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Epilepsy in a mitochondrial disorder

Torberg Torbergsen, Ellisiv Mathiesen, Jan Aasly

Abstract
In a large family with maternally
inherited mitochondrial disease, a mild
defect in the NADH-ubiquinone oxido-
reductase step (complex 1) in the
respiratory chain was found. Epilepsy
was seen in nine (22%) of the 37 family
members. Five of them, belonging to one
branch of the family, had myoclonus
epilepsy and EEG abnormalities consis-
tent with this. The remaining four
patients, belonging to other branches of
the family tree, had partial epilepsy.
Neurological symptoms also varied in
different parts of the family. Possible
explanations for the differences in
phenotypic expressions are discussed.
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The mitochondrial disorders represent a

group of diseases in which defects in the
oxidative metabolism are found. This inborn
defect is localised to mitochondria and is most
often considered to be systemic. Organs with a

high demand for energy via this metabolic
pathway are most vulnerable. Symptoms
therefore arise from brain, auditory pathways,
and peripheral nerves as well as skeletal and
heart muscles. The mitochondrial DNA codes
for 13 sub-units of the enzymes of the
respiratory chain which comprise about 10%
of the mitochondrial proteins. The remainder
is coded by nuclear DNA. Mendelian as well
as mitochondrial inheritance is therefore seen
in these disorders.' Most reported cases,
however, have been sporadic.2

In recent years several defects in oxidative
metabolism have been identified as causes of
various mitochondrial diseases. There is
rapidly increasing knowledge concerning this
group of disorders.3
The metabolic defect produces cellular

dysfunction and structural changes gradually
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Figure 1 Pedigree.
*-affected according to examination.
O-affected according to medical records or according to relatives.
-probably affected according to examination.

(I -not examined or unknown.
0-deceased.

follow. Atrophic changes are seen in the
central and peripheral nervous system and in
skeletal muscles. Functional disturbances as
well as organic changes in cerebral tissue are
known to cause epilepsy. It is conceivable
therefore that epilepsy with different clinical
manifestations could occur as a result of func-
tional or organic lesions in these patients.
The occurrence of epilepsy in these disorders
has been known for several years. Special
attention has been paid to myoclonus
epilepsy.4" A clinical entity, myoclonus
epilepsy with ragged red fibres (MERRF) has
been pointed out.35 In the large family
with mitochondrial myopathy and myoclonus
epilepsy reported by Rosing et al,6 mito-
chondrial inheritance was assumed.

Generalised and focal seizures in patients
with mitochondrial myopathy are also
reported, and are seen in patients with the
clinical picture of mitochondrial encephalo-
myopathy, lactic acidosis and strokelike
episodes (MELAS).7 Mutations of muscle
mitochondrial DNA have recently been
identified in patients with MERRF8 and
MELAS.9
We describe patients with myoclonus

epilepsy and patients with partial epilepsy
belonging to different branches of a large
family with mitochondrial encephalo-
myopathy with maternal inheritance.

Material and methods
We studied a four generation family with
mitochondrial encephalomyopathy (fig 1). All
members in generations I and II were dead.
The age of the patients in generation III
ranged from 42-67 years. In generation IV the
age distribution was 18-35 years. Neuro-
logical examinations were performed on 22
members. Information about the other family
members was obtained from medical records
and/or from relatives.
Muscle biopsy and lumbar puncture were

performed on 12 patients (12, 14, 16, 17, 18,
19, 20, 21, 24, 27, 31, 35) and lumbar
puncture on patient 10. Light and electron
microscopic studies were carried out on all
the biopsies. In the biopsy from patient 20,
respiratory studies of the mitochondria were
performed. Purified mitochondrial prepara-
tions were used immediately for polarographic
determination of oxygen uptake and for low-
temperature spectral study of cytochromes
according to techniques described by
Morgan-Hughes et al.'0 The levels of lactate
and pyruvate were estimated in spinal fluid
and in blood. EEG was performed in 21
patients and 20 (10, 12, 14, 16-24, 27, 31,
35-39) had had cerebral CT.
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Results
General clinicalfeatures
Among the offspring of patient 7 (see pedigree
in fig 1) clinical symptoms were very homo-
geneous although severity varied. In siblings
16-24 hearing loss, ataxia, pigmental retinal
degeneration as well as muscular fatigue and
weakness were found. Electrophysiological
studies revealed myopathy, and in those most
affected, polyneuropathy as well (described in
more detail in reference 11). Patients 34-39
were only slightly affected. Except for hearing
loss in four of them, there were no subjective
symptoms of disease. As in several other
women in this family two of them (34 and 36)
had developed eclampsia.12
Among the patients in other branches of the

