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IMPORTANCE Extrapyramidal movement disorders associated with mitochondrial disease are
difficult to treat and can lead to considerable disability. Moreover, potential new treatment
trials on the horizon highlight the importance of genotype-phenotype associations and deep
phenotyping of the movement disorders related to mitochondrial disease.

OBJECTIVE To describe the phenotype, genetic etiology, and investigation of extrapyramidal
movement disorders in a large and well-defined mitochondrial disease cohort.

DESIGN, SETTING, AND PARTICIPANTS An observational cohort study at a single national
referral center. Among 678 patients (87% adults) followed up at the Newcastle mitochondrial
disease specialized referral center between January 1, 2000, and January 31, 2015,
42 patients (12 pediatric, 30 adult) with genetic or biochemical evidence of mitochondrial
disease and with 1 or more predefined extrapyramidal movement disorders (parkinsonism,
dystonia, tremor, chorea, and restless legs syndrome) were included.

MAIN OUTCOMES AND MEASURES We investigated the prevalence and genetic causes of
dystonia and parkinsonism as well as radiological findings in the context of movement
disorders in mitochondrial disease. All patients were interviewed and examined. All available
medical notes and clinical, radiological, and genetic investigations were reviewed.

RESULTS Forty-two patients (mean [SD] age, 37 [25] years; 38% female) with mitochondrial
disease (12 pediatric [age range, 4-14 years], 30 adult [age range, 20-81 years]) with
extrapyramidal movement disorders were identified. Dystonia manifested in 11 pediatric
patients (92%), often in the context of Leigh syndrome; parkinsonism predominated in
13 adult patients (43%), among whom 5 (38%) harbored either dominant (n = 1) or recessive
(n = 4) mutations in POLG. Eleven adult patients (37%) manifested with either generalized or
multifocal dystonia related to mutations in mitochondrial DNA, among which the most
common were the m.11778G>A mutation and mutations in MT-ATP6 (3 of 11 patients [27%]
each). Bilateral basal ganglia lesions were the most common finding in brain magnetic
resonance imaging, usually associated with generalized dystonia or Leigh syndrome.

CONCLUSIONS AND RELEVANCE Dystonia, often associated with Leigh syndrome, was the
most common extrapyramidal movement disorder among pediatric patients with
mitochondrial disease. Parkinsonism was the most prevalent extrapyramidal movement
disorder in adults and was commonly associated with POLG mutations; dystonia was
predominantly associated with mitochondrial DNA mutations. These findings may help direct
genetic screening in a busy neurology outpatient setting.
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M itochondrial dysfunction is an important cause of neu-
rological disease.1,2 Mitochondrial disease can present
at any age, with extremely varied associated clinical

features. Several types of movement disorders have been de-
scribed in single case reports and small case series of patients
with mitochondrial disease.3 However, the spectrum and char-
acteristics of extrapyramidal movement disorders in the con-
text of a clinically and genetically defined cohort of patients with
mitochondrial disease have not been studied in detail. More-
over, in some patients with mitochondrial disease, associated
movement disorders such as generalized dystonia are ex-
tremely difficult to treat and lead to disability,4 stressing the need
for more detailed understanding and appreciation of these con-
ditions. We interrogated the phenotypic, genetic, and brain
imaging findings of extrapyramidal movement disorders in a
large, well-defined clinical cohort with mitochondrial disease.

Methods
Patients with mitochondrial disease who had movement dis-
orders were identified among 678 (87% adults) of those fol-
lowed up at the NHS Highly Specialised Service for Mitochon-
drial Disease in Newcastle, England, between January 1, 2000,
and January 31, 2015; most patients had been enrolled to the
UK MRC Mitochondrial Disease Patient Cohort Study. All pa-
tients were required to have molecular genetic or biochemi-
cal evidence of mitochondrial disease.

