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Abstract
MELAS (Mitochondrial Encephalopathy Lactic Acidosis 
and Stroke-like episodes) syndrome is a condition 
characterized by mitochondrial encephalopathy, lactic 
acidosis, and stroke-like episodes. It is a rare, inherited, 
neurodegenerative disorder caused by mitochondrial 
dysfunction that leads to energy production disturbances. 
The disease most commonly begins at a younger age, 
before the age of 40, with episodes resembling strokes, 
and psychiatric symptoms can also occur in the early 
stages of the disease. Later on, encephalopathy may 
develop, which is accompanied by epileptic seizures 
and/or dementia. Psychiatric disorders in MELAS 
syndrome are present but insufficiently studied, which 
should be considered during diagnosis to prevent the 
disease from going unrecognized. Early diagnosis of any 
disease, including MELAS, is crucial as timely initiation of 
treatment significantly contributes to a more favorable 
course and better prognosis of the disease. When 
diagnosing MELAS, attention should be paid to the 
potential presence of psychiatric disorders. 
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Introduction
MELAS syndrome is a disorder characterized by mito-

chondrial encephalopathy, lactic acidosis, and stroke-like 
episodes. It is a rare, inherited, neurodegenerative disease 
caused by mitochondrial dysfunction, leading to disturban-
ces in energy production1. At the core of the disorder are po-
int mutations that occur at various genes within mitochon-
drial DNA (mtDNA), which is inherited through the maternal 
lineage. If a mother carries mutated mtDNA, she will pass 

on the mutation to her children, with daughters transmi-
tting the mutation to their offspring while sons do not inhe-
rit it2. Mutations lead to disruptions in the synthesis of the 
respiratory chain proteins and oxidative phosphorylation 
processes, resulting in reduced ATP (Adenosine Triphospha-
te) synthesis1. In 80% of patients, the point mutation occurs 
at position 3.243 nucleotides (A3243G) in the mitochondrial 
MTTL1 gene, leading to a deficiency of the enzyme complex 
NADH dehydrogenase (complex and the respiratory chain).

MELAS affects the central nervous system (CNS) as well 
as the peripheral nervous system (PNS), musculoskeletal, 
cardiovascular, urinary, and other systems. The disease typi-
cally starts at a younger age, most commonly before the 
age of 40, and often in childhood (between the ages of 4 
and 15). While the prevalence of pathological changes and 
clinical manifestations can vary significantly, MELAS syndro-
me is most commonly characterized by stroke-like episodes 
and encephalopathy, accompanied by epileptic seizures and 
dementia. The presence of lactic acidosis and a typical histo-
pathological finding of ragged-red fibers in skeletal muscles 
are important for confirming the diagnosis.

Pathogenesis
In the pathogenesis of MELAS syndrome, the presence 

of at least 29 specific point mutations is of significance, as 
established so far2. In over 80% of cases, a substitution of 
adenine with guanine at the 3.243rd base pair (A3243G) of 
mtDNA is present. This mutation has been found in other 
clinical phenotypes as well, such as maternally inherited 
diabetes mellitus and deafness (MIDD)2, progressive exter-
nal ophthalmoplegia (PEO)3, mitochondrial myopathy4, Le-
igh syndrome5, and others. The pathogenic events are dri-
ven by a state of chronic cellular energy deficiency, leading 
to mitochondrial dysfunction and their inability to genera-
te an adequate amount of ATP (through oxidative phosp-
horylation) for the cell’s energy demands. Consequently, the 
balance between lactate and pyruvate is disrupted, resul-
ting in the accumulation of lactate, leading to chronic lactic 
acidosis. Pathological changes are present in a large num-
ber of organs and organ systems, resulting in disruptions 
in their function due to reduced production of the energy 
required for physiological processes to occur. In some mito-
chondrial cytopathies, compensatory mitochondrial prolife-
ration occurs, as is the case in MELAS. This can aid in under-
standing the still incompletely understood pathogenesis of 
this syndrome. Several hypotheses exist: ischemic vascular 
(mitochondrial angiopathy)6, 7, metabolic (generalized mi-
tochondrial cytopathy)8, and neurovascular, non-ischemic 
mitochondrial hypothesis, suggesting that both vascular 
and metabolic damage contributes to the pathogenesis of 
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stroke-like episodes that dominate the clinical presentati-
on9. 

The clinical presentation
The initial manifestations of the disease can occur very 

early in life, between the ages of two and twenty years1. The 
early development of these patients is usually normal, but 
later they begin to experience symptoms such as headac-
hes (migraine-like), epileptic seizures, myopathies, hearing 
impairment, and episodes resembling strokes (stroke-like 
episodes). Other symptoms may include speech impair-
ment, various forms of visual disturbances, growth delay, 
infertility, diabetes, and more. If the clinical picture is fully 
manifested, it can lead to a fatal outcome in early adultho-
od, before the age of 20.

