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Abstract

Background—Primary cervical dystonia is the most common form of adult-onset focal dystonia.
Although most frequently sporadic, 15-20% of patients report a positive family history,
suggesting a possible genetic cause. Head tremor is often present in patients with cervical dystonia
and may be a prominent symptom.

Objective—To describe the clinical characteristics of patients with tremulous cervical dystonia.

Methods—~Patients with primary cervical dystonia attending our botulinum toxin clinic were
assessed with an interview and neurological examination and their notes reviewed. Patients were
classified as having either tremulous or non-tremulous cervical dystonia, according to the presence
or absence of head tremor on examination. Clinical and demographic data were compared between
groups.

Results—From 273 patients included (190 females, 83 males), 125 (46%) were classified as
tremulous and 148 (54%) as non-tremulous. Tremulous patients were more likely to have a
segmental distribution (61% vs 25%), often involving the arms (48%), and had more frequently
associated arm tremor (55% vs 10%). A positive family history of dystonia and/or tremor was
more frequent in tremulous patients (50% vs 18%).

Conclusions—~Patients with cervical dystonia with associated head tremor are more likely to
have a segmental distribution (with frequent arm involvement), associated arm tremor and a
positive family history, suggesting a genetic etiology in this subgroup of patients.

© 2013 Elsevier Ltd. All rights reserved.
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1. Introduction

Primary cervical dystonia is the most common form of adult-onset dystonia, with a
prevalence ranging between 23 and 130 cases/million [1,2]. It usually presents between the
4th and 6th decade of life and it affects women 1.5-1.9 times more frequently than men [1].
Although most commonly sporadic, approximately 15-20% of patients report a positive
family history [3], suggesting a genetic cause in a subgroup of patients. Further supporting
the influence of genetic factors are the observation that cervical dystonia occurs in
monozygotic twins [4,5] and the association of this phenotype with certain loci in linkage
studies, namely DYT7 [6] and DY T13 [7], and, more recently, with mutations in ClZ1 and
GNAL genes [8,9].

Patients with cervical dystonia often have associated tremor, involving head and/or arms [1].
Head tremor can be seen in 28 to 68% of patients, depending on the series [10-13], and it
can be a prominent symptom, contributing to disability. This feature seems to be relatively
specific of primary dystonia [13,14]. Recently, mutations in the gene ANO3, have been
identified as a cause for familial tremulous cervical dystonia [15].

In this series, one of the largest of its kind, we present a description of the phenotype of
patients with tremulous cervical dystonia, identifying their specific clinical features. We
found that these patients have a frequent family history of tremor, confirming findings in
previous reports [12], but also of dystonia, suggesting a genetic predisposition.

2. Methods

We recruited consecutive patients with a diagnosis of primary cervical dystonia [16]
attending the botulinum toxin clinic at the National Hospital for Neurology and
Neurosurgery, London, United Kingdom, between the preset dates of April 2010 and
November 2011. Secondary forms were excluded by history, examination and ancillary
tests, when appropriate [16]. This study is based solely on information and investigations
that are carried out as part of the routine clinical care of the patients. As such, our institution
does not require ethical approval.

All patients were assessed by one of the authors at least three months after their last set of
injections, with an interview and neurological examination, focused on tremor and dystonia.
Assessment of tremor included observation of head tremor (seated upright, with the head in
neutral position and while turning the head to either side), arm tremor (rest tremor-arms
relaxed in the lap; postural tremor-arms outstretched in pronation and supination; flexed
postural tremor—shoulders abducted and elbows flexed, placing both hands, palms down, in
front of the chest; kinetic tremor-performing the finger-to-nose maneuver, writing a
standardized sentence and drawing a spiral) and voice tremor (holding a note, reading
aloud). Following current recommendations [17], tremor was defined as a rhythmic/
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semirhythmic involuntary oscillatory movement of a body part. Irregular amplitudes and
superimposed jerks, recognized as characteristic of dystonic tremor [17-19], were accepted,
but patients with isolated head jerks, were not classified as tremulous. Tremor could be
present in the neutral position or be position sensitive, but patients who displayed tremor
only while rotating the head to an extreme position, away from the direction towards which
their dystonia pulled, were not considered tremulous. The diagnosis of dystonia and
classification by distribution were done following current recommendations [16]. Brachial
involvement included the presence of dystonic features in the fingers, hand or arm. Shoulder
elevation was not considered as brachial involvement. Patient’s notes were reviewed for
relevant clinical information, including age at onset, presenting complaint, improvement of
symptoms with alcohol, presence of a sensory trick, associated neck pain and family history
of movement disorders.