family, the clinical manifestations were more
variable. Some were severely affected (3, 12,
15), others less so (14, aged 67) and some only
subclinically (31, aged 35). Predominant symp-
toms and signs varied considerably between
patients in this group. Pronounced muscular
weakness (15, 28), hearing loss (10, 14), partial
epilepsy and psychiatric symptoms were found
(3, 10). Three patients (13, 21, 28) died of
severe infectious diseases.

Laboratory findings
The EEG was abnormal in the eight patients
with a history of epilepsy in which it was
performed (table). In the 12 other patients
studied, the EEG was abnormal in 10, mostly
because of an increased amount of unspecific
theta-activity. In the non-epileptic patient (34).
the EEG showed bursts ofspike waves, and two
of her sisters (36, 37) had episodic rhythmic
theta-activity.
The CT scan was abnormal in all 20 patients

in whom it was obtained. Cortical and
cerebellar atrophy were the most prominent
findings. In four patients (16, 20, 24, 31)
calcifications ofthe basal ganglia were found. In
some younger members of the family, CT
abnormalities were mild.

In the proband (20), muscle biopsy stained
with Gomori trichrome showed 5% ragged-red
fibres. This increased to 12-15% with succinate
dehydrogenase reaction. Electron microscopic

study revealed subsarcolemmal accumulations
of abnormal mitochondria and crystalline
inclusion bodies.
Muscles biopsies stained with Gomori tri-

chrome from the other 11 patients showed
ragged-red fibres in only one. However, in

NADH staining, five other biopsies contained
fibres with subsarcolemmal amorphous
material. Electronmicroscopic studies revealed
subsarcolemmal clusters of mitochondria
abnormal in size and shape in all, and
crystalline inclusion bodies were found in six
patients. The resting value of lactate and
pyruvate in the blood was normal. In the spinal
fluid, the lactate level was raised in four out of
six patients with epilepsy (range 1526-8986
yM/L, mean value 3963) compared to range
1634-2270 in normal subjects.
In the seven non-epileptic patients the lac-

tate level in the spinal fluid was raised in all
(range 3040-4229 uM/L, mean value 3738).
The respiratory study of the muscle biopsy

from the proband revealed a mild defect in
the NADH-ubiquinone oxidoreductase step,
while the spectral study of isolated mito-
chondria showed a low cytochrome aa3 content
[0,18 nmoles/mg, 0,43 (0,05)].

Case reports of patients with epilepsy
Case 3 Born in 1883, this patient had had
epileptic seizures from the age of22. According
to medical records he had partial complex as

well as tonic-clonic fits. During the following
years his cognitive functions gradually de-
clined, and his epilepsy disorder became more
severe. From 1931-45 he became institutional-
ised in a hospital for epileptics. In 1939 his IQ
was estimated to be 45. EEG and CT were not
available at that time. The patient died at the
age of 67, probably as a result of suicide.
Case 10 This 47 years old woman had had
epileptic seizures from the age of six months.
At four years of age she developed a right sided
moderate hemiparesis which has persisted. Her
seizures were focal with initial epigastric rising
sensations, followed by jerks in the right hand
and adverse turning ofthe head. Sometimes the
seizures became generalised, with loss of con-

Table Clinicalfeatures andEEG and CTfindings in nine patients with epilepsy

Patient Sex/age Clinicalfeatures Epilepsy manifestation EEG CT

Case 3 M/57 Severe intellectual deterioration CPS with secondary generalisation -
Case 10 F/47 At age 4 right sided hemiplegia CPS and simple partial seizures Focal slowing and spikes Moderate cerebellar

