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Summary

Dystonia is a disorder of movement characterized by prolonged muscle
contractions, causing sustained twisting movements and abnormal postures of the
affected body parts. Sensory symptoms including pain are frequently reported in
dystonia, and many patients use sensory tricks to alleviate the muscle
contractions. Sensory changes have been found in dystonia including
abnormalities of spatial discrimination thresholds, somaesthetic temporal
discrimination thresholds, and sensory evoked potentials. In addition, the sensory
homuncular arrangement at many levels is disorganized, and the sensory cortex
shows overlapping sensory fields and enlargement in unaffected and affected
sides in focal dystonia. Are these an epiphenomenon of the motor problem, or if
they are primary does it suggest that dystonia is disorder of sensorimotor
integration? The clinical phenotype has a low penetrance in adult-onset primary
torsion dystonia (AOPTD), but would it be possible to find sensory abnormalities
in unaffected family members?

The aims of the thesis were to determine spatial discrimination
thresholds (SDT) in a control population, establish age thresholds for SDTs,
measure affected adult-onset primary torsion dystonia patients’ SDTs, and
measure their unaffected relatives in multiplex AOPTD families. The SDT can
be measured using grating orientation tasks, and this type of procedure 1s most
commonly done using using Johnson-Van Boven-Phillips (JVP) domes.

Subjects were recruited form normal healthy volunteers and
multiplex families with AOPTD. Anybody with neurological illness or lesion
affecting the nervous system, an abnormal sensory neurological exam or having
received BoNT in the last three months was excluded.

In measuring the control SDT, a ceiling effect was identified at 45
years using the standard JVP domes. The set was expanded adding custom larger
width gratings to examine older individuals as had been reported elsewhere.
After assessment of the normal control data, a further ceiling effect was seen
using the expanded set of JVP domes at 65 years. The controls were divided into
two groups: group one (n=70), who were examined with the standard set of JVP

domes, and had an upper age limit of 45 years; and group two (n=64), who were



examined using the expanded set of JVP domes, and had an upper age limit of 65
years. An abnormal SDT was defined as any measurement greater than +2.5
standard deviations above the mean. In group one, no control was above this
level, but in group two, two subjects were above it.

Affected family members and unaffected relatives from the four
multiplex AOPTD families (Ped 005, 006, 008, 010) were then examined
according to age in group one (20-45 years) and two (45-65 years). Group one
was examined using standard JVP domes, and group two using the expanded set.
Fifty-eight out of 90 family members in group one were examined. In this group,
five of six members with dystonia (one on regular treatment with BoNT) had
abnormal SDTs, six of 13 children of affected members, none of eleven siblings,
and five of 28 second-degree relatives. If this sensory abnormality represents an
endophenotype, penetrance ranged from 0% (Ped 006) to 100% (Ped 010) in
group one. In group two, 22 of 48 family members were examined. Only one
person had an abnormal SDT who was a second-degree relative in Ped 008. In
group two family members, there were four with dystonia, all receiving treatment
with BoNT regularly (three monthly to six monthly). Penetrance of the
hypothesised endophenotype was zero in this group. Many potential candidates
in families were over age 65 years and therefore could not have valid sensory
testing compared to the standard normal +2.5 standard deviations using the SDT.

In conclusion, normative data for the SDT were calculated for age
20-45 years and 45-65 years. There was age related decline in the SDT in healthy
controls. Sensory abnormalities measured using the SDT were suggestive of a
sensory endophenotype in the younger individuals. However, SDT testing in
older persons deteriorates with age. The profile of families with AOPTD is such
that many members with AOPTD are older and were unable to be included in
sensory testing, including many of their unaffected relatives. More group two
affected patients were receiving regular treatment with BoNT also, which may
have improved their SDTs for periods longer than the study’s exclusion. Further
study is warranted in examining the sensory system in unaffected family
members with AOPTD that may prove a useful marker for linkage studies, the
understanding of the pathogenesis of the disorder, and strategies to prevent the

emergence of dystonia in at-risk individuals.
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|l Introduction

Dystonia is a disorder of movement caused by involuntary, sustained muscle
contractions affecting one or more sites of the body, frequently causing twisting
and repetitive movements, or abnormal postures (Fahn et al., 1998).

Voluntary movement is mediated by the cortico-spinal tracts modulated
by a number of inputs including the basal ganglia and sensory afferents.
Involuntary movement of skeletal muscle, including posture, relies on constant
sensory feedback to provide the relevant efferent stimulation to stimulate muscle.
There is accumulating evidence, which suggests that dystonia is a disorder of
sensory modulation of motor outputs. In this thesis, the evidence for a sensory
disorder in dystonia, in particular primary torsion dystonia, is presented and
discussed.

In the clinical setting it has been noted for some time that patients with
dystonia use sensory stimuli to alleviate symptoms. Up to eighty percent of
dystonia sufferers report benefit from the use of “sensory tricks” or geste
antagoniste (Patterson and Little, 1943). A sensory trick is a simple manoeuvre
such as touching the skin on the face to help correct head posture, but may also
be employed by just thinking about doing it (Edwards et al., 2008). Leis and
colleagues looked at the effect of selective sensory stimulation on modulation of
muscle activity in subjects with dystonia (Leis et al., 1992). Using surface
electromyography, they demonstrated a reduction of root mean square voltage by
80-90% in dystonic muscles when the examiner applied a sensory stimulus
(vibration or electrical stimulus applied to the skin). Sensory symptoms are also

often reported by patients. In a review of presenting sensory symptoms in eleven
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consecutive patients, Ghika and coworkers found that in cranial dystonia
(blepharospasm, oromandibular dystonia) many patients have sensory symptoms
such as dry eyes, a feeling of dirt in the eyes, burning pain around the mouth,
swollen tongue, cramps and stiffness in muscles which later are affected (Ghika
et al., 1993).

Many other abnormalities of the sensory system have now been described
in dystonia including abnormal graphaesthesia and stereognosis (Byl et al.,
1996a), abnormal tonic vibration reflex (Kaji et al., 1995) and vibration-induced
illusion of movement (Frima et al., 2003, Rome and Grunewald, 1999), impaired
spatial and temporal discrimination thresholds (Bara-Jimenez et al., 2000a,
Sanger et al., 2001, Molloy et al., 2003), disturbance of sensory evoked
potentials (Reilly et al., 1992), disorganisation of the senory homunculus (Bara-
Jimenez et al., 1998), overlapping fields in the primary sensory cortex (Meunier
et al., 2001), and enlarged primary sensory cortex (Garraux et al., 2004). For
these reasons, it has been proposed that dystonia is a disorder of sensorimotor

integration (Hallett, 1995).

1.1 A brief history of dystonia

Dystonia was first described by the Dutch physician Tulpius in 1652 when he
wrote in his notes regarding spasmodic torticollis (Tagliati et al., 2004). In 1713,
Ramazzini described a movement disorder affecting the hand of an acquaintance,
“... anotary by profession... (who) began to complain of intense fatigue in the
whole arm... he began to train himself to write with the left hand, but it was not
very long before it too was attacked by the same malady” (Altschuler, 2005). In

1836, a German physician Kopp wrote a treatise on “the afflictions of the hand
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that writes” being the first detailed description of focal task specific dystonia
(Goetz et al., 2001).

Torticollis treatment by “shampooing” (massage) was suggested in 1850 as
an effective treatment combined with forcible extension of the affected area
(Anonymous, 1850). Brodhurst, an orthopaedic surgeon, divided the
classification of torticollis into congenital and non-congenital, later reaffirmed by
Southam. He recognised that many of the causes are due to central nervous
system disease including purely “spasm”. He also observed the association
between torticollis and scoliosis (Brodhurst, 1864, Brodhurst, 1863, Southam,
1885). A case of torticollis in a 50 year old copper- & tin-plate worker is
described by Ogle in 1873 associated with headache, peripheral sensory
disturbances and peeling of the skin. It is probably toxic in origin with symptoms
of arsenic or manganese toxicity (used in copper production and welding), but
the author suggests spinal cord aetiology (Hewett, 1873, Aminoff, 2004). Gowers
described both focal and generalised dystonia. They are represented in his section
on torticollis in his pre-eminent book 4 manual of diseases of the nervous system
(1888) and again described a case of tetanoid chorea (1893), which is a good
clinical description of a generalised spasm in dystonia (Herz, 1944, Gowers,
1888). Gowers felt that all forms of spasm of the neck muscles representing
torticollis should be grouped together. Although early in his text he emphasizes
familial association with “a history of epilepsy or of insanity,” he mentions
hereditary association with facial spasms. In his text he attributes an association
of torticollis and writer’s cramp to Reynolds, and a description of post-traumatic

cervical dystonia to Fournier’s thesis submitted to the University of Strasbourg.
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Schwalbe is accredited with being the first to recognise dystonia as distinct
from other movement disorders, such as the athetosis (aBetog, without fixed
position) which had been widely recognised as organic since Hammond
described it in 1871 (Parkes and Pike, 1988, Truong and Fahn, 1988, Herz,
1944). Schwalbe contributed also by making the genetic association for the
disorder in describing an affected family. Although Schwalbe ultimately makes a
diagnosis of hysteria, he also felt the family’s disorder closely resembled “tonic
cramps” described by Meige and Feindel in one of their patients. Barraquer 1
Roviralta, the great Catalan neurologist, described and illustrated a case of
generalised dystonia developing in a 29 year old man in 1897, although he had
called it athetosis because of a close alliance with Hammond (Barraquer-Bordas
and Gimenez-Roldan, 1988).

In 1910, Henry Meige eloquently described in a systematic manner the
different known types of movement disorders affecting the face in the early
twentieth century (Meige, 1910). In doing so, he recognised that:

en dehors des tics de la face, en dehors de I’hémispasme facial

périphérique, en dehors du spasme postparalytique, du spasme facial

alterne, et méme en dehors du bispasme facial proprement dit, je crois
qu’il existe une autre variété de convulsion facial, qui mérite d’étre
cliniquement distinguee des précedentes

[apart from facial tics, hemifacial spasm, postparalytic spasm,

alternating facial spasm, and even apart from bilateral facial spasm, I

believe that another type of facial convulsion exists, which deserves to

be clinically distinguished from the others]
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Meige describes double convulsion palpébrale (biblépharospasme), but felt that
it was rarely the sole feature, since most of his ten patients also had other facial
muscle involvement. On observing the patients for a long time he noted
contemporaneous bilateral spasms of frontalis, nasalis, elevator anguli oris,
orbicularis oris and platysma. He felt that these patients had much in common
with those that his research colleague Brissaud had described with torticolis
mental. They were deeply psychosocially afflicted by their infirmity, as can be
seen in the numerous distorted self-portraits by a contemporary dystonia sufferer
and Secessionist/Expressionist artist Egon Schiele (1890- 1918). They had all
sorts of tricks to attenuate or get rid of it, similar to the antagonistic strategies of
the torticollis patients. In one patient, pharyngeal muscles, orolingual muscles,
and jaw muscles were also seen to contract. Meige and Brissaud who had been
some of Charcot’s last interns in the Hopital de la Pitié-Salpetriere, were of the
opinion that the disorders of movement occurred due to lesions outside the
pyramidal system.

