsies of these chiIdren.*s2 Individuals with the milder BMD variant usually carry
mutations
that are compatible
with the residual
expression of dystrophin,
which may be reduced in
size and/or
quantity. 3-6 A significant
proportion
(approximately
35%) of children with DMD suffer
from non-progressive
mental retardation;
cognitive
impairment
and psychiatric
symptoms
have also
been reported in BMD, although their incidence is
lower.7-*0
There are several dystrophin
isoforms that show
a tissue-specific
pattern
of expression.
These
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include a) the muscle, brain and Purkinje
cell
isoforms, expressed predominantly
in skeletal and
cardiac muscle and the central nervous
system
(CNS); b) Dp260 predominantly
expressed in the
retina; c) Dp140 thus far detected in the CNS and
kidney;
d) Dp116 expressed
in the peripheral
nerve; e) Dp71 expressed
in a variety of nonmuscle tissues, including
brain; f) Dp40, with a
similar distribution
to that of Dp71 but only during
early development
(see refs 11 and 12 for a review).
The relation of dystrophin
mutations and cognitive impairment
is not clear. It has, however,
been
reported that deletions affecting the distal portion
of the gene are more likely to be associated with
mental retardation.*3J4
Behavioural
abnormalities
have also been documented
in the md.r mouse, an
animal model for DMD, further suggesting
a link
between lack of dystrophin
and CNS dysfunction.l5
We reviewed
the data of 201 DMD and 53 BMD
children
currently
attending
the Hammersmith
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Hospital. Eight children (four DMD and four BMD)
had a confirmed diagnosis of epilepsy, a prevalence of 3.1% in this cohort of 254 children (1.99%
in the Duchenne and 7.54% in the Becker group).
As the prevalence of epilepsy in the general
paediatric population is reported as O.~XI.~%,‘~J~
our data suggest that there could be an association
between epilepsy and dystrophinopathies.

Clinical

cases

Case 1: Duchenne
dystrophy
and
generalized
tonic-clonic
seizures
A diagnosis of DMD in this boy was made at birth
following the finding of elevated serum creatine
kinase (CK) (there was a positive family history).
His condition followed a typical course and he
became wheelchair bound at the age of 12 years.
Muscle biopsy showed absent dystrophin and
genetic studies failed to identify a deletion. He
attended a normal school. He had his first generalized tonic-clonic seizure at the age of 3 years and
continued to have several fits a month. He was
started on sodium valproate at the age of 5 years
with excellent control of seizure frequency. He
stopped taking the medication when he was 12
years old because he had been seizure free for more
than 2 years. Generalized tonic-clonic seizures
recurred within 9 months and he was restarted
on medication. His cousin, also affected by DMD,
did not suffer from epilepsy.

Case 2: Duchenne
dystrophy
and
generalized
tonic-clonic
seizures
This boy became symptomatic at the age of 4 years
and eventually lost ambulation aged 12 years. A
deletion of exons 45-51 was found. He is in the
lower range of normal intelligence, as defined by
school performance. He had his first generalized
tonic-clonic seizures at the age of 11 years. An EEG
showed high voltage delta components at 3Hz
evident over the posterior regions with a rightsided predominance. Overbreathing caused generalization of these abnormalities, while photic
stimulation at a frequency of 15-18Hz elicited
bursts of spikes and polyspikes and waves. Treatment
with
sodium
valproate
successfully
decreased the frequency of his seizures. There
was no family history of seizures or of DMD.

Case 3: Duchenne
spasms
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and infantile

This child presented at 10 months of age with
infantile spasms. The electroencephalogram (EEG)
was hypsarrythmic.
Extensive investigations to
exclude a metabolic disease, including brain
magnetic resonance imaging (MRI), were normal.
Adrenocorticotropic
hormone treatment caused a
complete cessation of the infantile spasms within 3
days. By 15 months, however, he was noted to have
significant global developmental delay, as he was
not sitting or saying any words. He could walk
independently at the age of 3 years and began to
say single words at 3*/z years. Currently, aged 4M
years, he only says three words, has an autistic
behaviour, cannot run properly and has a minimal
Gowers’ manoeuvre. A repeated EEG at the age of
3 years did not show any epileptiform activity, but
only a slowing of the background. His serum CK
levels were incidentally found to be elevated at the
age of 15 months. A muscle biopsy showed absent
dystrophin staining with N terminal and mid-rod
antibodies (Dys 1 and 3) but positive with C
terminal antibodies (Dys 2). A large in-frame
deletion (exons 1340, 3’ end-point not defined)
was found. Considering both the current functional
abilities of this child and the fact that patients
reported so far with such a large deletion in the 5’
end of the dystrophin gene followed a severe
disease course,l* we would anticipate a DMD
phenotype in this boy. There was no family history
of seizure or of DMD.

