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□ CASE REPORT □

Adult-onset Mitochondrial Myopathy, Encephalopathy,
Lactic Acidosis, and Stroke (MELAS)-like Encephalopathy

Diagnosed Based on the Complete Sequencing of
Mitochondrial DNA Extracted from Biopsied Muscle

without any Myopathic Changes

Masako Mukai 1, Eiichiro Nagata 1, Atsushi Mizuma 1, Mitsuhiko Yamano 1, Keizo Sugaya 2,

Ichizo Nishino 3, Yu-ichi Goto 4 and Shunya Takizawa 1

Abstract

The clinical features of mitochondrial myopathy, encephalopathy, lactic acidosis, and stroke-like episodes

(MELAS) are not uniform. We herein report a male patient with unusual MELAS-like encephalopathy who

had been experiencing isolated recurrent stroke-like episodes since he was 33 years old without any particular

family history. Despite an extensive investigation, he had no other signs suggestive of MELAS. Although the

muscle pathology showed a normal appearance, a mitochondrial genome sequence analysis of the biopsied

muscle revealed a heteroplasmic m.10158T>C mutation in the mitochondrial complex I subunit gene, MT-
ND3. To prevented further deterioration of the higher brain function, the early diagnosis and treatment of mi-

tochondrial stroke-like episodes is important.
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Introduction

Mitochondrial myopathy, encephalopathy, lactic acidosis,

and stroke-like episodes (MELAS) syndrome is a multi-

system mitochondrial disorder characterized by stroke-like

episodes with various combinations of additional symptoms.

The diagnosis of MELAS is usually based on characteristic

symptoms such as lactic acidosis, deafness, diabetes melli-

tus, short stature, myopathy, and cognitive decline, often

with a family history showing maternal inheritance. We

herein report an unusual case of MELAS-like encephalopa-

thy with isolated recurrent stroke-like episodes in adulthood.

The diagnosis in this case was supported by the detection of

a mitochondrial MT-ND3 gene mutation.

Case Report

The patient was a 41-year-old man who had experienced

generalized convulsions, insomnia, and depression since 20

years of age. He had been diagnosed with ischemic stroke at

33 years of age and epileptic seizure with epileptic encepha-

lopathy at 37 years of age. He had no other systemic signs

of mitochondrial disorder, such as short stature, diabetes

mellitus, deafness or heart failure. His family history was

not remarkable. He developed myoclonus in the distal ex-

tremities, gait disturbance, and dysarthria at 41 years of age.

Three months later, he was admitted to our hospital due to

impaired consciousness and vomiting.

A neurological examination showed gaze nystagmus, cere-

bellar ataxia, and myoclonic movement in his distal extremi-
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ties. However, no ophthalmoplegia, hearing loss, or muscle

weakness were detected. His mini-mental status examination

score was 15/30, and his frontal assessment battery score

was 5/18. The findings from routine blood tests including

blood sugar and autoimmune antibodies were normal. A

laboratory examination showed slightly increased serum py-

ruvic acid levels (1.2 mg/dL), but his serum lactate levels

were normal (14.2 mg/dL). The cerebrospinal fluid lactate

(34.8 mg/dL) and pyruvic acid (1.6 mg/dL) levels were ele-

vated. Electrocardiogram and echocardiogram were normal.

Brain magnetic resonance imaging (MRI) showed bilateral

cortical and subcortical high-intensity lesions on T2-

weighted imaging (T2WI) and fluid attenuated inversion re-

covery (FLAIR), distributed bilaterally and almost symmetri-

cally. Bilateral red nuclei, mesencephalic tectum, vermis and

cerebellar flocculus were also involved (Fig. 1A and C).

Some of the cortical and subcortical lesions gave a high sig-

nal on diffusion-weighted imaging (DWI) (Fig. 1B). These

lesions appeared as high or iso signal intensity on the appar-

ent diffusion coefficient (ADC) map.