Among the 2 main movement disorder categories of aki-
netic-rigid syndromes and hyperkinetic/dyskinetic syn-
dromes, patients with the extrapyramidal movement disor-
ders of parkinsonism (akinetic-rigid) and with dystonia, tremor,
chorea, and restless legs syndrome (RLS; hyperkinetic/
dyskinetic) were included.5 Although both myoclonus and
ataxia are commonly encountered among patients with mito-
chondrial disorders,6,7 these are not conventionally catego-
rized as extrapyramidal disorders and neither were included
in this study as primary movement disorders. However, all
movement disorder manifestations were noted in the pa-
tients included in the study to provide complete phenotypes.
All patients were examined and regularly reviewed by 1 or sev-
eral of us (M.H.M., Y.S.N., G.S.G., A.M.S., P.F.C., D.J.B., R.M.,
and D.M.T.). All available medical notes as well as clinical,
genetic, and brain imaging data were scrutinized.

In this study, affected cases of parkinsonism fulfilled the
UK Parkinson’s Disease Society Brain Bank clinical diagnostic
criteria for parkinsonian syndrome (ie, bradykinesia with ≥1
of the following: rigidity, 4- to 6-Hz rest tremor, and postural
instability).8 Patients whose condition was compatible with
drug-induced parkinsonism or other iatrogenic movement dis-
orders were excluded. Patients with dystonia, tremor, cho-
rea, and RLS were identified based on the respective diagno-
ses in their medical notes. Likewise, in patients under regular
clinical review, diagnoses were further confirmed according
to relevant clinical criteria.9-12 We also scrutinized the thera-
peutic strategies, including pharmacological, that were used
to ameliorate the movement disorder symptoms as well as the
clinical responses to these treatments.

This study was approved by the NHS Research Ethics Ser-
vice North East–Newcastle and North Tyneside 2 Research Eth-
ics Committee and performed under the ethical guidelines is-
sued by our institution for clinical studies, with written
informed consent obtained from all participants. High stan-
dard of ethics according to the Declaration of Helsinki was ap-
plied in all investigations and clinical work described herein.

Results
We identified a total of 42 patients (mean [SD] age, 37 [25] years;
38% female), including 12 pediatric patients (age range, 4-14
years) and 30 adult patients (age range, 20-81 years), from 39
pedigrees with clinically and genetically or biochemically de-
fined mitochondrial disease presenting with 1 or a combina-
tion of the predefined movement disorders. The general char-
acteristics of the pediatric patients are summarized in the Table,
and those of the adult patients are summarized in the eTable
in the Supplement. The age at onset refers to the onset of the
principal extrapyramidal movement disorder. Owing to limi-
tations in available data, we could not reliably determine the
age at onset of the movement disorder in 5 patients (adult
patients P18, P21, P30, P35, and P42).

Movement Disorders in Pediatric Patients
Among the 12 pediatric patients (Table), the most common
pathogenic mutations were the m.9176T>C mutation in the mi-
tochondrial MT-ATP6 gene (3 patients [25%]) and mutations
in the nuclear SUCLA2 and NDUFAF6 genes (2 patients [17%]
each). The most common clinical movement disorder in the
pediatric patients was dystonia (11 patients [92%]). Four pe-
diatric patients (P2, P4, P6, and P7) presented with chorea or
a mixed choreic-dystonic movement disorder. Nine of 12 pe-
diatric patients (75%) had a phenotype compatible with Leigh
syndrome (LS).

Movement Disorders in Adult Patients
Among the 30 adult patients (eTable in the Supplement), the
most common among the 15 different genetic causes were mu-
tations in POLG (7 patients [23%]), followed by the mitochon-
drial m.11778G>A mutation in MT-ND4 (3 patients [10%]) and
multiple mitochondrial DNA (mtDNA) deletions without an
identified nuclear genetic defect (2 patients [7%]). Twelve of

Key Points
Question What extrapyramidal movement disorders are present
in patients with mitochondrial disease, and what are their genetic
etiologies?

Findings In this cohort study of 42 identified patients with
mitochondrial disease (12 pediatric, 30 adult) who had
extrapyramidal movement disorders, 11 pediatric patients (92%)
had dystonia and 13 adult patients (43%) had parkinsonism, which
was commonly associated with mutations in POLG.