Case 4: Duchenne
dystrophy
and
generalized
tonic-clonic
seizures
A diagnosis of DMD was made in this boy, with an
older affected brother, soon after birth because of
elevation of serum CK. He remained ambulant
until the age of 10 years, and was of normal
intelligence. He had a generalized tonic-clonic
seizure at the age of 14 years whilst playing on
his computer. An EEG was abnormal with bursts of
paroxysmal slow-wave activity and generalized
epileptiform activity elicited by photic stimulation.
He was not started on medication because he had
no further seizures until the late teens, when he
developed generalized tonic-clonic seizures again.
He was then treated with sodium valproate with
no further seizure recurrence. Deletion data were
not available in this case. His affected brother did
not develop epilepsy. No other member of his
family was affected by DMD or seizures.
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Case 5: Becker dystrophy
tonic-clonic
seizures

and Becker muscular

and generalized

This 9-year-old boy presented at 4 years with
cramps and frequent falls. A needle muscle biopsy
and genetic studies (deletion of exons 4547)
confirmed the clinical diagnosis of Becker muscular
dystrophy. He currently is able to run, hop and rise
fairly easily from the floor. He is of normal
intelligence and is doing well in mainstream
school. He had his first fit, a generalized tonicclonic seizure, at the age of 8 years. Three months
later he had two further generalized tonic-clonic
seizures during the night, after which he was
started on carbamazepine. He had five further fits
in the following year. An EEG recorded after the
first fit showed non-specific bilateral abnormalities
without any focal features. There was no family
history of seizures or muscular dystrophy.

Case 6: Becker dystrophy
tonic-clonic
seizures

and generalized

This boy was referred at the age of 12 years, being
clumsy and already having a diagnosis of epilepsy.
A needle muscle biopsy and genetic studies
(deletion of exons 10-30) confirmed the clinical
diagnosis of Becker muscular dystrophy. He had
progressive weakness and lost mobility at the age
of 23 years. His fits began at the age of 9 months as
tonic seizures and later on progressed to generalized tonic-clonic seizures occurring mostly during
the day, occasionally at night. He was treated
initially with phenobarbitone and later with phenytoin, which improved but did not completely
control his seizures. An EEG at the age of 14 years
showed spikes in the right parieto-temporal area.
Behavioural problems and poor control of his
epilepsy created significant educational difficulties.
There was no family history of seizures or BMD.

Case 7: Becker dystrophy
generalized
tonic-clonic

with absences
seizures

and

This lCyear-old boy has mild BMD and is able to
run, jump and has a minimal Gowers’ manoeuvre.
He suffers from a contiguous gene syndrome
affecting, in addition to dystrophin, also the genes
responsible for glycerol kinase deficiency and
congenital adrenal hypoplasia. He also had bilateral undescended
testes and mild
mental
retardation. At the age of 8 years he developed
infrequent generalized tonic-clonic seizures during
sleep. A few years later he developed typical
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absences and an EEG showed a burst of spikewave activity at 3Hz. Hyperventilation
induced
exacerbation of these EEG changes. He responded
very well to sodium valproate. He has two younger
brothers, similarly affected, but they have not
developed epilepsy. The deletion present in this
family is likely to affect the 3’ untranslated region
of dystrophin as we were able to show a faint
staining with the C-terminal
anti-dystrophin
monoclonal antibody Dys 2, raised against the
last 17 ammo acids of the molecule.