The term dystonia was first used by Oppenheim, an esteemed Berlin
neurologist, in 1911 in his paper on generalised dystonia (Tagliati et al., 2004,
Anonymous, 1912). He described several young boys of Jewish ethnicity
affected by tonic and clonic movement, sometimes alternating, and exacerbated
by voluntary movement which he thus coined as both dysbasia lordotica
progressiva and dystonia musculoram deformans (Grundmann, 2005). The
muscles chiefly affected are those of the thighs, pelvis and spine producing a
“lordo-scoliosis”. No paralysis was found, and Oppenheim concluded that the
disease must be caused by minute changes in the brain that accounts for the

progression.
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Kinnier-Wilson, considered by many the founding father of the modern
study of movement disorders and the newly coined extrapyramidal system,
published his MD thesis in 1912 entitled progressive lenticular degeneration: a
familial nervous disease associated with cirrhosis of the liver. With this and later
publications such as his textbook Neurology, he established the link between
dystonia and degeneration of the basal ganglia (Parkes and Pike, 1988).
Experiments in neurological surgery looking at the effect of lesions in the basal
ganglia confirmed this. Denny-Brown stated in 1966 that “the pyramidal system
1s useless to the organism without the extrapyramidal system (Northfield, 1968).”

The emergence of fascination with mental illness, hysteria and the
depiction of unusual postures in insanity prevented the recognition of many
forms of dystonia in neurology and psychiatry, with many individuals treated as
neurotic. Even Kinnier-Wilson listed torticollis under motor neurosis in his
magnum opus Neurology. In primary torsion dystonia, the lack of other
neurological signs, the often fluctuating unpredictable nature, and association
with neurosis led many physicians to treat it as neurasthenia or psychiatric
(Truong and Fahn, 1988). After a heated debate on the nosology and pathological
basis of dystonia in 1929 at the Tenth International Neurological Association
meeting (Paris), neurological interest dropped in dystonia, while psychiatrists
brimmed with interest in ascribing a Freudian basis for it (Goetz et al., 2001).

To complicate issues, the late nineteenth century’s interest in hysterical
and functional disorders had been borne out of quasi-honorable motives: the
emergence of photography to document unusual clinical features, public lectures
from eminent professors (e.g. Jean-Martin Charcot) and the dynamic

representation of contorsions of the body in art that was widely seen such as
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Auguste Rodin, Henri Matisse, Egon Schiele (Goetz et al., 1995). Medicine still
lacked many treatment strategies, probably enhancing public interest and demand
for the emerging field of psychiatry. The treatment of dystonia, particularly
torticollis, was heavily reliant on very traumatising procedures or therapies:
forced extension, orthopaedic correction, galvanism, blistering, arsenic,
chloroform, morphia, division of the spinal accessory nerve and tenotomy are to
name but a few (Brodhurst, 1864, Hewett, 1873, Southam, 1885). To reiterate,
physicians were divided and many felt patients were hysterical or malingering
(Hewett, 1873).

The 1930-1950 period was fraught with the nosologic confusion arising
from the clinical description, nomenclature, and localisation in extrapyramidal
movement disorders. At a symposium on the basal ganglia in 1940, Alexander
proposed that athetosis and dystonia were probably one and the same thing, since
they so often occurred together in his clinical observation (Herz, 1944). Echoing
this, but enhancing the semiological classification in his textbook Neurology,
Kinnier-Wilson states:

“when torsion spasm appears as a symptom, it is hardly anything else
than a variety of athetosis, proximal rather than distal; when it occurs in a ‘pure’
state pathology shows that at least some cases belong to lenticular disease.”

[t was seven decades after Wilson’s disease was described that pure
dystonia (not heredodegenerative, tardive or psychogenic) began to be widely
recognised as a symptom of circuit disruption in the basal ganglia, and in turn led
to rational theory on motor programs and the genesis of dystonia in the
extrapyramidal system (Fahn, 1988, Marsden et al., 1985, Alexander et al., 1990,

Sheehy and Marsden, 1982, Marsden, 1982). In that intervening period,
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encephalitis lethargica/post-encephalitic parkinsonism, in which dystonia was
seen had been correctly classified as an organic disease, and hypoxic ischaemic
encephalopathy, kernicterus and carbon monoxide poisoning had been
recognised pathologically in association with dystonia (Herz, 1944). Dystonia as
a side-effect of the newly arrived neuroleptics such as chlorpromazine, and the
anti-emetic prochlorperazine (as well as the drug-induced parkinsonian
syndrome) came to light and contributed to the understanding of the
neurobiology (Hare, 1958).

A serendipitous error during pyramidotomy in a patient with Idiopathic
Parkinson’s Disease in 1942 led to the discovery of lesioning the thalamus to
improve tremor (Benabid et al., 1996). In the late 1950’s, after successes with
stereotactic surgery for dyskinesias by Cooper in Idiopathic Parkinson’s Disease,
reports of stereotactic thalamotomy to the ventrolateral nucleus of the thalamus
described good outcomes for several causes of hyperkinetic movment disorders
(Gillingham et al., 1964). Good results were noted with childhood Oppenheim’s
dystonia, or children with no motor defect other than dystonia (Hankinson,
1963).

An important landmark in the treatment of dystonia was with the advent
of botulinum neurotoxin (BoNT) type A (Tsui et al., 1986). Local injection of
botulinum neurotoxin type A had already been used successfully for several
ophthalmological disorders and hemifacial spasm. The advantage of BoNT was
its local action, no sedating properties, and the lack of other CNS side-effects
seen with systemically administered drugs including anticholinergics,
dopaminomimetics, and muscle relaxants. Stereotactic neurosurgery and

peripheral surgical approaches had not been as successful for focal dystonia.
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Eighty-eight percent of patients with spasmodic torticollis treated with BoNT
injection had a significant reduction in pain and 63% had an objective
improvement for movement compared to placebo.

From the late 1960’s levo-dopa treatment revolutionised Idiopathic
Parkinson’s Disease treatment (Cotzias et al., 1967). Stereotactic surgery’s role
now focused on complications such as hyperkinetic movement disorders and
tremor (Benabid et al., 1996). Intraoperative localisation using electrodes to
enhance targeting and electrical stimulation suppressed parkinsonian tremor and
rest tremor (Jasper and Bertrand, 1966). Benabid and colleagues performed the
first trial of chronic stimulation of the ventral intermediate nucleus of the
thalamus between 1987 and 1990 with 88% overall improvement or cessation of
tremor (Benabid et al., 1991). One patient with generalised dystonia was treated
as a humanitarian therapeutic trial with good results, but they found that dystonia
responded to different stimulation parameters compared to [PD. Going beyond
the Vim in IPD to bilateral STN-DBS with success also encouraged interest in
moving along with other targets in the basal ganglia for movement disorders
(Limousin et al., 1995). The pallidum had become the target of choice for
lesioning in dyskinesias associated with IPD, with 92% reduction in ON
dyskinesias on the contralateral side, and an improvement in gait and dyskinesias
during OFF periods too (Lozano et al., 1995). |

Pallidotomy for generalised dystonia had good outcomes but did not
always have a long-lasting effect. The advantage of DBS was that it was
considered partially reversible, and success was seen in a single case of
generalised dystonia using GPi-DBS (Kumar et al., 1999). Seven patients (six

children, one adult) with DYT] generalised dystonia were then successfully
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treated, showing better results in children partly because of skeletal deformity in
the adult (Coubes et al., 2000). Non-DYT] generalised dystonia did not show as
much of an improvement with GPi-DBS, and focal dystonia was slow to improve
(Yianni et al., 2003). Improvement in severe medically refractive primary
generalised dystonia has been seen with bilateral GPi-DBS in DYT/ gene-
deletion-positive and -negative adult patients (Cif et al., 2003, Vidailhet et al.,
2005, Vidailhet et al., 2007). However, most patients required medication post-
operatively, two deteriorated and improvements were seen for physician rated
motor scores with only a trend towards patient reported effect on quality of life.
Further study confirmed this, demonstrating the benefit of GPi-DBS compared to
sham, showing benefit in segmental dystonia, and also showing a reduction in
pain scores (Kupsch et al., 2006). In focal dystonia, GPi-DBS for severe
medically refractive cervical dystonia showed significant reductions in the
TWSTRs overall score, and in the pain and disability subscores. Overall
improvements in movement and disability scores for cervical dystonia ranged
from 48 to 63% (Kiss et al., 2007). The optimal target in dystonia is the
posteroventral GP1 (Starr et al., 2006, Tisch et al., 2007).

Despite many advances in a short period of time, including the
identification of 20 different genes encompassing dystonia and dystonia-plus
syndromes, the aetiology of dystonia that affects most people is unknown —

adult-onset primary torsion dystonia (AOPTD).
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1.2 Classification, dystonia syndromes and investigations

1.2.1 Classification by aetiology

Fahn and colleagues revised the classification of dystonia to help in our
understanding, clinical approach to management, and in organizing future
research (Fahn et al., 1998). The classification of dystonia is according to the
four major aetiological subtypes: primary, dystonia-plus, heredodegenerative and
secondary. The primary dystonias are charcterised by dystonia and tremor as the
only clinical manifestations, in the absence of other neurological signs, and with
a history and laboratory investigation that do not suggest an exogenous, inherited

or degenerative cause.

1.2.2 Classification by age of onset

Under the aetiologic subtype of primary dystonia, it is possible to further classity
according to age of onset. There is a bimodal distribution in the age of onset in
dystonia, with early-onset and adult-onset (Bressman et al., 1989). The early-
onset primary torsion dystonia (EOPTD) occurs generally before the age of 28
years, with a median age of nine years (Bressman et al., 1998). It usually presents
in an extremity (arm or leg), and spread to generalised dystonia occurs in 71%
(Greene et al., 1995). Adult-onset primary torsion dystonia (AOPTD) has a
median onset of 45 years, and usually begins after 28 years. The cervical, cranial
and arm muscles are usually involved. AOPTD spreads too, but smaller
proportions (41% spread in focal hand dystonia, 37% spread in blepharospasm,
25% in cervical dystonia), and only 7.8% of all AOPTD becomes generalised

(Greene et al., 1995). A third age of onset is adolescent-onset primary torsion
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dystonia, which is rarely seen, but may arise in either a limb or cervical-cranial

muscles (Bentivoglio et al., 1997, Holmgren et al., 1995).