Patients were classified as having tremulous cervical dystonia (TCD) or non-tremulous
cervical dystonia (NTCD), according to the presence or absence of head tremor.

Clinical and demographic data were compared between these groups. Statistical analysis
was performed with IBM SPSS Statistics 19.0. Categorical variables were expressed as
percentages and were compared using Chi-square test or Fisher’s exact test, as appropriate.
Numerical data were expressed as means, with the standard deviation (SD), or as medians,
with the interquartile range (IQR), if they were not normally distributed. Comparison of
numerical variables was made with independent sample Student’s t-test or with U-Mann—
Whitney test, if parametric assumptions were not met. Two-tailed probability was used for
all comparisons and a statistical significance of p < 0.05 was assumed. Effect size was
reported with the odds ratio (OR).

3. Results

3.1. Cohort characteristics

A total of 273 patients with cervical dystonia were included, 190 females and 83 males
(female/male ratio: 2.3). Mean age at the time of assessment was 60.5 years (12.3). Median
time of follow-up was 8.1 years (3.9-13.9). Regarding ethnicity, 261 patients were
Caucasian (239 English, 7 Irish, 3 Welsh, 3 German, 2 Italian, 2 South African, 1 Scottish, 1
Austrian, 1 Dutch, 1 Greek, 1 Hungarian), 5 patients were African (2 Kenyan, 2 Moroccan,
1 Zimbabwean) and 7 Asian (3 Turkish, 2 Pakistani, 1 Iranian, 1 Yemeni).

Mean age at onset of symptoms was 41.4 years (13.6). Distribution of dystonic features was
segmental in 113 patients (41%) and focal in 160 (59%). Head tremor was present in 125
patients (46%) and arm tremor in 84 patients (31%). Head tremor was irregular/jerky in
114/125 patients (91%).

3.2. Classification and demographic data

Table 1 A total of 125 patients (46%) were classified as TCD and 148 (54%) as NTCD.

Parkinsonism Relat Disord. Author manuscript; available in PMC 2014 October 16.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Rubio-Agusti et al.

Page 4

Although sex distribution favored females in both groups, this difference was greater in
TCD patients (3.3:1 vs 1.7:1; X2(1) 5.7; p = 0.02). There were no significant differences in
age at onset between groups.

3.3. Clinical features

Table 1, video TCD patients had a segmental distribution of dystonic symptoms more often
than NTCD patients (61% vs 25%; X2(1) = 35.8; p < 0.01; OR: 4.7). This difference was
mainly due to a higher frequency of brachial involvement (48% vs 16%; X2(1) 33.7; p <
0.01; OR:5), but also partly to laryngeal involvement (15% vs 7%; X2(1) 4.2; p = 0.04; OR:
2.2).

Supplementary video related to this article can be found online at 10.1016/j.parkreldis.
2013.02.017

TCD patients were more likely to have associated arm tremor than NTCD patients (55% vs
10%:; X2(1) = 64.6; p < 0.01; OR: 10.3). Arm tremor in these patients was most frequently
postural (60%), but 20% also had a rest component and 10% a kinetic component. Kinetic
and rest tremor were only seen in one patient in the NTCD group (1%). Tremor involving
other areas in the cranio-cervical region, such as the jaw or vocal cords, occurred rarely, but
was also more frequent in TCD patients (10% vs 1%; X2(1) = 11.9; p < 0.01; OR: 15.6).

There were no significant differences between groups regarding the frequency of associated
neck pain, improvement of symptoms with alcohol (information available for 226 patients)
or presence of a sensory trick. A total of 200 patients (73%) reported at least one sensory
trick. These included: touching the chin (97/200), touching the cheek (71/200), touching the
occiput (43/200) and other (18/200). Some patients had more than one sensory trick. There
were no significant differences regarding the type of sensory trick between groups.

