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Abstract
BACKGROUND
Mitochondrial encephalomyopathy (ME) is a multisystem metabolic disease that primarily affects the central nervous system and skeletal muscle. It is caused by mutations in mitochondrial or nuclear DNA, resulting in abnormal mitochondrial structure and function and insufficient ATP synthesis. The most common subtype is mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episode (MELAS) syndrome. In recent years, reports of MELAS syndrome have increased but familial cases are rare.

CASE SUMMARY
We report a case of familial MELAS syndrome. Cases 2 and 3 are sisters and case 1 is their nephew. All are short in stature and showed stroke-like episodes with rapid onset and no obvious symptoms such as paroxysmal headache, aphasia, or blurred vision. After admission, blood lactate levels were significantly higher than normal. The patients underwent magnetic resonance imaging of the head. Cases 1 and 2 were considered to have ME, whereas case 3 was considered to have a space-occupying lesion in the left temporal lobe. Pathological evaluation showed no obvious tumor cells in the brain lesions of case 3. Muscle biopsy or genetic test results were consistent with ME. The patients were diagnosed with MELAS syndrome and their symptoms improved with intravenous infusions of coenzyme Q10, coenzyme A, vitamin B, and vitamin C. At the 6 mo follow-up, there was no recurrence or progression.

CONCLUSION
When a patient has MELAS syndrome, familial MELAS syndrome should be considered if related family members have similar symptoms.
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Core Tip: Mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episode (MELAS) syndrome is a hereditary metabolic disease with complex clinical manifestations, and is often misdiagnosed as cerebral infarction and encephalitis. When the patient has a family history of this disease, blood lactate level is higher than normal, and imaging examination suggests MELAS syndrome, the possibility of MELAS syndrome should be considered. The diagnosis should be confirmed by muscle biopsy and genetic testing.

INTRODUCTION
Mitochondrial encephalomyopathy (ME) is a multisystem metabolic disorder mainly caused by mutations in mitochondrial DNA (mtDNA) or nuclear DNA, resulting in abnormal mitochondrial structure and function and insufficient ATP synthesis[1,2]. ME has six main subtypes: ME, lactic acidosis, and stroke-like episode (MELAS) syndrome; Leigh syndrome (LS); Leber’s hereditary optic neuropathy; chronic progressive external ophthalmoplegia (CPEO); myoclonus epilepsy with ragged-red fiber (MERRF); and Keams-sayre syndrome. The most common subtype is MELAS syndrome[3], which is maternally inherited[4]. The main clinical manifestations are stroke-like episodes, hemiplegia, aphasia, cortical blindness, epilepsy, paroxysmal headache, limb weakness, and hearing loss[5,6]. The disease usually occurs before the age of 40, with the highest incidence between 10-years-old and 30-years-old, although late-onset MELAS syndrome in adults after age 40 has occasionally been reported[7]. Reports of MELAS syndrome have increased in recent years, but familial cases are rare.

CASE PRESENTATION
Chief complaints
Case 1: A 30-year-old male was admitted to the hospital because of headache, dizziness, nausea, vomiting, fever, blurred vision, paroxysmal dysphasia, and right strabismus for 10 d.

Case 2: A 50-year-old female was admitted to the hospital because of aphasia with a slow response for 7 d. 

Case 3: A 55-year-old female was admitted to the hospital because of aphasia with memory loss for more than 2 mo.

History of present illness
Case 1: The patient had an acute attack. Ten days before hospital admission, the patient developed headache, dizziness, nausea, vomiting, fever, blurred vision, paroxysmal speech confusion, and right strabismus following a cold or diarrhea. After seeing a doctor in the local hospital, the patient’s symptoms did not improve. He was admitted to our hospital for further diagnosis and treatment.

Case 2: This patient is the aunt of case 1. Three years after case 1 was diagnosed with MELAS syndrome, case 2 developed a speech disorder but could understand the speech of others. Before admission, the symptoms had lasted for 7 d.

Case 3: This patient is the older sister of case 2. About 1 year after case 2 was diagnosed with MELAS syndrome, case 3 showed aphasia and memory loss. The patient could understand the speech of others but had difficulty speaking. These symptoms were accompanied by memory loss dominated by anterograde amnesia and paroxysmal pain in the left temporal region. Before admission, the symptoms had lasted for 2 mo.

History of past illness
Cases 1, 2 and 3: For all 3 patients, the personal history-taking yielded no remarkable information.

