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Researchers from Vienna, Austria and Sao Paulo, 
Brazil studied the known effects of anticonvulsant drugs on 
mitochondria, using a literature search to include only 
references to epilepsy associated with mitochondrial disease, 
and a specific anti-convulsant drug (i.e. levetiracetam) with a 
specific mitochondrial function (i.e. mitochondrial 
membrane potential).  Across 31 different anti-convulsant 
medications, the authors searched for six mitochondrial 
functions that anticonvulsant drugs may influence. Some 
medications, such as valproic acid, were extensively studied 
across all functions while others, such as rufinamide and 
stiripentol, had no publications matching the search criteria. 
For each aspect of mitochondrial biology, the anticonvulsants 
with either greatest benefit or most toxicity were discussed in 
greater detail. Subsequently, the overall toxicity and 
tolerability was assessed. Using these findings, the authors 
describe an approach to treating mitochondrial epilepsy with 
drugs featuring the most efficacy and lowest toxicity first, 
such as lamotrigine, levetiracetam and lacosamide. They 
suggested using caution with drugs (such as valproic acid and 
phenytoin) where toxicities outweighed protective effects on 
mitochondria, although these drugs may remain useful in 
selected patients. They further recommended exercising 
caution with intravenous and combination therapies. Finally, 
they suggested attempting to tailor anticonvulsants to the 
specific mitochondrial disease diagnosis. Cumulatively, they 
used the literature search to provide a broad framework for 
approaching mitochondrial epilepsy. [1] 
 
COMMENTARY. The authors provide a comprehensive 
overview of the current knowledge regarding mitochondrial 
effects of anticonvulsants. The breadth of information is a 
valuable resource; however, the available data are limited and 
sometimes difficult to interpret.  

To date, most experts emphasize avoidance of 
medications with toxic potential to mitochondria [2, 3]. One 
well-accepted principle is to avoid valproic acid, particularly 
for POLG-1 related disorders. This practice derives from 
extensive laboratory data [1] coupled with specific clinical 
reports, such as that of two patients with Alpers-Huttenlocher 
Syndrome and refractory epilepsy who suffered fulminant 
liver failure from valproate administration [4]. With the rapid 
increase in available anticonvulsant therapies and relative 

infrequency of mitochondrial epilepsy, there is scant 
evidence for or against other medications. Investigating the 
exact pharmacologic mechanisms and their effect on 
mitochondrial function is difficult but remains important. 
Although not reviewed in detail, the authors allude to the use 
of a ketogenic diet (KD) for mitochondrial epilepsy. This has 
been controversial due to concern over stress induction 
through KD [5]. KD may provide alternative fuels for 
damaged mitochondria [3], and recent studies indicate it is 
safe for mitochondrial epilepsy [6]. 
 Treatment of epilepsy in patients with mitochondrial 
disease should adhere to best practices for epilepsy therapy 
with added awareness of the potential for mitochondrial 
toxicity. The authors effectively use a literature search 
method to identify common first line treatments [1]. While 
large studies are still lacking, a consensus is emerging 
including the use of KD [3, 6]. Data regarding anticonvulsant 
use in mitochondrial epilepsies remains scarce, underscoring 
the need for both literature reviews such as this one and large 
multi-center studies. 
 
Disclosures 
The author(s) have declared that no competing interests exist. 
 
