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Background: Treatment of myoclonic seizures in myoclonic epilepsy with ragged-red fibers (MERRFs) has been empirical and ineffective.
Guideline on this disease is not available. Additional trials must be conducted to find more suitable treatments for it. In this study, the antimyoclonic
effects of monotherapies, including levetiracetam (LEV), clonazepam (CZP), valproic acid (VPA), and topiramate (TPM) compared to combination
therapy group with LEV and CZP on MERRF, were evaluated to find a more advantageous approach on the treatment of myoclonic seizures.
Methods: Treatments of myoclonic seizures with VPA, LEV, CZP, and TPM were reported as monotherapies in 17 MERRF patients
from Qilu Hospital between 2003 and 2016, who were diagnosed through clinical data and genetic testing. After 1-4 months of follow-up
(mean: 82.9 + 28.1 days), 12 patients that exhibited poor responses to monotherapy were given a combined treatment consisting of
LEV and CZP subsequently. The follow-up period was 4-144 months (mean: 66.3 = 45.3 months), the effective rates of monotherapy
group (17 patients) and combination therapy group (12 patients) were analyzed by Chi-square test.

Results: The m.8344 A>G mutation was detected in all patients. There were four patients with partial response (4/17, two in the CZP group and
two in the LEV group), ten patients with stable disease (10/17, six in the CZP group, three in the LEV group, and one in the TPM group), and three
patients with progressive disease (3/18, two in the VPA group and one in the TPM group). Twelve of the patients with LEV combined with CZP
showed a positive effect and good tolerance (12/12), eight of them demonstrated improved cognition and coordination. There was a significant
difference between the monotherapy group and combination therapy group in the efficacy of antimyoclonic seizures (y*> = 13.7, P < 0.001).
Conclusions: LEV in combination with CZP is an efficient and safe treatment for myoclonic seizures in patients with this disease
exhibiting the m.8344A>G mutation.
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by ataxia, exercise intolerance, and abnormalities of multiple
organs.['! Diagnostically, magnetic resonance imaging (MRI)

INTRODUCTION
Myoclonic seizures are a disabling type of seizure with

numerous etiologies. Current therapeutic strategies have
not always been effective in certain conditions that are
known to cause seizures such as mitochondrial diseases.
Likewise, it is notable that antiepileptic drugs (AEDs) may
aggravate this type of seizure. Myoclonic seizures are the
main clinical manifestation seen in myoclonic epilepsy with
ragged-red fibers (MERRFs) syndrome, a rare mitochondrial
heterogeneous disease. However, it can also be characterized
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of the patients with MERRF mainly shows brain atrophy,
and electroencephalography (EEG) displays polyspike and
spike-wave discharges. Ragged red fibers in muscle biopsies
are the primary pathological feature of this syndrome and
also the hallmark diagnostic sign. Genetic testing is regarded
as the gold standard of diagnosis, in which the m.8344 A>G,
m.8356 T>C, and m.8363 G>A mutations in the tfRNA gene
of the mitochondrial DNA are the most common mutations
identified.””!

Seizures, especially myoclonic seizures, are a common
clinical feature of MERRF.P! Until now, the treatment
of myoclonic seizures in MERRF has been empirical,
ineffective, and different from the treatments of other causes
of myoclonic seizures. There are no standard guidelines in
the treatment of myoclonic seizures in MERRF. Valproic
acid (VPA) is typically the first pharmacological treatment
for myoclonic seizures; however, its mitochondrial toxicity
provides limitations for use in the treatment of mitochondrial
disorders.*31 Other commonly used agents include
levetiracetam (LEV), clonazepam (CZP), zonisamide (ZNS),
topiramate (TPM) and a high dose of piracetam.*® Recent
evidence has supported the use of LEV as the first line of
treatment for myoclonic seizures; however, the treatment
effects have been unsatisfactory and inconsistent.[""]
Therefore, additional clinical trials must be conducted to
find more suitable treatments for myoclonic seizures in
MERRF. When monotherapy is ineffective, a combination
of AEDs may be a more effective method of controlling the
seizures in MERRF.

This study reported the therapeutic effects of VPA, LEV,
CZP, and TPM as monotherapies and LEV in combination
with CZP in 17 patients diagnosed with MERRF syndrome.
The impact of these treatment methods was determined
according to clinical, radiological, electrophysiological,
histological, and genetic features.

