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ABSTRACT: ObjectivesObjectives: To identify the prevalence of dystonia in a RNA Polymerase III (POLR3)-related
leukodystrophy patient cohort and to further characterize their dystonic features.
BackgroundBackground: POLR3-related leukodystrophy is a hypomyelinating leukodystrophy characterized by neurological
and non-neurological features. Dystonia remains a challenging and under-recognized feature.
MethodsMethods: A retrospective chart review was performed in a cohort of 20 patients for whom videos of a
standardized neurological examination were available. Patients were recruited at the Montreal Children’s
Hospital of the McGill University Health Center and the Myelin Disorders Bioregistry Project. Families were
consented at the initial assessment and the following data was recorded: age and symptoms at clinical
presentation, investigations, causal gene and mutation(s), type and severity of dystonia, and treatment
response when needed. Standardized examination videos were reviewed by three independent reviewers and
scored using the Global Dystonia Scale.
ResultsResults: 10 males and 10 females were included in this study; 12/20 had POLR3A mutations, while 8/20 had
POLR3B mutations; 19/20 patients had documented dystonia, with 3/19 requiring therapy. There was a good
response in two patients to a single agent, and a poor response in one patient to three agents; the majority had
mild-to-moderate multifocal dystonia without a functional impact.
ConclusionsConclusions: Dystonia is a common, yet underdiagnosed, slowly progressive manifestation of POLR3-related
leukodystrophy, and in most cases has limited-to-no functional impact. When treatment is needed, good
response to typically used medication may occur. Further studies are needed to assess evolution of dystonia
over time, patients’ functional outcome, and response to therapy (when needed).

Introduction
POLR3-related leukodystrophy is a recently described hypo-
myelinating leukodystrophy characterized by variable age of
onset (early to late childhood) and neurological (i.e., cerebellar,
pyramidal, extrapyramidal, and cognitive) and non-neurological
(i.e., dental, ocular, and endocrine) features. Over the last
decade, five distinct clinical phenotypes were recognized and
are now included under POLR3-related leukodystrophy.
These include: 4H syndrome (hypomyelination, hypodontia,

hypogonadotropic hypogonadism)1–3; ataxia, delayed dentition
and hypomyelination (ADDH)4,5; tremor-ataxia with central
hypomyelination (TACH)6–9; leukodystrophy with oligodontia
(LO)10,11; and hypomyelination with cerebellar atrophy and
hypoplasia of the corpus callosum (HCAHC).12,13 This disease
has an autosomal recessive pattern of inheritance with mutations
in POLR3A and POLR3B genes,6,8,12,14 shown to be disease-
causing in 2011 and mutations in the POLR1C gene,15 recog-
nized to cause this disorder in 2015.6,8,12,14 Genotype-phenotype
correlations16 have been difficult to establish due to a large
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number of mutations and an even larger number of combina-
tions of mutations. However, a cross-sectional clinical study of
this disorder suggests that a more severe course is typically seen
in patients with POLR3A mutations, when compared to
POLR3B. Among the neurological symptoms of this disorder,
dystonia, which remains a challenging and under-recognized fea-
ture of this disease, may have an impact on quality of life, espe-
cially in advanced disease states. In this study, we report the
prevalence and characteristics of dystonia in a cohort of
20 patients with POLR3-related leukodystrophy who under-
went a standardized video protocol.

Methods
Patients
A retrospective cohort study was performed on 20 patients
recruited at the Montreal Children’s Hospital of the McGill Uni-
versity Health Center, Canada; and the Myelin Disorders Bioreg-
istry Project at The Children’s National Medical Center,
Washington DC, between March 2012 and October 2014. All
patients had molecularly confirmed POLR3-related leukodystro-
phy and were initially recruited based on clinical history, exami-
nation, and typical MRI findings.

Standard protocol approvals, registrations, and patient consent
approvals were obtained from research ethics boards at both
institutions, and written informed consent was obtained from
parents/legal guardians at the time of the first visit.

