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Abstract

The A to G mitochondrial DNA point mutation at position 3243 (A3243G) is the most common cause of mitochondrial
encephalomyopathy, lactic acidosis, and strokelike episodes (MELAS), a systemic multiorgan disease. Epilepsy is a common finding
but there is wide phenotypic variation that has not been thoroughly explored. We report the epilepsy phenotypes of 7 patients
with the A3243G mutation. Most presented with typical MELAS and epilepsy characterized by infrequent prolonged focal sei-
zures, including epilepsia partialis continua, hemiclonic status epilepticus, nonconvulsive status, and occipital status epilepticus.
Seizures usually occurred during the acute phase of a strokelike episode. Periodic lateralized epileptiform discharges may be seen
electrographically. Some patients with this mutation are completely asymptomatic or have mild symptoms typical for mito-
chondrial diseases. Slow spike-wave activity consistent with Lennox-Gastaut syndrome and electrographic status epilepticus was

seen in | patient who responded to ethosuximide.
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Mitochondrial encephalomyopathy, lactic acidosis, and stroke-
like episodes (MELAS) is a systemic disease with multiorgan
involvement and varied phenotypes. The most common muta-
tion associated with MELAS is the A to G point mutation in the
mitochondrially encoded tRNA leucine 1WUNO (MT-TLI)
gene at position 3243 (A3243G) within mitochondrial DNA.'-?
Because of significant heteroplasmy, this mutation can result in
a wide variety of phenotypes that range from asymptomatic to
severely affected patients.> MELAS is a severe progressive
encephalomyopathy characterized by strokelike episodes that
generally result in a stepwise decline in neurologic function.
Most MELAS patients have epilepsy that may be severe and
medically refractory, contributing substantially to morbidity.
In the original description by Pavlakis and colleagues, all
11 patients had epilepsy, 9 of which were focal in origin.*
No specific electroencephalographic (EEG) characteristics
are pathognomonic for MELAS. EEG in MELAS patients can
be normal during healthy periods or may demonstrate focal or
multifocal epileptiform abnormalities. This may be associated
with focal or generalized slowing.'”” EEGs tend to be more
abnormal during strokelike episodes than between them. Poly-
spike and wave discharges® and photoparoxysmal responses’
have been reported. Periodic lateralized epileptiform discharges

can be seen with prolonged seizures and strokelike epi-
sodes.>'%13 Periodic lateralized epileptiform discharges are
generally associated with a clinical change suggesting an
ictal phenomenon but also may be asymptomatic.

Seizures are nearly always focal and often hemiconvulsive
and may secondarily generalize. Pavlakis and colleagues orig-
inally described 2 patients with generalized myoclonus*; how-
ever, there is no other reference to generalized epilepsy in the
subsequent literature. Canafoglia and colleagues evaluated 31
patients with mitochondrial encephalopathies (5 with MELAS)
and found generalized myoclonic seizures were only associated
with myoclonus epilepsy with ragged red fibers.” Most seizures
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in MELAS are associated with strokelike episodes, but break-
through seizures can occur between episodes, which are often
shorter.'! Overall, the literature supports posterior seizure
onset, consistent with a predilection for strokelike episodes to
occur in these locations.®'%'*

Various types of prolonged focal seizures have been reported
in association with MELAS. In some cases, these were associated
with periodic lateralized epileptiform discharges, as described
above,>'%!® and in other cases, with frequent recurrent seizures
without return to baseline. The exact phenotype of the prolonged
focal seizure is likely a function of the origin of the seizure. Epi-
lepsia partialis continua is commonly described in association
with strokelike episodes involving the motor strip and is charac-
terized by persistent focal motor seizures with retained conscious-
ness.*”'? Complex partial status epilepticus with behavioral
arrest or dyscognitive symptoms in association with epilepti-
form activity on EEG also has been reported.>'® This pheno-
type likely has some overlap with nonconvulsive status
epilepticus, which was found in a patient with MELAS present-
ing with psychiatric disturbance and aggressive behavior.'
Occipital status epilepticus that presented with visual hallucina-
tions also has been reported.®'> These prolonged focal seizures
can progressively generalize, causing varying degrees of interrup-
tion of cognition or full secondarily generalized seizures.