Personal and family history
Case 1: The patient was born in Tianjin and has lived there almost all his life. The patient usually smokes 10 cigarettes a day, does not drink alcohol, works in a compressor factory, is unmarried, and is 165 cm in height and 45 kg in weight. His mother and brother are in good health and his father suffers from high blood pressure.

Case 2: The patient was born in Tianjin and has lived there almost all her life. She has no health-risk behaviors. The patient is short in stature, is 153 cm in height and 44 kg in weight, has had hearing loss for 5 years, got married at the age of 25, has a healthy husband, and had a son who died of uremia at the age of 18. Her nephew suffers from MELAS syndrome.

Case 3: The patient was born in Tianjin and has lived there almost all her life. She has no health-risk behaviors. The patient is short in stature, 150 cm in height and 41 kg in weight. Her husband and daughter are healthy. Her nephew suffers from MELAS syndrome.

Physical examination
Case 1: The patient’s body temperature was 37.7°C, respiratory rate was 20 breaths per min, heart rate was 95 beats per min, and blood pressure was 120/75 mmHg. The patient was conscious, and had sensory aphasia, right strabismus, was unable to cooperate with the instructions/movements for vision and visual field tests, normal muscle tone in the extremities, and bilateral superficial sensory symmetry on gross testing.

Case 2: The patient’s body temperature was 36.4°C, respiratory rate was 19 breaths per min, heart rate was 80 beats per min, and blood pressure was 95/64 mmHg. She was conscious but had sensory aphasia. She was uncooperative during the physical examination.

Case 3: The patient’s body temperature was 36.5°C, respiratory rate was 16 breaths per min, heart rate was 75 beats per min, and blood pressure was 110/69 mmHg. She was conscious but had sensory aphasia. The physical examination showed no abnormality.

Laboratory examinations
Case 1: Laboratory test results showed that the white blood cell (WBC) count was as high as 16.75 × 109/L (normal range: 3.97-9.15 × 109/L), and the percentage of neutrophils was as high as 82.8% (normal range: 50%-70%). Cerebrospinal fluid (CSF) protein was as high as 73.2 mg/dL (normal range: 15-45 mg/dL), and CSF glucose was as high as 4.59 mmol/L (normal range: 2.5-4.5 mmol/L). There were no WBCs in the CSF, and the bacterial smear and tuberculosis antibody test were negative. The liver and kidney function indexes were normal.

Case 2: Laboratory test results showed that the WBC count was as high as 11.29 × 109/L (normal range: 3.97-9.15× 109/L), and the percentage of neutrophils was as high as 90.0% (normal range: 50%-70%). The liver and kidney function indexes were normal.

Case 3: Laboratory examinations showed that routine blood test, routine urine test and urinary sediment examination, routine fecal exam and fecal occult blood test, blood biochemistry, immune indexes, and infection indexes were normal. The liver and kidney function indexes were also normal.

Imaging examinations
Case 1: Magnetic resonance imaging (MRI) scans showed hypointense T1 and hyperintense T2 signals in the left temporal lobe and occipital cortex (Figure 1A and B), and the corresponding regions showed slightly higher signal intensity in the fluid attenuated inversion recovery (FLAIR) sequence and diffusion-weighted imaging (DWI) (Figure 1C and D). MR spectroscopy (MRS) showed that the N-acetylaspartate peak of the left occipital lobe was significantly lower than that of the right side, and a few lactate peaks were locally visible. The diagnosis was local swelling of the left temporal lobe and occipital cortex, which was considered ME.

Case 2: MRI scans showed hypointense T1 and hyperintense T2 in the bilateral frontal lobe, temporal lobe, parietal lobe and insular cortices (Figure 2A-C), and mild hyperintensity in the FLAIR sequence and DWI in the corresponding regions (Figure 2D and E). The diagnosis was swelling of the bilateral frontal lobe, temporal lobe, parietal lobe and insular cortex. Based on these findings combined with the medical history and considering the possibility of ME, enhanced MRI and MRS examinations were recommended in addition to blood and CSF lactate tests.

Case 3: MRI scans showed an abnormal signal in the left temporal lobe with irregular shape and unclear boundary. T1-weighted imaging (T1WI) showed low signal intensity (Figure 3A), and T2WI, FLAIR sequence, and DWI showed high signal intensity (Figure 3B-D). Contrast-enhanced imaging showed mild enhancement of the lesion (Figure 3E). The space-occupying lesion of the left temporal lobe was considered low-grade glioma.

