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ARTICLE INFO ABSTRACT

Keywords: Background: Leigh syndrome (LS) is a heterogeneous neurodegenerative disease that is the most
Leigh syndrome common manifestation of mitochondrial disease in children.

MT-ND5

Methods: We report a case of Leigh syndrome with paroxysmal body swing in a 1-year-old boy.
Results: The boy presented with paroxysmal body swing, and the electroencephalogram showed
no epileptic discharge during the paroxysmal episode. It was determined to be a nonepileptic
seizure, which was the first LS phenotype described. After treatment with a vitamin cocktail, the
paroxysmal body swing improved.

Conclusion: LS should be considered for children with onset of infantile and paroxysmal body
swing combined with developmental regression, and early mitochondrial genetic testing can aid
in diagnosis and guide early intervention.

de novo
Paroxysmal episode

1. Introduction

Leigh syndrome (LS) is a common mitochondrial encephalomyopathy in childhood caused by mitochondrial DNA (mtDNA) or
nuclear DNA (nDNA) variants. It is a severe and progressive neurodegenerative disease that occurs mostly in infants. In recent years,
the application of next-generation sequencing (NGS) technology has improved the diagnostic level of mitochondrial diseases, laid a
foundation for the further study of genotype and phenotype, and provided an evidence base for genetic counseling and prenatal
diagnosis.

2. Case report

A 1-year-old boy presented to the hospital because of “paroxysmal whole body swing” (Supplementary Material). The body swing
was irregular, and his eyes were closed, occurring mostly during sleep with no cyanosis and incontinence. Each episode lasted
approximately 1-2 hours and could be relieved with human intervention. After stimulation, a similar onset was observed, but the
duration was short, approximately a few seconds to tens of seconds. Prenatal examination showed that the right ventricle was widened,
and color Doppler ultrasound showed no abnormalities. The child was G1P1, full term, with a birth weight of 2.7 kg. The growth and
development of the child were as follows: at 2 months old, he could hold his head up; at more than 7 months old, he could turn over;
and at 11 months old, he could walk with assistance and shout “baba” and “mama”. After disease onset, the child exhibited
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comprehensive development regression; could not stand or walk with assistance; was unstable when sitting and standing; and did not
cry, laugh, speak, or recognize people. No feeding difficulties were observed. There was no family history of hereditary diseases.

The results of the physical examination at admission were as follows: clear consciousness, no facial abnormality, normal skull size,
negative pupil examination on both sides, and no nystagmus or strabismus. The muscle tension of the limbs was high, the limbs were
moveable, the knee-tendon reflex was normal, and the pathological sign and the meningeal irritation sign were negative. After
admission, relevant examinations were completed as follows: blood ammonia was 53.1 pmol/L (10-47 pmol/L), lactic acid was 3.65
mmol/L (0.5-22 mmol/L), pyruvate was 115.42 pmol/L (20-100 U/L), and p-hydroxybutyric acid was 2.16 mmol/L (0-0.27 mmol/L).
Cerebrospinal fluid (CSF) lactic acid was 3.23 mmol/L, and CSF cytology, biochemistry, and pathogen nucleic acid showed no ab-
normalities. Autoimmune encephalitis antibodies were negative. Electrocardiogram and echocardiography showed no abnormalities.
Auditory evoked potentials were abnormal. Visual evoked potentials were normal. The video electroencephalogram (EEG) showed
that the background wave was slightly slower (4-5 Hz), and no epileptic discharge was observed during the episode. Cranial MRI
showed abnormal signals of the bilateral thalamus, midbrain, periaqueductal gray, and superior cervical medulla. DTI imaging showed
decreased white matter fiber bundles in the brainstem, mainly in the midbrain (Fig. 1).

Inherited metabolic diseases were considered, and the patient was treated with a multivitamin cocktail (coenzyme Q10 10 mg/kg/
d, Vitamin E 10 mg/kg/d, Vitamin B1 5 mg/kg/d, Vitamin B2 10 mg/kg/d, Vitamin C 25 mg/kg/d, levocarnitine 50 mg/kg/d) after
admission. A mutation of MT-ND5 (m.13513G > A) was found by NGS; the proportion of the mutation was 68.6 % (18646,/27164), and
the mother and father were wild type. Combined with genetic testing, a diagnosis of Leigh syndrome was made, and oral vitamin
cocktail therapy and rehabilitation training were continued. The child did not exhibit paroxysmal body swing after discharge, but
psychomotor development was not significantly improved. Unfortunately, after 6 months of follow-up, the child died of COVID-19-
related pneumonia.