Since the original description of MELAS 30 years ago, a
number of publications have clarified associated epilepsy char-
acteristics. The typical picture that has evolved depicts patients
with MELAS as having a predilection to develop prolonged
focal seizures associated with strokelike episodes.'> %1213
The majority of the literature consists of single case reports,
with a few case series that describe the epilepsy characteristics
of patients with a variety of mitochondrial cytopathies, some of
whom had MELAS.”'® There has also been 1 case series of 4
MELAS patients characterizing their episodes of status epilep-
ticus; 3 of the 4 patients harbored the mtA3243G mutation.'?
The literature nonetheless leaves the practitioner with many
questions about the phenotypic spectrum of epilepsy and the
relationship between the epilepsy and strokelike episodes expe-
rienced by these patients.

In this paper, we analyze the phenotypic features of 7
patients with the classic mtA3243G mitochondrial mutation
associated with MELAS, with focus on the epilepsy and EEG
characteristics. It is notable that not all patients with this muta-
tion suffer strokelike episodes or have epilepsy. These patients
demonstrate this mutation’s phenotypic variation.

Methods

A retrospective chart review was obtained for EEG characteristics,
seizure description, magnetic resonance imaging (MRI), and magnetic
resonance spectroscopy, and developmental assessments for patients
with the MELAS-associated mtA3243G gene mutation. EEG reports
were reviewed for the presence of generalized versus focal slowing,
overall background organization, and epileptiform activity, including
location, frequency, morphology, and persistence. Sleep architecture
and abnormalities were noted as well as any overall characteristics that
suggested particular electroclinical syndromes. The EEG findings

were placed in the context of clinical seizure phenotypes and any asso-
ciation with strokelike episodes both temporally and in terms of the
overall severity of MELAS as determined by an MRI-based disease
severity score. This was further correlated with neurocognitive assess-
ments and progression.

MRI was performed on either 1.5- or 3-Tesla scanners (General
Electric, Milwaukee, WI) at various time points during both clinically
active and quiescent disease in all patients. Prescribed pulse sequences
included axial T,-weighted imaging, axial T, fluid-attenuated inversion
recovery imaging, coronal T,-weighted imaging, sagittal T,-weighted
imaging, axial diffusion-weighted imaging/diffusion tensor imaging,
and single-voxel point-resolved MR spectroscopy with voxel of interest
placed over the left basal ganglia. The most recent MR exam in each
patient was scored by a point system developed to quantitatively evaluate
disease severity. A severity score (0-100) was calculated from each
patient’s brain MR using the following metrics: brain volume loss (loca-
tion and degree), signal abnormality (type and extent), and the presence
or absence of elevated lactate based on MR spectroscopy (Table 1).

As brain parenchymal volume loss tends to progress over the disease
course, the most remote available exam was used as an internal baseline
to aid in the subjective assessment of volume loss. Extent of brain signal
abnormality affecting the cortex/subcortical white matter in the cere-
brum and cerebellum and total area of signal abnormality in the brain-
stem were subjectively graded in range percentiles. T, prolongation
without signal suppression on T, fluid-attenuated inversion recovery
images and without accompanying diffusion restriction in areas of
brain volume loss was considered encephalomalacia/gliosis from prior
injury. Hyperintense signal on T,-weighted imaging with any areas
of T, fluid-attenuated inversion recovery signal suppression and no
restricted diffusion in areas of volume loss was considered more
advanced disease, representing encephalomalacia/gliosis with necrosis.
MRI was available for patients 1 through 4. (Specific rating for each
patient by regions of interest is available online as a supplement at
jen.sagepub.com/supplemental)

Results
Patient Histories

Patient |. This patient was healthy until 14 years of age, when
she presented with bilateral clonic seizures that were relatively
short and had a tendency to cluster, up to 8 in 1 day. She was
initially placed on carbamazepine, and then transitioned to
levetiracetam because of treatment-limiting side effects. The
seizures occurred sporadically over the first 9 months, with
no more than 1 per month. Just after she turned 15 she had
repeat MRI because of ongoing seizures, which identified sub-
acute strokelike findings of at least 2 different ages, leading to
the diagnosis of MELAS. The patient was placed on mitochon-
drial vitamin supplements that included arginine and was con-
tinued on levetiracetam over the following 2 years, during
which her disease was relatively quiescent.

