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SECTION 1: INTRODUCTION 
 
Dystonia is a common neurological presentation in childhood, and may be defined as:  
 
A movement disorder characterized by sustained or intermittent muscle contractions causing 
abnormal, often repetitive, movements, postures, or both.1 
 
Dystonic movements are typically patterned, twisting and may be tremulous. Dystonia is often 
initiated or worsened by voluntary action, and associated with overflow muscle activation (e.g. 
involuntary movement of the hand when fingers are moved, or of the arm when the hand is 
moved). 
 
The term dystonia does not refer to a single disease entity, but instead is the common end 
point of a number of different neurological disorders. Dystonia may occur as an isolated 
neurological finding in an otherwise healthy and normally developing child, or may be just one 
of a range of neurological problems a child experiences.  
 
These guidelines are intended as a starting point for the management of children with 
dystonia, covering diagnosis and investigation, classification, management of dystonia in 
general and management of status dystonicus. The choice of investigations for children with 
dystonia must be based on a careful consideration of the clinical and family history. Similarly, 
choices of pharmacological and other medical interventions will be influenced by underlying 
diagnosis, and the aim of the intervention with respect to improving function and participation, 
placed in the context of other neurological difficulties, particularly those affecting other aspects 
of the motor system.  
 
A multi-professional approach to the management of dystonia is essential if quality of life and 
function are to be optimised, including hospital, primary care and community professionals in 
addition to the tertiary specialist team. Dystonia beginning in childhood rarely spontaneously 
remits, and even when due to a static cause a progression of symptoms may occur2. Acute 
worsening of dystonic movements may occur on the background of chronic difficulties. When 
particularly severe these may become life threatening, requiring emergency intervention.  
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Brief summary guidelines are presented in Section 2. These are provided as quick reference 
guides. Section 3 onwards includes more detailed discussion of aspects of dystonia diagnosis 
and management, and is intended more as a reference guide, and starting point for further 
reading. 
 
 
 

SECTION 2: Guideline Summaries 
 
 
The following pages include summary guidelines for: 
 

• Diagnosis and Investigation of Childhood Dystonia 
• Management of Childhood Dystonia (Excluding Status Dystonicus) 
• Management of Status Dystonicus 
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SECTION 3: RECOGNISING DYSTONIA 
 

3(a): Differentiating Dystonia from other abnormal movements in Childhood 
 
Dystonia is one of range of what are termed “Hyperkinetic” movement disorders3, i.e. disorders 
characterised by an excess of involuntary movement.  Other hyperkinetic movements include 
chorea, athetosis and myoclonus (Table 1). It may be difficult at times to differentiate between 
different hyperkinetic movements. 
 
 
Hyperkinetic  
Movement 

Clinical Characteristics How to Differentiate from 
dystonia 

Chorea On going random-appearing sequence of one or 
more discrete involuntary movements or 
movement fragments. When occurring in 
proximal muscle groups termed “ballismus” 

Lack of posturing in 
comparison to dystonia 

Athetosis Slow, continuous, involuntary writhing 
movements that prevent maintenance of normal 
posture 

Lack of posturing in 
comparison to dystonia 

Myoclonus Brief shock-like jerks due to involuntary 
contraction or relaxation (negative myoclonus) of 
one or more muscles. 

Movements too brief – 
dystonia less shock like and 
more sustained. 

Tic Repeated individually recognisable movements 
or movement fragments that are almost always 
briefly suppressible and usually associated with 
awareness of an urge to perform the movement. 

Dystonic movements are not 
suppressible, even briefly 

 
Table 1: Differentiation from Dystonia of hyperkinetic movement disorders in childhood3 
 
 
In childhood it is not uncommon for multiple hyperkinetic movements to be present in the 
same individual, e.g. in Dyskinetic Cerebral Palsy due to Hypoxic Ischaemic Encephalopathy 
(HIE).  Specific combinations of different hyperkinetic movements may point towards a 
particular diagnosis e.g Dystonia in combination with Myoclonus may be due to mutations in 
the Epsilon-Sarcoglycan gene. Different hyperkinetic movements may respond to different 
medications, and so it is important in any given child to consider what the contribution of each 
movement disorder is to overall impairment of function. 
 

3(b): Differentiating Dystonia from other causes of Hypertonicity in Childhood 
 
 
In childhood dystonic movements are frequently more severe and sustained than those seen 
in adults, and so may present more as a disorder of tone than of movement. Dystonic 
hypertonicity will be present at rest (before applying passive joint movement) and typically 
reduces with sleep. It is important to differentiate hypertonicity due to dystonia from that due to 
either spasticity or rigidity, as this may help guide further investigation and therapeutic 
management4: 
 

• Spasticity is a velocity dependent hypertonicity (i.e. greater hypertonicity with faster 
passive joint movement), which varies with the direction of joint movement.  
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• Rigidity is not dependent upon velocity of imposed joint movement, is present 
throughout the joint range, and is not associated with any tendency to return to a 
particular fixed posture or extreme joint angle. 

 
It is not uncommon for dystonia to occur coincident with other forms of hypertonicity. From our 
own experience, approximately a third of children with dystonia also demonstrated elements of 
spasticity2. 

3(c): Other Important Mimics of Dystonia in childhood 
 
A number of other conditions may mimic the appearance of dystonia in childhood, which has 
been termed “pseudo-dystonia” by some authors. Examples are given in Table 2. In early 
infancy many normal motor patterns may appear dystonic. Co-contraction of limb muscles is a 
normal involuntary motor strategy in the first year of life, stiffening joints to provide stability to 
the limb. This co-contraction normally diminishes and is lost as children age, and more mature 
motor patterns are adopted. 
 