MeTtHoDS

Ethical approval

The study was conducted in accordance with the Declaration
of Helsinki and was approved by the Ethics Committee of
the Qilu Hospital of Shandong University. Written informed
consent was signed by all the participants before the study
enrollment.

Patients and study design

Between 2003 and 2016, 17 patients with MERRF qualified
for this study from the Department of Neurology of Qilu
Hospital of Shandong University, which consisted of 10 men
and 7 women. The age of the patients ranged from 16 to
42 years, with an average age of 27.3 years. The age of onset
for myoclonic seizures ranged from 11 to 27 years, with the
average age of 21 years at onset. Each patient was diagnosed
based on their presentation of clinical features, EEG, cranial
computed tomography (CT), MRI, muscle biopsies, and
genetic testing. Initially, each patient received antiepileptic
monotherapy, which consisted of CZP (8 patients with

6-12 mg/d), VPA (2 patients with 16-60 mg-kg'-day™),
LEV (5 patients with 1000-2000 mg/d) and TPM
(2 patients with 100-500 mg/d). After 1-4 months of
follow-up (82.9 + 28.1 days), effects of treatment were
assessed according to the frequency and intensity of seizures.
A complete response (CR) constituted a seizure-free state, a
partial response (PR) denoted an attenuation of the frequency
of the seizures by at least 50% to <100% compared with the
initial state, progressive disease (PD) represents an increase
of frequency or status epilepticus, and stable disease (SD)
does not conform to the above three. Then, the PD and
SD patients were each prescribed a combination of LEV
and CZP. The follow-up time frame was from 4 months to
12 years (66.3 + 45.3 months) in all patients.

Statistical analysis

Measurement data were represented by mean + standard
deviation (SD). Effective rates of monotherapy in 17 patients
and LEV combined with CZP in 12 patients were analyzed
by Chi-square test. A P <0.05 was considered as statistically
significant.

ResuLts

Generalized myoclonic seizures appeared in all patients. Six
patients experienced rare generalized tonic-clonic seizures,
14 patients experienced difficulty coordinating movements
(ataxia), 14 patients experienced cognitive impairment, and
6 patients experienced hearing loss. Elevated blood lactate
appeared in all patients. The EEG revealed paroxysmal
slow-wave, polyspike, or spike-wave discharges. The CT and
MRI showed symmetrical calcification of the basal cerebral
ganglia, as well as atrophy of the entire brain [Figure 1a-1d].
All data are listed in Table 1. The diagnoses were confirmed
by muscle biopsies and genetic tests of mitochondrial DNA.
The muscle biopsies revealed degenerative RRF with more
basophilic particles by H and E staining and deep-dyed
muscular fibers by succinate dehydrogenase staining.

c\ S /..ld N
Figure 1: CT and MRI of MERRF patients. CT showed the calcification of
basal ganglia (a). Axial (b), coronal (c), sagittal (d) MRI showed atrophy
of cerebrum and cerebellum. CT: Computed tomography; MRI: Magnetic
resonance imaging; MERRF: Myoclonic epilepsy with ragged-red fiber.
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cytochrome oxidase staining showed reduced enzyme
activity [Figure 2]. The m.8344 A>G mutation was identified
in all patients [Figure 3].

After monotherapy for 1-4 months of follow-up
(82.9+28.1 days), there were four patients with PR (4/17, two
patients in the CZP group and two patients in the LEV group),
ten patients with SD (10/17, six patients in the CZP group,
three patients in the LEV group, and one patients the TPM
group), and three patients with PD (3/17, two patients in the
VPA group and one patients in the TPM group). Except for
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Figure 2: Pathological features in muscle biopsies of MERRF.
Degeneration and size variation of muscle fibers (a; H and E, original
magnification x200). Ragged-red fiber with incomplete edges
of muscle fibers (b; Modified gomori trichrome staining, original
magnification x200). Inactivity of cytochrome oxidase (COX) (c; COX
staining, original magnification x200). Deep-dyed muscular fibers
(d; succinate dehydrogenase staining, original magnification x200).
MERRF: Myoclonic epilepsy with ragged-red fiber.