3.4. Family history

Table 2 Information regarding family history was not available for one NTCD patient, who
was adopted.

A total of 89 patients reported a positive family history of dystonia and/or tremor. Of them,
40 reported familial tremor (all 40 reporting familial head tremor, 12 also reporting
additional familial arm tremor), 20 tremor and dystonia and 19 familial dystonia.

Familial dystonia (39 patients) included cervical dystonia (33 patients), brachial dystonia
(writer’s cramp; 10 patients), and dystonia involving other areas (10 patients; six with
cranial dystonia, two with laryngeal dystonia, two with foot dystonia).

TCD patients more commonly reported a positive family history of dystonia and/or tremor
(50% vs 18%:; X2(1) = 32.8; p < 0.01; OR: 4.7). This difference was more pronounced for
familial tremor (45% vs 10%; X2(1) = 44; p < 0.01; OR: 7.7), but was also clear for familial
dystonia (19% vs 10%; X2(1) = 4.5; p = 0.03; OR: 2.1).
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Pedigrees with two consecutive generations affected by dystonia and/or tremor, suggesting a
probable autosomal dominant pattern of inheritance, were seen in 47/63 (75%) of the TCD
patients who had a positive family history.

We also identified 19 families with three or more members affected by dystonia and/or
tremor, excluding the index case. Sixteen of them belonged to the TCD group. Pedigrees of
the largest families are shown in Fig. 1.

Of the 89 patients with a positive family history of tremor and/or dystonia, genetic testing
for pathogenic mutations had been performed in 18 patients for TOR1A (DYT1) and in 12
for THAP-1 (DYT6), and was negative.

The frequency of a positive family history of other movement disorders, such as
parkinsonism or tics, was similar in both groups.

4. Discussion

Here we report the clinical characteristics of the largest reported cohort of patients with
TCD. We found that these patients are more likely to have a positive family history of
dystonia and/or tremor (OR: 4.7), with pedigrees suggesting an autosomal dominant pattern
of inheritance in up to 75% of cases. Large pedigrees, with more than three affected family
members, were also more common in this group.

TCD patients had specific clinical features. They had a stronger female preponderance than
NTCD patients (3.3:1 vs 1.7:1) and were more likely to have a segmental distribution of
their symptoms (OR: 4.7), with more frequent arm (OR: 5) and laryngeal involvement (OR:
2.2). Arm tremor, most frequently postural, was more frequent in this group (55% vs 10%;
OR: 10.3), and occasionally included a rest and kinetic component, which were almost never
seen in NTCD patients. Other forms of tremor, such as jaw tremor and voice tremor were
also more common in the TCD group. There were no significant differences regarding other
features, such as the presence or type of sensory trick, associated neck pain or improvement
with alcohol. We found a high frequency of alcohol responsiveness (32%). Other large
series of patients with cervical dystonia have not systematically assessed this clinical trait.
However, one small series including 18 patients with primary dystonia involving neck or
ams, reported a rate of alcohol responsiveness of 39%, similar to that observed in our study
[20].

Although Pal et al. reported that patients with cervical dystonia and head tremor were more
likely to have associated arm tremor (40% vs 8.3%) and a positive family history of tremor
(21.8% vs 5.5%) [12] in their smaller series (114 patients; 78 head tremor positive patients),
they did not find other clinical differences and concluded that “the clinical characteristics are
not different in CD patients with or without tremor” [12]. However, in our larger sample, we
have found several differences that help defining a specific phenotype within cervical
dystonia, as detailed above. This includes a stronger tendency for spread of dystonic
features, a higher proportion of tremor in other cranio-cervical regions, a different arm
tremor phenotype and a higher frequency of a positive family history, not only of tremor, but
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also of familial dystonia, with a pattern of inheritance suggesting an autosomal dominant
mode in most cases.

Taken together, our results suggest that TCD patients have specific clinical characteristics
that are frequently familial, and, in most cases, transmitted as an autosomal dominant trait,
suggesting that mutations in one or more Mendelian genes might be responsible for the
phenotype in these families. Adequate identification of this phenotype may allow a greater
yield of genome-wide association screening studies.