Dystonia Mimic  
Tonic Seizures 
Sandifer syndrome 
Tetany/Spasms due to electrolyte 
disturbances 
Congenital torticollis 
Infantile self gratification 
Posterior Fossa Tumor 
Chiari malformation 
Neuromyotonia/Myotonia 
Stiff Person Syndrome 
 
Table 2: Mimics of Dystonia in Childhood 
 

SECTION 4: CLASSIFYING DYSTONIA 
 

4(a): Systems for Classification 
 
Given the large range of disorders which may result in dystonia, accurate classification is 
important for guiding investigation and choice of intervention, as well as providing prognostic 
information.  A number of systems have been proposed to classify dystonia, usually based on 
the age of onset, distribution of body parts affected and underlying aetiology. More recently, a 
system of classification has been proposed which classifies dystonia along 2 Axes, clinical 
characteristics and aetiology1, as outlined in Table 3. 
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Age at onset Infancy (birth to 2 years) 

Childhood (3-12 years) 
Adolescence (13-20 years) 
Early Adulthood (21-40 years) 
Late Adulthood (>40 years) 

Body Distribution Focal 
Segmental 
Multifocal 
Generalised (+/- leg involvement) 
Hemidystonia 

Disease Course Static 
Progressive 

Variability Persistent 
Action-specific 
Diurnal 
Paroxysmal 

Isolated dystonia or 
combined with another 
movement disorder 

Isolated (+/- tremor) 
Combined 
 

Axis 1 – Clinical 
Characteristics 

Other neurological or 
systematic features 

Listed as appropriate 

Nervous System 
Pathology 

Evidence of degeneration 
Evidence of structural (often static) lesion 
No evidence of degeneration or structural 
lesion 
 

Axis II – Aetiology 

Inherited or Acquired If inherited: 
• Autosomal dominant 
• Autosomal Recessive 
• X-linked recessive 
• Mitochondrial 

 
If Acquired 

• Perinatal Brain Injury 
• Infection 
• Drug 
• Toxic 
• Vascular 
• Neoplastic 
• Brain Injury 
• Psychogenic 

 
If Idiopathic 

• Familial 
• Sporadic 

 
Table 3 – Classification of Dystonia (Taken from Albanese et al 20131) 
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4(b): Examples of Classification 
 
A child with dystonia arising due to an cerebral infarct at 4 years of age could be classified as: 
 
Axis 1:  
Age at onset – Childhood 
Body Distribution – Hemidystonia 
Disease Course – Static 
Variability –Persistent 
Isolated dystonia 
No other neurological features 
 
Axis 2: 
Nervous system Pathology – Evidence of Structural lesion 
Acquired - Vascular 
 
A child with dystonia with onset at 13 years of age due to a mutation in the DYT1 gene: 
 
Axis 1:  
Age at onset – Adolescence 
Body Distribution – Generalised (with leg involvement) 
Disease Course – Static 
Variability –Persistent 
Isolated dystonia 
No other neurological features 
 
Axis 2: 
Nervous system Pathology – No evidence of degeneration or structural lesion 
Inherited – Autosomal dominant 

SECTION 5: CAUSES OF DYSTONIA IN CHILDHOOD 
 
It is impractical to give an exhaustive list of disorders causing childhood dystonia. Instead 
some common/important causes are outlined in Table 4. This list also illustrates the range of 
conditions which may give rise to dystonic movements. 
 
Cause of Dystonia Clinical Details 
Dyskinetic Cerebral Palsy The commonest cause of dystonia in childhood. May be due to 

pre-term birth, hypoxic-ischaemia encephalopathy, or 
kernicterus, but cause is sometimes not identified. Dystonia 
frequently coincident with choreathetosis (hence “dyskinetic” 
Cerebral palsy). Abnormal movements frequently begin after the 
first year of life. Elements of spasticity may also be present. 
Negative motor features are also often present, and may be the 
predominant cause of impairment, e.g. weakness and 
hypertonicity affecting truncal muscles. 

Medication Related May arise following deliberate or accidental ingestion of 
medications, e.g cyclizine. It is important to exclude the 
possibility of medication related dystonia in all new 
presentations. 

Dopa-Responsive Dystonia DRD includes a range of inherited disorders of monoamine 
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(DRD) neurotransmitter metabolism, involving enzymes involved 
directly in Dopamine synthesis, or in the generation of the 
biopterin co-factors required for Dopamine synthesis. Children 
with DRDs are sometimes mistakenly diagnosed as having 
Dyskinetic Cerebral Palsy, and so this diagnosis should be 
considered in all patients presenting with dystonia. A trial of L-
Dopa therapy should be considered in all children with dystonia, 
particularly if MRI neuroimaging is normal. In most cases this 
would not be recommended as a first line medication (please 
see Section 6). The most common form of DRD is autosomal 
recessive GTP-cyclohydrolase deficiency (also known as 
Segawa’s Disease). This presents with a predominantly lower 
limb dystonia, with a marked diurnal variations in symptoms. 
Limb stiffness is worse as the day progresses and following 
exertion. A profound, sustained response to L-Dopa treatment is 
often seen. Tyrosine Hydrolase deficiency is another important 
cause of DRD. This may present as a severe neonatal 
encephalopathy with seizures and marked movement disorder, 
or later in the first year of life, with movement disorder often 
including oculogyric crisis. Early L-Dopa supplementation may 
possibly lead to better neurodevelopmental outcomes. 

Idiopathic Torsion Dystonia 
( DYT1 dystonia) 

DYT1 dystonia is due to mutations in the torsinA gene, the first 
gene implicated in the pathogenesis of primary dystonia. The 
condition is autosomal dominant, but with a variable penetrance 
of around 30%. Dystonia presents often in the first or second 
decade of life, initially affecting the lower limbs, before 
becoming more generalised. There is usually sparing of facial 
musculature. DYT1 dystonia is highly responsive to Deep Brain 
Stimulation, with greater response to stimulation seen with 
shorter disease duration prior to surgery.  

CNS infection Acute onset dystonia is commonly seen with CNS infection. 
Meningeal irritation may in and of itself give rise to opsithotonus. 
Basal ganglia lesions, either directly due to parenchymal 
infection, or as a consequence of cerebral hypoperfusion or 
infection related vasculitis, may give rise to dystonia. 
Dystonia/Dyskinesia may also be a feature of autoantibody 
related encephalitis. 

Organic Acidaemia, e.g. 
Glutaric Aciduria or Methyl 
malonic acidaemia 

Lesions of the basal ganglia are a frequent sequela to metabolic 
decompensation in children with organic acidaemia. Acute onset 
encephalopy, particularly in the neonatal period or first year of 
life, with a metabolic acidosis with increased anion gap should 
prompt consideration of an organic acidaemia, carnitine 
supplementation in the acute phase prior to biochemical 
confirmation with acylcarnitine and urinary organic acid profiles. 