Case 8: Becker dystrophy
tonic-clonic
seizures

with generalized

This child was referred to us at the age of 6 years,
because of difficulties in running and cramps on
exercise. A clinical diagnosis of BMD was confirmed by the finding of abnormal dystrophin
staining in his muscle biopsy and a deletion of
exons 45-49. Currently, at the age of 9 years, he is
able to run, hop and jump, and has no Gowers’
signs. He has dyslexia. Recently he had a protonic-clonic
longed episode of generalized
seizures. An EEG showed a normal background
activity, but frequent symmetrical, raised voltage,
rhythmical slowing at 3-7 Hz with sharp morphology, more evident over the right hemisphere, and
hyperventilation induced an exacerbation of these
paroxysmal slow waves with associated spikes
over both hemispheres. He had several further
generalized tonic-clonic seizures and increased
generalized bursts of spike and wave paroxysms
after starting carbamazepine treatment, that was
immediately discontinued. The child was then
started on valproate therapy with excellent control
of seizures. There was no family history of BMD; a
maternal cousin, however, is also affected by
epilepsy (generalized tonic-clonic seizures).

Statistical

analysis

The overall prevalence of epilepsy in our population of DMD and BMD was 3.14%. Statistical
analysis suggested that this number is significantly
different from the 0.5% expected for an agematched population (p < 0.01, Fisher’s exact test).
Analysis of the DMD and BMD separately suggested a higher prevalence of epilepsy in BMD
(7.54%, p c 0.007, Fisher’s exact test). The epilepsy
prevalence in DMD was also higher than expected
(1.9%) but the difference was not statistically
significant.
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Discussion
In this report we describe an increased prevalence
of epilepsy in patients with DMD and BMD, an
association which has not been documented previously. Our statistical analysis suggests that the
prevalence of epilepsy is significantly higher only
in BMD children. Seven of the eight boys described
(all BMD and three DMD) had generalized tonicclonic seizures (in one BMD absence seizures coexisted). In two of the DMD, photic stimulation
elicited generalized epileptiform activity. A child
with DMD and severe mental retardation had
idiopathic infantile spasms. The significance of
the co-occurrence of mwcular dystrophy
and
infantile spasms in this child is not very clear,
and an increased incidence of epilepsy, including
infantile spasms, is a recognized feature of children
with mental handicap. Mild mental retardation
was also a feature of two of the four BMD children;
the other five children, however, had normal
intellect.
Although this is not an epidemiological study
and a bias of ascertainment might have affected our
results, only two of these children developed
epilepsy prior to their referral to us for the
management of their muscular dystrophy. Seizures
were under good pharmacological control in one of
these two children, so that it is unlikely that the
reason for their referral was related to the epilepsy.
Previously, EEG abnormalities (but not seizures)
have been described in boys with DMD, with
frequencies varying between 56% and 82%.g*10
When EEG abnormalities were correlated with IQ
in two studies, a higher frequency of abnormalities
in the lower IQ group was found by some authorslo
but not others.g A high incidence of focal abnormalities (82.7%) was also found.*O In addition, Nakao
et al.lg reported that 29% of EEGs in female carriers
were abnormal and there is a case report of a
female Duchenne patient with Turner’s syndrome
who also had epilepsy.20
The reason for an apparent increased prevalence
of epilepsy in our children with a dystrophinopathy is not known. Various dystrophin isoforms
are expressed in the central nervous system in
addition to muscle.11~*2However, we did not
identify any single unifying mutation in our cases
of children with epilepsy. It is possible that
abnormal neuronal excitability is a result of altered
expression of dystrophin in the central nervous
system and abnormal retinal neuronal excitability
has been demonstrated in DMD in zk.xxzl Another
possibility is that neuronal migration defects may
exist in patients with DMD or BMD. Such
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abnormalities have been found in the brain of
children with DMD in some studie$ but have not
been confirmed in others.23 None of our patients
had a focal epilepsy, making this latter hypothesis
less attractive.
Whatever the mechanism accounting for an
increased prevalence of epilepsy in these children
might be, the discordance between the muscular
dystrophy and the presence of epilepsy in the three
cases with a positive family history (cases 1, 4, 7),
suggests that its action is probably that of lowering
the seizure threshold in children with a dystrophinopathy.
Formal epidemiological studies are needed to
confirm our hypothesis that epilepsy may be
another manifestation of abnormal expression of
dystrophin in the CNS.
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