1 patient with invalid treatment in the TPM group, 12 patients
with SD and PD were treated with a combination of LEV
and CZP. One month later, two patients exhibited a CR, and
ten patients showed PR (12/12). After 4 months to 12 years
of follow-up (66.3 + 45.3 months), the 12 patients with
combined LEV and CZP showed tolerance of the treatment
and marked amelioration of their condition. Among them,
eight patients had exhibited cognitive improvement
with the Mini—-Mental State Examination (MMSE) and
improved coordination with scale for the assessment
and rating of ataxia (SARA). The effects are outlined in
Table 2 and Figure 4. The effect of LEV combined with CZP
group showed significantly greater improvement than the
monotherapy group (12/12 vs. 4/17). There was significant
difference in two groups (> = 13.7, P <0.001).

Discussion

Myoclonus is a disabling, multietiological disease. The
treatment is usually challenging and empirical, with
outcomes that vary markedly due to its different causes. VPA
is the first-line AED in the treatment of myoclonic seizures,
while LEV, CZP, piracetam, ZNS, phenobarbital, TPM, and
botulinum toxin are alternative therapeutic options. MERRF
is one of the most common causes of myoclonic seizures and
tends to be more resistant to AEDs owing to mitochondrial
disorders.[*” There is a lack of specific therapies and
recommendations regarding the treatment of myoclonic
seizures resulting from MERRF. However, treatment
methodologies and outcomes are steadily gaining greater
attention in clinical practice. Doses of vitamins precisely
mixed with Coenzyme Q10 are added as adjunctive therapy
empirically."”’ VPA may aggravate myoclonic seizures and
is used with caution in the treatment of myoclonic seizures

Table 1: Clinical manifestations of all patients with MERRF

Patient Age at onset (years)/ Symptoms

CT/MRI Lactic Muscle Mutation

number  duration (vears)/Sex i ocionic seizure GTCS Ataxia Cognitive impairment acid  biopsy

1 18.1/9.6/men Yes Yes Yes Yes Atrophy and calcification High Yes  A8344G
2 24.1/7.3/men Yes No Yes Yes Atrophy and calcification High Yes  A8344G
3 17.3/4.3/women Yes No Yes Yes Atrophy and calcification High No  AS8344G
4 15.5/0.5/men Yes No Yes No Calcification High Yes  A8344G
5 28.2/5.8/women Yes Yes No Yes Atrophy and calcification High Yes  A8344G
6 18.0/11.5/men Yes No Yes Yes Atrophy and calcification High No  A8344G
7 23.4/18.6/men Yes Yes Yes Yes Atrophy and calcification High Yes  A8344G
8 18.0/5.6/men Yes No Yes Yes Atrophy and calcification High Yes  A8344G
9 17.0/1.6/women Yes No Yes Yes Calcification High No  A8344G
10 18.8/3.5/women Yes Yes Yes Yes Calcification High Yes  A8344G
11 15.8/11.4/men Yes No Yes Yes Atrophy and calcification High No  A8344G
12 21.0/16.5/men Yes No No Yes Atrophy and calcification High Yes  A8344G
13 17.3/22.5/women Yes No Yes Yes Atrophy and calcification High Yes  A8344G
14 16.0/1.5/men Yes Yes Yes No Normal High No  A8344G
15 18.5/2.2/women Yes No No Yes Atrophy and calcification High Yes  A8344G
16 21.1/1.3/women Yes Yes Yes No Calcification High No  A8344G
17 25.3/5.7/men Yes No Yes Yes Atrophy and calcification High Yes  A8344G

GTCS: Generalized tonic-clonic seizures; CT: Computed tomography; MRI: Magnetic resonance imaging; MERRF: Myoclonic epilepsy with

ragged-red fiber.
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Figure 3: Patient mutations. The mutation of m.8344 A> G was detected
from blood of all patients (red arrow).

Table 2: Choices and effects of AEDs in the treatment
of myoclonic seizures in MERRF

Patient The first  Result CZP + Result Improvement of

number treatment LEV other symptoms

1 Cczp SD Yes PR Cognitive and
balance

2 Cczp PR No PR Cognitive and
balance

3 TPM PD Yes PR No

4 VPA PD Yes CR  Cognitive

5 czp PR No PR Balance

6 LEV SD Yes PR Cognitive and
balance

7 czp SD Yes PR No

8 czZp SD Yes PR Balance

9 LEV SD Yes PR Cognitive

10 TPM SD No SD  Balance

11 czp SD Yes PR No

12 LEV SD Yes PR Balance

13 LEV PR No PR Cognitive and
balance

14 VPA PD Yes CR No

15 Cczp SD Yes PR Cognitive and
balance

16 czp SD Yes PR No

17 LEV PR No PR Balance

CR: Complete response; PR: Partial response; PD: Progressive
disease; SD: Stable disease; CZP: Clonazepam; VPA: Valproic acid;
LEV: Levetiracetam; TPM: Topiramate; AED: Antiepileptic drugs;
MERREF: Myoclonic epilepsy with ragged-red fiber.

