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This study reported a case of MELAS syndrome presenting as the initial imaging characteristics of Fahr’s syndrome with “near” sudden unexpected death in epilepsy (SUDEP) and lateralized periodic discharges (LPD). The patient, a young boy, experienced loss of consciousness 2 days prior, which was followed by two limb and facial convulsions. He was later found in cardiac arrest during hospitalization, but regained consciousness gradually after receiving cardiopulmonary resuscitation and tracheal intubation. The patient exhibited short stature, intellectual disability, poor sports abilities, and academic performance since childhood, but had no family history. Emergency head computed tomography (CT) revealed high density calcification in bilateral caudate nucleus, lentiform nucleus, thalamus, and dentate nucleus with evidence of an acute process. The patient was transferred to the neurology department where he continued to recover consciousness, though he experienced dysarthria, left limb hemiplegia, and hemiparesthesia. Changes in head magnetic resonance imaging (MRI) findings were noted at admission, 1 month later, and 6 months later. LPD were observed in his video electroencephalogram. The CT urography indicated a narrow left ureteropelvic junction with left hydronephrosis, which was suggestive of ureteropelvic junction obstruction. Ultimately, a diagnosis of near-SUDEP was suspected in this patient, indicating a rare case of MELAS syndrome with near-SUDEP and LPD. The gene tests results revealed the presence of the mitochondrial DNA A3243G mutation, leading to the final diagnosis of MELAS syndrome. This case expands the clinical disease spectrum of the MELAS syndrome.
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INTRODUCTION
Mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episodes (MELAS) syndrome is a multi-organ disease with a wide range of manifestations, including stroke-like episodes, dementia, epilepsy, lactatemia, myopathy, recurrent headaches, hearing impairment, diabetes, and short stature. The most common mutation associated with MELAS syndrome is the m.3243 A>G mutation of the MT-TL1 gene, which encodes mitochondrial tRNALeu (El-Hattab et al., 2015). “Fahr’s syndrome” first appeared in literature in 1982 to describe the constellation of neuropsychiatric features and calcification, and the term has been used in the literature to indicate cases of secondary basal ganglia calcification (Saleem et al., 2013; Batla et al., 2017). The most common secondary cause of Fahr’s syndrome is parathyroid disease, although mitochondrial disease can also exhibit the imaging manifestations associated with this condition (Etcharry-Bouyx et al., 1995; Saleem et al., 2013). However, Fahr’s syndrome as an initial imaging feature is rarely reported in MELAS (Jimenez-Ruiz et al., 2018). Sudden unexpected death in epilepsy (SUDEP) is a sudden seizure-related death outcome, and is also the leading cause of epilepsy-related death in children and adults (Whitney et al., 2023a). In this report, we present a case of MELAS syndrome with Fahr’s syndrome as the initial imaging feature, lateralized periodic discharges (LPD) in the patient’s electroencephalogram (EEG) and a suspicious diagnosis of “near-SUDEP”.
CASE PRESENTATION
An 18-year-old boy with a history of left hydronephrosis surgery 3 years ago was admitted to our emergency department after experiencing acute onset of neurological symptoms. The patient lost consciousness and exhibited salivation and incontinence 2 days prior, followed by two limb and face convulsions accompanied by staring eyes and hand abduction, each lasting 10–20 s, considering the possibility of cluster seizures. Additionally, he experienced a cardiac arrest during the seizures, but his consciousness gradually returned after receiving cardiopulmonary resuscitation and tracheal intubation. Since childhood, the boy has had short stature, intellectual disability, poor motor skills, and academic performance, with no family history of similar conditions. Emergency head computed tomography (CT) and computerized tomography angiography (CTA) scans revealed high density calcification in the bilateral caudate nucleus, lentiform nucleus, thalamus, and dentate nucleus, but no obvious intracranial stenosis or acute processes were observed (Figures 1A, C). The patient was subsequently transferred to the neurology department, where he gradually recovered consciousness but has persistent dysarthria, left limb hemiplegia, and hemiparesthesia.