FINAL DIAGNOSIS
The 3 patients were eventually diagnosed with MELAS syndrome.

TREATMENT
Case 1: Considering MELAS syndrome, on the 1st day after admission, the patient was administered 200 IU coenzyme A, 40 mg ATP, and 1 g levocarnitine by intravenous drip once a day. These drugs were used to improve energy metabolism. He took coenzyme Q10 three times a day, 1 tablet each time (10 mg per tablet). He took 10 mg vitamin B1 and 500 mg mecobalamin each time, three times a day. He was given 30 mL of Danhong injection by intravenous drip daily to improve the blood supply. Because of the patient’s clinical presentation of paroxysmal right strabismus and neck stiffness, symptomatic epilepsy was considered. He was prescribed 50 mg topiramate daily to improve his symptoms. On the 3rd day after admission, his blood lactate level was as high as 6.50 mmol/L. His symptoms improved, the seizures stopped, the headache disappeared, but the sensory aphasia still persisted. On the 8th day after admission, muscle biopsy results suggested that ME should be considered. Modified gomori trichromatic (MGT) staining of the muscle tissue showed red fiber breakage (Figure 4A). Succinate dehydrogenase (SDH) staining showed blue-stained fiber breakage and hyperstained small vessels (Figure 4B). Cytochrome c oxidase (COX) staining showed scattered COX-negative fibers.On the 15th day after admission, genetic testing showed no disease-causing gene mutation. During treatment, the treatment regimen remained unchanged.

Case 2: Considering MELAS syndrome, on the 1st day after admission, the patient was administered 100 IU coenzyme A, 20 mg ATP, 1 g vitamin C, 180 mg brain protein hydrolysate, and 1 g levocarnitine by intravenous drip once a day. To improve energy metabolism, she took 10 mg coenzyme Q10 and vitamin B2 three times a day. She was given 0.2 g Salvia miltiorrhiza polyphenol hydrochloride by intravenous drip daily to improve her intracranial blood circulation. She was given 3 g cefoperazone/sulbactam by intravenous drip every 12 h to control infection. On the 2nd day after admission, blood lactate level was as high as 5.90 mmol/L. The patient’s symptoms did not change significantly. On the 6th day after admission, the WBC count was normal. Throughout the treatment period, the treatment regimen remained unchanged.

Case 3: Considering the left temporal lobe space-occupying lesion, the various preoperative examinations were performed and the results were normal. Craniotomy exploration was performed on the 5th day after admission, and no obvious tumor cells were found in postoperative pathology. After the operation, after repeatedly inquiring about the medical history, we learned that the patient’s nephew and sister suffer from MELAS syndrome. Therefore, on postoperative day 6, the patient underwent muscle biopsy, genetic testing, and lactate testing and the blood lactate level was as high as 5.25 mmol/L. Considering MELAS syndrome, coenzyme Q10 was added to routine postoperative treatment. She was asked to take 10 mg coenzyme Q10 once a day. On postoperative day 10, the muscle biopsy results suggested that ME should be considered. MGT staining of the muscle tissue showed red fiber breakage (Figure 5A). SDH staining showed blue-stained fiber breakage and hyperstained small vessels (Figure 5B). COX staining showed scattered COX-negative fibers (Figure 5C). Genetic testing suggested that there was a disease-causing gene mutation: tRNAm.3243A > G (about 9%). The patient’s symptoms were better than before surgery as manifested by decreased sensory aphasia. The patient continued to take coenzyme Q10.

OUTCOME AND FOLLOW-UP
Case 1: On the 17th day after admission, WBC count and the percentage of neutrophils were normal. The patient presented with blurred vision and mild sensory aphasia. After discharge, the patient continued to take 50 mg topiramate twice a day, and 500 mg mecobalamin, 5 mg folic acid, and 10 mg vitamin B1 three times a day. There was no recurrence at 6 mo after discharge.

Case 2: On the 8th day after admission, the patient’s symptoms improved as manifested by decreased sensory aphasia. The patient was discharged into the care of her family, who accompanied her to the community hospital for continued treatment. There was no recurrence at 6 mo after discharge.

Case 3: On postoperative day 15, the patient’s symptoms were completely relieved and she was discharged. She was prescribed 10 mg vinylamine and 0.8 g oxiracetam three times a day. She also continued to take 10 mg coenzyme Q10 once a day. There was no recurrence at 6 mo after discharge.