She suffered no identified strokelike episodes or seizures
until she was 17 years old, when she presented with brief focal
seizures with alteration of consciousness that clustered but
were easily aborted. She was found to have both acute and sub-
acute MRI changes at this time. She went on to have 2 more
strokelike episodes during the subsequent 6 months. The first
was also associated with a focal seizure and an EEG that was
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Figure |. Standard EEG recording in a bipolar montage demonstrating right occipital periodic lateralized epileptiform discharges associated

with occasional visual phenomenon in patient 3.

unremarkable. The last stroke that year was associated with a
clinical event characterized by retained consciousness, diffuse
shaking, and horizontal headshaking. The patient was subse-
quently found to have a homonymous hemianopia, and an acute
metabolic stroke was identified in the contralateral posterior
cerebral artery territory on MRI.

At 18 years of age she had a prolonged focal seizure with
alteration of consciousness that evolved into complex partial
status epilepticus with more than 70 electrographic seizures
in 1 day. These had variable clinical accompaniment, and
evolved into periodic left occipital discharges that remained
prominent for 48 hours, during which the patient com-
plained intermittently of visual hallucinations. The diagnosis
was occipital status epilepticus associated with a left occipi-
tal metabolic stroke.

The patient had further occasional breakthrough seizures,
precipitated by acute illnesses, and at age 20 developed left-
sided epilepsia partialis continua clinically associated with
right posterior EEG discharges. MRI revealed multiple areas
of acute stroke, predominantly in the right hemisphere. At the
time of publication, this patient had an MRI disease severity
score of 52, the highest of any patients in our cohort, represent-
ing the accumulation of multiple large territories of infarction
in different stages of evolution.

Patient 2. This patient presented at age 9 years with hemiclonic
status epilepticus and progression to multiple convulsive and
nonconvulsive seizures associated with an acute strokelike epi-
sode. She was placed on levetiracetam without seizure recur-
rence. She had at least 2 additional acute metabolic strokes
over 2 years that involved multiple areas and required substan-
tial rehabilitation but were not associated with clinical seizures.
At the time of publication, this patient was 11 years old and had
a disease severity score of 43, which is the second worst in our

cohort despite her relatively young age. She suffered limited
complications from epilepsy.

Patient 3. In the early school-age period, this patient developed
decreasing school performance and failure to thrive. Seizure
onset was at age 14 years. Imaging showed calcifications of the
basal ganglia and thalamus without evidence of cortical infarct.
He was subsequently diagnosed with hearing loss and con-
firmed to have MELAS. Clusters of unilateral motor seizures
with headache ensued, followed by nonconvulsive status epi-
lepticus. EEG demonstrated periodic lateralized epileptiform
discharges of 5 days’ duration (Figure 1). Antiepileptic drug
management included levetiracetam, lacosamide, phenobarbi-
tal, and topiramate.

Ultimately, there were recurrent strokelike episodes, with
clinical accompaniment including acute-onset visual loss and
headache. Seizures occurred independently of strokelike epi-
sodes with the semiology of behavioral arrest, eye fluttering,
head deviation, and secondarily generalized convulsions. EEG
findings were very frequent multifocal interictal epileptiform
discharges and periodic complexes without clear clinical corre-
late. The patient had an MRI-based disease severity score of 36
at the age of 18 years.

Patient 4. An international adoptee from a Chinese orphanage at
age 9 months, this patient had early expressive language delay
and was otherwise well until age 9 years. She then developed
recurrent headaches with emesis followed by disorientation.
Following a first-time seizure, MRI was normal but EEG
showed virtually continuous, high-amplitude 0.5- to 2.5-Hz
generalized spike or polyspike and slow-wave discharges with
posterior predominance and some increased right-sided invol-
vement. She was started on valproate initially but transitioned
to lamotrigine after the discovery of the mitochondrial DNA
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Figure 2. Standard EEG in a bipolar montage demonstrating a burst of generalized polyspike and slow wave consistent with Lennox-Gastaut

syndrome in patient 4.

mutation. Psychoeducational testing at the time of diagnosis
found intellectual functioning within the average range.

EEG tracings showed progression, with frequent electro-
graphic seizures of 30 seconds to 1 hour in duration, typically
with left occipital onset and clinically associated with subtle
changes in cognition or consciousness. She was also noted to
have a very high spike-wave index in sleep of 75% to 88%, sug-
gesting electrographic status epilepticus in sleep, with reduc-
tion to 30% with a high-dose valium protocol. Subtle
seizures were not improved with lacosamide but a combination
of topiramate and zonisamide was marginally helpful. She had
residual right-left confusion and word-finding difficulties.