Neuronal Degeneration 
with Brain Iron 
Accumulation (NBIA) 

To date, mutations within at least 10 genes have been identified 
as causes of NBIA. A common feature of these disorders is 
progressive neurodegeneration with evidence of iron deposition 
on MRI imaging. Specific radiological patterns of iron deposition 
are associated with specific gene mutations, e.g. the “Eye of the 
Tiger sign” seen in Pantothenate Kinase associated 
neurodegeneration (PKAN), with low T2 signal in the globus 
pallidus peripherally, and high signal more centrally due to 
gliosis. Phospholipase A2 Group 6-Associated 
Neurodegeneration (PLAN), with progressive cerebellar atrophy 
and gliosis, and iron deposition in the globus pallidi without the 
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“eye of the tiger sign”. Neuroimaging may initially be 
unremarkable in children with NBIA, only later demonstrating 
characteristic features. Repeat imaging should consequently be 
considered in children with progressive dystonia and 
unremarkable initial imaging. 

Biotinidase Deficiency Biotinidase deficiency is an uncommon cause of dystonia, but 
important not to miss as a treatable cause with biotin 
supplementation. Biotinidase deficiency is an autosomal 
recessive condition. Severe deficiency presents with hypotonia, 
seizures and a severe eczematous skin rash. Ataxia is far more 
commonly seen in affected individuals then dystonia.  

Mitochondrial Disorders The nuclei of the basal ganglia are tissues with high metabolic 
activity, and so are frequently involved in disorders of 
mitochondrial function. This may present with features of a 
specific mitochondrial phenotype, e.g. Metabolic 
Encephalomyopathy, Lactic Acidosis and Stroke like episodes 
(MELAS) or Leigh syndrome, or less specifically with MRI 
lesions including basal ganglia/thalamic structures. Elevated 
plasma and CSF lactate levels may point towards a 
mitochondrial disorder. Muscle biopsy (including respiratory 
chain analysis) should be considered for all children with 
suspected mitochondrial disorders. 

Glucose Transporter Type 
1 Deficiency Syndrome  

Glucose Transporter Type 1 Deficiency Syndrome (GLUT1DS) 
classically presents with acquired microcephaly, developmental 
delay and seizures refractory to pharmacological intervention. A 
broad phenotype is recognised, including paroxysmal 
dystonia/dyskinesia, worsened by times of fasting, and often 
more pronounced in the morning before breakfast. Symptomatic 
improvement is usually seen following instigation of the 
ketogenic diet. Diagnosis may be made on the basis of a  
CSF:Plasma glucose ratio <0.5. Testing should ideally be 
performed after a period of fasting, with plasma glucose 
samples obtained before CSF sampling, as the stress response 
to LP can lead to an elevation in plasma glucose. Genetic 
testing can also be performed, looking for mutations in the 
SLC2A1 gene. 

Psychogenic/Functional 
Dystonia 

For some children movement disorders arise which cannot be 
attributed to an identifiable organic process. Dystonia in these 
cases is thought to be due to a combination of both neurological 
and psychological factors and, most importantly, is 
subconsciously generated. Various terms have been used to 
describe this condition, none of which is without problems. In 
recent years the term “functional” has begun to replace the term 
“psychogenic”, as the latter term implies that dystonia arises 
due to some psychological trauma, which for many children is 
not the case. Importantly, functional dystonia should not be 
considered a diagnosis of exclusion, as the experienced 
clinician can identify subtle features from the clinical history and 
physical examination which point towards the diagnosis. 

Lesch-Nyhan Disease Lesch-Nyhan disease is an x-linked disorder of purine 
metabolism, due to mutations in the HPRT1 gene. Patients 
present with dystonia/dyskinesia (typical onset in the first year of 
life), along with behavioural disturbance typically including self-
harming behaviour. Elevated uric acid levels can result in renal 
calculi, and urate stone accumulation in the skin and joints. 
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Maintenance of adequate hydration is essential as a 
consequence, as is treatment with allopurinol. In the first year of 
life plasma urate levels may be normal due to increased renal 
clearance, and so biochemical screening should rely upon 
urinary urate to creatine ratio. MRI imaging is typically 
unremarkable. 

Wilson’s Disease As a treatable condition, Wilson’s disease should be excluded in 
all children presenting with dystonia. Wilson’s disease is an 
autosomal recessive disorder, due to mutations in the ATP7B 
gene. Symptom onset is typically from 6-20 years of age. 
Mutations in the ATP7B gene result in excessive accumulation 
of copper in both the brain and liver, and neurological symptoms 
including dystonia may occur prior to the development of liver 
problems. Neuropsychiatric features are common, with altered 
behaviour an early sign. Deposition of copper in the cornea may 
give rise to Kayser-Fleischer rings, which may only be visible on 
slit lamp examination. MRI imaging typically demonstrates T2 
hyperintensities in basal ganglia structure, with some cases 
demonstrating the “face of the panda sign” – extensive 
hyperintensity in the midbrain with relative sparing of the red 
nucleus, superior colliculus and substantia nigra, along with 
hypointensity of the aqueduct. 

 
Table 4: Common/Important Causes of Dystonia in Childhood 
 

SECTION 6: INVESTIGATING CHILDHOOD DYSTONIA 
 
Given the large range of conditions which may present with dystonia, it is neither practical nor 
desirable to produce an exhaustive list which could be considered a “dystonia screen”5. 
Choice of investigations must be on an individual patient basis, considering details of clinical 
history, examination findings and family history. Key to avoiding unnecessary investigation is 
recognising when dystonia is iatrogenic due to administered medications. MRI brain imaging is 
likely to be the most informative investigation. As a general anaesthetic is likely to be required 
to facilitate imaging in children with movement disorders, it is common to use this opportunity 
to obtain blood samples. CSF samples may not always be necessary as a first line 
investigation, e.g. in a child presenting with dystonia with a clear history of perinatal hypoxic 
ischaemic encephalopathy (HIE). In children with a clear history of HIE and features typical of 
the diagnosis MRI imaging is not necessary to confirm the diagnosis, and in some cases no 
further investigation will be necessary. It is important to manage the expectation of 
parents/carers and referring clinicians with regards to the likelihood of a definitive diagnosis 
being made, as for many children this will not be possible.  
 
 
Investigations should be prioritised on clinical likelihood of diagnosis, exclusion of potentially 
treatable causes (e.g. Wilson’s disease or Biotinidase deficiency) and exclusion of disorders 
for which medical intervention could prevent further deterioration (e.g. organic acidaemias).  
 

