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Key Clinical Message
Hypokinetic and hyperkinetic movement disorders are a common phenotypic 
feature of mitochondrial disorders. Choreaballism has been reported particularly 
in patients with mitochondrial encephalopathy, lactic acidosis, and stroke-like 
episodes syndrome and in maternally inherited diabetes and deafness syndrome. 
The pathophysiological basis of movement disorders in mitochondrial disorders is 
the involvement of the basal ganglia or the midbrain. Haloperidol and mitochon-
drial cocktails have proven beneficial in some of these cases. Here we present an-
other patient with mitochondrial choreaballism who benefited significantly from 
symptomatic therapy. The patient is a 14-year-old male with a history of hypoa-
cusis, ptosis, and focal tonic–clonic seizures of the upper/lower limbs on either 
side since childhood. Since this time he has also developed occasional, abnor-
mal involuntary limb movements, choreaballism, facial grimacing, carpopedal 
spasms, and abnormal lip sensations. He was diagnosed with a non-syndromic 
mitochondrial disorder after detection of the variant m.15043G > A in MT-CYB. 
Seizures have been successfully treated with lamotrigine. Hypocalcemia was 
treated with intravenous calcium. For hypoparathyroidism calcitriol was given. 
Choreaballism was treated with haloperidol and tetrabenazine. In addition, he 
received coenzyme Q10, L-carnitine, thiamine, riboflavin, alpha-lipoic acid, bio-
tin, vitamin-C, vitamin-E, and creatine-monohydrate. With this therapy, the cho-
reaballism disappeared completely. This case shows that mitochondrial disorders 
can manifest with cognitive impairment, seizures, movement disorder, hypoacu-
sis, endocrinopathy, cardiomyopathy, neuropathy, and myopathy, that choreab-
allism can be a phenotypic feature of multisystem mitochondrial disorders, and 
that choreaballism favorably responds to haloperidol, tetrabenazine, and possibly 
to a cocktail of antioxidants, cofactors, and vitamins.
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1   |   INTRODUCTION

Hypokinetic and hyperkinetic movement disorders are a 
common phenotypic feature of mitochondrial disorders 
(MIDs).1 Parkinson's disease has been reported in a pa-
tient carrying the myoclonic epilepsy with ragged red fi-
bers (MERRF) mtDNA mutation m.8344A > G.2 Dystonia 
has been reported in Leigh syndrome and in Leber's he-
reditary optic neuropathy (LHON) plus.3 Myoclonus is 
a canonical phenotypic feature of MERRF syndrome.4 
Choreaballism has been particularly reported in patients 
with mitochondrial encephalopathy, lactic acidosis, and 
stroke-like episodes (MELAS) syndrome and in maternally 
inherited diabetes and deafness (MIDD) syndrome.5–7 In 
a nationwide Italian survey of 764 patients with MID, a 
movement disorder was found in 13.7% of patients.8 In 
a cross-sectional survey of 102 children with MID from 
Italy, a movement disorder was the presenting phenotypic 
feature in 45 individuals with an average age of 11 years.9 
The most common movement disorder in this cohort was 
ataxia (actually not classified as such by the International 
Movement disorder Society) followed by dystonia, tremor, 
hypokinetic disorders, chorea, and myoclonus.9 The 
pathophysiological basis of movement disorders in MIDs 
is an affection of the basal ganglia or the midbrain. In a pa-
tient with severe dystonia due to the homoplasmic variant 
m.3697G > A bilateral necrosis of the striatum was found 
on cerebral imaging.10 Haloperidol and mitochondrial 
cocktails have been reported beneficial in some cases with 
choreaballism.5,6 Here we present a single patient with 
mitochondrial choreaballism who profited with regard 
to choreaballism significantly from symptomatic therapy. 
The patient underwent routine, clinical investigations, 
including routine blood tests, cerebrospinal fluid (CSF) 
investigations, electroencephalography (EEG), cerebral 
computed tomography (CCT), cerebral magnetic reso-
nance imaging (MRI), needle electromyography (EMG), 
nerve conduction studies (NCSs), electrocardiography 
(ECG), and genetic work-up.

2   |   CASE REPORT

The patient is a 14-year-old Indian male, height 147 cm, 
weight 40 kg, who was admitted because of a generalized 
tonic–clonic seizure. His history was positive for hypoa-
cusis, ptosis, and focal tonic–clonic seizures of the upper 
and lower limbs on either side since childhood. For focal 
seizures he did not receive any anti-seizure drugs (ASDs). 
The family history was negative for mitochondrial disor-
ders. The parents were non-consanguineous. At the age 
of 14 mild quadruparesis developed. Thereafter, focal sei-
zures were followed by generalized seizures, occasionally 

complicated by postictal hemiparesis (Todd paresis). In 
addition, the patient developed occasional, abnormal in-
voluntary movements of limbs, choreaballism with left-
sided predominance, facial grimacing, carpopedal spasms, 
and abnormal sensations of the lips.

