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Development of parkinsonism after long-standing cervical dystonia — a cohort
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Abstract

Introduction: Dystonia occurring in the context of parkinsonism is well-known, e.g. as foot dystonia in
young-onset Parkinson’s disease (PD), anterocollis in multisystem atrophy (MSA) or blepharospasm
(levator inhibition) in progressive supranuclear palsy. We have, however, encountered a series of
patients whose phenotype differed from the above described entities.

Methods: We describe a cohort of patients in whom typical idiopathic isolated (primary) late-onset
focal or segmental (predominantly cervical) dystonia preceded the development of parkinsonism by
several years, sometimes decades.

Results: In a cohort of 450 patients followed in our botulinum toxin injections clinic, we identified 11
(2.4%; 7 women) who developed parkinsonism at a median of 14 years after the onset of dystonia.
Median age at onset of parkinsonism was 70 years (range 59-87), usually manifesting with a new
tremor or a change of tremor pattern, complaints of ‘slowing down’ or new walking difficulties.
Parkinsonism resembled PD in 5 (one pathologically confirmed); the remainder had atypical
parkinsonism of MSA (n=3) or indeterminate phenotype (n=3).

Conclusion: The relatively frequent occurrence of parkinsonism after long-standing dystonia would
suggest a link between the two, in line with evidence from other clinical reports, imaging studies,
animal models and genetics. It appears that in some cases of dystonia this could be an antecedent
manifestation of a syndrome with parkinsonism developing later, or be a risk factor for parkinsonism.
In practice, it is important for clinicians to be alert to new symptoms/signs in patients with long-
standing dystonia. From a research point of view, longitudinal case-control studies would be required
to further investigate the link between long-standing dystonia and subsequent parkinsonism.
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Introduction

The links between the two archetypical basal ganglia disorders, dystonia and parkinsonism, are
manifold. Dystonia occurring in the context of parkinsonism is well-known." ? For example, patients
with young-onset Parkinson’s disease (PD), particularly if due to PARKIN mutations, may present with
foot dystonia as their first symptom3>. Similarly, limb dystonia and parkinsonism in the absence of
other features would prompt consideration of dopa-responsive dystonia, typically due to GCH1
mutations. A dystonic hand, and less frequently, foot posturing is a hallmark feature of corticobasal
syndrome (CBS). Anterocollis in a patient with parkinsonism alerts to multiple system atrophy (MSA),
and patients with progressive supranuclear palsy (PSP) often have levator inhibition, a type of
blepharospasm. All these forms of dystonia typically accompany, or rarely precede by a few years only,
the development of the parkinsonian syndrome. In recent years, we have however encountered a
series of patients in whom typical isolated, idiopathic focal or segmental (predominantly cervical)
dystonia preceded the development of parkinsonism by a long duration of several years. This
observation has been possible because the long follow up of a large cohort of patients with cervical
dystonia in a captive botulinum toxin clinic with quarterly follow up. These cases raise the question of
a syndromic association. Pathological diagnosis was available in one case and the others are clinically
characterised.

Methods

Consecutive patients with isolated focal or segmental dystonia who attended the botulinum toxin
clinic between 2015-2019 at the National Hospital for Neurology and Neurosurgery, London, UK, and
who had developed parkinsonism were included, and their medical records were reviewed. Written
informed consent was obtained from all participants collection and the study was approved by our
research ethics committee.

Results

Description of the cohort

In our cohort of 450 patients with focal or segmental dystonia all of whom attended the botulinum
toxin clinic and were actively being followed up every 3 months, we identified 11 patients (2,4%) who
developed parkinsonism at a median of 14 years (range 6-57 years) after the onset of dystonia. None
of these patients received dopamine receptor blocking or dopamine depleting drugs. Epidemiological
and clinical details as well as diagnostic test results are summarised in table 1, while table 2 provides
details of three representative clinical vignettes. Most patients were women (n=7) and the median
age at last follow up was 79 years (range 67-90).

Clinical spectrum
Dystonia
The median age at onset of dystonia was 56 years (range 18-73). Dystonia affected the cervical region

in most patients (n=10), while one patient had blepharospasm only. Five of the 10 patients with
cervical dystonia had additional involvement of the arms or voice. In four patients, dystonic tremor
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(either tremulous cervical dystonia or dystonic hand tremor) was a prominent feature. In case #6,
dystonia phenomenology changed from torticollis and retrocollis to marked anterocollis as the patient
developed parkinsonism. Another patient (case #1) reported initial worsening of cervical dystonia with
L-dopa therapy; later in the disease course, the cervical dystonia spontaneously improved. In the rest
of the patients, there was no noticeable change in the dystonia pattern and they continued to respond
well to botulinum toxin injections.