[image: Figure 1]FIGURE 1 | Imaging characteristics at admission and follow-up of this patient. (A) Symmetrical calcification of bilateral basal ganglia and thalamus was showed in head CT at admission; (B) CT urography showed that the left ureteropelvic junction was narrow with left hydronephrosis; (C) No abnormality in the head CTA. (D–F) Showed the cranial MRI T2flair characteristics of this patient at admission, after 1 month and 6 months of follow-up. After admission, only the right occipital cortex showed laminated high signal (D). One month later, the patient showed typical high signal intensity area in the right occipital lobe (E). Six months later, the right occipital lobe lesion disappeared and transferred to the left occipital cortex (F).
He received continuous vasopressors to maintain blood pressure. And the physical examination was performed after cardiopulmonary resuscitation and tracheal intubation, it was noted that his BMI was 12.5, he exhibited moderate dysarthria, poor response, and hearing impairment in both ears. The muscle strength of the proximal of his left upper limb was Grade 2, while the distal was Grade 4. The muscle strength of his left lower limb was Grade 4, the muscle strength of his right limb was Grade 5, and muscle tension in his limbs was reduced. Additionally, there was diffuse muscle atrophy in the limbs, and reduced pain on the left side. Tendon reflexes in his limbs were symmetrically weakened, and no other positive signs were found or he could not cooperate with other physical examinations. Furthermore, blood tests revealed mild to moderate anemia [HGB 94 g/L (reference range 130–175)], elevated levels of lactate dehydrogenase at 881 U/L (reference range 120–250), creatine kinase at 1,467 (reference range 0–200), troponin I at 0.321 ug/mL (reference range 0–0.056), myoglobin at 2635 ng/mL (reference range 10–92), Nt-proBNP1393 pg/mL (reference range 0–125), and C-reactive protein at 92.7 g/L (reference range 0–10). His blood lactic acid levels were elevated at 8.3 mmol/L (reference range 0.5–2.2 mmol/L), and fasting blood glucose levels were normal at 4.9 mmol/L. Additionally, pituitary prolactin levels were below the reference range at 72.77 mIU/L (reference range 87–392), insulin-like growth-binding protein-3 at 1.72 ug/mL (reference range 3.1–7.9), growth hormone at 7.66 ug/L (reference range 0–3), total thyroxine at 36.07 nmol/L (reference range 55–160), Free T3 at 1.47 pmol/L (reference range 3.21–5.76), and his serum sodium levels were within normal limits at 143.3 mmol/L (reference range 137–147). Parathyroid hormone levels were slightly low at 11.5 (reference range 12–65) pg/mL.
An electrocardiogram revealed sinus tachycardia and Wolff-Parkinson-White (WPW) syndrome type A. Urinary CT and CT urography suggested a narrow left ureteropelvic junction with left hydronephrosis, which was confirmed by urologists as ureteropelvic junction obstruction (UPJO) (Figure 1B). The chest CT showed pneumonia in lower lobe of both lungs. Head magnetic resonance imaging (MRI) showed symmetric abnormal signals in bilateral basal ganglia (Figure 1D).
The patient completed the lumbar puncture examination, and the results of cerebrospinal fluid showed that the nucleated cells was 4 × 106/L, protein was 0.6 g/L (reference range <0.5), and there were no abnormal for others. Continuous EEG monitoring showed scattered in the low-medium-high-ultra-high amplitude spine waves, spine slow waves (Figure 2A). Treatment with levetiracetam for epilepsy, norepinephrine suppression, assisted ventilation, anti-infection measures, and symptomatic support resulted in gradual improvement of the patient’s consciousness and spontaneous breathing. However, lingering symptoms such as dizziness, left limb hemiplegia, left limb hemiparesthesia, dysarthria, and occasional left limb twitching persisted. Due to the patient’s short stature, mental abnormalities, and intolerance to motor activities, we made a suspicion of mitochondrial disease in light of the multisystem involvement. A hearing examination revealed a mean hearing threshold of 65 dB in the right ear and 62 dB in the left ear, indicative of sensorineural hearing loss.
