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Introduction

Maternally inherited diabetes and deafness (MIDD), a
mitochondrial disease first described in 1992 [1], results
from the mitochondrial DNA mutation m.3243A>G and
accounts for up to 1% of the patients with diabetes [2].
m.3243A>G is responsible for several other reported clini-
cal syndromes and features other than MIDD, including
mitochondrial myopathy, encephalopathy, lactic acidosis,
and stroke-like episodes (MELAS), chronic progressive
external ophthalmoplegia (CPEO), isolated myopathy,
cardiomyopathy, convulsions, migraine, ataxia, cognitive
impairment, bowel dysmotility, and short stature. It is
not clear why these various phenotypes of mitochondrial
disease occur; however, it has been suggested that the
level of heteroplasmy (the presence of a mixture of
mutant and normal mtDNA in a cell) plays a crucial role.

We here report an unusual case of MIDD simulta-
neously presenting with generalized convulsion and cere-
bellar symptoms.

Case History

A 65-year-old Japanese woman was diagnosed with type 2
diabetes mellitus at age 53, and had experienced hearing
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difficulties since age 56. The family history included short
stature and diabetes in her mother, maternal grand-
mother, and mother’s sister. The present cases were also
of short stature and of low weight. Gait disturbance and
dysarthria gradually progressed from age 57. Partial sei-
zures in the right arm and foot had evolved to generalized
convulsion, occurring once a month, from age 62, and
these convulsions could not be suppressed with sodium
valproate 400 mg/day. In addition, during the convul-
sions, her serum glucose level was within the normal
range and the blood level of valproate was maintained at
over 50 ug/mL.

Differential diagnosis, investigations, and
treatment

Neurological examination at the first visit to our hospital
revealed bilateral gaze-evoked horizontal nystagmus, left
side dominant sensorineural deafness, coordination disor-
ders in the extremities, cerebellar ataxic gait, and mild
slurred speech; without ophthalmoplasia. The blood pres-
sure was within normal limits. The laboratory tests
revealed normal creatine kinase and renal function, high
levels of lactate and pyruvate in the blood and cerebrospi-
nal fluid. Brain magnetic resonance imaging showed
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atrophy of bilateral cerebellar lobes and vermis, normal-
brainstem, and slightly atrophic cerebrum
(Fig. 1). Electroencephalogram (EEG) showed occasional
theta slowing in the left-sided frontal, central, and parietal

volume

leads. Muscle biopsy revealed fiber size variations and
scattered, ragged red fibers. Leukocyte mitochondrial gene
screening showed m.3243A>G, and the patient was conse-
quently diagnosed as MIDD with cerebellar symptoms
and convulsions.

Outcome and follow-up

The number of convulsions gradually decreased after clo-
nazepam 1 mg/day was added to valproate. The patient
has never experienced headaches throughout the disease
duration, and no stroke-like episode has developed to
date.

Discussion

We here reported a rare case of MIDD presenting with
cerebellar symptoms and generalized convulsions, which
were controlled effectively after adding anticonvulsants.
Recently, the involvement of the neuromuscular system
in MIDD has become widely established [3-5]. Several
MIDD cases with concomitant cerebellar symptoms, a rel-
atively unusual phenotype, have been reported. Kobayashi
et al. suggested that involvement of the central nervous
system should be considered in MIDD, as well as in other
mitochondrial diseases, although the prevalence of co-
morbid condition was unknown [4]. Fromont et al.
reported that three of eleven MIDD patients
(m.3243A>G:n = 9, m.14709T>C: n = 2) exhibited overt
signs of cerebellar ataxia and two patients of the same
group presented severe cerebellar atrophy. They also
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concluded that cerebellar atrophy tended to be more
frequent and more severe in MIDD patients than in the
patients with type 1 diabetes mellitus as control [5].

In a cohort study from 2013, 129 patients from 83
unrelated families, with m.3243A>G mtDNA mutation,
were analyzed. Of these, 10% exhibited a classical MELAS
phenotype, 30% had MIDD, 6% MELAS/MIDD, 2%
MELAS/CPEO, and 5% MIDD/CPEO overlap syndromes.
Isolated sensorineural hearing loss occurred in 3-28% of
the patients [6]. Although concomitant development of
MIDD and MELAS was not reported, this combination
may also indicate the concept that these are two pheno-
typic expressions of one disease [7]. The studies using the
proton magnetic resonance spectroscopy revealed decrease
in the concentration of N-—acetylaspartate, a metabolite
considered as a neuroaxonal marker, in both of vermis of
MIDD and cerebellum of MELAS [4, 8]. N-acetylaspar-
tate is synthesized from acetyl CoA and aspartate in mito-
chondria [9]. Thus, decrease in N—acetylaspartate suggests
that MIDD and MELAS had similar pathophysiological
abnormalities which were neuroaxonal loss and an
impaired mitochondrial energy production in central ner-
vous system. However, whether our case evolves to
MELAS in the future remains unknown.