Two weeks later, the high signal on DWI had diminished,

and four weeks later, the high signal on T2WI and FLAIR

had diminished (Fig. 2). 1H-MRS revealed elevated lactate

concentrations in the lesions (Fig. 1D). 99mTc-Ethylcysteinate

dimer single photon emission computed tomography

(SPECT) imaging revealed bilateral multifocal increase of

perfusion in the MRI lesions (Fig. 1E). We suspected mito-

chondrial encephalopathy, such as MELAS. A histopa-

thological study of the biopsied right biceps branchii muscle

revealed mild variation in the fiber size, measuring from 30

to 90 microns in diameter, which was thought to be a non-

specific change. No necrotic or regenerating fibers were

seen. On modified Gomori-trichrome stain, ragged red fibers

(RRFs) were not observed. Succinate dehydrogenase (SDH)

stain revealed no strongly SDH-reactive blood vessels. Cyto-

chrome c oxidase staining revealed no abnormalities

(Fig. 1F). However, the complete sequencing of mitochon-

drial DNA samples extracted from the biopsied muscle re-

vealed a heteroplasmic m.10158T>C mutation, with a level

of mutant heteroplasmy of 69.5%, in the mitochondrial com-

plex I subunit gene, MT-ND3 (Fig. 1G).

Because his family had no clinical symptoms suggestive

of mitochondrial diseases, we could not conduct a complete

mtDNA sequence analysis of his family. Over a two-month

period, he experienced two stroke-like episodes with simple

partial seizure and vomiting. Each time the stroke-like epi-

sodes ended within four days with drip infusion of edara-

vone and supportive care. To control epileptic seizure, we

added levetiracetam (1,000 mg/day) to zonisamide (400 mg/

day) and carbamazepine (400 mg/day). Because he had not

yet been diagnosed with MELAS-like encephalopathy at that

time, we did not administer L-arginine. His higher brain

dysfunction and myoclonus worsened with each stroke-like

episode.

Discussion

We herein report an unusual adult case of MELAS-like

encephalopathy where the diagnosis was delayed because

the adult-onset isolated stroke-like episodes were not accom-

panied with a family history showing either maternal inheri-

tance or symptoms such as deafness, diabetes mellitus, heart

failure, short stature, myopathy, or mental retardation. In ad-

dition, a histopathological study of the biopsied muscle re-

vealed no myopathic features or RRFs. However, a sequence

analysis of the mitochondrial genome extracted from the bi-

opsied muscle revealed a heteroplasmic m.10158T>C muta-

tion in the mitochondrial complex I subunit gene, MT-ND3.

Stroke-like episodes are recurrent neurological deficits re-

sembling vaso-occlusive strokes. Stroke-like lesions may

evolve subacutely over hours to days but have greater poten-

tial for reversibility than actual strokes. Recent studies have

demonstrated a beneficial effect of L-arginine in MELAS for

the acute treatment and prevention of stroke-like epi-

sodes (1). Indeed, we previously reported a woman harbor-

ing a m.10158T>C mutation who was successfully treated

with L-arginine and anti-epileptic agents (2) (Table). She de-

veloped right-side hemianopia and motor aphasia at 63 years

of age, which was her first stroke-like episode. She experi-

enced four additional stroke-like episodes in the year after

the onset. Her aphasia worsened with each episode but com-

pletely recovered to baseline with radiological improvement

following treatment with high-dose L-arginine in each acute

phase. At the three-year follow-up, she had no neurological

deficit except for minimal word-finding difficulties and ap-

peared otherwise healthy. These features are clearly different

from the progressive nature of MELAS and may be due to

the lack of multi-systemic features in MELAS.

This lack of multi-systemic features in MELAS and the

atypical brain MRI findings in the present case resulted in a

delayed diagnosis. He was not developmentally disabled and

had been healthy until he developed insomnia and depres-

sion at 20 years of age. When he was admitted to our hospi-

tal at 41 years of age, he was suffering from higher brain

dysfunction. His higher brain functions and neurological

manifestations worsened with each stroke-like episode, re-

sulting in serious physical and cognitive sequelae. On com-

paring these two adult-onset cases harboring m.10158T>C,

the early diagnosis and treatment for ‘mitochondrial’ stroke-

like episodes, especially L-arginine therapy, may help pre-

vent further deterioration, particularly of the higher brain

function.

The m.10158T>C mutation, which is known to cause le-

thal infant-onset Leigh syndrome, is located within the cod-

ing region of the loop domain of the ND3 subunit protein.