[image: Figure 2]FIGURE 2 | The video EEG characteristics at the first admission and 1-month follow-up of this patient. (A) Showed typical spine and slow wave distribution (00:15:07), mainly in area of Fp2-F4 and Fp2-F8, and conducted to Fp1-F3 at 222 m, and no clinical onset of the patient was observed (at admission) (Montage:Bipolar longitudinal connection, TR:30 mm/s, Sensitivity:100 μV/cm, HF:40 Hz, LF:1.0 Hz). (B) Showed lateralized periodic discharges (LPD) composed of sharp slow wave, interval cycle: 1.17–1.58 s, mainly in area of O1, no clinical onset of the patient was observed (1 month later) (Montage:Earlobe reference, TR:30 mm/s, Sensitivity:100 μV/cm, HF:70 Hz, LF:1.0 Hz).
The nerve conduction study indicated that the conduction velocity of the left tibial nerve and bilateral sural nerve was slightly to moderately slowed down, while the residual sensory nerves and motor nerves conduction examination showed no obvious abnormalities. Due to the possibility of mitochondrial diseases, mitochondrial gene testing was performed. The results revealed the presence of the mitochondrial DNA A3243G point mutation, leading to the final diagnosis of MELAS syndrome. The patient was treated with levetiracetam, arginine hydrochloride, coenzyme Q10, and aldibenquinone, which resulted in improvement and eventual discharge. However, 1 month after discharge, the patient experienced intermittent seizures in the left upper limb following discontinuation of levetiracetam 3 days before he was readmitted to the hospital, lasting 10 s each time. There were no new neurological signs observed. A 1-month follow-up head MRI was performed, which revealed abnormal signals in the right temporoccipital parietal cortex (Figure 1E). The patient adhered to regular medication and the condition remained stable. After 6 months, the patient returned for a follow-up visit and a repeat head MRI scan showed that the lesions transferred to the left occipital cortex (Figure 1F), which showed the imaging characteristics of typical MELAS syndrome. The second follow-up of the video EEG indicated a typical pattern of LPD appeared in the occipital area (Figure 2B). Anti-epileptic drugs continued, and no seizures occurred. The patient was improved upon discharge with recommendations to follow up with outpatient neurology.
DISCUSSION
MELAS syndrome is the most common type of mitochondrial encephalomyopathy, which is a maternally inherited disease. There are also sporadic cases, with the onset age of most patients ranging from 2 to 31 years old (El-Hattab et al., 2015). The patient in this case had short stature since childhood, and his brother, mother, and father showed no similar manifestations. They refused to undergo genetic testing. The clinical manifestations of this patient included stroke-like episodes, epilepsy, short stature, cognitive impairment, limb weakness, sensorineural deafness, and endocrine system disorders. The clinical manifestations of MELAS are diverse and lack specificity (Branch et al., 2020). Among them, UPJO was a common pediatric congenital urinary malformation that had not been reported in previous MELAS patients to our knowledge. The main cause of UPJO was the replacement of loose and irregular ureteropelvic junction (UPJ) spiral-shaped muscle fibers by abnormal longitudinal muscle fibers or fibrous tissue. This led to the disappearance of normal peristaltic waves at the UPJ and restricted urine flow from the renal pelvis into the proximal ureter. It was unclear whether ureteral stricture was directly related to MELAS or simply a coincidence. And we are inclined to believe that there may be a coincidence.
The intracranial lesions associated with MELAS syndrome were predominantly located in the cortex and subcortical white matter of the occipital, parietal, and temporal lobes. Interestingly, these areas did not align with the blood supply distribution of the cerebral vessels (Mascalchi et al., 2018). The head CT of MELAS syndrome patients shows bilateral symmetrical calcification in the basal ganglia, with imaging features resembling Fahr’s syndrome present in about 13% of cases (Donzuso et al., 2019). In this case, the initial imaging findings revealed symmetrical high density in the basal ganglia without typical MRI findings. This suggests that patients exhibiting isolated imaging features of Fahr’s syndrome should be vigilant about the potential presence of MELAS syndrome. Additionally, it was important to conduct follow-up visits and repeats of head MRI scan in patients suspected of MELAS syndrome (Danhua et al., 2014).