Meaning These findings may help direct genetic screening in a
busy neurology outpatient setting.
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the 30 adult patients (40%) presented with generalized or mul-
tifocal dystonia and 6 (20%) presented with focal dystonia (in-
cluding 1, patient P19, with vocal cord dystonia). Parkinson-
ism was present in 13 adult patients (43%), and 5 of these 13
(patients P32, P33, P34, P36, and P37) harbored mutations in
POLG. Five adult patients had RLS (3 of whom also had par-
kinsonism): 3 with POLG mutations (patients P35-P37), 1 with
multiple mtDNA deletions (patient P41; genetic cause unde-
termined), and 1 with an SDHA mutation (patient P39). Cho-
rea or a choreic-dystonic movement disorder was present in
2 adult patients (patients P23 and P26). Action tremor and rapid
eye movement sleep behavioral disorder were present in 1 pa-
tient each (patients P30 and P41, respectively). Seven of the
30 adult patients (23%) had a phenotype compatible with LS.

Patients With Dystonia and LS
In the combined group of pediatric and adult patients, the
single most common cause of generalized dystonia was the

mitochondrial m.11778G>A mutation (n = 4). Overall, a
pathogenic mtDNA mutation was detected in 14 of the 18
pediatric and adult patients (78%) with generalized dystonia.
Among pediatric patients with a phenotype compatible with
LS, the mean (SD) age at disease onset was 1.3 (0.8) years
(median, 1 year; interquartile range [IQR], 0 years; range,
1-3.5 years), whereas the mean (SD) age at latest follow-up
was 9.0 (4.2) years (median, 8 years; IQR, 8 years; range, 4-14
years). Among the adult patients with LS, the mean (SD) age
at disease onset was 2.1 (1.4) years (median, 1.75 years; IQR, 2
years; range, 1-4 years), whereas the mean (SD) age at latest
follow-up was 29 (7.0) years (median, 28 years; IQR, 5 years;
range, 21-40 years). Generalized dystonia manifested early
in life with a mean (SD) age at onset of 2.7 (4.9) years (me-
dian, 1 year; IQR, 1 year; range, 1-20 years), whereas parkin-
sonism presented at later age with mean (SD) age at onset of
42 (16) years (median, 50 years; IQR, 29 years; range, 18-55
years).

Table. General Characteristics of 12 Pediatric Patients With Mitochondrial Disease and Movement Disorders

Patient
No./Sex

Age at
Onset/Latest
Follow-up, y Diagnosis Movement Disorder Brain MRI Findings Clinical Course Other

P1/F 3.5/14 MT-ND1 mutation m.3688G>A,
84% heteroplasmic in muscle

Generalized dystonia,
mostly limbs

Bilateral changes in globus
pallidus at age 4 y

Slowly
progressive

LS, epilepsy; complex I
deficiency; CSF lactate
level elevated
(24.3 mg/dL)

P2/F 1/13 MT-ATP6 mutation m.9176T>C Generalized dystonia,
mostly limbs; chorea

ND Stepwise
progression

LS; PEG; sister of
patient P3

P3/M 1/14 MT-ATP6 mutation m.9176T>C Generalized dystonia,
mostly limbs

ND Stepwise
progression

LS; PEG; brother of
patient P2

P4/M 1/8 MT-ATP6 mutation m.9176T>C,
98% heteroplasmic in muscle

Generalized dystonia,
mostly limbs; chorea

Increased T2 bilateral
changes in putamen and
globus pallidus and in dorsal
brainstem at age 1 y

Acute onset,
stepwise
progression

LS; CSF lactate level
elevated (33.5 mg/dL);
PEG

P5/M 1/10 MT-ND4 homoplasmic mutation
m.11778G>A

Generalized dystonia,
trunk and limbs

Hypodevelopment of
cerebellar vermis, large
cisterna magna at age 1 y

Slowly
progressive

LD; visual impairment;
PEG

P6/M 1/5 Homozygous SUCLA2 mutation
c.1219C>T (p.Arg407Trp)