6(a): First Line Investigations 
 
First line investigations would generally include those listed below. Not all may be necessary 
based on the clinical presentation. 
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MRI Brain –  Should include T2* gradient-echo sequences to ensure metal deposition in 
basal ganglia and other structures is not missed 

 
Blood –  FBC, LFT, Bone Profile, Acylcarnitine profile, plasma aminoacids, ammonia, 

lactate, save DNA sample, CGH array, copper, caeruloplasmin, Vit B12, Folate, 
urate, thyroid function (TSH, T3, T4) 

 
Urine-  Organic acids 
 

6(b): Additional targeted Investigations 
 
 
Further investigations should be targeted towards specific diagnosis as shown in Table 5.  
Depending upon clinical presentation, many of these investigations may be included in first 
line testing – e.g. autoantibody testing in a child presenting with an acute onset dystonia 
following febrile illness. 
 
 
Investigation Condition 
Blood 
Anti-DNA 
Anti-nuclear antibodies 
N-methyl-D-aspartate Receptor antibodies 
Anti- Thyroid Antibodies 

Autoimmune conditions 

White blood cell enzymes GM1/2 gangliosidosis 
Metachromatic leukodystrophy 
Neuronal Ceroid Lipofuscinosis 

Pyruvate Pyruvate dehydrogenase complex deficiency 
Homocysteine Homocystinuria  
Manganese Dystonia with manganese accumulation 
Alpha fetoprotein Ataxia-telangectasia (NB levels normally 

elevated before 2 years of age) 
Immunoglobulins Ataxia-telangectasia (elevated IgM) 
Chromosomal Breakage studies Ataxia-telangectasia 
Vitamin E Vitamin E deficiency 
Very Long Chain Fatty Acids Peroxisomal Disorders 
Biotinidase Biotinidase deficiency 
Mycoplasma serology Mycoplasma infection 
Ferritin Neuroferritinopathy 
Lupus screen  Systemic Lupus Erythematosis 

Antiphospholipid Syndrome 
Anti-streptolysin O Titre, Anti-DNAseB Post-streptococcal  
Blood film Neuroacanthocytosis 
Human Immunodeficiency Virus serology Human Immunodeficiency Virus 
Urine 
Purine Screen Molybdenum Co-factor Deficiency 

Lesch-Nyhan Disease 
Creatine/Guanidinoacetate Guanidinoacetate Methlytransferase 

Deficiency 
L-arginine:glycine amidinotransferase 
deficiency 

Toxicology Testing should be discussed with toxicology 
team to ensure appropriate assays performed 
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CSF 
Neurotransmitter metabolites Please see Section 6(c)  
Lactate Mitochondrial disorders (elevated) 

Glucose Transporter Type 1 Deficiency 
Syndrome (low) 

Glucose Glucose Transporter Type 1 Deficiency 
Syndrome 
Central Nervous System Infection 

Folate Cerebral Folate Deficiency 
Neopterin Central Nervous System inflammation 
Oligoclonal bands Central Nervous System inflammation 

Multiple sclerosis 
Neuroimaging 
MRI Spine Cervical imaging in children with 

predominantly cervical dystonia 
Magnetic Resonance Spectroscopy (MRS) Disorders of Creatine metabolism 

Mitochondial disorders 
GM2 gangliosidosis 

Computed Tomography Scan Investigation of suspected intracranial 
Calcification 

Other Investigations 
Nerve conduction studies Metachromatic leucodystrophy 

Neuroacanthocytosis 
Spinocerebellar ataxia 
GM2 gangliosisdosis 
Mitochondrial disease 

Phenylalanine loading test Further elucidation of biochemical defect in 
Dopa-responsive dystonias 

Muscle Biopsy with respiratory chain analysis 
and mitochondrial DNA analysis 

Mitochondrial disorder 

Skin biopsy for fibroblast culture Pyruvate Dehydrogenase deficiency 
 
Table 5 – Additional Investigations in childhood dystonia 
 
 

6(c): Cerebrospinal Fluid Neurotransmitter analysis 
 
CSF neurotransmitter analysis is a powerful investigative tool, which can be invaluable in the 
diagnosis of children with dystonia. Interpretation of CSF neurotransmitter results can be 
complex. Disorders of neurotransmission may be either primary – due to inherited biochemical 
defects in neurotransmitter production, storage or transport – or secondary to another 
neurological disorder. Neurotransmitter analysis does not directly measure the levels of 
neurotransmitters such as Dopamine or serotonin, but instead measures down stream 
metabolities of these neurotransmitters (homovanillic acid or 5-Hydroxyindoloacetic acid) or 
co-factors in their production (biopterins or pyridoxal phosphate). Metabolite levels do not 
differentiate between primary and secondary disorders of neurotransmission. CSF 
neurotransmitter analysis should be restricted to children for whom there is a strong clinical 
suspicion of a disorder of neurotransmission, or following discussion with the Tertiary 
Paediatric Neurology Team in children for whom no diagnosis has been made despite 
extensive investigation (on call SpR available Monday-Friday 9am – 5 pm on bleep 1148). In 
many cases a direct trial of L-DOPA treatment may be more appropriate then CSF 
neurotransmitter analysis. 
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CSF neurotransmitter samples must be snap frozen at the bedside immediately following 
collection using either liquid nitrogen or dry ice (provided by Central Specimen Reception). 
Samples must then be stored at -70 Celsius until and during transportation. Samples are 
collected in 3 tubes, the order of collection indicated on the bottles (numbered 1-3). Sample 
bottles are provided by the Neurometabolic Unit, National Hospital, Queen Square, London 
(Telephone 02034483818). A supply of these sample bottles is usually held on Savannah 
Ward. For children already receiving L-DOPA treatment, a minimum of 72 hours off medication 
is required prior to CSF sampling. 

 

6(d): Genetic Testing in childhood Dystonia 
 
 
In most cases first or early line investigations into potential causes of dystonia would include a 
CGH array. A wide range of genetic conditions may give rise to dystonia. Where ever possible 
genetic testing should be based on recognition of specific dystonia syndromes which are 
known to correspond to abnormalities in specific genes, e.g. Dystonia-Myoclonus due to 
mutations in the Epsilon-Sarcoglcan gene (also known as DYT11). Increasingly “Dystonia 
Panels” are becoming available, which allow for a simultaneous screening for mutations 
across large numbers of gene loci. These panels may offer a potentially high yield of positive 
results, but may also generate difficult to interpret results. Discussion with Clinical Genetics 
prior to ordering such investigations is recommended. The Clinical Genetics Team based at 
Guy’s Hospital can be contacted through the Guy’s and St Thomas’ switchboard on extension 
81364. Genetic causes of dystonia, including the DYT dystonias, are included in Appendix 1 to 
these guidelines. 