DISCUSSION
This case report of familial MELAS syndrome provides important experience regarding its diagnosis and treatment. For MELAS syndrome, there is a lack of evidence-based medicine on the effectiveness of drug therapy. Clinicians often use coenzyme Q10, vitamin B1, vitamin C, vitamin E, idebenone, riboflavin, lipoic acid, glutathione, L-carnitine, aspartic acid, folic acid, and taurine in combination to treat MELAS syndrome, known as “cocktail therapy”[8].
The core symptoms of MELAS syndrome are adolescent onset, recurrent stroke-like episodes, and lactic acidosis. MRI findings of MELAS syndrome are characteristic. The lesions are mostly located in the cortex and subcutaneous white matter areas of the occipital and parietal lobes, showing hypointense T1 and hyperintense T2 areas, and the corresponding areas show high signal intensity in DWI sequences, especially cortical involvement, which is characterized by changes in lace-like patterns. No enhancement or mild enhancement can be seen in contrast-enhanced examination. When the clinical manifestations are complex and the conventional MRI findings are not specific, MELAS syndrome is easily misdiagnosed as cerebral infarction, encephalitis, or brain neoplasms[9]. At this time, introducing functional MR imaging is particularly important. For example, MR angiography shows lesions that are not in accordance with the distribution of a single intracranial aorta. MRS shows high lactate peaks in the lesions and CSF[10]. MR perfusion-weighted imaging (PWI) shows increased cerebral blood flow to the lesions, and the hyperperfused regions persist for more than 3 mo[11,12].
Case 1 was given a CSF test for encephalitis because of fever on admission and onset of illness following a cold or diarrhea. No WBCs were found in the CSF, ruling out encephalitis. The patient was a young male with a clinical manifestation of stroke-like seizures. MRI and MRS findings were characteristic of MELAS syndrome. Case 2 was diagnosed with MELAS syndrome due to her short stature, family history, high blood lactate level, and MRI findings. Case 3 was misdiagnosed with a space-occupying lesion, possibly related to the absence of preoperative PWI, MRS, and blood lactate tests.
Clinical symptoms and imaging findings are important for the diagnosis of MELAS syndrome and can be confirmed by muscle biopsy or genetic testing (the positive rate of genetic testing is as high as 95%)[6,13]. We can first screen for hot spot gene mutations in Chinese MELAS syndrome patients such as mtDNA3243A > G, mtDNA13513G > A and mtDNA3271T > C, or perform full-length mtDNA sequencing and/or related nuclear gene detection[13]. The mutated gene in most patients with MELAS syndrome is mtDNA3243A > G[2,5]. The region where the mtDNA3243A locus is located encodes a transfer RNA. This locus is highly conserved and has an important impact on the function of its coding products after occurrence of the A3243G mutation. The mutation corresponds to a variety of clinical phenotypes, which can cause different diseases in different individuals. In addition to MELAS syndrome, it may also cause MERRF, MELAS + MERRF, CPEO, MELAS + CPEO, and LS. Gene mutations other than A3243G often cause MELAS syndrome including A8344G and T8993C (G). However, the A8344G locus mutation of mtDNA plays a more important role in MERRF, causing 90% of MERRF cases[3]. Most patients develop MERRF between 10-years-old and 20-years-old, and the first symptoms may be ataxia or myoclonus, mainly manifesting as paroxysmal epilepsy, progressive mental retardation, ataxia, intentional tremor and skeletal muscle involuntary clonus.
Compared with MELAS syndrome, the T8993G locus mutation of mtDNA is more common in neuropathy, ataxia, and retinitis pigmentosa syndrome[14], a maternally inherited ME. The main clinical manifestations are: (1) Peripheral neuropathy with sensory nerve involvement or neurogenic myasthenia gravis; the main manifestation of neurogenic myasthenia gravis is proximal myasthenia with morbid fatigue; (2) Cerebellar ataxia, which can be the first symptom; and (3) Retinitis pigmentosa, which can be the only clinical symptom. Patients often progress from night blindness to vision loss. Fundus examination shows osteocyte-like pigmentation in the retina.
These gene mutations lead to functional defects in the mitochondrial respiratory chain enzyme complex protein, resulting in mitochondrial dysfunction, which leads to decreased production of ATP, increase of oxygen free radicals, and accumulation of lactic acid. These changes affect the central nervous system and skeletal muscle system, which consume more energy.
Typical pathological changes in MELAS syndrome are MGT-stained red fiber breakage, SDH-stained blue fiber breakage, and/or hyperstained small vessels[9]. Muscle biopsy results in case 1 were consistent with ME, but no disease-causing gene mutation was found in genetic testing. There are two possible reasons. First, only mtDNA A3243G, A8344G, and T8993C (G) were detected in the patient’s genetic testing. Other disease-causing gene mutations might go undetected. Second, the mutation rate of mtDNA varies significantly in different tissues, especially in adults. The positive rates of muscle tissue, urinary sediment cells, and hair follicles were higher than those of peripheral blood cells. Therefore, no disease-causing gene mutation was detected in the patient’s blood. The genetic test results of cases 2 and 3 and the muscle biopsy results of case 3 were consistent with MELAS syndrome.
The clinical manifestations of the 3 patients were different, manifested as blurred vision in case 1, hearing loss in case 2, and normal hearing and vision in case 3, which was due to the “heterogeneity” and “threshold effect” of mtDNA mutations. Threshold effect means that when the mtDNA mutation in mitochondria reaches a certain proportion, it will lead to the dysfunction of corresponding cells, resulting in organ damage. Heterogeneity refers to significant differences in the proportion of mutated and non-mutated mtDNA in different organs of the same patient and in the cells of the same organ of different patients, resulting in different degrees of involvement of different organs and different clinical manifestations[5].
According to the law of genetics, when a mutated gene is located in mtDNA, it follows maternal inheritance. In this paper, cases 2 and 3 are siblings, and the mutated disease-causing genes are located in the mitochondria, so their mother and sister (the mother of case 1) should have a certain proportion of disease-causing gene mutations, and almost all children born to patients should have disease-causing gene mutations. However, the sister and daughter of case 3 are in good health, which may be related to the “threshold effect” of mtDNA mutations. Since the immediate family members of the patient did not undergo genetic testing, this cannot be confirmed.