Chorea, generalized
hypotonia

Increased T2 bilateral
changes in putamen and
caudate nucleus at age 1.5 y

Slowly
progressive

LS; SNHL; PEG

P7/M 1/6 Homozygous SUCLA2 mutation
c.1271delG; p.Gly424Aspfs*18

Choreic-dystonic
movement disorder,
limbs

Increased T2 speckled
appearance in bilateral basal
ganglia changes at age 1 y

Slowly
progressive

LS; SNHL; PEO; PEG

P8/M 1/7 Compound heterozygous FARS2
mutations: c.973G>T
(p.Asp325Tyr) and an 88-kb
(6p25.1) deletion

Generalized dystonia,
mostly limbs

Increased T2 bilateral
subcortical changes,
thinning of corpus callosum

Slowly
progressive

LD, severe epilepsy;
previously published13

P9/M 1/4 Homozygous NDUFAF6
mutation c.226T>C
(p.Ser76Pro)

Generalized dystonia, all
limbs; levodopa useful

Increased T2 bilateral
changes in putamen, parietal
cerebral white matter, dorsal
pons at age 2 y

Stepwise
progression

LS; complex I
deficiency; PEG;
brother of patient P10

P10/M 1/12 Homozygous NDUFAF6
mutation c.226T>C
(p.Ser76Pro)

Generalized dystonia, all
limbs; levodopa
alleviated dystonia but
increased aggression

Increased T2 bilateral
changes in caudate and
putamen nucleus at age 3 y

Stepwise
progression

LS; complex I
deficiency; PEG;
brother of patient P9

P11/F 1/5 Homozygous PDHX mutation
c.1158C>T (p.Gln387*)

Dystonic spasms, limbs Generalized atrophy,
atrophic corpus callosum,
atrophic periventricular
white matter

Slowly
progressive

LD, severe epilepsy;
SNHL

P12/M 1/5 Homozygous MTFMT mutation
c.626C>T (p.Arg181Serfs*6)

Multifocal dystonia,
limbs

Increased T2 bilateral
changes in putamen, globus
pallidus, subthalamic
nucleus, and dorsal
brainstem at age 4 y

Stepwise
progression

LS; complex I and IV
deficiency; elevated
CSF lactate level
(40.5 mg/dL); motor
developmental delay,
speech delay

Abbreviations: CSF, cerebrospinal fluid; kb, kilobase; LD, learning disability; LS, Leigh syndrome; MRI, magnetic resonance imaging; ND, not done;
PEG, percutaneous endoscopic gastrostomy; PEO, progressive external ophthalmoplegia; SNHL, sensorineural hearing loss.

SI conversion factor: To convert CSF lactate level to millimoles per liter, multiply by 0.111.
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Brain Imaging
Structural brain imaging data were available for 35 patients.
Brain magnetic resonance imaging most often revealed
T2-weighted and fluid-attenuated inversion recovery hyperin-
tensities in basal ganglia (mostly in putamen and globus palli-
dus), bilaterally in 16 patients and unilaterally in only 1 patient
(patient P18). Brain computed tomographic scans were avail-
able in 7 patients; basal ganglia calcification was not evident.
Cerebellar atrophy was present in 6 patients (patients P11, P19,
P20, P33, P34, and P42). Three patients (patients P29, P32,
and P35) had normal brain imaging findings. Dopamine trans-
porter single-photon emission computed tomography
(DAT-SPECT) data, in our institute using the iodine 123 ([123I])–
labeled FP-CIT (N-ω-fluoropropyl-2β-carbomethoxy-3β-(4-
[123I]iodophenyl) nortropane) radioligand, were available for
12 adult patients, 9 of whom had abnormal findings sugges-
tive of a presynaptic nigrostriatal dopaminergic defect. Inter-
estingly, the 3 patients with normal DAT-SPECT findings pre-
sented clinically with parkinsonism (patient P38), RLS
(patient P41), or a combination of the two (patient P39).
Among the 9 patients with abnormal DAT-SPECT findings
(Figure), 7 presented with parkinsonism as the predominant
movement disorder. One patient with abnormal DAT-SPECT
findings presented with RLS and another presented with
unspecified tremor (patients P35 and P30, respectively).
Among the 9 patients with abnormal DAT-SPECT findings, 6

harbored POLG mutations (patient P36 with a dominant
mutation and patients P32-P35 and P37 with recessive muta-
tions), whereas the remaining 3 patients all had different
genetic diagnoses (patient P29 with a single large-scale
mtDNA deletion, patient P30 with compound heterozygous
MTFMT mutations, and patient P40 with a dominant SDHA
mutation). No brain imaging data were available in 2 pediatric
patients (patients P2 and P3) and 3 adult patients (patients
P21, P28, and P31).