1.2.3 Classification by phenotype

The primary dystonias can be further classified by age of onset and by
distribution. Bressman and colleagues provide an aetiological classification in

which the primary dystonias are grouped into three groups:

Childhood and adolescent limb-onset (age <28 years)

This early-onset primary torsion dystonia typically begins in a limb. When
beginning in the leg, it is typically action dystonia, e.g. a foot that postures when
running. The commonest cause of idiopathic torsion dystonia in childhood is the
TORI1A/DYTI GAG deletion in both Jews and non-Jews. Fifty to 70% of
manifesting carriers of the GAG deletion will have symptoms before the age of
10 years (Bressman et al., 1989, Ozelius et al., 1989, Tarsy and Simon, 2006,

Kramer et al., 1994, Bressman et al., 2000, Lebre et al., 1999).

Mixed phenotype. onset in child/adulthood (age 12 — 28 years)

[t may begin in a limb, neck or cranial muscles.

Adult cervical, cranial or brachial-onset (usual age of onset >28 years)

[t is autosomal dominant with a very reduced penetrance (Waddy et al., 1991).
Some families have higher penetrance (Almasy et al., 1997, Leube et al., 1996,
Valente et al., 2001). The phenotype usually remains localized (AOPTD) or may

spread in 15- 30% (Defazio et al., 1999, Greene et al., 1995).
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1.2.4 Early-onset primary torsion dystonia

This distinct genetic disorder was well described by Oppenheim in 1911 who
coined the term dystonia musculorum deformans. The clinical phenotype based
on genetic assessment by Bressman has shown that the onset is early in life, and
virtually always before age 44 years (rare cases over age 24 years) (Bressman et
al., 2000). One of the lower limbs is affected first in 32%, upper limb in 48%,
and neck in 18%. Spread from leg onset occurs in 94% within 3.4 years on
average, and 89% develop generalised dystonia in this subgroup. Spread
occurred in 72% of upper limb onset and 33% of neck onset patients, and tended
to be slower (6.5 years and 5.1 years respectively). Cranial structures tend to be
spared, with only 8% in larger series, smaller series tending to have selection
bias that artificially elevates rates (Bressman et al., 1994a, Bressman et al.,
2001). Eighty-five percent of patients with onset <10 years have spread
compared to 59% of those over 10 years of age. Clearly the age at onset and site
of onset were therefore predictive of spread (Greene et al., 1995). Familial and
sporadic EOPTD had the same proportions of ultimated spread to generalised
(54%) and segmental dystonia (20%). Half of all patients with onset <10 years
become generalised within three years (c.f. 34 years if onset =10 years). 90% of
upper limb onset in EOPTD is in the dominant hand.

The inheritance pattern is autosomal dominant with reduced penetrance.
Penetrance in Ashkenazi Jews is around 30%, and 40% in non-Jewish families.

A large pedigree of non-Jewish North American family of French-
Canadian ancestry with early-onset primary torsion dystonia made it possible to

do linkage studies (Ozelius et al., 1989). A locus was first identified at
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chromosome 9q34.1. The locus, DYT1, was identified as a triplet deletion of
GAG. The TOR1A4 gene encodes TorsinA, a heat-shock protein with a six-ring
barrel-like structure, whose function is acting as a chaperone in the perinuclear
cytoplasm (Ozelius et al., 1997, Ozelius et al., 1998, Bragg et al., 2004). In
Ashkenazi Jews the GAG deletion accounts for ~80% of EOPTD, compared to
16- 53% in a non-Jewish population (Bressman, 2004, Valente et al., 1998, Lebre
et al., 1999). Limb-onset is a predictor of GAG deletion carrier status (Kamm et
al., 1999).

A founder mutation in an ancestor of the affected families of Ashkenazim
1s presumed to be the cause, probably originating in Byelorussia or Lithuania
about 350 years ago (Risch et al., 1995).

Patients with leg onset are younger (8-9 years) compared to those with
initial involvement of arm muscles (12-14 years). Those with leg onset are more
likely to develop generalised dystonia. The rate of progression to generalised is
faster if the onset is in the leg (4.7 years) compared to arms (11.4 years). In two
large non-Jewish North American families, DYT/ was excluded, and the
phenotype was of slightly later onset (28.4 + 14.8 years in one family), and most
family members affected had onset in craniocervical muscles or greater disability
from craniocervical phenotypes.

The cause of the low penetrance and variable expression of the gene 1s
unknown. Possible mechanisms include genomic imprinting, anticipation,
modifying genes, and environmental factors. There is a trend though towards
maternal inheritance with later age of onset, and there is some tenuous evidence
of anticipation. Other investigators examined the evidence for genetic

heterogeneity or the presence of modifying genes. There was a very low
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correlation for age-of-onset between 23 first-degree relative pairs of generalised
and segmental dystonic probands. The conclusion was that no genetic
heterogeneity is present or nonallelic modifying genes (Fletcher et al., 1991a).

Though no structural abnormalities are found on MRI in DYT/ dystonia
or other early-onset dystonia, white matter tract abnormalities may be found in
the peri-lenticular white matter and juxtacortically in the cerebral hemispheres
particularly near the motor strip (Bonilha et al., 2007, Rutledge et al., 1988).
Functional imaging abnormalities are found. Brainstem perinuclear inclusion
bodies are found in DYT1 with abnormalities in cholinergic neurons
predominantly. This is mostly seen in periaqueductal grey matter, the
pudunculopontine nucleus, cuneiform nucleus and reticular formation.
Immunoreactivity is to ubiquitin, lamin A/C and TorsinA (McNaught et al.,
2004).

Treatment for EOPTD is divided according to the distribution of the
phenotype — focal or generalised. Focal types, if amenable to injection, are
treated with botulinum neurotoxin injection. Generalised dystonia is treated
initially with oral medication, typically anticholinergics, and if the response is
inadequate, prominently affected regions can be injected with botulinum
neurotoxin. For medically refractory generalised and segmental dystonia, the
surgical gold standard is currently GP1 deep brain stimulation (Geyer and
Bressman, 2007). Bilateral GPi-DBS reduces overall dystonia severity by 42-
53% in segmental and generalised dystonia respectively, with twelve percent
suffering the commonest side-effect of dysarthria (Kupsch et al., 2006). In

generalised dystonia, bilateral GPi-DBS has the same effect in DY7/ mutation
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positive and negative patients, and maintains good motor improvements over at

least three years (Vidailhet et al., 2007, Vidailhet et al., 2009).

1.2.5 Adult-onset primary torsion dystonia

A common aetiology for the most common primary form of dystonia, adult-onset
primary torsion dystonia (AOPTD), continues to be unknown, but it is most
likely a combination of different genetic loci, multiple genetic influences and
environmental stimuli.

Studies of AOPTD families indicate an autosomal dominant inheritance
with reduced penetrance of 12-15% (Waddy et al., 1991). Alternatively,
penetrance may be higher in a subset of families with the remainder being non-
genetic (Stojanovic et al., 1995, Leube et al., 1997, Defazio et al., 1993,
Bressman et al., 1998). Overall, the rate of dystonia observed in first-degree
relatives tends to be higher than the population prevalence.

Phenotypic heterogeneity is a feature of familial AOPTD indicating that
the same genetic disorder within a family may cause widely differing clinical
manifestations. In a study of twelve multiplex families with AOPTD the
probands all had cervical dystonia and 22 of 126 first- and second-degree
relatives were rated as affected with AOPTD; cervical dystonia was seen in 17,
two had writer’s cramp, one had blepharospasm and two had spasmodic
dysphonia. (O'Riordan et al., 2004b) Intra-familial phenotypic heterogeneity has
also been noted in an Italian pedigree in which all known genetic loci had been
excluded; of six affected members, three had cervical dystonia, two had
blepharospasm and one an occupational upper limb dystonia. (Brancati et al.,

2002) Other reported pedigrees have demonstrated intra-familial heterogeneity
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(Uitti and Maraganore, 1993, Munchau et al., 2000, Holmgren et al., 1995,
Bressman et al., 1996). The identification of the genetic causation of AOPTD has
been difficult because informative families are rare due to the low penetrance of
the phenotype and the absence of a structural, pathological or biochemical
marker of the disease (Bonilha et al., 2007, Holton et al., 2008).

Up to 25% of patients with AOPTD may have affected relatives (Waddy
etal., 1991). Loci (DYT6, DYT7 and DYT13) have been mapped for families
which include members with AOPTD (Valente et al., 2001, Leube et al., 1996,
Almasy et al., 1997) and in several families, AOPTD has been excluded from
linkage to these known genetic loci (Uitti and Maraganore, 1993, Munchau et al.,
2000, Klein et al., 1998, Holmgren et al., 1995, Bressman et al., 1994b, Brancati
et al., 2002). The DYT6 locus has been fully characterised and 1s the only
autosomal dominant adult-onset form of primary torsion dystonia to have a gene,
which is positive in 25% of DYT-negative multiplex families with the correct

phenotype— THAPI (Fuchs et al., 2009, Bressman et al., 2009).

DYT6

The first of the adult-onset autosomal dominant primary dystonia families to be
described was a Mennonite family of German ancestry. Nine members from 120
examined were affected. It was multi-generational, with symptoms beginning
relatively early for the phenotypes (age of onset range 5- 35 years). It was
predominantly cervico-brachial at onset, with spread over time to become
generalised in at least six cases, all of whom had facial involvement with
generalisation. One member had a sensory trick (Bressman et al., 1994c, Almasy

et al., 1997). A second large multiplex Menonite family with 100 contributing
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family members and six definitely affected members had a similar phenotype.
Onset was craniocervicobrachial, with an age of onset ranging from six to 38
years. Spread occurred in all six, and one developed generalised dystonia.
Cranial muscles were affected in five cases eventually (face in four). Linkage to
a candidate region on chromosome 8 was achieved. This was later confirmed by
screening three Amish-Mennonite families with the identification of a gene,

thanatos-associated protein 1 (THAPI) (Fuchs et al., 2009).

DYT7

The phenotype of this large multiplex German family was largely cervical
dystonia. The pattern of inheritance was autosomal dominant and multi-
generational, with one obligate carrier. Thirteen affected individuals were
identified: seven definite and six possible. Eleven had cervical dystonia, one had
spasmodic dysphonia and one had postural hand tremor. Two with cervical
dystonia had Meige syndrome, and one had writer’s cramp. There was no spread
or generalisation in any definitely affected person over time. The age of onset
ranged from 28 to 70 years. Chromosome 18p was identified as the linkage site

with maximum likelihood of disease (Leube et al., 1996, Leube et al., 1997).

DYTI3

This locus was assigned to the moderately sized Italian family with highly
penetrant autosomal dominant adult-onset dystonia. There were eleven affected
family members with a predominant cranial-cervical onset that spread to become
segmental or generalised in nine cases. Spread to the face occurred in seven. In

two, spread occurred after their first pregnancy. The age of onset was five to 43
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years. Jerkiness and tremor were seen in the neck and arms of six patients. A
sensory trick was present in one patient. This kindred was found to have linkage

to chromosome 1p36.13-36.32 (Bentivoglio et al., 2004, Valente et al., 2001).