EEGs continued to be active with a high spike-wave burden
(Figure 2), including runs of 2- to 2.5-Hz generalized polyspike
and wave and separately occurring 1-Hz single spike and slow
waves consistent with Lennox-Gastaut syndrome. Combina-
tions of lamotrigine, topiramate, zonisamide, and clobazam
produced little change. She was also diagnosed with prolonged
QT syndrome (with an additional known disease-causing muta-
tion), which increased the risk of certain seizure medications,
including felbamate, phenytoin, and rufinamide. EEG findings
ultimately improved with ethosuximide, introduced because of
the prominent generalized spike and wave, and her cognition as
well as social relatedness improved. This patient did not have
strokelike events and MRI remained normal, without elevated
lactate on spectroscopy. At the age of 12 years, her MRI-based
disease severity score was zero.

Patient 5. Failure to thrive and lactic acidosis in infancy led to an
early diagnosis of MELAS. She had moderate motor delay and
participated in the dichloroacetate trial. The first metabolic
stroke occurred at 7 years of age, which presented with a cluster
of focal motor seizures. She was treated with levetiracetam and
had no further events until age 9, when a cluster of focal seizures

heralded the next strokelike episode. She has continued to have
intermittent strokelike events presenting with focal seizures, and
medications added have been topiramate and lamotrigine.

Patient 6. This is the younger sister of patient 5, identified after
her sister’s diagnosis. Their mother also carried the mutation
with 30% heteroplasmy, whereas patients 5 and 6 are both
homoplasmic at 100% mutation in the blood. This patient had
mild speech delay, and developed gross and fine motor delay
with notable fatigability starting as a toddler. She also had exo-
tropia ultimately requiring surgical correction, but has no his-
tory of seizures or strokelike episodes at age 7 at the time of
last follow-up.

Patient 7. This patient was discovered to harbor the MELAS
mutation after being tested because her mother had the same
mutation and was symptomatic. She was seen at the age of
32 and had no symptoms of chronic disease that could be attrib-
uted to this mutation. Imaging has not been indicated.

Discussion
Status Epilepticus

The results of this cohort study suggest that patients with the
mtA3243G mutation associated with MELAS have a predispo-
sition for prolonged seizures that are often unilateral motor sei-
zures or can be subtle to subclinical in nature. Therefore,
MELAS should be included in the differential diagnosis for any
patient presenting from late school age to adolescence who has
new onset of prolonged focal seizures or clusters of short focal
seizures. These prolonged seizures were often associated with
periodic lateralized epileptiform discharges on EEG, and while
the number of patients and design of this study does not allow
for strong statistical analysis, MELAS should be added to the
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short list of causes of periodic lateralized epileptiform discharges
in children. An MRI finding consistent with a metabolic stroke
in this setting is highly suggestive of the diagnosis. Additionally,
a history of multiorgan dysfunction or subtle developmental
delay may be explored.

The mechanism of status epilepticus in MELAS is postu-
lated to involve a cycle developing after an inciting event caus-
ing a strokelike episode, which may in turn trigger a seizure,
thereby increasing metabolic demand, further straining energy
metabolism, and resulting in increased cell injury.'”'® This
may also start with a seizure and lead to metabolic decompen-
sation and strokelike episode. Fever, glycemic alterations, and
headache have been implicated as such triggers.'? L-Arginine
may be useful in the treatment of status epilepticus in
MELAS.'>?° Oral L-arginine given in the first 30 minutes of
strokelike episodes may reduce progression of symptoms.?’

Epilepsy Phenotypes

The patients within our cohort had very different epilepsy phe-
notypes. Patients 1 and 2 had a small number of lifetime sei-
zures that were nearly all associated with acute strokelike
episodes. Most seizures were either prolonged or occurred in
clusters. These patients had the highest MRI-based disease
severity scores in the cohort but had relatively minimal epilep-
tic burden between strokelike episodes. Patient 3 had frequent
strokelike episodes often associated with prolonged seizures
and also had refractory epilepsy between strokelike episodes.
Additionally, his periodic lateralized epileptiform discharges
were not isolated to the time around strokelike episodes.
Admittedly, his epilepsy severity between strokelike episodes
progressed as he accumulated brain injury. However, this alone
does not explain this phenotypic difference, as patients 1 and 2
had more accumulation of disease based on the MRI severity
scores than patient 3 and had little to no seizures outside of
their strokelike episodes.