References 
1. Finsterer J, Scorza FA. Effects of antiepileptic drugs on mitochondrial 
functions, morphology, kinetics, biogenesis, and survival. Epilepsy Res. 
2017 Oct;136:5–11. https://doi.org/10.1016/j.eplepsyres.2017.07.003 
PMID:28732239 
2. Bindoff LA, Engelsen BA. Mitochondrial diseases and epilepsy. 
Epilepsia. 2012 Sep;53 Suppl 4:92–7. https://doi.org/10.1111/j.1528-
1167.2012.03618.x PMID:22946726  
3. Avula S, Parikh S, Demarest S, Kurz J, Gropman A. Treatment of 
mitochondrial disorders. Curr Treat Options Neurol. 2014 Jun;16(6):292. 
https://doi.org/10.1007/s11940-014-0292-7 PMID:24700433  
4. Pronicka E, Weglewska-Jurkiewicz A, Pronicki M, Sykut-Cegielska J, 
Kowalski P, Pajdowska M et al. Drug-resistant epilepsia and fulminant 
valproate liver toxicity. Alpers-Huttenlocher syndrome in two children 
confirmed post mortem by identification of p.W748S mutation in POLG 
gene. Med Sci Monit. 2011 Apr;17(4):CR203–9. 
https://doi.org/10.12659/MSM.881716 PMID:21455106  
5. The ketogenic diet. Treatment of epilepsy. Philadelphia: Lippincott 
Williams & Wilkins; 2001. pp. 1001–6. 
6. Kang HC, Lee YM, Kim HD, Lee JS, Slama A. Safe and effective use of 
the ketogenic diet in children with epilepsy and mitochondrial respiratory 
chain complex defects. Epilepsia. 2007 Jan;48(1):82–8. 
https://doi.org/10.1111/j.1528-1167.2006.00906.x PMID:17241212  
  

http://www.worldcat.org/oclc/19417722
http://www.worldcat.org/oclc/781441925
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.eplepsyres.2017.07.003
https://www.ncbi.nlm.nih.gov/pubmed/28732239
https://doi.org/10.1111/j.1528-1167.2012.03618.x
https://doi.org/10.1111/j.1528-1167.2012.03618.x
https://www.ncbi.nlm.nih.gov/pubmed/22946726
https://doi.org/10.1007/s11940-014-0292-7
https://www.ncbi.nlm.nih.gov/pubmed/24700433
https://doi.org/10.12659/MSM.881716
https://www.ncbi.nlm.nih.gov/pubmed/21455106
https://doi.org/10.1111/j.1528-1167.2006.00906.x
https://www.ncbi.nlm.nih.gov/pubmed/17241212

	MITOCHONDRIAL CYTOPATHIES
	Anticonvulsant Medications in Mitochondrial Disease
	Divakar S. Mithal, MD, PhD1*, Jonathan E. Kurz, MD, PhD1
	*Correspondence: Dr. Divakar S. Mithal, E-mail: Divakar@northwestern.edu
	Disclosures
	References
	1. Finsterer J, Scorza FA. Effects of antiepileptic drugs on mitochondrial functions, morphology, kinetics, biogenesis, and survival. Epilepsy Res. 2017 Oct;136:5–11. https://doi.org/10.1016/j.eplepsyres.2017.07.003 PMID:28732239
	2. Bindoff LA, Engelsen BA. Mitochondrial diseases and epilepsy. Epilepsia. 2012 Sep;53 Suppl 4:92–7. https://doi.org/10.1111/j.1528-1167.2012.03618.x PMID:22946726
	3. Avula S, Parikh S, Demarest S, Kurz J, Gropman A. Treatment of mitochondrial disorders. Curr Treat Options Neurol. 2014 Jun;16(6):292. https://doi.org/10.1007/s11940-014-0292-7 PMID:24700433
	4. Pronicka E, Weglewska-Jurkiewicz A, Pronicki M, Sykut-Cegielska J, Kowalski P, Pajdowska M et al. Drug-resistant epilepsia and fulminant valproate liver toxicity. Alpers-Huttenlocher syndrome in two children confirmed post mortem by identification ...
	5. The ketogenic diet. Treatment of epilepsy. Philadelphia: Lippincott Williams & Wilkins; 2001. pp. 1001–6.
	6. Kang HC, Lee YM, Kim HD, Lee JS, Slama A. Safe and effective use of the ketogenic diet in children with epilepsy and mitochondrial respiratory chain complex defects. Epilepsia. 2007 Jan;48(1):82–8. https://doi.org/10.1111/j.1528-1167.2006.00906.x P...

