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ABSTRACT 

Early-onset mitochondrial encephalopathies comprise a challenging group of 

neurodegenerative disorders. This is due to their progressive nature, often leading to major 

disability and premature death, as well as their diagnostic complexity and lack of 

customized treatments. 

The overall aim of the research presented in this thesis was to explore the phenotypic and 

genotypic spectrum of childhood-onset mitochondrial diseases with central nervous system 

involvement. The present thesis focuses on early-onset mitochondrial encephalopathies 

with particular emphasis on Alpers and Leigh syndromes. 

We studied 19 patients with Alpers syndrome and showed specific genotype-phenotype 

correlations depending on the presence or not of POLG1 mutations. We have further 

identified, with the help of whole exome sequencing, mutations in NARS2 and PARS2 in 

two of our patients with Alpers syndrome not associated to POLG1, being the first to link 

mutations in these genes to human disease and to Alpers syndrome.   

We also present the natural history data on a unique cohort of 130 patients with Leigh 

syndrome, along with predictors of long-term outcomes. Disease onset before six months of 

age, failure to thrive, brainstem lesions on neuroimaging and intensive care treatment were 

associated with poorer survival. Based on the findings from this study, we suggest revised 

diagnostic criteria for Leigh syndrome. 

We also studied the brain MRIs of 66 patients with mitochondrial disorders with central 

nervous system involvement. We describe the optimal use of brain neuroimaging in the 

diagnostic work-up of suspected mitochondrial disorders, as well as its role in the 

differential diagnosis among mitochondrial encephalopathies and from other diseases with 

similar features. 

This thesis advances our knowledge of the phenotypic and genotypic spectrum of early-

onset mitochondrial encephalopathies and discusses the applicable diagnostic methods, 

from the diagnostic criteria used to define clinical syndromes, to the role of the traditional 

and modern methodologies in the diagnostic work-up of these complex disorders. The study 

of patients with Leigh syndrome is the first joint research work between eight centers from 

six European countries specializing in mitochondrial diseases, creating a strong platform 

for ongoing collaboration on mitochondrial research projects.  
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