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Mitochondrial diseases are a heterogeneous group of diseases resulting from energy deficit and reduced adenosine

triphosphate (ATP) production due to impaired oxidative phosphorylation. The manifestation of mitochondrial disease is

usually multi-organ. Epilepsy is one of the most common manifestations of diseases resulting from mitochondrial

dysfunction, especially in children.
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1. Introduction

Mitochondria are organelles that are present in almost all cells of the body, which are primarily responsible for producing

energy (in the form of ATP) by the process of oxidative phosphorylation (OXPHOS), play a role in the homeostasis of

calcium ions, take part in signal transduction between cells by producing reactive oxygen species, and also participate in

cell apoptosis . Mitochondrial diseases (MDs) represent a clinically and genetically heterogeneous group of diseases

with a summary incidence estimated at 1.6:5000 live births, making them the most common diseases among inherited

metabolic diseases . The clinical picture of MD is very varied, but typically the highly energetic tissues are affected,

including the central and peripheral nervous system, skeletal muscles, sense organs, heart, liver, gastrointestinal tract, or

endocrine system . Central nervous system symptoms—regression in development, delayed psychomotor

development, or epilepsy—are dominant features in children with MD.

2. Pathophysiology of Epilepsy in Mitochondrial Diseases

Epileptic seizure is a sudden and excessive neural discharge resulting from uncontrolled depolarisation of the neural

membrane, and its spread is caused by impaired mechanisms regulating this transmission, e.g., balance between

inhibitory (γ-aminobutyric acid, GABA) and stimulatory (glutamic and aspartic acid) neurotransmitters. Maintaining

membrane polarisation requires high energy input and primarily involves calcium and sodium channels . The

pathophysiology of epilepsy in MD is not fully known (Figure 1).

Figure 1. Pathophysiology of epilepsy in mitochondrial diseases. (GABA: γ-aminobutyric acid, Na+/K+: sodium–

potassium ATPase, ROS: reactive oxygen species).

The occurrence of seizures is explained mainly by a deficit of energy, ATP, resulting from impaired oxidative

phosphorylation, which is the core of MD. ATP molecules are of key importance for the function of sodium–potassium

ATPase (Na+/K+ ATPase), which ensures normal polarisation of the neural membrane and maintenance of resting

membrane potential. Impairment in the potential leads to neuronal hyperexcitability, which translates into seizures.
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Lack of ATP molecules also results in the reduced potential of GABA-ergic inhibitory neurons, which leads to an impaired

balance between excitatory and inhibitory neurons and excessive cell excitation . Moreover, ATP deficit leads to

increased glutamate release (excitatory neurotransmitter) from astrocytes to synaptic space and disturbance of the

glutamate–aspartate transporter . Other hypotheses explain seizures in MD by abnormal haemostasis of calcium

ions, abnormal function of ion channels in the neural membrane, or neurotransmitter disorders . A growing amount of

data suggest that seizures occurring in MD patients may be caused by excessive amounts of reactive oxygen species

(ROS), resulting from abnormal mitochondrial function .

Moreover, the seizures themselves, especially those that are repeated or long-lasting, lead to mitochondrial dysfunction

and escalate energy deficit (epileptic seizures use large amounts of energy), which provokes subsequent seizures and

makes them difficult to suppress. Such a self-perpetuating cycle may lead to the development of stroke-resistant episodes

common in MD, especially in mitochondrial encephalopathy, lactic acidosis, and stroke-like episodes (MELAS) and POLG-

related diseases (diseases resulting from damage to DNA polymerase gamma), and the occurrence of such episodes is

often related to status epilepticus .

The degree of heteroplasmy explains only to some extent the severity of mitochondrial diseases. Moreover, as supported

by Tranah et al., the accumulation of a rare genetic disease mutation, e.g., m.3243A>G, manifests as several ageing

outcomes, and some diseases of ageing may be attributed to the accumulation of mtDNA damage, leading to differing

phenotypes . Finally, the role of other genetic variants or polymorphism has to be defined. Still, the provided results

showed good evidence for the presence of nuclear genetic factors influencing clinical outcomes in m.3234A>G-related

disease .

3. Pharmacological Treatment of Epilepsy in Patients with Mitochondrial
Disease

Treatment of mitochondrial disorders is a challenge for physicians and researchers. Most interventions and guidelines are

related to symptomatic treatment, with supplementation of cofactors, vitamins, or antioxidants, and mild exercises are

recommended. Despite numerous studies, the efficacy of most of these interventions has not been confirmed 

.

There is also no established scheme of epilepsy treatment in mitochondrial diseases; therefore, general principles of

epilepsy treatment are applied . Zonisamide (ZNS) is also safe, but there are few literature reports of patients treated

with this medication . Lamotrigine (LTG) may promote myoclonic seizures and has not always been effective in

patients with MD. In most patients, seizures are intractable, which often require polytherapy with two or three medications.

Treatment of status epilepticus is also challenging. The management of MD patients is similar to the management of

status epilepticus in other patients, except for avoiding the administration of valproic acid. One must bear in mind that MD

patients are more susceptible to the development of propofol infusion syndrome. Although propofol is not contraindicated

in patients with MD, caution is recommended while using this drug in this group of subjects .