in MERRF because of the associated mitochondrial toxicity.
This is also the case for phenytoin, carbamazepine, and
phenobarbital.*! Lamotrigine, oxcarbazepine, gabapentin,
phenytoin, carbamazepine, vigabatrin, LEV, CZP, ZNS,
TPM, and zonisamide are recommended in clinical practice
for the treatment of myoclonic seizures in MERRF, with LEV
being the most frequently applied. However, even LEV may
be ineffective in some cases.*!!)

In our study, all participants were diagnosed as MERRF based
on muscle biopsies, genetic mutations and clinical features.
VPA, CZP, TPM, and LEV were empirically selected as initial
treatments. Data showed that the myoclonic seizures were
exacerbated in two cases treated with VPA. Even though VPA
is the first-line drug in the treatment of myoclonic seizures,
it is typically ineffective at treating myoclonic seizures with
mitochondrial disorders, which could augment the inhibition
influence of GABA on seizures.!! Therefore, VPA is likely
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Figure 4: Choices and effects of AEDs in the treatment of myoclonus in
MERRF. CR: Complete response; PR: Partial response; PD: Progressive
disease; SD: Stable disease; CZP: Clonazepam; VPA: Valproic acid;
LEV: Levetiracetam; TPM: Topiramate; AEDs: Antiepileptic drug;
MERRF: Myoclonic epilepsy with ragged-red fiber.

not suitable for the treatment of myoclonic seizures in
MERREF and may aggravate the condition by disturbing the
metabolism of mitochondrial respiration, as well as inhibiting
carnitine uptake.l’' The data presented in this study support
the notion that VPA can worsen the seizures related to
MERREF and should be avoided or used with caution in the
treatment of myoclonic seizures in MERRF.

Two patients were treated with TPM as the initial treatment
in this study. One patient was refractory to TPM, and
another patient’s condition was aggravated. TPM is a
broad-spectrum AED, acting mainly through inhibitory,
GABA-mediated pathways, and an activation-dependent
sodium channel-blocking effect. Some research has found
that TPM was able to inhibit the mitochondrial zinc enzyme
carbonic anhydrase-V, resulting in tricarboxylic cycle
dysfunction and severe lactic acidosis.l'*'¥ However, in a
pilocarpine model, TPM showed a neuroprotective effect.[']
The recommendations for the treatment of myoclonic seizures
in mitochondrial diseases are controversial.>!% Currently,
it is considered less effective to use monotherapy, and a
combinatory approach for myoclonic seizures treatment
is recommended. The results of this study revealed that
TPM monotherapy for the treatment of myoclonic seizures
in MERRF was not effective and may even aggravate the
patient’s condition. The reason was unclear, complicated, and
individualized based on the patient’s condition. However,
there were only two patients included in this study, and more
clinical trials are needed to confirm these findings.

Representing the benzodiazepine class of pharmaceuticals as
an agonist of the GABA-A receptor, CZP is a conventional
AED for all forms of epilepsy and recommended as first-line
treatment for cortical myoclonus.['*!”) Six patients were
categorized as SD and two patients were classified as
PR when CZP was selected as the initial therapy, and no
obvious aggravation of the patients’ condition was seen
from its use as a monotherapy while under observation.
CZP was reported as effective in the treatment of myoclonic
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seizures in posthypoxic and neurodegenerative diseases and
is commonly used as an adjunctive medication with other
nonsedative AEDs in combined therapy for myoclonic
seizures of various etiologies.” With no inhibition of the
activity of respiratory chain complexes, it is recommended for
the treatment of MERRF."® When CZP was combined with
LEV in this study, the results were improved and support the
notion that CZP can be used effectively and safely with other
AED:s for the treatment of myoclonic seizures in MERRF.