From the previously known causes of monogenic dystonia, TOR1A (DYT1) and THAP-1
(DYT6), none has been specifically associated with head tremor. Patients with TOR1A
mutations typically present during childhood with limb involvement, spreading subsequently
to a generalized distribution [21] and cervical involvement occurs only rarely [22]. Patients
harbouring THAP-1 mutations also tend to present with early-onset generalized dystonia, but
cervical and laryngeal involvement are more frequent [21]. Recently, mutations in the GNAL
gene have been demonstrated in nine out of 39 families with autosomal dominant primary
dystonia. Similar to our patients, most patients with GNAL mutations have focal or
segmental dystonia presenting in adulthood with cervical involvement, which may spread to
involve the arms or other cranial structures [9].

Although head tremor has not been specifically described as a common trait in these
patients, it is possible that some TCD patients might carry mutations in these genes.

Two other loci have been linked with adult-onset focal dystonia, predominantly involving
the cranio-cervical region [6,7,21]. However, the existence of DYT7 (chromosome 18p) is
currently debated. A recent study using deep sequencing failed to identify any mutation
within this locus [23]. In any case, head tremor has not been reported as a feature of DYT7
[6]. On the contrary, in their description of patients with DYT13 (chromosome 1p), the
authors report head tremor, arm tremor and laryngeal involvement, including voice tremor
[7], resembling the phenotype described in our patients. It is thus possible that some of them
might link to the same region.

At least five other large pedigrees with adult-onset cervical dystonia have been reported,
without linkage to a specific chromosome [24-28]. In the description of these large families,
head tremor, arm tremor and segmental distribution, often with brachial or laryngeal
involvement, are commonly reported, lending support to the idea of a genetic component for
this phenotype. Mutations in ANO3 (chromosome 11) have been identified as the cause of
dystonia in one of these previously reported large kindreds and in a smaller family [15]. The
phenotype, including tremulous cervical dystonia with laryngeal involvement and associated
arm tremor corresponds to that seen in our patients. It is thus possible that some of them will
carry mutations in this gene. However, ANO3 mutations seem to be rare. In their study, the
authors screened 384 cases with cervical dystonia and/or upper limb dystonic tremor, with
137 having a positive family history, and found only one additional case. ANO3 codes for
anoctamin 3, which belongs to a family of calcium-activated chloride channels and
expresses highly in the striatum. Alterations in this protein may result in abnormal
intracellular calcium signaling leading to altered striatal neuronal excitability [15].
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To date there is no accurate way of distinguishing essential tremor from dystonic tremor
apart from observation of additional features i.e. dystonia. To avoid confusion, we have
focused on an accurate phenotypic description regarding the type of tremor. Based on
accepted consensus [17] all our patients had dystonic head tremor and, either dystonic arm
tremor (when dystonic features were present in the arms) or tremor associated with dystonia
(when clear dystonic features were not present in the arms). Given that their family members
were not directly examined, it is even more difficult to draw conclusions about the nature of
their tremor and the possibility that some of them have essential tremor cannot be entirely
ruled out. In those in which dystonic features were also reported or with isolated head
tremor, dystonic tremor would be more likely [29,30].

5. Limitations

We acknowledge limitations to our study. As a tertiary center for movement disorders, we
cannot exclude a referral bias. We did not use objective measures for tremor (tremor
recordings), which are not used as part of routine clinical care. Our project was conceived as
a clinical study, with methods available to any clinician, underscoring the importance of
simple and careful clinical observations. Further research may focus not only on identifying
possible genetic alterations behind this phenotype, but also on describing the
neurophysiological characteristics. Some tests were not performed systematically in all
patients, such as genetic testing for TORLA and THAP-1. It is possible that some TCD
patients might carry mutations of these genes. However, the yield of THAP-1 testing seems
to be low in the context of adult-onset cervical dystonia [31] and we believe that the
phenotype of TORLA differs sufficiently to make it unlikely that mutations in this gene will
account for a large number of the familial TCD. Finally, because information regarding
familial involvement was obtained by history alone, the frequency of affected family
members may be under- or overestimated, but this should have affected both groups
similarly. It has been reported that patients with dystonia underestimate the frequency of
family members affected [6,32].