Data Collection
Detailed past medical information was obtained through clinical
questionnaires completed by referring physicians or the families,
supplemented by information from medical records. Pertinent
medical information included perinatal, developmental, past
medical and family history, age at onset of symptoms, neurologi-
cal and non-neurological features, and detailed diagnostic
workup (including mutation analysis). Brain MRI studies of all
patients were reviewed by the study supervisor (G.B.).

Dystonia Assessment
All participants were assessed by a videotaped examination per-
formed by a pediatric neurologist using a standardized protocol
(dystonia coalition adapted for children and degree of disabi-
lities). Videos were scored using the Global Dystonia Scale
(GDS).17 Information regarding treatment details were obtained
as well. Two independent movement disorder specialists (G.B.
and S.C.), together with G.A.Y. (senior neurology resident),
reviewed the videotaped examination and rated the severity of
dystonia using the GDS. The ratings of one of the three raters
tended to be lower than the ratings of the other two. This rater
did not observe any dystonia in seven patients for whom the
other two raters observed dystonia. Therefore, before averaging
ratings across the three raters, all ratings were adjusted using

weights formed by the within-rater averages across all patients
and all body parts. The three weights used were 1.22, 1.32, and
0.57. After multiplying each rating by the appropriate weight, an
average was taken across raters for each patient and each body
part. The resulting values were not whole numbers in accor-
dance with the original scale. Therefore, ranges were used to
define severity: none (0), mild (>0 ≤ 2.0), mild-to-moderate
(>2.0 ≤ 4.0), moderate (>4.0 ≤ 7.0), and severe (>7.0 ≤ 10.0).

Results
Demographic data showed an even distribution of gender among
the group with a M:F ratio of 10:10. Among the 20 patients in
this study, twelve patients carried mutations in POLR3A, while
the remaining eight carried mutations in POLR3B, as indicated
in Supporting Table 1. When comparing disease onset, the
POLR3A group had a mean age of onset of 21.5 months, which
was slightly younger than the POLR3B group’s mean age of
onset of 28 months. Cerebellar manifestations, such as ataxia and
tremor were the presenting features in 10/12 patients with
POLR3A mutations while ataxia and motor delay were the pre-
senting features in 5/8 patients with POLR3B confirmed muta-
tions. Other reported presenting manifestations among the group
were: spasticity (6/20), behavioral disturbances (6/20), and learn-
ing difficulties (4/20). All patients enrolled in the study had the
typical POLR3-related leukodystrophy MRI findings, including
diffuse hypomyelination with relative T2 hypointense signal in
the dentate nuclei, anterolateral nuclei of the thalami, globi pal-
lidi, posterior limbs of the internal capsules (in some), and optic
radiations with a thin corpus callosum and cerebellar atro-
phy (Fig. 1).

The total dystonia score ranged from 0 to 82, with a mean of
16.66 (SD 18.39). The severity per total dystonia scale is indi-
cated in Fig. 2. Only one of the 20 patients had severe dystonia,
while most patients scored in the mild and mild-to-moderate
range (10/20 patients; Table 1). When considering the dystonia
distribution among body parts, the majority of patients had mul-
tifocal dystonia, with the distal arms and legs being the most
commonly affected, while the trunk was the least frequently
affected (in only one patient who had severe dystonia; Table 2).
Video 1 illustrates a patient with moderate multifocal dystonia.

Discussion
Dystonia is a movement disorder defined as involuntary muscle
contractions of agonist and antagonist muscles causing slow,
repetitive movements or abnormal postures or both.18 These
movements may be painful, and occasionally have a superim-
posed tremor component to it. The clinical diagnosis of dystonia
is usually challenging, especially in the presence of other comor-
bid neurologic signs or symptoms. We believe it is an under rec-
ognized neurologic feature in POLR3-related leukodystrophy
due to the presence of other confounding comorbid neurologic
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features such as cerebellar and pyramidal signs. To our know-
ledge, this is the first study to evaluate dystonia in this disorder
systematically.