Multiplex autosomal-dominant AOPTD families with no loci

Demonstration of linkage between a normal genetic trait and dystonia supports
the inherited nature of dystonia, and clarifies the mode of inheritance. Linkage on
single large pedigrees is optimal to reduce the masking effect of heterogeneity.
Linkage analysis 1s most powerful through showing cosegregation of two closely
associated alleles. LOD scores are calculated in any pedigree for predetermined
alleles based on the odds ratio of probability of recombination versus non-
recombination, where the recombination probability is calculated for a known

genetic trait (e.g. ABO, Rh, etc.), or highly conserved region.

Pr(F: 0 e .
LOD(6) = log [ P_rr((F_"(TSI) ] , F = recombination information

A positive lod score favours linkage, and a value of >+3.0 is generally
accepted as proof. However, genetic heterogeneity is always an issue, especially
given non-paternity ranges from one to 20% in the general population (Alfred,
2002, Falk et al., 1988).

Hence there are many published multiplex families with adult-onset
primary torsion dystonia and no loci. They are summarised in the table (next
page).

Hereditary whispering dysphonia was assigned the DY74 locus. This was

a large Australian pedigree, but not a primary torsion dystonia kindred. Multiple
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family members had marked neuropsychiatric presentations, and two had definite
diagnoses of Wilson’s disease, although later linkage to the Wilson’s locus in

other members was negative (Ahmad et al., 1993, Parker, 1985).
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Publication

Defazio et al, 2003 (b)
Defazio et al, 2003 (a)
Defazio et al, 2003 (a)
Waddy et al, 1991

Defazio et al, 2003 (b)

Bressman et al, 1996
Munchau et al, 2000
Uitti et al, 1993

Defazio et al, 2003 (a)
Bressman et al, 1996
Waddy et al, 1991
Waddy et al, 1991

Defazio et al, 1993

Defazio et al, 2003 (a)
Holmgren et al, 1995

Brancati et al, 2002
Defazio et al, 2003 (a)
Defazio et al, 2003 (a)
Casetta et al, 1999
Contarino et al, 2008
Bressman et al, 1994
Bentivoglio et al, 1997

Klein et al, 1998

Age of Age at
Ethnicity Phenotype at Onset onset study n= Spread
Italian Blepharospasm 16-66 y 18-70y 3 No
Italian Blepharospasm = 38-63y 3 -
Italian Blepharospasm - 39-86y 3 =
British Blepharospasm 20-47 y x-47y 3 =
Italian Blepharospasm 34-59y 34-64y 4 No
German* Cervical 18-49 y - 5 No
British Cervical 19-40y 24-85y 5 5
German Cervical 20-49 y 36-80y 10 No
Italian Cervicobrachial = 22-78'y 4 -
German* Cervicobrachial 15-62 y - 7 1
British Cervicobrachial 39-57 y x-67y 3 -
British Cervicobrachial 28-60y x-74 y 3 -
Italian Cranial 30-53y e 3 -
Italian Cranialbrachial = 49-55y 3 =
Swedish Cranialbrachial 17-50 y 20-64 y 7 6
Italian Craniocervical 19-73y 24-78 'y 8 No
Italian Craniocervical = 40-77 y 3 =
Italian Craniocervical - 40-71y 3 -
Italian Craniocervical 40-66 y 43-74 y 6 2
Dutch Craniocervical 10-56 y 32-67y 8 3
German Craniocervical 7-50y 38-75y 7 7
Italian Craniocervical 5-40y 32-71y 8 6
Italian Cruralbrachial 4-40 y 41-89y 6 6

Distribution

Blepharospasm
Blepharospasm
Blepharospasm
Blepharospasm
Blepharospasm

Cervical
Cervicobrachial
Craniocervical

Cervicobrachial
Cervicobrachial
Cervicobrachial
Cervicobrachial

Cranial

Cranialbrachial
Generalised/multifocal

Craniocervical
Craniocervical
Craniocervical
Craniocervical
Craniocervical
Craniocervicobrachial
Craniocervicobrachial

Generalised
*= non-Jewish

Table of published multiplex AOPTD families with no loci




In summary, there are 23 published kindreds of AOPTD with no known
loci. Twenty-two have onset involving the face, neck or arm. Spread of dystonic
symptoms and signs occurred in eight of 13 families where it was documented.
Only two families (Swedish and North Tyrol Italian) developed generalised
dystonia. The sum of all familial PTD documented with spread was 30 out of 48
(63%) 1n this group. Spread, including DY76, DYT7 and DYT13 occurred in only
cervical, cervicocranial and cervicobrachial types with 37 out of 68 (54%)
affected by it. Where the age of onset was less than twelve years, the phenotype
tended to be of leg onset in these pedigrees. Persons rated “probably affected”
were not included in the table. (Bentivoglio et al., 1997, Brancati et al., 2002,
Bressman et al., 1994b, Bressman et al., 1994c, Cassetta et al., 1999, Contarino
et al., 2008, Defazio et al., 2003c, Defazio et al., 2003d, Defazio et al., 1993,
Holmgren et al., 1995, Klein et al., 1998, Munchau et al., 2000, Uitti and

Maraganore, 1993, Waddy et al., 1991)

1.2.6 Autosomal recessive dystonia and dystonia-parkinsonism

Two forms of autosomal recessive pure dystonia have been described — DY72
and DYT17 (Chouery et al., 2008, Gimenez-Roldan et al., 1988, Khan et al.,
2003). Furthermore, autosomal recessive dystonia-plus-like syndromes including
the recessive form of dopa-responsive dystonia DRD5b (TH) exist — DYT16
(PRKRA), adult-onset NBIA-2 (PLA2G6), FBX07 associated parkinsonian-
pyramidal syndrome, Kufor-Rakeb syndrome (PARK9/ATP13A2), and juvenile-
onset parkinsonism (Parkin, PINK 1, DJI) (Camargos et al., 2008, D1 Fonzo et

al., 2007, Paisan-Ruiz et al., 2009, Schneider et al., 2009a, Williams et al., 2005).
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DYT2

Six families have been reported with this disorder. The earliest dates back to
1934, but the following four relate to families of Spanish Gypsies. Nine patients
were examined who had abnormal posturing of the feet and gait abnormalities
followed by rapid generalisation of dystonia and stabilisation within a few years.
The mean age of onset was 15 years (range 8- 31). Three of the four families had
consanguineous parents. One family’s dystonia phenotype was different, with
prominent oromandibular dystonia and cervical dystonia, but little or no gait
abnormalities. Action and rest myoclonic jerks were also seen in this kindred.
Sephardic Jews remaining in Spain after their general expulsion in the late 15"
century mixed with the rest of the population to escape persecution, but Spanish
Gypsies rarely mate outside their own ethnicity. Rates of dystonia are not known
in Sephardic Jew descendants, but studies in Israel on the prevalence of dystonia
among Jews of different backgrounds would suggest that all non-Afro-Asian
Jews have much higher rates of dystonia (Korczyn et al., 1980). In any case, the
commonest genetic cause of dystonia in American-European Jews is the
autosomal dominant DY7/ gene.

An Iranian kindred was later found who were Sephardic Jewish, and in
whom consanguineous marriage is common. The onset was between one and
eight years, starting with intorsion of the foot and caudal-rostral progression over
five to eleven year periods. Myoclonus was also a feature in two of the three in
this sibship, and all had jerky torticollis. The dystonia was generally stable after

the intial period of progression (Khan et al., 2003).
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DYT17

A Lebanese Shiite family with consanguineous parents had three sisters affected
by dystonia in a sibship of nine. All three developed cervical dystonia in their
teens, with later spread segmentally in two, and becoming generalised in one
after nine years. All three had severe dysphonia and dysarthria. Neuroimaging
was normal. A locus on chromsome 20 was found (20p11.22 — q13.12). No
imprinting effect was suspected. They differed significantly in the phenotype to
the DYT?2 (leg onset), but with some overlap such as prominent craniocervical

dystonia (Chouery et al., 2008).

DYTI6

Two Brazilian families and a single other patient, seven patients in total, with
young-onset dystonia-parkinsonism were found to have mutations in the stress
response protein, protein kinase interferon-inducible double-stranded RNA-
dependent activator (PRKRA). There was no evidence of consanguineous
marriage linking the two families. The single other patient had a brother who
died aged 34 having suffered similar generalised dystonia. The age of onset was
2-12 years in six and 18 years in one. Dystonia began in the lower limbs in four,
and in the hand in one. One patient developed bradykinesia in the hands as a first
symptom, and another developed spasmodic dysphonia. Painful gait disturbance
at onset was reported by two of the four with leg onset. Parkinsonism was
present in four patients. Three had pyramidal signs, e.g. hyperreflexia. No
significant improvement was seen with levo-dopa, anticholinergic or
antispasticity medication. Cervico-brachial dystonia and spasmodic dysphonia

were typically the most disabling features. Parkinsonism was notably
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bradykinesia and freezing of gait in one. One patient reported a geste-antagoniste
to alleviate his craniocervical dystonia. A single segregating homozygous variant
(c.665C>T/P222L) in exon 7 or PRKRA (chromosome 2q31.3) was found in all
family members and the other affected. Further testing on local dystonia patients,
patients with young-onset parkinsonism and neurological controls was negative,
suggesting that this is a rare mutation (Camargos et al., 2008).

The pathophysiology of PRKRA in DYT16 is unclear. It activates the
latent protein kinase PKR under cellular stress circumstances, which in turn
activates EIF2a, which inhibits protein synthesis. Whether the mutation causes a
gain- or loss-of-function, and its significance in the pathogenesis of dystonia-

parkinsonism remains to be elucidated.

Adult-onset NBIA-2

Three patients from two families have been identified as PLA2G6 (chromosome
22q12.3-13.1) mutation homozygotes, with symptoms of severe progressive
dystonia, parkinsonism (including rest tremor in one), dementia, neuro-
ophthalmological signs and spasticity. The age of onset was ten to 26 years. One
had subacute parkinsonism and intellectual decline at onset, and two had leg
onset dystonia followed by parkinsonism and dementia. Generalised dystonia
occurred 1n all three patients within one to two years in two patients. MRI brain
showed only subtle frontal white matter abnormality and no evidence of iron
accumulation on T2* (gradient echo sequence). The investigators had originally
included five families with the phenotype and consanguineous marriages of
parents of affected patients, but two families showed no evidence of

homozygosity, and a third showed no variation in PLA2G6.
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PLA2G6 mutations cause Infantile Neuroaxonal Dystrophy (INAD), a
disease typically that begins before age three years, and typically fatal by age
seven. INAD produces iron deposition and a PK AN-like disease, hence its
NBIA-2 designation. However, the “eye of the tiger” sign does not appear
because although the GPi has hypointensity on T2W MRI, there is no central
hyperintensity giving the eye-like appearance on axial slices. Skin biopsy
typically shows neuronal spheroids in INAD, but there was no evidence of this in

the adult-onset form above.