 

SECTION 7: MANAGEMENT OF DYSTONIA 
 
The evidence base guiding the management of dystonia is currently limited, with very few 
randomised controlled trials available. Existing guidelines are consequently based on expert 
opinion6. As will be appreciated from the discussion above, treatment choices must be guided 
by specific patient circumstances, including underlying aetiology and the context of the 
broader motor impairment across which dystonia occurs. Side effects to dystonia medications 
are common, and patients and carers must be aware of the potential risks prior to initiation of 
therapy. 
 
In some specific cases dystonia aetiology may entirely guide pharmacological treatment, e.g. 
use of L-DOPA in Dopa-Responsive Dystonia due to Autosomal dominant GTP 
cyclohydrolase deficiency. In most cases though dystonia therapy will be symptomatic. Whilst 
the mechanism of action of anti-dystonic medications is to reduce dystonic 
movements/postures, this should not be seen as the primary goal of intervention. For many 
children with dystonia other features of their motor disorder will be more major contributors to 
motor impairment, e.g. weakness, low tone etc. In some cases abnormal tone provided by 
dystonia may in fact be supporting function (e.g. contraction in leg muscles supporting 
standing), with a loss of this tone leading to a worsening of disability. 
 
Functional goals for therapeutic interventions must be clearly agreed prior to initiation of any 
given intervention, e.g. reduction in pain, improvement in ease of delivery of activities of daily 
living. This will allow a more objective measure of the success of treatment to be made. 
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In all cases provoking factors for dystonia should be identified at actively treated, e.g. gastro-
oesophageal reflux, pain, infection, constipation etc. Iatrogenic causes for dystonia relating to 
medications should also be identified and corrected. 

7(a): Pharmacological Interventions 
 
Common medications used in the pharmacological management of childhood dystonia are 
outlined in Table 5. Oral enteral medications can be delivered via nasogastric tube, 
gastrostomy or jejunal tube unless otherwise stated).A distinction to be made is between 
medications which reduce dystonia through a primarily sedative effect (e.g. benzodiazepines, 
chloral hydrate and clonidine) and those with a direct antidystonic mechanism (e.g. 
trihexyphenidyl, L-DOPA and baclofen). Dystonia should be managed with only a small 
number of regular medications (1-2) whenever possible, with the lowest doses of per required 
need (PRN) medication possible for break through episodes. It must be recognised that it may 
not be possible to completely eliminate dystonia through pharmacological means without the 
induction of profound sedation. A balance must therefore be reached between the beneficial 
and adverse effects of medication given the severity of dystonia encountered. 
 
Name of 
Medication  

Dosage Comments 

Trihexyphenidyl 
(Enteral) 

Initially 1-2mg/day in 1-2 doses (all 
ages >1 month) 
 
1month – 2 years – Maximum daily 
dose 3mg TDS 
 
2-12 years – Maximum daily dose 10mg 
TDS 
 
>12 years – Maximum daily dose 30mg 
TDS 
 
Doses should be increased by 0.5-1 mg 
per dose per week up to maximum dose

Anticholinergic agent. Side effects 
include dry mouth, blurred vision, 
constipation and urinary retention. 
May be better tolerated in younger 
children and with slower dose 
escalation.  Depression may also 
be seen. 
 
Once maximum dose reached, 
maintain for 3 months and review 
response. 
 

Baclofen 
(Enteral) 

Not likely to be beneficial below 1 year 
of age 
 
Initial dose (all ages) 0.25mg/kg. May 
initially be given once daily, but no more 
frequently than three times a day. 
Increase dose every 3 days to a total 
dose of 2mg per kg per day (or 2.5mg 
per kg per day if >10 years, up to 
maximum doses below. Normal 
incremental dose increase no larger 
then 0.25mg per kg. 
 
Maximum recommended dosage: 
 
1-2 years 10-20mg/day 
2-6 years 20-30mg/day 
6-10 years 30-60mg/day 
>10 years 100mg/day 

GABAnergic agent. Poorly crosses 
the blood brain barrier, and so 
higher doses may be required. Side 
effects commonly include sedation 
and nausea. Has additional 
beneficial effect in reducing 
dystonia 
 
Bulbar function may also be 
adversely effected by baclofen. 

Benzodiazepine Diazepam Acute side effects include sedation, 
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(Enteral) Orally 
 
4 weeks – 1 year 250microgram/kg BD 
1-4 years 2.5mg BD 
5-12 years 5mg BD 
>13 years 10mg BD 
 
Doses given up to 4 hourly in status 
dystonicus 
 
Nitrazepam 
 
Orally 
 
Up to 1 year 250-500microgram/kg BD 
1-4 years 2.5mg BD 
5-12 years 2.5-5mg BD 
>12 years 2.5-15mg BD 
 

respiratory suppression and 
increased drooling. Dependency 
develops with regular use, and so 
slow wean required to avoid 
symptoms of withdrawal. Tolerance 
to dosage also builds over time. 

Clonidine 
(Enteral/Intravenous) 
Patches 

Initial dose 3microgram/kg TDS, 
increasing to QDS or 4 hourly if 
beneficially effects not achieved. 
 
Can be increased to a maximum dose 
over 24 hours usually equivalent to 
2microgram/kg/hour 
 
Topical patches available, which once 
applied need to be changed every 7 
days. Dose for patch should be direct 
conversion of total enteral/IV dose 
delivered over 24 hours 

Oral and intravenous doses 
interchangeable. Role in acute 
dystonia as benzodiazepine sparing 
sedative agent. Bradycardia may 
occur with higher doses. Doses >2 
microgram/kg/hour may sometimes 
be used, but only following 
discussion with clinicians with 
experience with such dosage 
regimes. 
If used for >2 weeks, weaning 
required (over 5 days) 

L-Dopa 
(Enteral) 

>3months initially 250micrograms/kg of 
levoDopa TDS 
Can be increased every 2-3 days to 
total 1mg/kg TDS 
 
Recommended prescription as co-
careldopa (Sinemet) – 62.5mg tablets 
containing 50mg levodopa and 12.5 mg 
carbidopa 

Significant side effects include 
nausea, which may limit dosage. 
Must be stopped for a minimum of 
72 hours prior to CSF 
neurotransmitter metabolite 
analysis, unless analysis aimed at 
monitoring efficacy of treatment in 
children, e.g. with a diagnosis of 
tyrosine hydroxylase deficiency. 