Neurologic exam revealed mild cognitive impairment, 
hypoacusis, ptosis, proximal weakness of upper and 
lower limbs (muscle research council [MRC] grade 4), 
absent deep tendon reflexes, and positive Chvostek and 
Trousseaus' signs. Further work-up by blood tests revealed 
hypocalcemia, hyperphosphatemia, hypoparathyroidism, 
elevated creatine-kinase, and lactic acidosis (Table  1). 
CSF lactate was elevated to 37.3 mg/dL [RI 13.7–20.5 mg/
dL]. The EEG was free of epileptiform discharges. The 
CCT revealed bilateral calcifications of the putamen and 
calcifications periventricularly (Figure  1). Cerebral MRI 
showed bilateral, non-enhancing, T1- and susceptibility-
weighted imaging (SWI) hyperintensities of the basal 
ganglia and periventricularly. NCSs revealed mild axo-
nal neuropathy of the tibial and peroneal nerves. Needle 
EMG was myogenic. ECG showed T-wave flattening and 
QT-prolongation. Transthoracic echocardiography re-
vealed mild myocardial thickening and mild diastolic 
dysfunction.

Genetic work-up for a suspected MID revealed the vari-
ant m.15043G > A in MT-CYB. Seizures were successfully 
treated with lamotrigine (100 mg per day) since admis-
sion. Hypocalcemia was substituted with calcium intra-
venously. For hypoparathyroidism calcitriol (0.25 μg per 
day) was given. Choreaballism was treated with haloperi-
dol (1 mg per day) and tetrabenazine (25 mg per day) since 
hospital Day 4. For the mitochondrial disorder a cocktail 
comprising coenzyme Q10 (75 mg per day), L-carnitine 
(1000 mg per day), thiamine (200 mg per day), riboflavin 
(20 mg per day), alpha lipoic acid (600 mg per day), biotin 
(20 mg per day), vitamin-C (1000 mg per day), vitamin-E 
(400 mg per day), and creatine monohydrate (10 mg per 
day) was given after genetic confirmation of the MID. 
At follow-up, 8 months after starting the treatment, 

T A B L E  1   Abnormal results of blood and CSF tests obtained 
during the most recent hospitalization.

Reference limits Patient

Ionized calcium 1.1–1.35 mmol/L 0.86 mmol/L

Total calcium 8.5–10.l mg/dL 5 mg/dL

Phosphorus 2.9–5.1 mg/dL 26.1 mg/dL

Parathormone 8.7–79-6 pg/mL 6.2 pg/mL

Serum lactate 0.5–1.0 mmol/L 8.28 mmol/L

Pyruvate 0.030–0.107 mmol/L 0.134 mmol/L

Arterial pH 7.28–7.32 7.12

CSF lactate 13.7–20.5 mg/dL 37.3 mg/dL
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choreaballism had completely resolved. The patient was 
seizure-free. The quadruparesis had resolved. The tendon 
reflexes showed a tendency to recover. Only ptosis and 
slight cognitive deficits persisted.

3   |   DISCUSSION

The presented case shows that MIDs can manifest with 
cognitive impairment, seizures, movement disorders, hy-
poacusis, endocrinopathy, cardiomyopathy, neuropathy, 
and myopathy. The multisystem character of MIDs is a 
common finding,11 which often only becomes apparent as 
the disease progresses. The organs or systems most com-
monly affected in MIDs are the skeletal muscle, the central 
nervous system, and the endocrine system.11 Movement 
disorders are an increasingly recognized central nervous 
system (CNS) manifestation of MIDs.12 In the index pa-
tient, movement disorder manifested as choreaballism, 
which was attributed to affection of the basal ganglia. 
Although the extent of the calcifications on the CCT was 
smaller than the extent of the T1-lesions on the MRI, a 
causal relationship was suspected. Hyperparathyroidism 

alone has not been considered to be the cause of the basal 
ganglia calcifications. The reason why choreaballism oc-
curred with left-sided predominance remains speculative, 
but could be attributed to the asymmetry of the basal gan-
glia calcifications or the T1-lesions.