3. Discussion

The mitochondrial ND5 subunit is one of the seven subunits of complex I encoded by mitochondria. It is the largest (1811 nt) gene,
and its mutation can affect the assembly or stability of complex I [1,2]. By far, the most common mutation in the MT-ND5 gene is the
m.13513G > A mutation [1]. Studies have shown that the MT-ND5 m.13513G > A mutation can cause disease even under low
mutational load, and there is no significant correlation between the degree of mutation heterogeneity and the age of onset and disease
severity[l +31. To date, this mutation has been reported in at least 50 patients, including multiple patients with mitochondrial ence-
phalomyopathies, most commonly seen in MELAS and LS. Ariel et al. identified the m.13513G > A mutation in 5 (1.88 %) of 265 LS
patients [3]. Studies have shown that the m.13513G > A mutation in LS is most frequently combined with optic atrophy and/or
Wolff-Parkinson-White (WPW) syndrome [4]. However, the phenotype of m.13513G > A is variable due to the particularity of
mitochondrial genetics. The visual evoked potential, electrocardiogram, and cardiac color Doppler ultrasound of this child were not
abnormal at the time of admission to the hospital, but with the progression of the disease, most patients will experience multiple
system involvement, so it is necessary to continue with follow-up observations.

Studies on the first symptoms of LS showed that motor abnormalities accounted for 82.8 %, including hypotonia, spasticity of

Fig. 1. Cranial MRI (a, T1; b, T2; c, d, T2-Flair; e, f, DWI) showed abnormal signals of the bilateral thalamus, midbrain, periaqueductal gray, and
superior cervical medulla. DTI imaging (f, g) showed decreased white matter fiber bundles in the brainstem, mainly in the midbrain.



J. Zhang et al. Heliyon 10 (2024) e23137

dystonia, ataxia, and chorea, followed by ocular symptoms, feeding difficulties, seizures, and development retardation [5]. In this case,
the patient presented with paroxysmal body swing combined with developmental regression, typical brain MRI changes, and mito-
chondrial gene detection suggesting MT-ND5 m.13513G > A, resulting in a diagnosis of LS. No epileptic discharge was found in the
EEG of the child during the onset of the paroxysmal body swing attack, and a nonepileptic episode was considered. No similar
phenotype of LS has been described to date, and the motor symptoms are believed to be related to the cerebellar-thalamic-cortex
pathway. Brain MRI showed bilateral involvement of the thalamus, midbrain, and cervical medulla. DTI imaging showed decreased
white matter fiber bundles in the brainstem and increased muscle tension. Subcortical myoclonus is considered a brain stem injury
resulting in disconnection between cortical and subcortical structures or the symptoms of stimulation of the olivary nucleus loop under
the dentate nucleus caused by metabolic abnormalities. The underlying mechanisms are unclear and may be related to abnormal
energy metabolism, so this hyperkinetic movement disorder was controlled after treatment with a vitamin cocktail. A recent study and
analysis of 209 LS patients in China showed that the worst survival rate was associated with mutations in MT-ND5, MT-ATP6 (m.8993T
> C and m.9176T > C), SURF1 and ALDH5A1 [6]. After treatment with the vitamin cocktail, the child’s paroxysmal movement dis-
order was improved, and no paroxysmal body swing was observed after discharge. However, psychomotor development was not
significantly improved; since onset occurred at an early age, the prognosis was poor.

4. Conclusion

In this patient, paroxysmal body swing was the main clinical manifestation, which added to the clinical manifestation spectrum of
LS. This case suggests that LS should be considered for children with onset of infantile and paroxysmal body swing combined with
developmental regression, and early mitochondrial genetic testing can aid in diagnosis and guide early intervention. However, this

study is a case report, and there is no similar phenotype description at present; further follow-up observation with larger sample sizes is
still needed.
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Abbreviations

LS:Leigh syndrome;

mtDNA:mitochondrial gene;

nDNA:nuclear gene;

NGS:next-generation sequencing;

CSF:Cerebrospinal fluid;

EEG:electroencephalogram;

MRI:magnetic resonance imaging;

DTILdiffusion tensor imaging;

MELAS:mitockondrial encephalomyopathy with lactic acidsis and strokelink episodes.
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