6. Conclusion

Head tremor is a frequent finding in patients with cervical dystonia. Patients with tremulous
cervical dystonia are more likely to have a segmental distribution (often involving the arms)
and arm tremor. They frequently have a positive family history, suggesting a genetic cause.
Itis likely that genetic studies will identify additional Mendelian gene(s) associated with this
particular phenotype.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig 1. Pedigrees

Selected pedigrees of unrelated families of tremulous cervical dystonia patients. Affected
family members are shown as filled shapes. The index case is indicated by an arrow. A “d”
bellow the shape indicates dystonia, an “h” indicates head tremor, an “a” arm tremor. An
asterisk indicates involvement reported by history, but not confirmed by examination.
Females are represented by circular shapes and males by square shapes. Deceased
individuals are indicated by a diagonal line over the shape. The index cases had been
screened negative for TOR1A and THAP-1 mutations.
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Table 1
Demographic and clinical characteristics.
TCD NTCD p-value
Number of patients, n (%) 125 (46) 148 (54)
Sex distribution, n 0.02
Female/male 96/29 94/54
Ratio F:M 331 1.7:1
Age at onset, mean (SD), years  39.9(14.1) 42.7(13.1) 0.10
Distribution of dystonia, n (%) <0.01
Focal 49 (39) 111 (75)
Segmental 76 (61) 37 (25)
Upper face 15 (12) 11(7) 0.2
Lower face 14 (11) 16 (11) 0.92
Jaw 5 (4) 5(3) 0.99
Larynx 19 (15) 11(7) 0.04
Hand 60 (48) 23 (16) <0.01
Arm tremor, n (%) 69 (55) 15 (10) <0.01
Rest 22 (18) 1(2) <0.01
Postural 67 (54) 15 (10) <0.01
Kinetic 11 (9) 1(1) <0.01
Other tremor, n (%) 12 (10) 1(2) <0.01
Voice tremor 8 (6) 1(1) 0.01
Jaw tremor 5(4) 1(2) 0.09
Neck pain, n (%) 73(58) 102 (69) 0.07
Alcohol response, ratio (%)a 41/108 (38) 32118 (27) 0.08
Sensory trick, n (%) 87 (70) 113 (76) 0.21

TCD: tremulous cervical dystonia. NTCD: non-tremulous cervical dystonia. F: female. M: male.
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aInformation regarding alcohol response was not available for 17 patients. Of the remaining 256, 30 denied use of alcohol. Information regarding
improvement of symptoms with alcohol was thus available for 226 patients.
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Table 2

Reported family history of movement disorders.

TCD (n=125) NTCD (n = 147)61 p-value
Family history of any MD, n (%) 71 (57) 37 (25) <0.01
Tremor and/or dystonia, n (%) 63 (50) 26 (18) <0.01
Tremor 56 (45) 14 (10) <0.01
Head tremor 47 (38) 12 (8) <0.01
Arm tremor 25 (20) 6 (4) <0.01
Dystonia 24 (19) 15 (10) 0.03
Cervical dystonia 20 (16) 13(9) 0.07
Brachial dystonia 8 (6) 2(1) 0.04
Other 6 (5) 4 (3) 0.52
Probable AD inheritance, ratio (%)b 47163 (75) 19126 (73) 0.88
23 family members affected, ratio (%)C 16/63 (25) 3126 (12) 0.15
3 family members 8/63 (13) 1/26 (4)
4-5 family members 3/63 (5) 1/26 (4)
>5 family members 5/63 (8) 1/26 (4)
Other MD, (%) 15 (12) 15 (10) 0.64
Parkinsonism 14 (11) 14 (10) 0.65
Tics 1(1) 2(1) 0.99

TCD: tremulous cervical dystonia. NTCD: non-tremulous cervical dystonia. MD: movement disorders. AD: autosomal dominant.
a_ .o . .
Family history was not known in one patient, who was adopted.
b . N . . .
A probable autosomal dominant pattern of inheritance was assumed when affected members were present in two consecutive generations.

Families with three or more family members affected, as reported by history and excluding the index case. Only patients with a positive family
history of dystonia and or tremor (n = 89) were considered for these comparisons.
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