Kufor-Rakeb syndrome/PARK9

Characterised by pallidopyramidal degeneration, supranuclear gaze paresis and
dementia, this syndrome first described in a Jordanian consanguineous family
also has some typical dystonia with oculogyric crises, visual hallucinations and
facial-faucial-finger (FFF) minimyoclonus. Kufor-Rakeb is a small homestead in
the northern Jordanian highlands. Disease onset was between 12 and 15 years.
Oculogyric spasms were associated with the onset of profound parkinsonism in
three of four patients examined. They were independent of levo-dopa. They also
have an excellent but waning levo-dopa response, but suffered peak dose
dyskinesias. Continuous jerky movement of the face, tongue/posterior
oropharynx and fingers was noted in all four patients (FFF). Supranuclear gaze
palsy was present for horizontal and vertical gaze, and slowed saccades were
most evident for vertical gaze. All had markedly increased tone, hyperretlexia,
and extensor plantar responses. There was also significant rigidity and

bradykinesia but no tremor. None had cerebellar signs. MRI scanning in two
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patients showed widespread atrophy but no focal abnormality or signal change
(Williams et al., 2005).

A large non-consanguineous Chilean family with Kufor-Rakeb phenotype
was analysed, and identified a loss-of-function mutation in the predominantly
neuronal P-type ATPase gene, ATP1342 (chromosome 1p). Mutations in the
same gene were found in the Jordanian family in all affected family members
(Ramirez et al., 2006). ATP13A2 is ubiquitously expressed in the body, but
strongest in the brain. Using quantitative real-time PCR experiments on total
RNA, it was shown that 4TP/3A42 expression is almost five times higher in
ventral tegmental substantia nigral dopaminergic neurons than other candidate
regions (GP1, putamen, cerebellum, neocortical areas). ATP13A42 is upregulated
in idiopathic parkinson’s disease dopaminergic neurons by as much as ten-fold.
Interestingly, ATP1342’s function is most important in the lysosomal
degradation pathway for proteolysis (c.f. proteosomal pathway most associated

with monogenic parkinson’s disease — PARK?).

1.2.7 Dystonia-plus syndromes

There exists a group of dystonias with other neurological features, frequently
with a biochemical abnormality, but differing from the heredogenerative group in
that no uniformly occurring structural neuronal degeneration occurs. These are
the dystonia-plus syndromes - dopa-responsive dystonia (DY75a & b/GCHI &
TH), myoclonus dystonia (DYT11/SGCE), rapid-onset dystonia parkinsonism
(DYT12/ATPIA3), myoclonic dystonia (DYT15), and X-linked dystonia-
parkinsonism “Lubag” (DYT3/TAF) (Nygaard et al., 1993, Dobyns et al., 1993,

Pittock et al., 2000, Grimes et al., 2001, Kurlan et al., 1988, Quinn et al., 1988).

44



Dopa-responsive dystonia

This clinical syndrome of childhood-onset dystonia and a dramatic sustained
levo-dopa response was first described in 1971 (Castaigne et al., 1971,
Furukawa, 2004). It has three forms: one autosomal dominant guanine
triphosphate cyclohydrolase 1 (GCH1 — chromosome 14q22.1-2) deficiency, and
rarer autosomal recessive tyrosine hydroxylase deficiency and sepiapterin
reductase deficiency (Clot et al., 2009). The onset is approximately six years of
age (range 1- 12 years) and the clinical features are typically of progressive
lower limb dystonia, spasticity and parkinsonism. Eighty-five percent of patients
with the autosomal dominant form have onset in the first decade of life (Clot et
al., 2009). Segregation analysis suggests a higher penetrance in women
compared to men (2:1 — 3:1), but the disease appears similar in severity for both
sexes (Tagliati et al., 2004). Cognitive function is normal throughout the course
of the disease. Diurnal fluctuations, an important clue in the history, occur in
77% of cases. The feet are often held in an equinovarus posture. Patients tend to
fall on standing, and compensate with an exaggerated lumbar lordotic posture,
and often maintain a short stature when symptoms begin in childhood (Segawa et
al., 2004). Parkinsonism with fatiguability on repetitive movement and mild
general increased tone is often seen. A striatal toe is also found characterised by
extension of the great toe. When tremor is the presenting symptom, it is usually
after the second decade (Segawa et al., 2004). Myoclonus has also been reported
in DRD, causing diagnostic confusion (Leuzzi et al., 2002). Cerebellar signs
have been found also in DRD with gaze evoked nystagmus and moderate gait

ataxia (Chaila et al., 2006).
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The syndrome arises due to striatal GCH1’s rate limiting effect on the
production of tetrahydrobiopterin, an essential cofactor for tyrosine hydroxylase.
This leads to lower levels of dopamine synthesis. Severe forms of DRD are seen
in homozygotic mutations involving tyrosine hydroxylase (not the autosomal
recessive variant which is a deficiency of 7H) and 6-pyruvoyltetrahydropterin
synthase. One patient with a PARK2 mutation was identified in a large DRD-
phenotype screening series, and three of twenty-two families with levo-dopa
responsive dystonia in another study (Clot et al., 2009, Tassin et al., 2000). The
clinical spectrum of the DRD has expanded to include focal dystonia (cervical
and oromandibular), adult-onset parkinsonism, postural tremor and myoclonus,
and exercise induced dystonia (Harwood et al., 1994, Nygaard et al., 1992,
Steinberger et al., 1999, Tassin et al., 2000). A family history or suspicion of
parkinsonism may be a helpful clue as it is present in 14% of first-degree
relatives over 40 years of age (Bandmann et al., 1998). Infantile parkinsonism is
the primary presentation of tyrosine hydroxylase form (Mueller, 2003, Nardocci
et al., 2003). In contrast to idiopathic Parkinson’s disease patients, DRD patients

do not develop late complications of levo-dopa treatment.

Myoclonus dystonia

This rare movement disorder characterised by a combination of myoclonus and
dystonia was first described under many guises including hereditary essential
myoclonus, paramyoclonus multiplex, and essential myoclonia, but one of the
key features has been frequent family history and responsiveness to alcohol
(Asmus and Gasser, 2004, Gasser, 1998). Semantics overlap considerably in this

area, and it should be noted that myoclonic dystonia (cf. myoclonus dystonia)
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refers to dystonia with focal/segmental myoclonus affecting the same area which
has been observed in primary dystonia (Kurlan et al., 1988, Obeso et al., 1983,
Quinn et al., 1988). True myoclonus dystonia accounts for 37% of all children
seen by specialists in a pediatric movement disorders clinic, with the remainder
including benign hereditary chorea, myoclonic dystonia, and dystonia with
polyminimyoclonus (Asmus et al., 2009).

In myoclonus-dystonia, myoclonus is typically the most disabling feature,
predominating in the arms (found in 88%) and axial muscles (Asmus and Gasser,
2004). Dystonia is often mild (54%), may remit, and is rarely the only
manifestation when it is typically writer’s cramp or less frequently cervical
dystonia (Kyllerman et al., 1993, Saunders-Pullman et al., 2002). The onset is
typically in the first or second decade (mean 4 years, range 0.5— 20), but can
occur as late as 75 years (Foncke et al., 2006).

A mutation in the epsilon sarcoglycan gene (SGCE) has been found in
only 30- 50% of clinically definite myoclonus-dystonia cases (Valente et al.,
2005, Tezenas du Montcel et al., 2006, Ritz et al., 2009). SGCE is a twelve exon
gene, widely expressed in embryonic and adult tissues of the nervous system,
localises to chromosome 7q21. It is predominantly paternally inherited with 10-
15% due to maternal imprinting and a case report (Silver-Russell syndrome) of
imprinting in maternal uniparental disomy (Zimprich et al., 2001, Klein et al.,
2000, Guettard et al., 2008). Refined techniques to include detection of large
exon deletions in clinically definite and probable myoclonus-dystonia increases
SGCE mutation yield to 36% (Grunewald et al., 2008, Asmus et al., 2005). In
children who have only movement related myoclonus and early gait disturbance

with falls, 88% were found to have mutations in SGCE (Asmus et al., 2009). In
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another study, 80% of families had mutations in SGCE where children under the
age of twelve years were all the affected members (Nardocci et al., 2008).

Additional manifestations have been reported with myoclonus-dystonia,
including complex partial seizures and psychiatric disturbances. Using a
candidate gene approach, one group identified that a DRD2-gene polymorphism
(Vall54lle) was seen in a large kindred of Welsh-Scottish-German ancestry
(Klein et al., 1999). This receptor’s importance in affect, emotion and reward
behaviour links it to alcoholism and schizophrenia. In manifesting and non-
manifesting carriers of SGCE mutations, alcohol-abuse and alcohol dependence
were over twice as common (40% and 25.9%) compared to non-carriers in
families with myoclonus-dystonia (Saunders-Pullman et al., 2002). Obsessive-
compulsive disorder (OCD) was present in 18.5% of carriers compared to none
of the non-carriers (p = 0.023). Eighty percent of individuals with OCD were
symptomatic for myoclonus-dystonia. Depression, panic attacks, and cognitive
slowing have been reported by several authors. Co-existence of myoclonus-
dystonia and Gille de la Tourette syndrome (OCD with motor tics is more
prevalent in Tourette’s families with motor tics) has not been associated with
SGCE mutations, and there is no association with SGCE mutations in patients
with OCD and Gille de la Tourette syndrome (de Carvalho Aguiar et al., 2004a,
Orth et al., 2007, Gorman, 2000). Another large Canadian family with
myoclonus dystonia has been described that has alcohol responsiveness and
linkage to chromosome 18p11. This new locus, DYT15, has reduced penetrance
of 85% (Grimes et al., 2001, Grimes et al., 2002).

There is no aetiological treatment, and symptomatic therapy of

myoclonus-dystonia is modest. Benzodiazepines, anticholinergics, levo-dopa,
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serotomimetic drugs, and antiepileptic drugs have been used. Myoclonus may
benefit from levetiracetam, piracetam and zonisamide (Kinugawa et al., 2009).
Benefit from alcohol has not yet been translated into a safe pharmaceutical
option. Deep brain stimulation of the GPi and thalamic VIM have been reported
as beneficial to both myoclonus and dystonia (Cif et al., 2004, Castelnau et al.,

2005).