The m.10158T>C mutation has been reported to decrease

complex I activity to 8-23% of that of controls (3, 4). The

common clinical features related to the m.10158T>C muta-

tion in a total of 10 patients, including our 2 adult-onset

cases as well as previously described infant and pediatric
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Figure　1.　(A, C) Axial and coronal FLAIR brain MRI images showing cortical and subcortical 
high-intensity lesions distributed bilaterally and almost symmetrically. (B) Some of the cortical and 
subcortical lesions gave a high signal on diffusion-weighted imaging. (D) A large lactate doublet (ar-
row) was identified on MRS centered in the lesion. (E) 99mTc-Ethylcysteinate dimer SPECT imaging 
revealed a bilateral multifocal increase in the perfusion of the cortical lesions. (F) A histopathological 
study of the biopsied muscle showed no myopathic changes or ragged red fibers on Hematoxylin and 
Eosin staining and Gomori trichrome staining. (G) Sequence chromatogram of mitochondrial DNA 
extracted from the biopsied muscle. A heteroplasmic substitution (m.10158T>C) was found in the 
MT-ND3 gene (arrow).
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Figure　2.　Brain MRI of DWI (upper), ADC map (middle), and FLAIR (bottom) images are shown. 
The high-intensity lesions diminished after 2 weeks on DWI. Four weeks later, some lesions still re-
mained on FLAIR images.

patients, are a relatively high rate of sporadic occurrence,

selective vulnerability of the central nervous system (CNS),

no myopathic findings, and no RRFs or cytochrome c oxi-

dase (COX)-defective fibers, even in patients with relatively

high mutation loads (2-7). The mutation load has been re-

ported to vary among patients and specimens: muscle,

blood, hair and fibroblasts. All of the patients showed a

higher mutation load in the muscles (73-100%) and a lower

load in the blood (0-48%) (3-7). Therefore, to detect diag-

nostic pathogenic mutations, not only blood but also biop-

sied muscle should be analyzed. Such heteroplasmy may ac-

count for the differences in the phenotypical expression, as

patients harboring m.10158T>C mutation appear not to have

non-neurological symptoms or relevant family history.

Despite the high mutation loads (from 70% to more than

98%), a histological analysis of the biopsied muscle revealed

no specific findings in the present or previous adult cases or

in the previously reported infant harboring the m.10158T>C

mutation (3-7). RRFs have been found in up to 90% of

MELAS patients, which is thought to be the histological

hallmark of MELAS (8). A higher proportion of heteroplas-

mic mitochondrial DNA mutation was reported to be associ-

ated with RRFs, based on an analysis of patients with differ-

ent large mitochondrial DNA deletions and MELAS patients

with the m.3243A>G point mutation (9). In addition to the

m.10158T>C mutation, the m.10191T>C as well as

m.10197G>A mutations are located in the matrix-loop do-

main of the ND3 subunit protein and are known to cause

Leigh syndrome or Leigh-like syndrome with dystonia, re-

spectively (6, 10-12). Patients aged 16, 25, and 52 years

harboring 73%, 70%, and 77% m.10191T>C mutation in

muscle (6, 10, 11) and 9-month-old and 37-year-old patients

harboring 100% and 97% m.10197G>A mutation (12) were

found to have no RRFs, although all of these patients who

underwent an analysis of mitochondrial respiratory chain ac-

tivities in muscle showed a specific defect in the activity of

complex I. It seems to be unlikely that the pathological

analysis of the muscle was conducted too early to show any

pathological changes. Thus, the absence of any pathological

changes in the biopsied muscles despite a high mutation

load and the predominance of CNS manifestations might be

common among patients harboring pathogenic mutations in

the ND3 gene.

Although L-arginine has emerged as an effective treat-
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ment of stroke-like episodes in MELAS, the unique mani-

festation of adult-onset, isolated ‘mitochondrial’ stroke-like

episodes in our patients could be easily misdiagnosed, re-

sulting in serious sequelae. Mitochondrial DNA analyses us-

ing biopsied muscle should be considered in patients with

suspected stroke-like episodes, even if the muscle pathology

shows a normal appearance.
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