Whether the variant m.15043G > A was really causal re-
mains speculative, since conflicting results regarding the 
pathogenicity of this variant have been reported.13,14 On 
MITOMAP the mtDNA variant m.15043G > A is described 
to perturb the activity of cytochrome B1 and reported to 
be pathogenic.15 In a study of three female patients with 
a MID from China, one patient carried the mtDNA vari-
ants m.16183A > C, m.16189 T > C, and n.15043G > A in 
the D-loop.16 It was not specified which of these variants 
was the cause. Biochemical investigations of the muscle 
homogenate revealed isolated complex-I deficiency.16 
Phenotypically, the patient presented with cardiomyopa-
thy complicated by ventricular arrhythmias, slight systolic 
dysfunction, and elevated creatine-kinase-MB fraction.16 
The patient additionally presented with myopathy, man-
ifesting as hyper-creatine-kinase emia.16 In a study of 77 
patients with schizophrenia, bipolar disorder, or major de-
pressive disorder, the variant m.15043G > A was detected 
in 15 patients with the M, N, and pre HV haplogroup.17 
A causal relation between the variant and the psychiat-
ric disease was discussed but remained unproven.17 In a 
study of seven patients with atypical psychosis, the vari-
ant m.15043G > A was detected in two of them without 
the finding being discussed further.18 In a study of 250 
Korean patients with non-small-cell lung cancer, the vari-
ant m.15043G > A was detected in the tumor tissue by se-
quencing the entire mrDNA and was considered to be one 
of the causes.19 In a Tunisian study with 40 patients with 
dilated cardiomyopathy and 30 patients with hypertrophic 
cardiomyopathy, mtDNA sequencing revealed the variant 
m.15043G > A in one patient each with dilated and hyper-
trophic cardiomyopathy.20 The variant was classified as a 
nonpathogenic polymorphism in this study.19 In a study 
of 34 patients with aggressive periodontitis the variant 
m.15043G > A was detected as one of eight mtDNA poly-
morphisms associated with the dental disorder.21

Interestingly, choreaballism in the index patient re-
sponded favorably to haloperidol, tetrabenazine, and possi-
bly to the cocktail of antioxidants, cofactors, and vitamins. 
Generally, treatment of choreaballism depends on the un-
derlying cause. In Huntington's disease chorea responds 
favorably to the vesicular monoamine transporter type 2 
inhibitors deu-tetrabenazine or tetrabenazine.22 If chorea 
is part of a tardive dyskinesia syndrome, valbenazine and 
deu-tetrabenazine are usually considered.23 If treatment 
with L-DOPA is the cause of chorea, treatment with aman-
tadine has proven itself.24 Antipsychotics can be consid-
ered if chorea occurs together with psychiatric conditions, 

F I G U R E  1   Cerebral CT scan without contrast medium of 
the index patient at age 14 y showing bilateral calcification of the 
putamen and calcifications periventricularly.
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such as agitation, irritability, anxiety, depression, suicidal 
ideation, or apathy. In children with severe Sydenham's 
chorea, improvement can be achieved with the use of cor-
ticosteroids in combination with antibiotics to treat the 
rheumatic infection with beta-hemolytic Streptococcus.25 
Chorea due to endocrine or metabolic disorders, such as 
hyperthyroidism, hypoglycemia, hypoparathyroidism, 
hypocalcemia, or hypomagnesemia, responds most fa-
vorably to treatment of the underlying condition.26,27 A 
nondrug treatment for chorea is deep brain stimulation 
(DBS). It has been successfully applied in patients with 
Huntington's chorea,28 in patients with chorea due to ac-
anthocytosis,29 or in patients with chorea due to cerebral 
hypoxia.30 As most of the drugs mentioned above have 
side effects, it is crucial to weigh the risk and benefit for 
the patient and to stop the drug, even if it is beneficial. 
Side effects particularly occur with tetrabenazine (suicidal 
thoughts), steroids (metabolic myopathy, hypertension, 
diabetes, osteoporosis, etc.), amantadine (hallucinations), 
or antipsychotics (Parkinson syndrome, tardive dyskine-
sias, and QT-prolonogation).

Limitations of the study were that no muscle biopsy 
was performed to look for immune-histological features of 
MID, the pathogenicity of the variant in the MT-CYB gene 
was not substantiated by functional or cybrid studies, no 
biochemical investigations were performed, that the pa-
tient has not been systematically evaluated for multisys-
tem involvement, and that first-degree relatives have not 
been systematically evaluated clinically and genetically.

4   |   CONCLUSIONS

This case shows that certain non-syndromic MIDs mani-
fest with cognitive impairment, seizures, movement dis-
orders, hypoacusis, endocrinopathy, cardiomyopathy, 
neuropathy, myopathy, that choreaballism can be a phe-
notypic feature of a multisystem MID, and that choreabal-
lism can favorably respond to haloperidol, tetrabenazine, 
and possibly to a cocktail of antioxidants, cofactors, and 
vitamins.
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