Chloral Hydrate 
(Enteral) 

30-60mg/kg, 3-6 hourly Acute sedative agent.  

Gabapentin 
(Enteral) 

Day 1 5 mg/kg OD 
Day 2 5 mg/kg BD 
Day 3 5 mg/KG TDS 
 
Can increase to 10mg/kg TDS 
 
Reduced dose required if renal 
impairment 

Potentially most useful when pain 
significant feature of dystonia. 

 
Table 5: Commmon Pharmacological Managements of Dystonia 
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Trihexyphenidyl is the medication with the strongest evidence base to support its use in 
childhood dystonia. In most cases this should be considered a suitable first line treatment. 
Anti-cholinergic side effects often limit dosage, and necessitate a slow build up of dosage. 
This limits the utility of trihexyphenidyl with severe acute presentations of dystonia, which may 
require other temporising measures until doses reach effective levels (see below). 
 
Benzodiazepines have been a mainstay for the treatment of dystonia, but usage carries a 
significant side effect profile. For acute/breakthrough symptoms shorter acting forms 
(diazepam or midazolam) may be beneficial, but repeated dosage carries a significant risk of 
respiratory depression. Longer acting forms (clobazam or nitrazepam) may be useful as a 
background medication, but can cloud cognition and cause significant drooling and sedation. 
Tolerance may develop, as can dependency, requiring slow and difficult weaning regimes if 
the medication is withdrawn. In children receiving regular benzodiazepines, acute withdrawal 
may occur if doses are missed (e.g. if nil enteral around the time of surgery). 
 
Baclofen is an GABAergic agonist most commonly used in the treatment of spasticity. Whilst 
widely used in clinical practise, evidence for it’s utility in the treatment of dystonia is limited. 
Baclofen poorly crosses the blood brain barrier, and high doses may be required to achieve 
clinical efficacy. In addition to side effects including nausea and sedation, high doses may 
result in a significant axial hypotonia. Use is probably best limited to children with mixed 
dystonia-spasticity. Intrathecal baclofen (see Section 6(d)) may be an alternative to oral 
dosing. 
 
The profound and sustained response to L-Dopa seen in children with DRD has led some 
experts to suggest it should be a first line therapy6 in children with dystonia. We would 
recommend a trial in children with a clinical picture suggestive of a neurotransmitter disorder, 
essentially normal neuroimaging and/or biochemical evidence of a monoamine 
neurotransmitter disorder. Limited data supports the potential efficacy of L-Dopa in 
symptomatic dystonia, though a trial should be considered in children refractory to other 
medications.  
 
Chloral hydrate reduces dystonia as a sedative agent through induction of sleep. It is useful 
temporising measure, particularly in acute worsening of dystonia. 
 
Gabapentin was originally developed as an anti-epileptic medication, and was subsequently 
found to have a beneficial effect in neuropathic pain. It is unclear whether the mechanism of 
action in dystonia is through reduction in discomfort, a primary anti-dystonic effect, or a 
combination of the two. Gabapentin may be particularly useful in children with painful total 
body dystonia experiencing difficulties with seating and/or sitting. 

7(b): Botulinum Toxin Injections 
 
Clear evidence exists to support the efficacy of botulinum toxin in the treatment of focal 
dystonia, particularly cervical dystonia, in adult hood. Botulinum toxin is a locally acting 
neurotoxin, which inhibits acetylcholine release from the pre-synaptic membrane of the 
neuromuscular junction. More limited evidence supports a role in focal dystonia of childhood. 
Beneficial effects may be seen with improved upper limb function in carefully selected 
children. In more generalised dystonia targeted botulinum toxin injections may have a 
beneficial role (e.g. limiting pain and improving ease of care in children with hip spasms). In all 
cases botulinum injection should be limited to children assessed by an appropriately skilled 
and experienced multi-disciplinary team, with a clear goal agreed for the intervention prior to 
administration of injections. 
 

7(c): Therapy Input 
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All children with dystonia require assessment by the multi-disciplinary therapy team, including 
Physiotherapy, Occupational Therapy, and, in many cases, Speech and Language Therapists. 
Specific therapy input must be tailored to the individual child’s need, and it is essential that 
tertiary services communicate effectively with local community and hospital based services. In 
many cases medical intervention (pharmacological and/or neurosurgical) should be 
considered as an opportunity to optimise the effectiveness of therapy in achieving functional 
goals. As such, the timing of an intervention should ideally be planned with professionals 
providing therapy input. 
 

7(d): Neurosurgical Interventions 
 
In recent years there has been considerable interest in the exploration of neurosurgical 
interventions in the treatment of dystonia. Currently three such interventions remain under 
evaluation – Intrathecal Baclofen (ITB), Deep Brain Stimulation (DBS) and Pallidotomy. 
Selective Dorsal Rhizotomy (SDR), currently under renewed evaluation for management of 
spastic diplegia, has no role in the management of dystonia. Referral for assessment for 
neurosurgical intervention should be considered in children refractory to pharmacological 
interventions, or for whom side effects limit pharmacological options.  
 

• Intrathecal Baclofen - Oral baclofen crosses the blood-brain-barrier only poorly. ITB 
overcomes this limitation, as baclofen is delivered directly into the Intrathecal space 
through a catheter which is connected to a pump system implanted in the 
subcutaneous tissue, usually in the anterior abdominal wall. This pump includes a 
reservoir for baclofen which can be re-filled percutaneously. The efficacy of ITB in the 
management of spasticity of spinal cord or cerebral origin is well established. 
Evidence for it’s use in dystonia is less well established, particularly in those who 
remain ambulant despite their motor impairment. ITB is currently used predominantly 
in those children with mixed spasticity-dystonia, or for whom DBS is contraindicated.  
Complications with ITB are not uncommon, including catheter leakage/rupture and 
infection of the system. At present most centres advocate a test dose of Intrathecal 
baclofen to be given as a trial test dose prior to proceeding to surgery, either through a 
single lumbar puncture needle or an implanted spinal catheter. 
 