In addition to neurological symptoms, which are the 
most significant, the disease can also present through other 
neurological and psychiatric symptoms and signs, such as 
depression, learning difficulties, neuropathy, and more. Of 
particular diagnostic and prognostic significance is the loss 
of hearing, which occurs in the initial stages of the disease. 
Studies by Hiran and Pavlakis have shown that up to 75% 
of patients with MELAS syndrome had varying degrees of 
hearing impairment10, 11.

Dementia is a common characteristic of this syndrome, 
resulting from the accumulation of cortical damage and ne-
uronal dysfunction. Impairments in cognitive functions of 
patients with MELAS syndrome have long been observed 
and described. These often involve speech, perception, me-
mory disorders, as well as executive and other functions. 
Further deterioration of these functions can lead to demen-
tia12-15. Hirano and colleagues10 found that clinical criteria for 
dementia were present in 90% of patients with MELAS. 

Diagnosis
The diagnosis is established based on laboratory analy-

ses, muscle biopsy, radiological studies, and genetic inve-
stigations. In all mitochondrial diseases, including MELAS, 
an important but not pathognomonic diagnostic criterion 
is the measurement of lactate levels. Elevated lactate levels 
are a nonspecific marker of this condition. During stroke-li-
ke episodes in MELAS syndrome, radiological diagnostics 
such as CT and MRI are necessary. These imaging tech-
niques can reveal asymmetric lesions resembling infarcti-
ons, most commonly localized in the cerebral cortex and in 
the subcortical white matter of the occipital, temporal, and 
parietal lobes1, 10. These changes are not associated with the 
distribution of major cerebral blood vessels, which distingu-
ishes them from typical ischemic changes. These changes 
are variable and reversible15. Additionally, calcifications and 
partial or complete brain atrophy can be observed. MR spe-
ctroscopy of brain tissue and ventricles may show increased 
lactate levels16.

Skeletal muscle biopsy reveals ragged-red fibers, which 
are irregular contours of skeletal muscle cells due to com-
pensatory accumulation of mitochondria, leading to ele-
vation of the muscle cell's sarcolemma. These fibers stain 
red when using the trichrome Gomori stain, indicating mi-
tochondrial proliferation17. Electron microscopy of skeletal 
muscle biopsy reveals numerous enlarged, irregular mi-
tochondria with altered cristae and the presence of para-
crystalline inclusions in their matrix18-22.

For genetic analysis of mtDNA mutations, peripheral 
blood leukocytes are most commonly used23, but alternati-
vely, skin fibroblasts, oral mucosa, and urine sediment can 
also be used24. In the majority of cases, the A3243G mutati-
on is present, while the T3271C mutation is much less com-
mon (80% vs 8%)25.

Psychiatric manifestations in MELAS
It is well-known that the brain relies heavily on oxidative 

metabolism, and primary disturbances at the mitochondrial 
level can lead to cognitive impairments, including dementia 
in adults and mental retardation or neuropsychological re-
gression in children. So far, little attention has been given to 
the association between mitochondrial disorders and psy-
chiatric illnesses. The literature sporadically presents des-
criptions of individual cases of psychiatric disorders (mostly 
severe depression), but there are few studies with a large 
number of patients who have mitochondrial disorders. Kau-
fman and colleagues16 conducted a study involving over 100 
individuals from 30 families, some of whom had a clinical 
presentation, some were asymptomatic, and a third group 
were oligosymptomatic carriers of the mutation. Symptoms 
of depression were observed in all three groups (42% vs 22% 
vs 29%), whereas only 7% of individuals in the control group 
had depression. In our studies (Lačković et al)18-20, using the 
Hamilton Depression Rating Scale (HAM-D) for assessing 
depression, it was shown that nearly half of the participants 
(42.8%) exhibited signs of varying degrees of depression. In 
addition to the most common symptoms of depression18, 26-

29, other psychiatric disorders can also be encountered, such 
as bipolar disorders30, 31, obsessive-compulsive disorders32, 
episodes resembling schizophrenia, and more33.