Convulsion is a common phenotypic feature of symp-
tomatic, as well as nonsymptomatic mitochondrial disor-
ders. MELAS may be associated with partial or
generalized convulsions, including status epilepticus,
whereas CPEO is not usually accompanied by epilepsy,
except for in one previous report [10]. There are only few
reports on MIDD patients presenting with convulsion.
Schleiffer et al. described a 27-year-old German woman
with family history of MIDD for three generations associ-
ated with m.3243A>G, who experienced recurrent tonic-
chronic seizures from age 6 before developing MIDD

Figure 1. Brain magnetic resonance imaging findings. (A) T1-weighted sagittal image revealing moderate atrophy of the cerebellar vermis and no
atrophy of the midbrain and pons. (B) T2-weighted axial image revealing moderate atrophy of the bilateral cerebellum hemispheres and mild
atrophy of the cerebrum. No abnormal high-intensity areas are observed in the cerebrum.
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[11]. Thorns et al. speculated that an increased
m.3243A>G rate in oral mucosa cells from MIDD
patients closely correlated with neurologic disorders such
as epilepsy [12]. Presumably high frequency of mitochon-
drial DNA mutation in the particular tissue results pro-
nounced clinical symptom of the relevant tissue.
Although the m.3243A>G rate was not quantified in our
case, the convulsion and cerebellar involvement suggested
that a high rate of mutation was present in cerebrum and
cerebellum.

Convulsion is also a typical symptom of hypoglycemia
and unilateral involuntary movements, such as hemicho-
rea and athetosis, are known to be caused by hyperglyce-
mia [13]; however, no drastic changes in the serum
glucose level were observed during the convulsive attacks.
Partial convulsions with secondary generalization in our
case suggest the presence of organic and/or functional dis-
orders in the cerebral hemisphere corresponding to the
unilateral slow waves in the EEG. Although the epilepto-
genic focuses are not always grossly evident, the cerebral
cortical neuron impaired by mitochondrial dysfunction
could play a more crucial role of epileptogenic focus than
that of cerebellum which involvements rarely cause epi-
lepsy. In addition to the interictal epileptiform spikes and
pathological high-frequency oscillation on the EEG that
have been widely investigated, the focal slow waves are
common in the region of epileptic brain. Moreover, the
focal delta frequency slowing has also recently been
shown to be more common than interictal epileptiform
spikes following febrile status epilepticus [14]. Therefore,
we believe that the cause of the convulsions was related
to the mitochondrial disease.

Concerning the use of anticonvulsants for epilepsy in
mitochondrial disorders, it is important to avoid anticon-
vulsants with mitochondrion-toxic side effects. They may
cause severe, sometimes even fatal, side effects; may trig-
ger or worsen epilepsy; or may make the epilepsy intrac-
table. Valproate is the most well-known mitochondrial
toxic anticonvulsant, which is known to exhibit a deleteri-
ous effect in patients carrying mitochondrial DNA poly-
merase gamma mutations (e.g., Alpers-Huttenlocher
syndrome) and with myoclonic epilepsy with ragged red
fibers syndrome [15]. A common mechanism of convul-
sion in the patients with mitochondrial disease seems to
involve cortical damage resulting from respiratory chain
dysfunction [16]. Inhibition and decreased activity of
mitochondrial complexes I and IV, inhibition of oxygen
and consumption and adenosine triphosphate synthesis
are known as the mitochondrial adverse effects associated
with valproate [17]. Therefore, these complex factors
could have affected negatively the control of convulsion
in our case. In future, we are planning to taper valproate
slowly over several months.
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To the best our knowledge, this is the first report of
MIDD associated with cerebellar symptoms and convul-
sion, and we believe that this report will help promote
awareness about the importance of appropriate anticon-
vulsants use for convulsion in patients with diabetes mell-
itus. If a patient is suspected to have mitochondrial
disorders based on the clinical course or physical exami-
nation or laboratory findings, physicians need to carefully
select anticonvulsants.

Accumulation of cases is necessary to clarify the charac-
teristics of convulsions and the long-term prognosis of
patients with MIDD.
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