Since the year 2000, LEV appeared on the market as an
adjunctive antiepileptic therapy for partial-onset-seizures,
and subsequently as an initial monotherapy for some seizures
in the European Union, based on the results from previous
trials.®) LEV can be rapidly absorbed after oral intake without
the occurrence of significant pharmacokinetic interaction
with other drugs.["**! The main mechanism of LEV, binding
to synaptic vesicle protein SV2A, is different from other
AEDs in order to modulate the synaptic neurotransmitter
release.'” LEV is now recommended as a first-line therapy
for myoclonic seizures, and there are only a few studies
published regarding the treatment of myoclonic seizures in
MERRE.?!! A retrospective and observational study enrolled
789 patients in China showed that LEV is a good efficacy,
the safest, most tolerable and lowest adverse effects among
six AEDs."?? Crest et al. used LEV to treat three cases of
MERREF that were diagnosed by muscle biopsy. Two cases
were effectively treated and one case showed increased limb
jerking. However, the cases were diagnosed without genetic
testing; hence, the relationship between myoclonic seizures
and MERREF, as well as the effect of LEV, was ambiguous.
Mancuso et al. conducted the treatment with LEV in a
genetically confirmed MERRF patient, and the results
showed that the use of LEV monotherapy was effective and
well tolerated in the treatment of myoclonic seizures in a
genetically confirmed MERRF patient. While it is the most
frequently recommended AED, LEV may be ineffective
in some patients with mitochondrial diseases.!''**! In this
study, LEV was selected as the initial therapy in five cases:
three cases achieved SD status, and two cases resulted in
PR status from the treatment. The total therapeutic effect
of LEV was better than the other three AEDs in this study.
Compared with the previous studies, the antimyoclonic effect
of LEV is similar, and the results presented here enforce
its recommendation as a monotherapeutic option for the
first-line treatment of MERRF.

The antiepileptic mechanisms of LEV and CZP are
different, LEV has no sedative side effects, and they are
both recommended for the treatment of myoclonic seizures.
CZP is not only an AED; however, it is also widely used for
the treatment of psychiatric and neurological conditions.!'”)
Psychiatrically, adverse effects are common in patients
with LEV,"® and CZP may offset some side effects of LEV.
Therefore, it is reasonable to treat myoclonic seizures by
the combined use of LEV and CZP. After 12 patients with
PD and SD were treated with LEV combined with CZP
for 1 month, two patients showed a CR, and ten patients

showed a PR. From these results, it appears that this method
of treatment is more effective compared to monotherapy.
During long-term follow-up, the combined LEV and CZP
therapy appeared effective and well-tolerated by the patients.
There were no obvious side effects such as psychiatric or
gastrointestinal symptoms, and the efficacy of the treatment
had not decreased over time. The antimyoclonic effect of
LEV in combination with CZP is definitive (100%) in our
study and a better choice for myoclonic seizures in MERRF.
In this study, the efficiencies of monotherapy with TPM
or VPA were not effective and may worsen the myoclonic
seizures in MERRF. However, LEV and CZP could be used
as monotherapies; however, they provide limited benefits
when used in this manner. Compared to monotherapy, LEV
combined with CZP has a significant effect on the treatment
of myoclonic seizures in MERRF (y* = 13.7, P < 0.001).
Therefore, LEV combined with CZP would be a better choice
for the treatment of myoclonic seizures in MERRF when
monotherapy proves ineffective. Combined use is efficient
and well-tolerated in the treatment of myoclonic seizures,
and this combination of AEDs could likely be applied to
antimyoclonic therapy for other mitochondrial diseases and
refractory myoclonic seizures.

Mutations in the mitochondrial DNA are the cause of
MERREF. The clinical heterogeneity associated with
m.8344 A>G is significant. It can result in many clinical
manifestations and is the most common mutation in
over 80% of MERRF cases."! In this study, monotherapeutic
effect in all patients carrying the mutation of m.8344 A>G
was limited, and LEV in combination with CZP proved to
be a relatively better option. The genetic heterogeneity in
the mutation of mitochondrial genes is supported; however,
the reasons are unknown as there is no clear relationship
between the mutations and the efficacy of AEDs. Finsterer
reported that a case with the mutation of m.8344 A>G was
unresponsive to LEV, which differs from results found in
this study.?*! More case studies are needed such as different
mutations in MERRF to examine the relationship between
mutations and the effect of LEV combined with CZP.

In conclusion, myoclonic seizures in MERRF are difficult to
treat. The findings from this study provide clear evidence that
LEV combined with CZP is an efficient and safe treatment for
myoclonic seizures in MERRF patients. A larger sample size
and mutations associated with MERRF need to be reported,
and more treatment strategies using AEDs should be studied,
to obtain a better understanding of the relationship that exists
between them.
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