The pathophysiologic considerations of dystonia remain con-
troversial, principally in relation to which part of the central ner-
vous system is primarily affected (i.e., basal ganglia alone or basal
ganglia with other structures such as the thalamus, brainstem,
parietal lobe, or cerebellum).19 Recently, several neurophysio-
logical studies have identified functional abnormalities in the sen-
sorimotor network in the basal ganglia and the cerebellothalamic

pathway.20 We hypothesize that the underlying etiology of the
dystonic phenotype in POLR3-related leukodystrophy is likely
related to diffuse hypomyelination and neuronal loss, which
involves the basal ganglia connections, resulting in a network
disorder.

While dystonia in the pediatric age group is typically general-
ized, the majority of our cohort manifested multifocal dystonia.
Indeed, all dystonia patients had bilateral and symmetric limb
involvement affecting upper and lower limbs in variable degrees,
but never an isolated neck, laryngeal, or trunk dystonia. These
body parts were involved only in patients with moderate to
severe dystonia. Most of the patients had dystonia in the mild
and mild-to-moderate severity range. When comparing both
genetic subgroups, patients who fell towards the severe spectrum
were patients with POLR3A mutations.

Moreover, the only three patients who had severe dystonia
requiring treatment were carrying POLR3A mutations, correla-
ting with the expected more severe and rapidly progressive
course of previous reports.16

Current literature in the treatment of dystonia is sparse and
relies mainly on symptomatic treatment. Treatment decisions are
based on the distribution and severity of dystonia, together with
the functional impact on the patient’s daily life, and possible
complications such as pain or hip dislocation in severe cases.
First-line treatment for generalized and multifocal dystonia is the
oral medication trihexyphenidyl, an anticholinergic drug. The
second-line is tetrabenazine, a reversible dopamine-depleting
agent. Other agents used include baclofen, benzodiazepines, or
L-dopa in select cases. If a specific muscle group is affected,
botulinum toxin injections can be used with high success rates.
Finally, deep brain stimulation remains an option for refractory
patients even though there is no systematic evidence for this
patient population to date. In our small number of patients
who needed treatment (three patients), two patients with moder-
ate dystonia were well controlled on a single medication (L-dopa
and trihexyphenidyl). In the other patient who had severe

FIG. 1. MRI characteristics of POLR3-related leukodystrophy.
MRI of the brain of patient 17 at the age of 10 years and 7 months. On the sagittal T1 FLAIR, we note a thin corpus callosum and mild
superior vermis atrophy (A). Diffuse hypomyelination of the cerebellum and cerebrum is seen on axial T2 weighted images (B, C) with
relative preservation of the dentate nuclei (B), optic radiations (C), anterolateral nuclei of the thalamus (C) and globi pallidi (C).

FIG. 2. Histogram of Dystonia Severity scores categories.
The horizontal line shows the total dystonia rating score, none
(0); mild (>0 ≤ 20); mild to moderate (>20 ≤ 40); moderate
(>40 ≤ 70) and severe (>70 ≤ 100), while the vertical line
represents the number of patients in each category. The
dotted line represents the normal distribution curve.
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dystonia with important paroxysmal exacerbations, three oral
medications were tried, including trihexyphenidyl, tetrabenazine,
and oxcarbazepine; despite these medications and the treatment
of his concurrent spasticity, only a sub-optimal response was
obtained.

Finally, the authors acknowledge some limitations of this
study including the retrospective nature of the project, which
limits the quality of information gathered regarding the timing of
onset and evolution of the dystonia. Another limiting factor is
that the research team saw the patients at different stages of their
disease. Lastly, the incomplete agreement between raters, which
was adjusted statistically, is another limitation that could be
addressed in future studies by having a greater number of
reviewers. A prospective natural history study is required to
understand the progression of dystonia, its impacts, and whether
early detection and management could alter the course of the
disease, and improve the patients’ quality of life.