Rapid-onset Dystonia Parkinsonism

First described in 1993, it begins over hours or days with striking bulbar features
of dysarthria (even as severe as mutism) and dysphagia, and limb dystonia and
bradykinesia (Dobyns et al., 1993, Brashear et al., 1998). The extrapyramidal
features are typically asymmetrical, and have a characteristic rostro-caudal
gradient or face>arm>leg (Brashear et al., 2007). There is no dementia, normal
eye movements, and no pyramidal or sensory signs. The severity of the
phenotype varies even within families. Onset 1s typically in the late teens (range
4- 58 years), often after a striking physiological stressor, e.g. prolonged exercise
or childbirth. Progression is usually limited over a couple of weeks, usually with
little or no improvement except sometime with gait (Brashear et al., 2007).
Second abrupt exacerbations are reported in a several cases (Dobyns et al., 1993,
de Carvalho Aguiar et al., 2004b, Pittock et al., 2000). Seizures, paroxysmal
dystonia and psychiatric disturbances including depression, social anxiety and
schizoid personality disorder have been observed in these patients. Neuroimaging
1s normal, an early suggestion that disease 1s a functional defect and not

structural (Mueller, 2003).
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Linkage to chromsome 19 (19q13) was possible in three large families,
and later identification of the gene (47P1A3) as the Na+/K+-ATPase-a3 subunit
(Kramer et al., 1999, de Carvalho Aguiar et al., 2004b). Subsequent analysis of
the phenotypic spectrum of rapid-onset dystonia parkinsonism and the
association with the genetic discovery showed that abrupt onset, rostrocaudal
gradient and bulbar symptoms were the most reliable features (Brashear et al.,
2007). A second locus has been proposed to explain typical presentations of
familial cranial-cervical dystonia that are mutation negative, possibly also in the
same pump’s a2 subunit (Kabakci et al., 2005). Mutations of ATP1A42 gene have
been linked to other disorders in the central nervous system: infantile seizures,
familial hemiplegic migraine and familial common migraine (Vanmolkot et al.,
2003, Todt et al., 2005).

Levo-dopa may occasionally have some modest benefit. Other treatment
1s aimed at seizure control, management of depression and anxiety, avoidance of
stressors and relaxation therapy. Unilateral pallidotomy and GPi deep brain
stimulation has been tried on two patients with no success (Pittock et al., 2000,

Deutschlander et al., 2005).

X-linked dystonia-parkinsonism “Lubag”

This disorder is an adult-onset dystonia originating in the Phillipine islands of
Luzon and Panay (Lee et al., 1991). About 1/4,000 males on the island of Panay.
The name “Lubag” comes from the local [longgo dialect, referring to intermittent
twisting movements. Fahn and Miiller argue that this disorder should be included
as a dystonia-plus syndrome and not heredodegenerative or secondary because

neuropathological features are seen in other dystonia-predominant genetic
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disorders such as DYT/ (brainstem inclusions) and DYT5 (mild nigral neuronal
loss). It is classified as a dystonia-plus disorder in some major texts (Fahn and
Ford, 2003, de Yebenes et al., 2004), but not others (Jankovic and Lang, 2004).

X-linked dystonia-parkinsonism starts focally between 30 and 45 years,
and generalises after six years in most cases (Mueller, 2003). Symptom onset is
in the lower extremities in 36%, axially in 29%, arms in 23% and cranially in
12%. Over 90% have a dystonic-parkinsonian gait, and 88% have generalised
dystonia. The disease is so severe that virtually all patients are dependent and
13% are entirely dependent for all activities of daily living. Parkinsonism is seen
in 36% of patients. Occasionally, female carriers have been described with mild
dystonia and chorea (Waters et al., 1993b). Despite its severity, all dystonic and
parkinsonian feature disappeared altogether during sleep in all patients.

Neuroimaging studies have shown mild atrophy on CT and MRI.
Neuropathological changes have been found with neuronal loss and subtle
astrocytosis in the caudate and severe gliosis in the lateral putamen (Waters et
al., 1993a). These changes however are not specific and had been described in a
non-Filipino man.

Disease-specific single-nucleotide changes (five) were found in the long
arm of the X-chromosome in all Filipino affected men and no controls (Nolte et
al., 2003). The region covers multiple transcripts in the TATA-box-binding-
protein-associated factor (74F'1) gene, but an exon 4 base change is most likely
pathogenetic in the disease. However, the exact nature of the functional change is
unclear, also due to the complex interaction of overlapping genes on the
antisense strand in this region. The molecular effect may result in disturbed

regulation of other genes in the corpus striatum, including expression of DRD?2
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(Makino et al., 2007). It has been estimated based the rates of natural mutations
in single nucleotide polymorphisms (0.001- 0.01/gamete) that the founder
mutation occurred between one and two thousand years ago (Wilhelmsen et al.,
1998).

Treatment 1s difficult, but patients may benefit from anti-cholinergics,
clonazepam and zolpidem. Focal dystonia can be treated with botulinum
neurotoxin injection (Muller, 2009). One 45 year old Filipino has been reported
to have benefited from bilateral posterventral GPi deep-brain stimulation, who
had previously had very medically refractory disabling jaw dystonia (Evidente et

al., 2007).

1.3.8 Paroxysmal dyskinesias

Paroxysmal dyskinesias were often diagnosed as epilepsy in the past. They
include dystonia, chorea, athetosis and ballism. They are part of a group of
paroxysmal movement disorders which also encompasses hypnogenic
dyskinesias, episodic ataxias and transient dyskinesias of infancy (Fahn, 2002).
Mount and Reback first proposed these types of attack as paroxysmal movement
disorders in 1940, and their first description was called “familial paroxysmal
choreoathetosis”, now recognised as paroxysmal non-kinesigenic dyskinesia
(PNKD). Despite the original nomenclature, this and the other paroxysmal
dyskinesiae are symptomatically dystonic syndromes (Mark, 2004). Many
secondary causes of paroxysmal dyskinesia have been reported including
multiple sclerosis (25%), transient ischaemic attack (21%), trauma (13%), stroke

(9%, with latency up to 6 years), hypo/hyperglycaemia (10%), CNS infection
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(7%), anoxic brain injury (4%), hypocalcaemia (3%) and GLUT/-deficiency
(Blakeley and Jankovic, 2002, Schneider et al., 2009b).

Six paroxysmal dyskinesia loci have been assigned: DYTS, DYT9,
DYTI10, DYTIS, DYT19 and DYT20. However, DYT19 and DYT20 share closely
overlapping regions to DY710 and DYTS respectively, and have similar

kinesigenic and non-kinesigenic phenotypes (Muller, 2009).

Paroxysmal non-kinesigenic dyskinesia/DYTS8

The attacks are characterised by sudden onset of sustained abnormal postures
which can be focal affecting the hands, cranial muscles, cervical muscles and
causing dysarthria or mutism. The trunk and legs can also be affected, with
hyperextension, or flexion, sometimes alternating. Minor focal abnormal
postures such as abduction of the little finger have been reported as an attack.
Attacks may be highly stereotyped only affecting one area, e.g the hand.
Consciousness in not lost. Onset is between two months and 50 years, and it does
tend to plateau or improve over a median of six years.

Attacks are typically precipitated by alcohol, caffeine, stress, resting or
occur on awakening. They happen between daily and several times a year but in
contrast to paroxysmal kinesigenic dyskinesia, they last on average an hour, or
up to several days (Bressman et al., 1988). Fixed focal dystonia has been seen in
several cases. Up to 41% of patients have premonitory symptoms before an
attack, such as focal stiffening in a limb (80%) or inner feeling of anxiety (Bruno
et al., 2007). Neuroimaging is typically normal. PNKD is caused by mutations in
PNKD1 gene (chromosome 2), coding for myofibrillogenesis regulator 1 protein

(Muller, 2009). It 1s a stress response protein, but its exact function and
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pathogenesis in PNKD is unknown (Bruno et al., 2007). Treatment response is
best with benzodiazepines, acetazolamide, haloperidol and avoidance of triggers.

Anticholinergics are useful for the dystonic features in PNKD.

Paroxysmal dystonia choreoathetosis with episodic ataxia and spasticity/DYT9
This autosomal dominant multisystem syndrome presents with brief attacks of
extrapyramidal or cerebellar symptoms lasting from minutes to days. The age of
onset should be before puberty but reports range from two to 15 years.
Complaints are of dystonic toe curling, choreoathetoid movements of the limbs,
imbalance, dysarthria, and paraesthesia periorally and in the legs. Diplopia can
occur, and headache is also reported to happen concurrently or after an attack.
Attacks last ~20 minutes and happen between twice a day and twice annally.
Triggers for attacks include physical exercise, emotional stress, lack of sleep, and
alcohol. Almost one third of patients have evidence of spastic paraplegia on
examination (increased tone, hyperreflexia and pyramidal weakness). Linkage to
chromosome 1p21-p13.3 has been achieved (Auburger et al., 1996). Treatment is

limited but acetazolamide and phenytoin may have a beneficial effect.

Paroxysmal kinesigenic dyskinesia/DYTI10

Paroxysmal kinesigenic dyskinesia (PKD) is precipitated by sudden movements,
but also by stress, menstruation, temperature changes, startle, excitement or
hyperventilation (Jankovic and Demirkiran, 2002, Mark, 2004). Attacks begin
typically in childhood and diminish with age (0.5- 57 years). They last less than
two minutes, but rarely up to five minutes or more. They can occur with a

frequency of up to 100 per day, or as infrequently as monthly. Typical attacks are
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unilateral or asymmetrical, but midline muscles may become involved. Some
patients have a sensory aura such as muscle tension, paresthesia, or a
formication-like sensation. It is more common in males with a ratio of up to 4:1.

Most PKD is sporadic, but familial incidence is autosomal dominant with
reduced penetrance. A disease locus has been assigned to chromosome 16p11.2-
ql2.1. This locus overlaps with that for infantile convulsions with
choreoathetosis (ICCD). PKD in families with I[CCD is not always kinesigenic
though. Another locus has also been mapped in this region based on a large
Indian family, which does not overlap with ICCD, possibly meaning that two
distinct genes could be responsible (Valente et al., 2000).

Treatment is with anti-convulsants, particularly carbamazepine or
phenytoin, or even levodopa, flunarizine and tetrabenazine. However, in some

cases the attacks abate in early adulthood.

Paroxysmal exercise-induced dyskinesia/DYT18
Attacks are triggered by prolonged exertion (5- 15 minutes). Other precipitants
are passive limb movement, talking, chewing gum, temperature changes, menses,
alcohol and stress. Attacks can occur twice a day to monthly. Attack duration 1s
intermediate between PNKD and PKD — usually five to 30 minutes. They usually
only involve the legs, and rarely other body parts. Attacks can be jerky twitches
in the legs or hemidystonia. Limbs can appear discoloured and cold during
attacks. Premonitory symptoms are unusual in this disorder. Onset is between
two and 30 years.

Paroxysmal exercise-induced dyskinesia is the PD most frequently

associated with other neurological paroxysmal disorders, including childhood
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epilepsy, migraine and hemiplegic migraine (Schneider et al., 2009b). Recent
identification of the SLC2A41 gene (chromosome 1p35-31.1) in this disorder and
its importance in the GLUT transporter have important therapeutic implications
(Muller, 2009). PED patients with the SLC24/ mutation more often have a
history of slight developmental delay, epilepsy and slight haemolytic anaemia
(Weber and Lerche, 2009). Paediatric GLUT deficiency syndrome is
characterised by sever epilepsy, microcephaly, and developmental delay. The
ketogenic diet is very satisfactory in the treatment of GLUT! disorders. The
locus for this is very close to DY79, and the phenotype is remarkably similar

(exercise induced dyskinesia, headache).