Paranoid psychosis left parietal region atrophy
Hearing loss

Case 12 F/50 Intellectual deterioration from CPS, sometimes generalised Moderate slowing Pronounced cerebellar
early adolescence Sometimes sharp waves atrophy, mild cortical

left temporal region cerebral atrophy
Case 18 M/58 Mild muscular weakness Myclonic epilepsy Episodic bilateral slow Cerebellar and cortical

Pigmental retinal deg waves cerebral atrophy
Progressive hearing loss
Mild cerebellar ataxia

Case 20 F/52 As in case 18 Myoclonic epilepsy Bursts bilateral irregular Cortical cerebral and
spikes waves cerebellar atrophy

Calcination basal ganglia
Case 22 M/48 As in case 18 Myoclonic jerks on Rhythmic theta activity Moderate cortical cerebral

photic stimulation and occipital spikes during and cerebellar atrophy
photic stimulation

Case 23 M/46 As in case 18 As in case 22 As in case 22 As in case 22
Case 24 M/42 As in case 18 As in case 22 As in case 22 As in case 20
Case 27 M/17 Mild intellectual deterioration Simple partial seizures Generalised slowing Moderate cerebellar

with generalisation Spikes right fronto-temporal atrophy
region
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cerebellar and moderate cortical atrophy.
Moderate polyneuropathy was found on elec-
trophysiological testing. The lactate level in the
spinal fluid was elevated (3950 uM/L). Electron
microscopy of skeletal muscle revealed only
very slight subsarcolemmal accumulation of
mitochondria. EEG showed moderate slowing,
most conspicuous in the left temporal region
where sharp waves were seen.
Cases 18, 20, 22, 23, 23 These siblings, aged
between 42-58 years, had similar medical
histories and clinical findings, and are reported
together. All had progressive hearing loss over
several years. Four of them used hearing aids.
Cerebellar ataxia, retinal pigmental degenera-
tion and varying degrees of muscular weakness
and fatigue were found in all of them. Patients
18 and 20 had mild spontaneous myoclonus. In
patient 22, 23 and 24 myoclonic jerks were seen
on photic stimulation. Increased levels of

y9W.-'~v~-~-~ spinal fluid lactate and characteristic morpho-
logical mitochondria with electron microscopy,
were found in the four patients in whom these
investigations were performed. In patient
number 20 the EEG showed bursts of bilateral
atypical spike waves (fig 2). In patients 22, 23
and 24 rhythmic theta activity and occipital

.<'-~'~-~ spikes were seen during photic stimulation
which also provoked myoclonic jerks.
Case 27 A 17 year old man, son of case 2 had
experienced) partial motor and generalised
epileptic seizures since the age of 12.
Neurological examination, EMG, blood and
CSF lactate levels and routine blood tests were

<,J+ normal. Electron microscopic studies showed
very slight subsarcolemmal clustering of mito-
chondria with some increased variation in size.

9d\ph/ V - CT revealed atrophy of the cerebellar vermis
r100,V and slight widening of the cerebral sulci. EEG

100,uV showed generalised slowing and spikes local-
ised to the right fronto-temporal region (fig 3).

Figure 2 Monopolar EEG recording with average reference in patient 20 showing
bursts of bilateral irregular spike waves.

sciousness lasting up to one minute. Her severe

epilepsy had necessitated numerous admis-
sions to specialist hospitals. She had had pro-
nounced psychiatric symptoms including psy-
chotic and paranoid reactions. At the age of 10
her IQ was normal but subsequent examina-
tions indicated gradual mental retardation.
Basal metabolic rate was 75-80% at the age of
25 despite normal thyroid function. At the age
of 47 there was a fairly pronounced sensori-
neural hearing loss. Cerebral CT revealed
moderate cerebellar atrophy. Several EEGs
were all abnormal, with generalised slow
activity, and frequently exhibiting focal slow-
ing in the left parietal region. Focal spike
activity was also noted.
Case 12 The patient was a 50 year old woman
who had had epilepsy since the age of 12. They
were usually complex partial seizures (CPS);
rarely generalised tonic-clonic fits. Between the

age of 12-13 years she deteriorated mentally.
Since the age of 18-19 years she has
had pronounced ataxia. CT showed severe