Regarding contraindicated substances, the only absolutely contraindicated drug in treating epilepsy in MD patients is

valproic acid (VPA), which is especially relevant for diseases associated withPOLGpathogenic variants. Experts suggest

VPA in MD patients without a pathogenic variant inPOLG, and without liver disease, for the treatment of refractory

epilepsy . In patients with mitochondrial depletion syndrome, one should avoid the use of vigabatrin (VGB), which

inhibits the conversion of deoxyribonucleoside diphosphate (ADP) to deoxyribonucleoside triphosphate (ATP), whereby it

increases mtDNA A list of safe antiepileptic drugs which may be used in patients with mitochondrial disease is presented

in Table 2.

Table 2. Safety of antiepileptic drugs in mitochondrial diseases.
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Mitochondria-Safe
AEDs AEDs to Use Carefully AEDs Which Could Aggravate

Myoclonus

Benzodiazepine 

Gabapentin 
Lacosamide 
Lamotrigine 

Levetiracetam 

Oxcarbazepine 

Peranpanel 
Rufinamide 

Stiripentol 
Zonisamide 

Valproic acid—contraindicated in POLG mutations 
Vigabatrin—may need to be avoided in patients with mtDNA

depletion syndromes 
Topiramate—may worsen acidosis 

Phenytoin * 
Carbamazepine * 
Phenobarbital * 

Valproic acid 
Phenobarbital 
Lamotrigine 
Phenytoin 

Carbamazepine 
Oxcarbazepine 

Vigabatrin 
Tiagabine 

Gabapentin 
Pregabalin 

* Toxic effect on mitochondria outweighs the beneficial effect.

In patients with the m.3243A>G variant, the administration of L-arginine has been confirmed to reduce the incidence of

stroke-like episodes and thus reduce the risk of epilepsy and status epilepticus in the course of such episodes . There

are also single reports in subjects with epilepsy and Kearns–Sayre syndrome diagnosed with folate (5-

methyltetrahydrofolate) deficit, where folic acid supplementation in these subjects was related to improvement in seizure

control . Next, high doses of co-enzyme Q10 in patients with primary co-enzyme Q10 deficiency may reduce epileptic

seizures in this group of subjects .

MD therapy must not exclude such diseases, where it is possible to apply causal treatment or at least mitigation of

disease symptoms. Examples of such conditions with specific procedures are presented in Table 3.

Table 3. Currently available treatment options in mitochondrial diseases.

Disease
(Gene) Clinical Features Treatment

Primary co-enzyme
Q  deficiency (COQ2,
COQ4, COQ5, COQ6,
COQ7, COQ9, PDSS1,

PDSS2)

Multisystem involvement with progressive neurological
dysfunction, seizures, encephalopathy, stroke-like
episodes, cerebellar ataxia, pyramidal dysfunction,

cognitive impairment renal failure, and steroid-resistant
nephrotic syndrome

High-dose oral
CoQ  supplementation (ranging

from 5 to 50 mg/kg/day) 

Pyruvate dehydrogenase
complex (PDHc) deficiency

(PDHA1, PDHB, LIAS,
PDP1, PDHX, DLAT)

Epilepsy, developmental delay, ataxia, hypotonia,
hypertonia, abnormal eye movements, dystonia, ataxia,

axonal neuropathy, and poor feeding

Ketogenic diet 3:1–4:1 and
thiamine (50 mg/kg/day, max 300–

900 mg/day) 

ACAD9 deficiency
(ACAD9)

Hypertrophic cardiomyopathy, lactic acidosis, exercise
intolerance, and occasional seizures

Riboflavin (vitamin B2) 20
mg/kg/day–max 400 mg/day 

Impairment of thiamine
transport and metabolism

(SLC19A3, SLC19A2,
SLC25A19, TPK1)

Biotin–thiamine-responsive basal ganglia disease or
Leigh syndrome; subacute encephalopathy with

confusion, dysphagia, dysarthria, seizures, external
ophthalmoplegia, and generalised stiffness following a

history of febrile illness; progresses to severe
quadriparesis, rigidity, dystonia, coma, and death if early

treatment is not administered

Biotin (5–10 mg/kg/day) and
thiamine (10–40 mg/kg/day,

between 300 and 900 mg/day) 

AGC1 deficiency
(aspartate–glutamate

carrier isoform 1)
(SLC25A12)

Severe hypotonia, arrested psychomotor development,
and seizures from a few months of age, a global lack of

myelination in the cerebral hemispheres
Ketogenic diet 3:1–4:1 

Ethylmalonic
encephalopathy (ETHE1)

Early onset, progressive disorder, developmental delay,
generalised infantile hypotonia that evolves into

hypertonia, spasticity and dystonia; generalised tonic–
clonic seizures; and generalised microvascular damage

N-acetylcysteine in combination
with metronidazole 

Beta-hydroxyisobutyryl-
CoA deacylase deficiency

(HIBCHD)

Progressive neurodegenerative disorder, associated
with basal ganglia changes on brain magnetic

resonance imaging; elevated hydroxy-C4-carnitine levels

Low-valine and high-carbohydrate
diets, antioxidants (co-enzyme Q10,
vitamin E, vitamin C), carnitine, and

N-acetylcysteine 
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4. Prognosis in Epilepsy in Patients with Mitochondrial Disease

Persistent seizures and status epilepticus lead to neural damage, astrocyte gliosis, damage to myelin, and, as a result,

brain atrophy . As confirmed by neuroimaging in subjects with MD and epilepsy, this group more often showed brain

atrophy than those with MD and without epilepsy . The occurrence of seizures in children is related to a worse

prognosis regarding development and survival, especially if epilepsy occured at < 1 year. Seizures are often intractable,

and epilepsy leads to progressive neurodegenerative changes and epileptic encephalopathy .
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