1.2.9 Heredodegenerative dystonia

Encompassing a very extensive group of inherited disorders, they are
neurodegenerative diseases that often produce dystonia as a prominent feature,
but are progressive and generally have many other extrapyramidal, cognitive,
pyramidal, sensory, visual, auditory, bulbar, psychiatric and systemic features.
Based on specialist clinic series, 23- 25% of all dystonia seen is secondary
excluding tardive dystonia (Ferraz and Andrade, 1992, Marsden, 1988).
However, since dystonia may be the presenting feature or the most prominent
symptom at presentation, these disorders must be borne in mind when seeing the
patient with apparent pure dystonia. In this section, selected syndromes are
outlined in a table listing the commonly recognised disorders, grouped according
to the pattern of inheritance showing X-linked, autosomal dominant, autosomal
recessive, mitochondrial, metabolic disorders and some miscellaneous disorders.

Importantly, where dystonia is not a major feature or presenting feature of an
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illness, that illness has not been included in this list (table of heredodegenerative

causes of dystonia), e.g. McLeod neuroacanthocytosis (Danek et al., 2001).

Dystonia in idiopathic parkinson’s disease and parkinson’s-plus disorders
Disorders associated with Parkinsonian syndromes may have dystonia as the
presenting symptom. Dystonic presenting features seen in all four major
syndromes: idiopathic parkinson’s disease (parkinsonian writer’s
cramp/kinesigenic foot dystonia), progressive supranuclear palsy
(retrocollis/apraxia of eyelid opening), multiple system atrophy
(antecollis/laryngeal dystonia/Pisa syndrome) and corticobasal ganglionic
degeneration (hand dystonia) (Boesch et al., 2002, Poewe et al., 1988, Vanek and
Jankovic, 2001, Tolosa and Compta, 2006, Hozumi et al., 2004).

Dystonia is reported as a presenting symptom in 2.4% and in up to 30%
during the course of the illness in idiopathic parkinson’s disease (IPD) patients
(Kidron and Melamed, 1987). Cervical dystonia (rotatocollis and retrocollis) has
been described as the presenting feature in several patients with [PD
(Papapetropoulos and Singer, 2006).

Dystonia is common in parkinson’s plus disorders. In a large multicentre
German study, 68% of multiple-system atrophy (MSA) patients and 77% of
progressive supranuclear palsy (PSP) developed dystonia during their illness. In
MSA, truncal dystonia was present in 31%, lower limb dystonia in 29%, cervical
dystonia (antecollis) in 26%, facial dystonia in 24% and upper-limb dystonia in
21%. Pisa syndrome was the first manifestation of dystonia in 9.5% of the MSA

cohort.
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In PSP patients, cervical dystonia was present in 56%
(retrocollis/torticollis), truncal dystonia in 49%, facial dystonia in 49%, upper
limb dystonia in 51%, lower limb in 44%. Upper limb or multifocal dystonia
were the most common presenting types of dystonia in PSP (Schrader et al.,
2005).

In a separate study on corticobasal ganglionic degeneration (CBD),
dystonia was present in 59% of patients. The onset was in the upper limb in 51%
and lower limb in 33%. In those CBD patients with dystonia, at least one arm
was affected in 92%. Axial and craniofacial dystonia affected 31%, and
laterocollis was the most frequent type of cervical dystonia (18%), but typically
associated with limb dystonia (c.f. post-traumatic cervical dystonia). Pain was

common (42%), particularly with hand dystonia (Vanek and Jankovic, 2001).
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Disorder and Inheritance
X-linked recessive
Pelizaeus-Merzbacher disease
Lesch-Nyhan syndrome
Partington's syndrome
Rett's syndrome
Mohr-Tranebjaerg syndrome
Autosomal dominant
Huntington's disease*
Machado-Joseph disease (SCA3)*
Dentato-rubro-pallido-luysian atrophy*
SCA2*
SCA6*
Spastic paraplegia with dystonia
SCA12
SCA14
SCA17*
Fahr's disease
Huntingon's disease-like 2*
Neuroferritinopathy
Autosomal recessive
Wilson's disease
Hallervorden-Spatz (PKAN/NBIA-1)
HARP syndrome
Levine-Critchley (neuroacanthocytosis)
Ataxia telangiectasia
Ataxia with Vitamin E deficiency
HSP with leukodystrophy and dystonia
Kjellin syndrome (SPG15)
Troyer syndrome (SPG20)
Juvenile parkinsonism (PARK2)
Juvenile parkinsonism (PARK6 & 7)
Infantile bilateral striatal necrosis
Cockayne syndrome

Gene

PLP
HPRT
ARX
MECP2
TIMM8A

IT15
ATXN3
ATN1
ATXN2
CACNA1A
2q24
PPP2R2B
PRKCG
TBP

14q
JPH3
FTL

ATP7B
PANK?2
PANK?2
VPS13A
ATM
TTPA
FA2H
ZFYVE26
13g12.3
PRKN
PINK1 & DJ-1
np62
CSA,B

Type of dystonia

Segmental, Generalised
Action dystonia, Opisthotonus
Episodic hand

Lower limb, Oculogyria

Focal, Generalised

Cervical, Axial, Limbs

Hands, Feet, Craniocervical
Cervical, Axial, Limbs, Generalised
Cervical, Generalised

Limb, Cranial

Limbs, Generalised

Axial

Cervical, Limbs

Craniocervical, Hands

Cranial, Limb, Segmental
Orofacial

Orofacial, Dysarthrophonia, Generalised

Limbs, Trunk

Generalised, Oromandibular
Generalised, Orofacial

Orofacial, Feeding Dystonia
Generalised, Focal, Segmental, Axial

Focal (rostral-caudal spread), Generalised

Trunk, Limbs, Face
Focal

Limbs

Foot (5-42% @ onset)
Foot (0-17% @ onset)
Generalised

Foot, Generalised

Age at onset

0-5 years
0.5-1 year
Childhood
0.5-2 years
Adolecscence

Often <20 years*
5-30 years*
1-67 years*
6-67 years*
19->55years*
Childhood
8-55 years
10-59 years
10-69 years*
Adult

20-45 years*
Adult

6-40 years
1-6 years
Childhood
16-40 years
Childhood
8-12 years
4-6 years
5-23 years
Childhood
7-40 years
17-52 years
0.5-1.5 years
1-5 years

* = triplet repeat disorders showing genetic anticipation

Outline of Heredodegenerative disorders causing dystonia
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cont/...
Other clinical findings

Head nodding, nystagmus, progression to death in 2nd decade
Self-mutilation, developmental delay, gout (late)
Mild/moderate mental retardation, contractures

Aphasia, hand-wringing, intractable seizures

Deafness, optic neuropathy, ataxia, dysphagia

Chorea, rigidity, bradykinesia

Spasticity, exophthalmos, facial fasciculations

Chorea, ataxia, dementia, myoclonic seizures

Slow saccades, ataxia, polyneuropathy, dysarthria

Ataxia, nystagmus, usually slow progression

Spasticity in legs

Tremor, gait ataxia, dysarthria

Gait ataxia, myoclonus, tremor

Ataxia, dementia, extensor plantars, chorea, abnormal saccades
Psychiatric, parkinsonism, chorea, tremor, orofacial dyskinesia
African origin, dementia, chorea, parkinsonism, acanthocytes
Asymmetry of signs, chorea, dementia, behavioural changes, dysphagia

Liver disease, psychiatric, Kayser-Fleischer rings

Chorea, parkinsonism, spasticity, seizures, retinitis pigmentosa

As PKAN with acanthocytosis, hypoprebetalipoproteinaemia

Chorea, acanthocytes, behavioural changes, neuropathy, lip biting, high CPK
Ataxia, ocular apraxia, lymphoproliferative disorders

Pigmentary retinopahty, areflexia, titubation, ataxia, posterior column loss
Spasticity in legs, ataxia

Tetraparesis, dementia, distal amyotrophy, pigmented maculopathy

Spastic tetraparesis, dysarthria, distal amyotrophy

Young-onset PD, L-dopa dyskinesia, hyperreflexia, psychiatric, DRD phenotype
Young-onset PD, L-dopa dyskinesia, sleep benefit

Choreoathetosis, pendular nystagmus, optic atrophy, tetraparesis

Cachectic (loss of subcutaneous fat) dwarfism, cutaneous photosensitivity

Neuroimaging

CNS hypomyelination

Mild caudate atrophy, thickened calvarium
Normal

Parietal cortical atrophy, frontopolar atrophy
General brain atrophy

Caudate atrophy

Large 4th ventricle

Brainstem and cerebellar atrophy

Pontine atrophy, cerebellar atrophy
Cerebellar atophy

Normal

Cortical and cerebellar atrophy

Cerebellar vermian atrophy

Cerebellar vermian atrophy

CT calcification in dentate, thalami, putamen

Caudate & putamnal atrophy, generalised atrophy

Low signal diffusely (T2W MRI), striatal cysts

Putaminal lesions

"Eye of the Tiger" sign (T2W MRI)

Eye of the Tiger sign (T2W MRI)

Caudate atrophy

Cerebellar atrophy (no X-radiation)
Cerebellar atrophy

Demyelination

Cerebral and brainstem atrophy
Temporoparietal periventricular change
Normal

Normal

Striatal atrophy, putaminal high signal (T2W)
Basal ganglia calcification, white matter change




Disorder and Inheritance
Metabolic disorders
Amino acid disorders

Glutaric acidemia type 1
Methylmalonic acidemia
Homocystinuria
Hartnup disease
Tyrosinaemia type 1

Sulfite oxidase deficiency (molybdenum CF)

Guanidinoacetate methyltransferase
Lipid disorders

Metachromatic leukodystrophy

Neuronal ceroid lipofuscinosis

Niemann-Pick type C (Sea-blue histiocytosis)

GM-1 gangliosidosis
Hexosaminidase A & B (GM2)
Krabbe's disease

Other metabolic disorders
Triosephosphate isomerase deficiency
Aromatic L-AA decarboxylase deficiency
Fumarase deficiency

Mitochondrial
Leigh's disease (nuclear DNA mutation)
Leber's disease
MERRF
MELAS
CPEO (nuclear DNA mutation)

Miscellaneous
Neuronal intranuclear inclusion disease

Urbach-Wiethe Disease (lipoid proteinosis)