Discussion
In this family there are different clinical expres-
sions of epilepsy: myoclonus, partial epilepsy
and generalised tonic-clonic fits were present.
These are known to occur in mitochondrial
disorders, and can be seen in the same patient.
Unique to this family are the various clinical
expressions of epilepsy and other neurological
symptoms. While a homogeneous clinical pic-
ture was present in one branch, great diversity
was seen in the rest of the family.
Among the offspring of patient 7 myoclonus

represented the only type of epileptic seizures
and was present in five out of these 17 family
members. The myoclonus was mild, and none
of the patients had sought medical attention
because of it. In one patient with myoclonus
(20), as well as in her non-epileptic daughter
(34), bilateral irregular spike waves were seen
in the EEG, while a bilateral paroxysmal
response to photic stimulation was the only
abnormality present in three other patients.
Abnormalities included rhythmic theta-
activity and occipital spikes. Photoparoxysmal
abnormalities are related to hyperexcitability in
cerebral neurons. This has been reported in
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Figure 3 Monopolar EEG recording with average reference in patient 27 showing
generally slowing andfocal spikes in the right frontotemporal region.

other studies of patients with this type of
metabolic disease.6
Myoclonus epilepsy is seen in various syn-

dromes. In some of these a metabolic defect is
well defined;5"' in other syndromes, however,
the aetiology is still unknown. It is reasonable
to suspect that mitochondrial dysfunctions
may be the cause of some of the undefined
syndromes-in which myoclonus is present. In
two of our younger patients without myoclonic
symptoms (36 and 37, both in their early
twenties), episodic rhythmic theta activity was
found. It is interesting that bursts of spike and
waves were seen in their sister, who did not
have clinical myoclonus. Doose et al,'4 in a

genetic study, have claimed that this type
of theta rhythm is a sign of functional
abnormality, correlated with an increased sus-

ceptibility to seizure. They also suggested that
spikes and waves become manifest only if the
basic functional anomaly which is responsible
for the occurrence of theta rhythms exceeds a

certain degree.
The epilepsy among patients in the other

branches of the family is partial motor and/or
complex partial epilepsy; a type which is
assumed to be caused by organic brain lesions.
Atrophic changes were found in all patients in
this family in whom CT had been performed.
In some patients the changes were mild. Except
for the occurrence of hemiparesis at the age of
four in patient 10 (symptoms consistent with
MELAS), none of the patients had symptoms
of focal cerebral lesions other than epilepsy.
The various clinical manifestations of

epilepsy in different branches of our family are

remarkable. Assuming that the mutation defect
in mitochondrial DNA is identical in our

patients, other factors should influence the
clinical expression. It has been claimed that the
severity and type of clinical symptoms are

dependent upon the random distribution of
wildtype and mutant mitochondria in cell
division.'5 A more homoplasmic popuiation of
mitochondria in the ova from patient 7
compared with the ova from the mothers of the
other family branches is probable, but this is
not the only explanation for the unique
distribution of symptoms. In one branch of the

family all nine siblings (16-24) have essentially
identical clinical pictures, including the type of
epileptic symptoms while in other branches
neurological symptoms are much more varia-
ble. Nuclear DNA codes enzymes involved in
the transcription and transmission of mito-
chondrial DNA and have an effect upon mito-
chondrial gene expression.'6 Furthermore, a
mutation in the mitochondrial genome will
alter the expression of nuclear genes.'7 An
intergenomic regulation may influence the
clinical expression ofmitochondrial mutations.
It is therefore possible that the genotype of the
fathers may have an effect on the phenotypic
expression in this maternally inherited
disorder.
The four patients with partial epilepsy were

treated in different neurological departments,
but the aetiological diagnosis was made
"occasionally" in connection with examination
of other family members. This group of
disorders may be underdiagnosed in both
neurological and psychiatric patients. Reports
concerning successful therapeutic trials of
patients with defects localised to the oxidative
metabolism in the mitochondria have been
published,'8 and it seems reasonable to expect
further progress in this field. A correct
aetiological diagnosis in these patients will
therefore be of increasing importance.

We thank Dr John A Morgan-Hughes, London, for performing
the biochemical analysis ofmuscle biopsy and Dr Sigurd Lindal
for performing the electron microscopic studies.
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