Although rare, psychiatric symptoms in MELAS can be 
accompanying manifestations and/or initial symptoms of 
mitochondrial dysfunction. In the study by Fattal and al34, 
it was shown that in 75% of cases, psychiatric symptoms 
were the initial symptoms in the diagnosis of mitochondrial 
dysfunction, and they could last for several (even up to 10) 
years. There are indeed several case reports in the litera-
ture where psychiatric manifestations preceded the classic 
symptoms of MELAS. This highlights the complexity and va-
riability of how mitochondrial disorders can manifest and 
the importance of considering them as potential underlying 
factors in cases of psychiatric symptoms.
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Thomeer and al35 described a case of a patient with ME-
LAS in whom psychiatric symptoms appeared several years 
before the diagnosis was established. The patient was hos-
pitalized in a psychiatric ward due to neglect of personal hy-
giene, aggressive and paranoid behavior. Only years later, 
the patient's condition worsened with hearing impairment, 
speech disturbances, movement problems, and the onset of 
epileptic seizures, leading to the diagnosis of MELAS syndro-
me, which was confirmed histologically. This case illustrates 
the challenges in diagnosing mitochondrial disorders, as 
they can present with psychiatric symptoms that may not 
immediately lead to the consideration of a mitochondrial 
disorder as the underlying cause.

Other unusual initial manifestations of MELAS have been 
described as well36. In the case of a 16-year-old boy, psychia-
tric symptoms such as unwarranted euphoria, excessive tal-
kativeness, grandiose ideas, echopraxia, insomnia, reduced 
appetite, and subsequent decreased food intake appeared. 
This was followed by weakness in the left leg and limb rigi-
dity. Although most of these symptoms are characteristic of 
MELAS, some were atypical, such as nausea and catatonia. 
Additionally, the absence of a family history of mitochon-
drial myopathy made the diagnosis challenging, and it took 
eight months to establish. Electron microscopy of skeletal 
muscle biopsy revealed an accumulation of mitochondria 
with abnormal appearance beneath the sarcolemma, con-
firming the diagnosis. This case highlights the diversity of 
clinical presentations of MELAS and the importance of con-
sidering mitochondrial disorders even in cases with atypical 
symptoms and lacking a family history of such conditions.

Obsessive-compulsive disorder (OCD) can also occur as 
the first manifestation of MELAS syndrome, as first descri-
bed in the study by Lacey and Salzberg32. The aforementi-
oned cases suggest that psychiatrists should consider the 
possibility of mitochondrial dysfunction when making a psy-
chiatric diagnosis, especially in patients with atypical symp-
toms during psychiatric disorders, as well as in those pa-
tients who do not respond as expected to standard therapy.

Treatment options
Conventional pharmacotherapy, such as mood stabi-

lizers, antidepressants, and antipsychotics, has beneficial 
effects on improving mitochondrial function37 and psychia-
tric disorders in MELAS syndrome. Research indicates that 
the administration of agents with antioxidant and stimu-
latory effects on mitochondrial function (especially newer 
therapeutic options such as glutamate, insulin, melatonin, 
endopeptidases, etc.) also has a favorable impact8. Therape-
utic regimens that include supplements, such as omega-3 
fatty acids, alpha-lipoic acid, L-carnitine, coenzyme Q10, 
inositol, and melatonin, yield similar (positive) outcomes37. 
Furthermore, supplementation with vitamins (C, E, and B3) 
has been shown to have favorable effects on depressive 
symptoms38, 39.

Given the specificities of the pathogenesis and clinical 
presentation of MELAS syndrome, as well as the involvement 
of various organ systems in this disease, it is necessary to 
make an optimal selection of pharmacological agents, dose 
them appropriately, and consider their potential adverse 
effects. The best therapeutic response in comorbid depres-
sive episodes has been achieved with the use of duloxetine, 
an SNRI antidepressant (Serotonin and Norepinephrine Re-
uptake Inhibitor), while other antidepressants have poten-
tially serious side effects. The SSRI antidepressant sertraline 
demonstrates hepatotoxicity, and tricyclic antidepressants 
like anafranil and imipramine result in extrapyramidal 
symptoms and memory impairment40.

Valproic acid, indicated for controlling impulsivity, 
aggression, and epileptic seizures, can cause hepatotoxicity, 
steatosis, and encephalopathy. The best control of anxiety is 
achieved by using clomipramine and pregabalin35, 40.

Conclusion
The results of previous research have led to several important conclusions. Firstly, it is crucial 
to pay attention to psychiatric disorders that occur within the context of MELAS syndrome, to 
apply appropriate therapy for these disorders and improve the quality of life for patients. This 
consideration is important, especially since the underlying causes leading to typical strokes differ 
in the pathogenesis of this disease. Furthermore, special attention should be given to psychiatric 
disorders that may manifest as initial symptoms of MELAS. Such symptoms can play a significant role 
in diagnosing this condition, which might otherwise remain undiagnosed or misdiagnosed. Early and 
accurate diagnosis of MELAS is highly important, holds prognostic significance, and prevents patients 
from unnecessary exposure to potentially harmful, ineffective therapeutic agents, and diagnostic 
procedures.
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