Conclusions
Dystonia is a common, yet underdiagnosed clinical manifestation
in POLR3-related leukodystrophy; it tends to be evident as the
disease progresses and in most individuals has no impact on their
functional level. When treatment is needed, a good response to
typically used medications is noted in some cases. Further studies
are needed to assess the evolution of the dystonia over time, its
functional impact on patients, and patients’ response to treatment.

Author Roles
1. Research Project: A. Conception, B. Organization,
C. Execution; 2. Statistical Analysis: A. Design, B. Execution,
C. Review and Critique; 3. Manuscript Preparation: A. Writing
the First Draft, B. Review and Critique.

G.A.Y.: 1A, 1B, 1C, 2A, 2B, 2C, 3A, 3B
L.T.: 1A, 1B, 1C, 3B
K.G.: 3B, Sanger sequencing
A.V.: 1A, 1B, 1C, 3B
R.S.: 1A, 1B, 1C, 3B
N.I.W.: 1A, 1B, 1C, 3B
S.C.: 1A, 1B, 1C, 3B
G.B.: 1A, 1B, 1C, 2A, 2B, 2C, 3A, 3B

Acknowledgments
The authors would like to thank the patients and their families
for their participation.

Disclosures
Ethical Compliance Statement: This study was approved by
research ethics boards at the Montreal Children’s Hospital of the
McGill University Health Center, Canada; and the Myelin Dis-
orders Bioregistry Project at The Children’s National Medical

TABLE 2 Prevalence and severity of dystonia for each body part among the study cohort

Mild Mild-to-moderate Moderate Severe

Body part f % f % f % f %

Upper face 4 20 1 5 0 0 0 0
Lower face 1 5 0 0 1 5 0 0
Jaw & tongue 4 20 0 0 1 5 0 0
Larynx 2 10 5 25 0 0 0
Neck 1 5 2 10 2 10 1 5
R Proximal arm 1 5 0 0 0 0 1 5
L Proximal arm 3 15 0 0 0 0 1 5
R Distal hand 6 30 7 35 5 25 1 5
L Distal hand 6 30 5 25 7 35 1 5
R Upper leg 1 5 0 0 0 1 5
L Upper leg 0 0 1 5 0 0 1 5
R Distal leg 7 35 5 25 5 25 1 5
L Distal leg 7 35 3 15 5 25 1 5
Trunk 0 0 1 5 0 0 0 0

Abbreviations: (f ), frequency of affected patients; (%), percentage among the group.

TABLE 1 Dystonia severity classification per different genetic mutation

Genetic mutation
POLR3A POLR3B Total

Rating f % f % f %

No dystonia 0 0.0 1 12.5 1 5.0
Mild 4 33.3 1 12.5 5 25.0
Mild to Moderate 3 25.0 2 25.0 5 25.0
Moderate 4 33.3 4 50.0 8 40.0
Severe 1 8.3 0 0.0 1 5.0

Abbreviations: (f ), frequency of affected patients; (%), percentage among the group.
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Supporting Information
Supporting information may be found in the online version of
this article.
Supporting Table 1. Details of the confirmed genetic muta-

tions in the study cohort.
Video 1. Moderate multifocal dystonia in POLR3-related

leukodystrophy. The first part of the video shows focal eyelid
dystonia, demonstrated by forced closure of the eyelids. The sec-
ond part shows head tremor, and while the arms are being held
outstretched, moderate dystonic posturing and a combination of
cerebellar and dystonic tremor of the hands. The third part
shows dystonic postures of the feet at rest, which are worsening
with repetitive foot tapping. The fourth part of the video dem-
onstrates the inability to draw spirals secondary to hand dystonia.
The last part shows marked loss of truncal posture secondary to
cerebellar involvement, and moderate foot posturing while
attempting to walk. Both of the cerebellar involvement and the
dystonia are resulting in marked difficulties with standing and
walking.
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