CONCLUSION
For patients with MELAS syndrome, the risk of familial disease can be reduced by providing marital and reproductive guidance to patients and their families.
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Figure Legends
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[image: ]Figure 1 Magnetic resonance imaging findings of case 1. A: Axial plane magnetic resonance (MR) T1-weighted images showed low signal intensity of the lesion; B: Axial plane MR T2-weighted images showed high signal intensity of the lesion; C: Axial plane MR-fluid-attenuated inversion recovery sequence showed high signal intensity of the lesion; D: Axial plane MR-diffusion-weighted imaging showed a lace-like high signal intensity in the lesion.
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Figure 2 Magnetic resonance imaging findings of case 2. A: Coronal magnetic resonance (MR) T1-weighted imaging showed low signal intensity of bilateral frontal lobe lesions; B: Coronal MR T1-weighted imaging showed low signal intensity of the bilateral temporal lobe, parietal lobe, and insular lesions; C: Axial plane MR T2-weighted images showed high signal intensity of the lesion; D: Axial plane MR-fluid-attenuated inversion recovery sequence showed high signal intensity of the lesion; E: Axial plane MR-diffusion-weighted imaging showed lace-like high signal intensity in the lesion.
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Figure 3 Magnetic resonance imaging findings of case 3. A: Axial plane magnetic resonance (MR) T1-weighted images showed low signal intensity of the lesion; B: Axial plane MR T2-weighted images showed high signal intensity of the lesion; C: Axial plane MR-fluid-attenuated inversion recovery sequence showed high signal intensity of the lesion; D: Axial plane MR-diffusion-weighted imaging showed lace-like high signal intensity in the lesion; E: Axial plane enhanced T1-weighted MR imaging showed mild enhancement of the lesion. 
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Figure 4 Muscle pathology images of case 1. A: Modified gomori trichromatic staining showed red fiber breakage; B: Succinate dehydrogenase staining showed blue-stained fiber breakage and hyperstained small vessels (magnification: 200 ×).
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Figure 5 Muscle pathology images of case 3. A: Modified gomori trichromatic staining showed red fiber breakage; B: Succinate dehydrogenase staining showed blue-stained fiber breakage and hyperstained small vessels; C: Cytochrome c oxidase (COX) staining showed COX-negative fibers (magnification: 200 ×). 
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