• Deep Brain Stimulation – DBS utilises stimulating electrodes neurosurgically 
implanted into the deep substance of the brain to deliver continuous electrical 
stimulation. Common targets for stimulation include the globus pallidus interna (GPI) 
and subthalamic nucleus (STN). Stimulating electrodes are connected to an implanted 
neurostimulator device (similar to a pacemaker). Children with primary genetic 
dystonia (e.g. DYT1) are excellent candidates for DBS surgery, with increasing 
evidence to support better outcomes with earlier intervention. Such cases should be 
referred for consideration for surgery as soon as possible after the development of 
dystonia. For other causes of dystonia outcomes following DBS are less predictable, 
though generally less responsive then primary dystonia. Assessment for surgery 
involves exclusion of significant spasticity (which would not respond to DBS), 
confirmation of a viable anatomical target (structural MRI and PET imaging) and 
corticospinal integrity (MRI imaging and Central Motor Conduction Time 
measurement). Most importantly, realistic goals for surgery must be agreed with 
parents/carers. 
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• Pallidotomy – One advantage of DBS is its reversibility. Stimulation may be 
discontinued, and, if necessary, electrodes removed, with minimal tissue damage. 
Pallidotomy involves radiofrequency lesioning of brain tissue, targeting the same 
positions as for electrode insertion with DBS. This has the disadvantage of creating an 
irreversible lesion, but after surgery no implanted material remains. At present DBS 
has largely replaced Pallidotomy as a primary neurosurgical procedure, but is still 
practised in low resource settings, or as a rescue therapy when DBS has been 
unsuccessful. 

SECTION 8: STATUS DYSTONICUS 
For many patients with dystonia a fluctuation in the severity of symptoms is seen over time. At 
worse this may develop into severe episodes of life threatening dystonia, which has been 
called by different authors “Status Dystonicus”, “Dystonic Crisis” or “Dystonic Storm”. For 
convenience sake we shall use the term Status Dystonicus (SD). In contrast to status 
epilepticus, there is no precise definition for SD, reflecting that it represents the most severe 
end of a worsening of dystonic symptoms. This may be characterised by increasingly frequent 
or continuous severe episodes of generalised dystonic spasms, requiring urgent hospital 
management7. Around 100 published cases of SD have been reported, recently summarised 
in a single paper8.This is likely to represent a significant under reporting. Of these reported 
cases, approximately 66% were in children <15 years of age. Mortality was reported in 10.3% 
of cases, with a worsening of neurological condition compared to baseline in a further 16.2% 
of episodes. Key to management of SD is the recognition that development of these severe 
symptoms is usually following a longer period of worsening symptoms. Prompt recognition of a 
deterioration, with timely intervention, may prevent further progression. 

8(a): The Dystonia Severity Action Plan (DSAP) 
 
The Dystonia Severity Action Plan was developed to provide a framework against which to 
chart a progression of deterioration in Dystonic symptoms, prior to the development of frank 
SD9. Details of the stages of the DSAP are included in Table 6. We recommend that clinicians 
use the stages of the DSAP as a framework to chart the progression of a patients. Stage 3 
represents the early stages of SD, with Stage 4 established SD. 
 
DSAP Stage  Description Suggested Action 
1 Sits comfortably 

Regular sleep 
Stable on Medication 

No assessment or change in 
medications required 

2 Irritable and cannot settle 
Posturing interferes with seating activity 
Cannot tolerate sitting down despite 
baseline medication 

Assessment (within days) 
Adjust medication or 
dystonia plan 

3 Cannot tolerate lying down 
Sleep disturbed 
No signs of metabolic disturbance or airway 
compromise 

Urgent assessment 
Exclude metabolic 
decompensation 
Escalate management +/- 
hospital admission 

4 Clinically as in Grade 3, but with metabolic 
disturbance: fever, dehydration, abnormal 
electrolytes, CK <1000 IU/L, myoglobinuria 

Emergency hospital 
admission for multisystem 
support in High Dependency 
Setting 

5 Severe generalised dystonia. 
As Grade 4 with full metabolic 
decompensation or respiratory-

Child requires Paediatric 
Intensive Care Unit 
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cardiovascular compromise requiring organ 
support 

Table 6: The stages of the Dystonia Severity Action Plan 
 

8(b) Management of Status Dystonicus7 
 
As discussed above, the key to better outcome is recognition of early signs of deterioration, it 
may not prove possible to prevent progression to SD. Ideally, patients known to have difficult 
dystonia should be provided with personalised dystonia plans detailing how to manage 
symptoms should they progress to Stage 2 or 3. For all cases, potential provoking factors 
including infection, pain from musculoskeletal problem, dental pain, constipation etc should be 
identified and treated primarily. 
 
Once provoking factors have been addressed, there are 3 main principles to management: 
 

• Supportive Care 
• Temporising Measures 
• Dystonia Specific Management 

 
Supportive Care – Patients should be managed in the most appropriate environment to meet 
their clinical needs. This may necessitate admission to PICU, but this is not inevitable with 
prompt recognition of deterioration and instigation of appropriate treatment. Supportive 
measures should address the immediate complications of SD, including:  
 

• Nasogastric tube (NGT) placement for concerns about patient swallow and to allow 
delivery of enteral medications 

• IV hydration (hyperhydration may be necessary if evidence of renal failure or very 
elevated levels of CK) 

• Analgesia/Anti-pyretics, 
• Antibiotics if evidence of infection 
• Consideration of nutritional needs. Careful monitoring of serum electrolytes is 

necessary. In prolonged episodes of SD parenteral nutrition may be required, as 
severe dystonia or the side effects of anti-dystonia medications may result in 
gastrointestinal dysmotility. 

• The practicalities of IV access should be considered early in the episodes, as long line 
placement may prevent repeated painful attempts at peripheral cannulation which may 
further provoke dystonia.  

• Severe rhabdomyolysis may result in the need for further invasive renal support, and 
so early discussion with renal services is recommended.  

• Concerns about airway patency or respiratory compromise may necessitate intubation 
and ventilation.  

Even if single/multi organ support is not required, Paediatric Intensive care services 
should be made aware of children reaching DSAP Stage 4 early to facilitate smoother 
transfer to intensive care should this subsequently become necessary. Good nursing 
care is an important part of the management of SD, promoting good sleep patterns 
with minimal handling whenever possible, whilst avoiding damage to pressure areas. 
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Temporising Measures – Dystonic movements are eliminated in sleep, and so sedative 
medication is key to the acute management of SD. Caution is required given the potential for 
medication to provoke respiratory/airway compromise, but this must be balanced against the 
risks of such compromise from dystonia itself. The risk of compromise increases with the use 
of more then one medication. Whilst efforts should be made to prevent such a situation, 
ultimately to control severe dystonia it may be necessary to admit the child to PICU for 
respiratory/airway support.  
 