Medications to Treat Movement Disorders
Data for medications used specifically to treat movement dis-
orders were available in 14 patients: 2 pediatric patients (pa-
tients P9 and P10) and 12 adult patients. Levodopa was used
in 12 patients: 6 patients (all adults) with parkinsonism as the
predominant movement disorder and 6 patients (2 pediatric
and 4 adult patients) who mainly presented with dystonia.
Among the 6 adult patients with parkinsonism who received
levodopa, 3 responded well but the other 3 did not. Both pe-
diatric patients treated for generalized dystonia responded well
to levodopa, whereas among the 4 levodopa-treated adult pa-
tients with dystonia, only 1 responded well.

Five patients (patients P13 and P24-P27) with dystonia were
treated with oral baclofen and 6 patients (patients P13, P19, P20,
and P24-P26) with dystonia received botulinum neurotoxin in-
jections. Four of the 5 patients who received oral baclofen for

Figure. Brain Magnetic Resonance Imaging (MRI) and Dopamine Transporter Single-Photon Emission
Computed Tomography (DAT-SPECT) Imaging Findings in Patients With Mitochondrial Disease

MRI, patient P30A

DAT-SPECT, patient P30D DAT-SPECT, patient P29E DAT-SPECT, patient P33F

MRI, patient P29B MRI, patient P33C

LeftRight

A and D, Bilateral putaminal lesions in
brain MRI (A) and bilaterally reduced
striatal uptake in DAT-SPECT imaging
(D) in patient P30. B and E, Normal
brain MRI findings (B) but bilaterally
reduced striatal uptake in DAT-SPECT
imaging (E) in patient P29.
C and F, Cerebral and cerebellar
atrophy but normal basal ganglia in
brain MRI (C) and bilaterally reduced
striatal uptake in DAT-SPECT imaging
(F) in patient P33.
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dystonia tolerated it well, although they lacked noticeable clini-
cal improvement (patients P13, P24, P25, and P27). Botuli-
num neurotoxin was generally well tolerated and effective in
the treatment of focal or multifocal dystonia. Six patients (pa-
tients P13, P20, and P24-P27) had received at least 2 different
treatments targeting dystonia. Poor tolerance of oral ba-
clofen, tizanidine hydrochloride, trihexyphenidyl hydrochlo-
ride, or amantadine hydrochloride was noted in 3 patients (pa-
tients P26, P27, and P34). None of the patients received
intrathecal baclofen or deep brain stimulation, although deep
brain stimulation was considered but not deemed suitable for
2 patients (patients P24 and P25). No pediatric patients
received medications other than levodopa.

Discussion
In our study of a large and clinically well-defined cohort of pa-
tients with mitochondrial disease (predominantly adults [87%])
including patients from all over the United Kingdom, we iden-
tified 12 pediatric and 30 adult patients who presented with
the extrapyramidal features of parkinsonism, dystonia, tremor,
chorea, or RLS. Among the pediatric patients, dystonia, most
commonly as part of LS, was the predominant extrapyrami-
dal movement disorder. Among the adult patients, parkinson-
ism was the predominant extrapyramidal movement disor-
der, followed by generalized or multifocal dystonia, with the
other predefined movement disorder presentations being far
less common.