SCA8®
Woodhouse-Sakati syndrome

Gene

GCDH

MUT, MMA
CBS, MTHFR
SLC6A19
FAH

SUOX
GAMT

ARSA, PSAP
CLN1-3,5,6,8
NPC1,2

GLB1
HEXA,B
GALC

TPI
AADC
FH

TACO1, NDUFS
ND4,1,6
tRNA-Lys

ND4, tRNA-Leu
POLG1,c100rf2

(unknown)
EMC1

Mbnl1/ATXN8OS

C2orf37

Type of dystonia

Generalised

Generalised

Generalised

Generalised, Paroxysmal
Opisthotonus
Generalised, Opisthotonus
Generalised, Limb

Generalised

Cranial, Generalised, Hemidystonia
Focal, Generalised

Generalised

Generalised

Lower limb, generalised

Hand, Foot, Opisthotonus
Oculogyria, Limb, Paroxysmal
Generalised

Generalised

Cervical

Focal, Segmental, Generalised
Generalised

Blepharospasm

Oculogyria, Focal, Axial
Generalised

Cervical dystonia

Generalised

5 = case report/abstract MDS 2005

Age at onset

Childhood
Childhood
Childhood
Childhood
Childhood
Infantile

Childhood

Childhood

Childhood, adolescent
Adolescent, 2-59 years
Juvenile, adult
Infantile, juvenile, adult
Juvenile

Infantile, juvenile
Infantile
Neonatal

Childhood

Adult
Childhood, adult
Childhood, adult
28-36 years

3-30 years
Adolescent
17 years
Childhood

Outline of Heredodegenerative disorders causing dystonia (cont)

61




cont/...
Other clinical findings

Encephalopathic crisis, mental retardation

Acute encephalopathy

Focal deficits, mental retardation, ectopia lentis

Failure to thrive, dementia, recurrent ataxia, photosensitivity

Peripheral neuropathic crises with pain, somnolence, paralysis

Axial hypotonia, intractable seizures, myoclonus, hyperekplexia, dysmorphic
Intellectual impairment, epilepsy, complex movements, ballism

Dementia, psychiatric symptoms, seizures, peripheral neuropathy
Dementia, ataxia, epilepsy

Supranuclear palsy, ataxia, dementia, dysarthria, splenomegaly

Ataxia, spasticity, parkinsonism, dementia

Ataxia, dysarthria, tremor, psychiatric disturbance, infantile fatal <2y
Optic atrophy/amaurosis, progessive spastic para/tetraparesis, neuropathy

Hemolytic anaemia, leg spasticity, hypotonia, jerky intention tremor
Hyperekplexia, hypertonia, ptosis, apnoeic spells, dysautonomia
Axial hypotonia, failure to thrive, microcephaly, seizures, dysmorphism

Hypotonia, ataxia, spasticity, optic atrophy, dysphagia, dysarthria

Subacute painless visual loss, postural tremor, neuropathy

Myoclonus, ataxia, deafness, seizures, neuropathy, proximal myopathy
Proximal myopathy, headaches, seizures, stroke like episodes, lactic acidosis
Ophthalmoplegia, ataxia, neuropathy, ptosis, hypogonadism, parkinsonism

Parkinsonism, motor delay, apraxia of eye opening, dysarthria

Skin/soft tissue deposits (acneiform), hoarse, dementia, seizures, psychiatric
Parkinsonism

Middle-eastern origin, Alopecia, hypogonadism, diabetes, dementia, seizures

Neuroimaging

Frontotemporal atrophy

Pallidal high signal (T2W MRI)

Focal ischemia, cerebral venous thrombosis
White matter high signal (T2W MRI)

White matter and basal ganglia

Neonatal oedema, multicystic degeneration
Pallidal high signal, delayed myelination

Diffuse confluent leukodystrophy (T2W MRI)
Thalamic and striatal low signal (T2W MRI)
Vermian atrophy, thin corpus callosum

Basal ganglia lesions, diffuse leukodystrophy
Basal ganglia lesions, severe atrophy
Leukodystrophy with posterior preference

CT normal
Global atrophy, periventricular changes
C. callosum agenesis, heterotopia, hydrocephalus

Striatal and brainstem necrotising lesions
Lentiform high signal

Generalised atrophy, lipomas

Basal ganglia calcification, laminar cortical foci
Generalised atrophy

CT normal

Hippocampal striatal calcifications
Olivopontocerebellar atrophy

Patchy and confluent white matter changes




1.2.10 Secondary and symptomatic dystonia

One of the causes of a revival in the organic nature of dystonia was its
recognition as a sign of focal injury in the central nervous system. Secondary
dystonia has thus been useful in identifying the pathways that may be responsible
for primary dystonia. In many cases, secondary dystonia is 1atrogenic due to the
use of dopamine blocking drugs, and may be the only feature thus mimicking
pure primary dystonia (Geyer and Bressman, 2006, Fahn et al., 1998). Dystonia
can be acute or late, and if late (tardive) may be associated with other clues such
as tardive dyskinesia like the classic orobuccolinguomasticatory syndrome.
Acute dystonic reactions can be varied from orofacial dystonia/oculogyric crisis
to opisthotonus or even life-threatening laryngospasm. The Pisa syndrome,
characterised by tonic retroflexion of the trunk, is recognised to be a subacute
complication of dopamine blocking drugs (Sethi, 2001). Theories of how this
occurs such as dopamine hypofunction/cholinergic overactivation are supported
by the general good response to anticholinergic medication. Tardive dystonia 1s
estimated to have a prevalence of 9 to 13%, and an annual incidence of 0.7% in a
long-term cohort study treated with typical neuroleptics (van Harten et al., 2006).
Perinatal damage is typically from an isolated insult, usually hypoxic
ischaemic encephalopathy, periventricular haemorrhage in pretem infants, or less
commonly now kernicterus. The dystonia evolves in three possible time frames:
at the time of the brain injury, following resolution of the cerebral disturbance
masking the disorder, or in a delayed manner up to three years after birth (Calne
and Lang, 1988). Dystonia after stroke usually emerges from under the cover of
hemiparesis the latter regresses to a new steady-state. Movement disorders

devlop in 3.9% of patients after stroke (Alarcon et al., 2004). Chorea is the most
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common type, occurring in 35.7%, but typically in the older patients (>66 years)
and has the shortest latency to onset (4.3 days + 3.6). Ballistic movements were
all seen in combination with chorea where infarction was thalamic, but isolated
hemiballismus is usually due to subthalamic nuclear infarction in stroke.
Dystonia, focal or hemidystonia, was the second most common type of
movement disorder and occurred in 26.9%, with a latency to onset of 15.7 days
(SD 19.9). About 30% of these will have complete resolution of the dystonia
over time. Stroke subtype, infarction or haemorrhage, was the same as the
general incidence (70% infarction), but deep haemorrhagic lesions carry an odd
ratio of 4.8 (95% CI 0.8, 36.6) for post-stroke movement disorders. Acquired
hemidystonia, is most frequently caused by stroke (48.5%), and the topography is
typically the contralateral lentiform nucleus (Marsden et al., 1985, Chuang et al.,
2002). The importance of the putamen in the pathway for hyperkinetic movement
disorders facilitated understanding of basal ganglia thalamocortical functional
loops (Burton et al., 1984, Fross et al., 1987, Alexander et al., 1990, Walker et
al., 2002). Tumors, vascular malformation and demyelination among others have
also caused isolated focal dystonia or hemidystonia (Marsden et al., 1985,
O'Rourke et al., 2006, Jankovic, 1986). Blepharospasm has most frequently been
associated with rostral brainstem lesions, bilateral infarction of the diencephalons
or striatum (Brazis et al., 2001b). Infarction of the Vim and V¢ nuclei of the
thalamus (posterior choroidal artery territory) are associated with myoclonus and
dystonia of the hand — the “thalamic hand” (Lehericy et al., 2001, Schmahmann,
2003). Dystonia of the hand has also been seen with pontine haemorrhage

(Alarcon et al., 2004).
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Inflammatory and autoimmune conditions can cause dystonia, typically
with other features to alert the physician such as altered sensorium,
encephalopathy, pyrexia, skin rash and other systemic features. Anti-basal
ganglia antibodies, also seen in the controversial paediatric autoimmune
neuropsychiatric disorder associated with streptococcal infection (PANDAS),
have been described in a series of patients with generalised dystonic syndromes
(Husby et al., 1976, Edwards et al., 2004). A focal-segmental dystonic post-
infectious syndrome has been reported as quite common in eastern and northern
China, but no autoimmune association has been made (Tsai et al., 1983). Anti-
NMDA -receptor antibodies have been found to cause a syndrome of
encephalopathy marked by neuropsychatric features, craniocervical dyskinesias,
autonomic instability and hypoventilation, commonly associated with underlying
ovarian teratoma (Dalmau et al., 2008).

In acquired immune deficiency syndrome patients, 5- 44% had a
movement disorder, mostly tremor or parkinsonism (Nath et al., 1987). Dystonia
1s typically seen in HIV-assocaited dementia patients who are treated with
dopamine agonists (Tse et al., 2004). It is also a feature of complications of CNS
infection, e.g. toxoplasmosis, in HIV. However, parkinsonism is a more
commonly (5- 50%) seen basal ganglia disorder in contemporary HAART treated
patients (Tisch and Brew, 2009).

Trauma has been linked to cervical dystonia, other axial dystonia or limb
dystonia (Schott, 1985). The oldest anthropological specimen of cervical
dystonia, the Birmingham mummy, is believed to have suffered dystonia from an
arrow to the neck (Frei et al., 2004). Sheehy and Marsden reported that nine

percent of their patients blamed trauma for their cervical dystonia (Sheehy and
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Marsden, 1980). Sixteen percent of patients with idiopathic torsion dystonia
(generalised, axial, multifocal) felt that their dystonia was preciptitated by trauma
in another series (Fletcher et al., 1991b). Eleven percent of patients with cervical
dystonia in unselected series in a tertiary referral centre had post-traumatic
aetiology (Jankovic et al., 1991). Patients usually sustain insignificant trauma (no
skeletal damage) and the dystonia begins within hours to days. Laterocollis is the
most common type of cervical dystonia seen in this group (O'Riordan and
Hutchinson, 2004, Frei et al., 2004). Focal dystonia has also been reported in
several cases following electrical injury, distant from the site of electrocution (de
Yebenes et al., 2004). Cervical cord tumors, syringomyelia and untreated- and
treated cervical disc prolapse have also been linked to 24% of secondary focal
dystonia of neck and upper extremities due to structural lesions (Cammarota et
al., 1995, Becker et al., 2002, LeDoux and Brady, 2003). Secondary cervical
radiculopathy is commonly seen (32%) in cervical dystonia patients (Jankovic et
al., 1991). Cervical myelopathy has also been reported as a complication of
cervical dystonia in two cases and in generalised dystonia (Spitz et al., 2006).
Pseudodystonia, which is a disorder of posture or movement mimicking
dystonia, is another diagnostic issue. The disorders usually manifest with
sustained postures or muscle contractions. In children, acquired non-dystonic
cervical dystonia is more prevalent than dystonia after extrapyramidal drug
reactions (Suchowersky and Calne, 1988<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>