Medications which may be used as temporising agents include: 
 

• Chloral Hydrate – 30-100mg/kg 3-6 hourly – may need to be given down NGT 
• Clonidine –Enteral or IV. Enteral Clonidine can be given initially at 3micrograms/kg 3-4 

times a day, with rapid escalation of dosage. IV infusion would typically be started at a 
rate of 0.5 micrograms/kg/hour increased in increments up to a usual maximum of 2 
micrograms/kg/hr. If a patient is already on an established enteral dosage and 
conversion to an IV infusion is required, then the total enteral dose delivered over 24 
hours can be summed, and converted to equivalent hourly rate as a starting rate for 
the infusion. Higher rates then this may be beneficial (5-10 micrograms/kg/hour), but 
should only be used following discussion with tertiary paediatric neurology services. 

• Benzodiazepines – Initially enteral doses of diazepam (4 weeks to 1 year 250 
microgram/kg, 1-4 years 2.5mg, 5-12 years 5mg, >12 years 10mg)  or buccal 
midazolam (500 microgram/kg, up to maximum 20mg) may be beneficial. Repeated 
doses increase the risk of respiratory depression, particularly if used in conjunction 
with chloral hydrate. Progression to midazolam infusion in extreme cases if symptoms 
cannot be managed on a clonidine infusion, and following discussion with paediatric 
intensivist (transfer to High dependency or intensive care likely to be necessary).  

• General Anaesthesia – In extreme cases general anaesthesia and muscle relaxants 
may be required for refractory symptoms, usually agreed following discussion between 
Paediatric Neurology and Intensive care Consultants. 

Dystonia Specific Management – In addition to temporising sedation additional anti-dystonic 
measures should be instigated. Choice of medication is largely as detailed in Section 6(a) 
above, and will depend upon a number of patient specific factors. In the published literature, 
trihexyphenidyl is the most commonly used treatment. If it has been possible to achieve 
temporisation with clonidine alone, it may be possible to continue this as a background anti-
dystonic medication without the addition of other medications. In some cases it may be 
necessary to progress to more invasive neurosurgical interventions. This has been reported in 
approximately a third of cases in the published literature, though this is likely to represent a 
significant publication bias8. All of the options outlined in section 6(c) above have been 
reported in the management of SD, and would normally be limited to those children with 
severe refractory SD for whom is was not possible to de-escalate from Intensive Care. 
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Appendix 1: Genetic Causes of Dystonia 
 

 
Primary Dystonia Genes 
 
Symbol Gene Locus Alt Name 
DYT1 TOR1A 9q34 Early-onset torsion dystonia 
DYT2 HPCA 1p35-p34.2 Autosomal recessive primary isolated dystonia 
DYT3 TAF1 Xq13 X-linked dystonia-parkinsonism 
DYT4 TUBB4 19p13.12-13 Autosomal dominant whispering dysphonia 

DYT5a GCH1 14q22.1-q22.2 Autosomal dominant Dopamine-responsive 
dystonia 

DYT5b TH 11p15.5 Autosomal recessive Dopamine-responsive 
dystonia 

DYT6 THAP1 8p11.21 Autosomal dominant dystonia with cranio-cervical 
predilection 

DYT7 Unknown 18p 
(questionable) Autosomal dominant primary focal cervical dystonia

DYT8 MR1 2q35 Paroxysmal nonkinesigenic dyskinesia 

DYT9 SLC2A1 1p35-p31.3 Episodic choreoathetosis/spasticity (now known to 
be synonymous with DYT18) 

DYT10 PRRT2 16p11.2-q12.1 Paroxysmal kinesigenic dyskinesia 
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DYT11 SGCE 7q21 Myoclonic dystonia 

DYT12 ATP1A3 19q12-q13.2 Rapid onset dystonia parkinsonism and alternating 
hemiplegia of childhood 

DYT13 unknown, near 
D1S2667 1p36.32-p36.13 Autosomal dominant cranio-cervical/upper limb 

dystonia in one Italian family 
DYT14    
DYT15 Unknown 18p11 Myoclonic dystonia not linked to SGCE mutations 

DYT16 PRKRA 2q31.3 Autosomal recessive young onset dystonia 
parkinsonism 

DYT17 unknown, near 
D20S107 20p11.2-q13.12 Autosomal recessive dystonia in one family 

DYT18 SLC2A1 1p35-p31.3 Paroxysmal exercise-induced dyskinesia 

DYT19 probably PRRT2 16q13-q22.1 Episodic kinesigenic dyskinesia 2, probably 
synonymous with DYT10 

DYT20 Unknown 2q31 Paroxysmal nonkinesigenic dyskinesia 2 
DYT21 Unknown 2q14.3-q21.3 Late-onset torsion dystonia 

DYT24 ANO3 11p14.2 Autosomal dominant cranio-cervical dystonia with 
prominent tremor 

DYT25 GNAL 18p11 Autosomal dominant onset of focal dystonia, 
usually involving the neck 

 
 
Selected Non-DYT Genetic causes of Dystonia 
 
Condition Gene(s) 
Benign Hereditary Chorea TITF-1 
Huntington Disease HTT 
Autosomal Recessive Early Onset Parkinson 
Disease 

PARK2 

Neuronal Degeneration with Brain Iron 
Accumulation (NBIA) 

PANK2, PLA2G6, C19orf12, FA2H, 
ATP13A2, WDR45, COASY, FTL, CP, 
DCAF17 

Ataxia Telangiectasia ATM 
Mohr-Tranebjaerg (also known as Deafness-
dystonia-optic neuropathy syndrome, DDON)  

TIMM8 

Batten’s Disease (Neuronal Ceroid 
Lipofuscinosis) 

PPT1, TPP1, CLN3, CLN5, CLN6, MFSD8, 
CLN8, CTSD, DNAJC5, CTSF, ATP13A2, 
GRN, KCTD7 

Spinocerebella Ataxia ATXN2, ATXN3, CACNA1A, TBP, AFG3L2, 
PKCG 

Aicardi Goutiere Syndrome AGS6 
Niemman Pick Type C NPC1/2 
Dentatorubral-pallidoluysian Atrophy ATN1 
Ataxia with Oculomotor Apraxia Type 1 
 

APTX 

Wilson Disease ATP7B  
Gaucher’s Disease GBA 
Allan-Hendon-Dudley Syndrome SLC16A2 
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