Parkinsonism is a well-recognized albeit uncommon pre-
sentation associated with pathogenic mutations in POLG.
Among the 5 patients with parkinsonism and POLG muta-
tions in our cohort, 1 patient (patient P36) harbored a domi-
nant mutation that has previously been reported.14 Interest-
ingly, the other 4 patients harbored either homozygous (patient
P32) or compound heterozygous (patients P33, P34, and P37)
mutations in the linker region of POLG, suggesting that par-
kinsonism is also part of the clinical spectrum of recessive mu-
tations in POLG. Mitochondrial parkinsonism has previously
been reported also in the context of various mtDNA muta-
tions, including the m.8344A>G mutation15 and large-scale
“common” mtDNA deletions.16 In our cohort, 2 patients with
SDHA mutations (patients P39 and P40) and 1 with RRM2B-
related mitochondrial disease (patient P38) presented with par-
kinsonism as part of their phenotype. Parkinsonism has re-
cently been reported in association with pathogenic mutations
in OPA1.17 However, among our small cohort of 22 patients with
OPA1 mutations, we have not observed parkinsonism or other
extrapyramidal movement disorders. Clinical distinction be-
tween idiopathic Parkinson disease (IPD) overlapping a mito-
chondrial disorder and a true mitochondrial parkinsonism is
not always straightforward. Parkinsonism related to POLG mu-
tations is the best characterized type of parkinsonism associ-
ated with mitochondrial disease, and it can closely mimic IPD
given the typically asymmetric clinical symptoms at onset,
good response to levodopa, and imaging evidence of nigro-
striatal dysfunction.14 However, our present data suggest that
mitochondrial parkinsonism usually has earlier age at onset

than IPD and that asymmetric DAT-SPECT findings make a good
response to levodopa more likely (patients P29 and P36 vs P32
and P40; eTable in the Supplement).

In the context of mitochondrial disease, dystonia has been
mostly reported in association with LS and Leber hereditary
optic neuropathy mutations, but it has also been reported with
several other mtDNA mutations.4,18,19 Two patients in this
study (patients P31 and P32) harbored recessive POLG muta-
tions and presented with dystonia as part of their phenotype.
Although previously reported,20 we suggest that dystonia may
have been overlooked owing to prominence of other clinical
features of POLG-related disease. Interestingly, we found 6 pa-
tients (patients P2-P4 and P20-P22) with MT-ATP6 muta-
tions presenting with dystonia, although 2 of these (patients
P2 and P3) were from the same pedigree and 5 of these oc-
curred in the context of LS. One patient with the m.8344A>G
mutation presented with vocal cord dystonia as part of the phe-
notype (patient P19); to our knowledge, this association has
previously been reported in only 1 other patient.21 The
m.3688G>A mutation (patient P1) was reported earlier in a child
with LS,22 and the m.13513G>A mutation (patient P27) is a rec-
ognized cause of LS.23 Among the other genetic defects
associated with dystonia in this study (mostly in the context
of a complex phenotype such as LS), FARS2 mutations are a
recognized cause of LS or early-onset encephalopathy
syndrome.24 The phenotype of the patient with a PDHX mu-
tation (patient P11) is similar to the previously reported case.25

Mutations in SUCLA2 (patients P6 and P7) and NDUFAF6
(C8orf38) (patients P9 and P10) have also been reported to
result in LS-like phenotypes.26,27

The 2 patients in our study with MTFMT mutations (pa-
tients P12 and P30) presented with LS. A common presenta-
tion associated with pathogenic MTFMT mutations is LS with
ataxia, hypotonia, and psychomotor retardation.28 Chorea and
RLS have both been only rarely reported in association with
mitochondrial disease.29,30 We found 6 patients presenting
with chorea or a mixed choreic-dystonic movement disorder
and 5 patients presenting with RLS. However, both were typi-
cally part of a more complex phenotype. Monoamine neu-
rotransmitter disorders often present with parkinsonism or
generalized dystonia, and secondary cerebrospinal fluid neu-
rotransmitter abnormalities have been reported in mitochon-
drial disorders.31 Unfortunately, no cerebrospinal fluid neu-
rotransmitter data were available for any of the patients
described in this study.