Patient 4 presented a phenotype of an epileptic encephalopa-
thy, first with electrographic status epilepticus in sleep and then
Lennox-Gastaut syndrome. She suffered very frequent seizures
and episodes of generalized spike wave associated with stupor.
This improved dramatically with the introduction of ethosuxi-
mide, with associated cognitive improvement. Despite this
active epilepsy, she never had a clear strokelike episode.
Patients 4 and 6 are still quite young and could develop stroke-
like episodes.

Although neither MELAS nor the mtA3243G mutation
has been classically associated with Lennox-Gastaut syn-
drome or electrographic status epilepticus in sleep, there is
growing evidence that mitochondrial dysfunction may play
a disease-modifying role in association with other mutations
more classically associated with epileptic encephalopathy.?*?
Furthermore, Lee and colleagues described a series of 48 epi-
lepsy patients with suspected mitochondrial disease who had
greater than 20% reduced function of 1 of complex I through
complex IV of the electron transport chain. One patient of the
48 was ultimately diagnosed with MELAS and 12 of the 48 had

electroclinical syndromes consistent with Lennox-Gastaut
syndrome. Itisunclear from the report what, if any, identifiable
electroclinical syndrome would apply to the patient with
MELAS.'® In either case, patient 4 in the present report serves
to expand the phenotypic spectrum of epilepsy associated with
the mtA3243G mitochondrial DNA mutation.

Relationship Between Seizures and Metabolic Strokes

Prolonged focal seizures in a patient with MELAS are highly
concerning for an acute metabolic stroke. However, 2 of the
patients in our series suffered severe and in some cases pro-
longed seizures and epileptiform activity without evidence for
metabolic infarcts. This is a fertile area for future investigation
to identify protective or predisposing mechanisms of energy
failure in patients with the same mutation.

Although the relationship between seizures and strokelike
episodes is variable between patients with MELAS, it is fairly
well conserved within individuals. This is a useful observation
for clinical practice; patients in our study tended to divide early
into a group that always had strokelike episodes with seizures
and a group that had frequent seizures not associated with such
events. However, it is prudent in the early stages of disease
before a pattern is well developed to treat all patients aggres-
sively for possible metabolic stroke given the debilitating neu-
rocognitive toll.

All of our patients who suffered a seizure were placed on
daily antiepileptic medication, yet some of these patients only
suffered seizures during strokelike episodes. Patient 5 was
started on a new antiepileptic medication with each new stroke-
like episode, yet never experienced a seizure between these epi-
sodes. It remains unclear whether long-term and polydrug
therapy provides additional benefit in patients who only have
seizures during such episodes. Alternatively, seizure prophy-
laxis may be important to reduce the risk of seizures triggering
a strokelike episode. Large multicenter trials are necessary to
address this question.

Both the MRI analysis and EEG findings of focal slowing
and epileptiform abnormalities support preferential involve-
ment of the posterior cortical areas, as reported by others.®'%'4
Even patient 4 who reported no definite strokelike episode had
many focal electrographic abnormalities that localized to the
posterior regions when not generalized.

Neurocognitive Characteristics

All patients who suffered strokelike episodes experienced a
stepwise decline in cognitive function consistent with the pro-
gressive degenerative nature of MELAS. One patient (patient 4)
presented with epileptic encephalopathy and demonstrated
improvement after initiation of effective antiepileptic drug ther-
apy. In our series of 6 patients with symptomatic mtA3243G
mutations, only 2 (patients 1 and 2) were not reported to have
subtle abnormalities in speech or motor development preceding
the onset of either seizures or strokelike episodes.
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Although the cognitive impairment identified in some patients
in this series has been described in the literature as a feature of
MELAS, several patients were also found to have other neurode-
velopmental outcomes, including mixed receptive-expressive
language disorder, executive dysfunction, and anxiety.***

This cohort of 7 patients with mtA3243G mutation demon-
strate the wide phenotypic variation that can be seen with this
mutation. Although 2 of our patients with the highest burden
of strokelike episodes had mild epilepsy, another patient who has
not had any strokelike episodes to date suffers from severe epi-
leptic encephalopathy with generalized manifestations that
responded to ethosuximide. Of 2 sisters who both had 100%
homoplasmy, one had a fairly classic picture of MELAS whereas
the other had minor developmental delay and fatigability.
Another patient remained asymptomatic. This establishes the
range of phenotypes associated with the mtA3243G mutation.

Authors’ Note
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