Periodic discharges are defined as abnormal discharges that stand out from the background activity, occurring at roughly equal intervals and lasting for at least six cycles. These discharges are categorized into generalized periodic discharges (GPD) and LPD (Hirsch et al., 2021). Periodic discharges are a relatively severe EEG abnormal discharge that is rare. It is more commonly seen in cases of acute structural brain injury (Sakathevan et al., 2022), presenting with periodic discharges. However, LPD in MELAS syndrome is rarely reported. Lin and Drislane (2018) reported seven cases of MELAS syndrome with EEG data, but only one case showed LPD.
Our patient also exhibited a typical short period of LPD during the second EEG monitoring. The two EEG recordings clearly demonstrated the changing process of abnormal discharges. In the initial visit of EEG, only an irregular slow wave distribution in the anterior head was noted, but during the second visit, a typical LPD consisting of sharp and slow waves emerged in the occipital area. This demonstrated a clear changing process with changes in morphology and position. This EEG evolution process of MELAS was first reported as early as 2003 (Iizuka et al., 2003), one patient displayed a Focal sharp-LPD-Focal sharp changing pattern, while two other patients exhibited an LPD-Focal sharp changing pattern. Our patient, on the other hand, showed a spike and wave complex-LPD changing pattern. We believed this pattern was linked to the progression of the disease and the changing of the lesions. And LPD may not be present in the early stages but could develop as the disease advances, possibly disappearing in later stages or when the disease stabilizes. Unfortunately, we did not have EEG data for our patient in the late stage of the disease. Additionally, we observed that the spike wave did not align with the lesion location (temporal-occipital) in the initial EEG recording. However, the changing of LPD (occipital area) corresponded with the lesion location (temporal and occipital), indicating that LPD was a more accurate marker for localizing lesions in patients.
In recent years, more attention has been focused on SUDEP (Whitney et al., 2023a), (Burneo, 2019). SUDEP is more common among young people aged 20–45 years old. It often occurs following tonic and clonic seizures, particularly at night. While the exact mechanism of onset for SUDEP is not fully understood, fatal arrhythmias are widely recognized as occurring during seizures. Additionally, certain genetic diseases affecting heart conduction and neuronal excitability may also be risk factors for SUDEP (Devinsky et al., 2016). Whitney et al. (2023b) have found that, there were pathogenic variants found in epilepsy-related genes and cardiac genes in the autopsy cases of SUDEP, prompting scholars to focus on the genetic mechanism of this condition. MELAS syndrome is a genetic disease known to cause cardiac conduction disorders (Cosma et al., 2023). Patients with the A3243G mutation may exhibit a wide range of cardiac disease features, including abnormalities in conduction and the myocardium (Finsterer, 2009). Therefore, SUDEP/near-SUDEP could theoretically occur in MELAS syndrome patients with epilepsy, although there have been no reported case.
The patient’s electrocardiogram revealed sinus tachycardia, a short PR interval, and WPW syndrome type A and we suspected that the patient had previous arrhythmias, which may have contributed to the fatal arrhythmia during the seizure, possibly due to autonomic dysfunction (Sproule et al., 2007). However, we do not believe the cardiac arrest was due to the WPW syndrome. Unfortunately, due to the lack of continuous electrocardiogram, EEG, and respiratory monitoring at the time of the “near-SUDEP” event, which was a critical situation, it is difficult to determine whether the patient’s “near-SUDEP” was caused by a cardiac issue or directly by abnormal brain electrical activity affecting the cardiac and respiratory centers. This is a regrettable situation for us, as there are various explanations for SUDEP, with cardiac conduction issues being just one possibility and a speculative one at that. Further exploration is needed to understand the relationship between the A3243G mutation and SUDEP. If the cardiac arrest in our case was triggered by seizure activity, this suggests that seizure activity in MELAS syndrome may put individuals at risk for SUDEP. And the mechanism for seizure-associated cardiac arrest may resemble that for established SUDEP or near-SUDEP cases. Thus, we recommend closely monitoring MELAS syndrome patients with both arrhythmias and seizures in order to identify and possibly correct risk factors for SUDEP/near-SUDEP. ECG and continuous bedside EEG monitoring, especially at night, are crucial for early detection and intervention (Devinsky et al., 2016), and controlling seizures and arrhythmias is an important measure to prevent SUDEP/near-SUDEP in patients with this condition.
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