The use of FP-CIT-SPECT is an established method for in
vivo assessment of presynaptic dopaminergic function.32

However, there are only a few studies reporting the findings
in DAT imaging in patients with mitochondrial disease along
with parkinsonism or other movement disorders. A bilateral
nigrostriatal dopaminergic defect has been reported both in
patients with POLG-related parkinsonism14,33 and in patients
with POLG-related mitochondrial disease without clinical
parkinsonism.34 Among the 12 patients with DAT-SPECT data
in our study, a reduction in presynaptic DAT binding was
observed in 9 patients. Among these, parkinsonism was the
dominant movement disorder in 7; the main movement disor-
der was action tremor in 1 patient (patient P30) and RLS in

Research Original Investigation Features of Extrapyramidal Movement Disorders in Mitochondrial Disease

672 JAMA Neurology June 2016 Volume 73, Number 6 (Reprinted) jamaneurology.com

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/pdfaccess.ashx?url=/data/journals/neur/935350/ by a Newcastle University User  on 05/03/2017

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaneurol.2016.0355&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2016.0355
http://www.jamaneurology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2016.0355


Copyright 2016 American Medical Association. All rights reserved.

another (patient P35). Six of these 9 patients with abnormal
DAT-SPECT imaging findings harbored POLG mutations.
Interestingly, and in line with the previous study by Tzoulis et
al,34 DAT-SPECT findings were abnormal in all patients with
POLG mutations who had available imaging data. Among the
3 patients with normal DAT-SPECT findings, 1 harbored a
mutation of RRM2B (patient P38) and another had mutations
in SDHA,35 resulting in mitochondrial complex II deficiency
(patient P39). In the third patient, multiple mtDNA deletions
in muscle were detected but no underlying gene defect was
revealed (patient P41).

Among patients with parkinsonism and dystonia, there
were several reasons some patients did not receive levodopa
at any time, including early onset of disease and heavier over-
all disease burden. In the case of some pediatric patients, the
parents may have been reluctant toward medical treatments.
Levodopa treatment and responses to levodopa are noted in
the Table and in the eTable in the Supplement for all patients
who received this medication. Among the 12 patients who used
levodopa, the predominant movement disorder was dysto-
nia in 6 patients and parkinsonism in the other 6. The fact that
we do not know exactly how the pathophysiology of mito-
chondrial parkinsonism differs from IPD and indeed whether
there are several mechanisms leading to similar phenotypes
renders rational pharmacotherapy more challenging; at pres-
ent, it seems that the possible benefit of levodopa in mito-
chondrial movement disorders should be determined case by
case, although asymmetric DAT-SPECT findings probably in-
dicate a higher likelihood of a good response to levodopa in
patients with parkinsonism.

Therapeutic trials are warranted to establish the sympto-
matic efficacy of levodopa in patients with generalized dys-
tonia or parkinsonism associated with mitochondrial dis-
ease. Patients with focal or multifocal dystonia benefited from

botulinum neurotoxin injections. Although oral baclofen was
well tolerated in most patients with generalized dystonia, the
clinical responses were modest. There is at present little evi-
dence to guide decisions on the medical treatment of mito-
chondrial movement disorders, and we acknowledge that data
on pharmacological therapies targeting movement disorders
were not extensive in this study. However, as movement dis-
orders such as generalized dystonia can result in long-term dis-
ability in patients with mitochondrial disease, active pursuit
of symptomatic relief and improvement of quality of life are
warranted.

Conclusions
This study on the extrapyramidal movement disorders of par-
kinsonism, dystonia, RLS, tremor, and chorea in a large cohort
of patients with mitochondrial disease suggests that dystonia,
often in the context of LS, is the most common movement
disorder among pediatric patients. Among adult patients, par-
kinsonism is the most common movement disorder, followed
by generalized or multifocal dystonia. Mitochondrial parkin-
sonism was commonly associated with POLG mutations,
whereas mitochondrial dystonia would appear to be predomi-
nantly associated with mtDNA mutations, commonly the
m.11778G>A mutation or mutations in MT-ATP6. As many
patients with mitochondrial movement disorders, even those
with severe disability associated with LS, live well into adult-
hood, we suggest that clinical trials are needed to improve the
treatment of these patients. Research-based evidence on the
treatment of mitochondrial movement disorders remains very
limited. However, patients with generalized dystonia and
with parkinsonism may benefit from levodopa, and therapeu-
tic trials with this medication are warranted.
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