Parkinsonism

Parkinsonism manifested at age 70 (median; range 59-87), with worsening of a pre-existing tremor
(n=8), the development of walking difficulties (n=3), a combination of the former (n=3) or slowness of
movement (n=1).

PD-phenotype

The parkinsonian phenotype was compatible with idiopathic PD in 5 patients - all displayed
asymmetric dopa-responsive parkinsonism with rest tremor and absence of any atypical features.
Median age of onset was 75 years (range, 67-80).

One patient (#1; see vignette and video), who initially manifested with a PD-phenotype, later
developed atypical features including mild nystagmus and spontaneous retropulsion on standing.
Brain pathology (see figure) confirmed the diagnosis of PD, but also revealed additional pathologies
including (paraneoplastic) cerebellar degeneration accounting for the atypical features.

Atypical parkinsonism phenotypes
In the remaining 6 patients, there were additional features not compatible with PD.

MSA-like

Three patients presented with an MSA-like phenotype (parkinsonism accompanied by
cerebellar signs), though all had additional unusual features (detailed below). The median age
at onset of parkinsonism in this cohort was 61 years (range, 59-64) and median duration of
parkinsonism was 7 years (range, 6-8 years). All three patients had a history of REM sleep
behaviour disorder and dysautonomia. Two of these three cases met diagnostic criteria for
‘probable MSA’®, but both also had features cautioning against a diagnosis of MSA, such
apraxia and cortical sensory loss with parietal atrophy on MRI (#6; see video), or peri-oral
dyskinesia prior to treatment with L-dopa (#8). The third patient did not meet diagnostic
criteria for MSA, having experienced prominent hallucinations (without any triggers or drugs)
and having a family history of PD. Equally, this patient was atypical for PD, but would neither
fit into the PD, PD-dementia or dementia with Lewy Bodies because of some subtle cerebellar
features such as square wave jerks.

Indeterminate parkinsonism

The remaining three cases did not fit into existing diagnostic categories for atypical
parkinsonism. One patient (#9) had parkinsonism, cerebellar signs (nystagmus, limb
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dysmetria) and stridor, but no autonomic features, therefore not fulfilling diagnostic criteria
for possible MSA and her age of onset (74y) was a red flag cautioning against such a diagnosis.

Another patient (#10) developed predominantly lower body parkinsonism at age 63 with
freezing of gait and postural instability; resembling PSP, but marked her autonomic
dysfunction (requiring a suprapubic catheter) was an exclusion criterion for this diagnosis ’.

The last patient of this category manifested at age 87 with falls and developed an akinetic-
rigid syndrome with freezing of gait, significant cognitive (frontotemporal) dysfunction
involving executive dysfunction and impairment of visuoperceptual processing, and distal,
stimulus-sensitive myoclonus (#11; see video). Even though she didn’t exhibit the full-blown
picture of a CBS, she would meet clinical criteria for possible corticobasal degeneration mainly
because of her cognitive profile 8.

Other observations

Three patients (1 with PD-phenotype, 2 with MSA phenotype) complained about painful leg
paraesthesia, yet without electrophysiological evidence of neuropathy. All of these three had
autonomic involvement (urinary incontinence, orthostatic hypotension, cardiovascular autonomic failure; see
table 1).

Some patients had a family history of neurological disease: head tremor in a daughter (#2), PD in a
cousin (#7), deafness in a mother (#10).

Investigations

The investigations for all the patients are listed in the table. All patients showed reduced tracer uptake
on DAT scan. Brain imaging results were heterogeneous, reported as normal (n=1), showing small
vessel disease (n=7), or atrophy (n=4; generalised atrophy, n=3: amongst these, one with parietal and
one with temporomesial predominance; cerebellar and pontine atrophy, n=1). Six patients were also
genetically investigated (see table)-no pathogenic mutations were found. Two patients were tested
for neuronal antibodies with negative results. One patient (#1) had post-mortem brain pathology
revealing PD as the main diagnosis.

Discussion

We present here a cohort who initially presented with fairly typical and isolated cranial, cervical or
craniocervical dystonia. They were regularly followed up for botulinum toxin injections without
developing any new clinical features for several years, and then developed new onset of parkinsonism.
All had confirmatory abnormal DAT SPECT scans. Although dystonia as feature of various parkinsonian
disorders is recognised?®, the patients reported here differ, as the dystonia preceded the development
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of parkinsonism by a number of years and does not fit the previously reported, typical patterns (e.g.
foot dystonia in young onset PD).

Broadly, these patients can be divided into two groups, namely those who developed a clinical picture
consistent with idiopathic PD*°, and those who display atypical parkinsonism.

PD was the clinical diagnosis in five patients. Brain pathology in one such patient showed that he had
mixed pathology and that beside his main diagnosis of PD, he also had Alzheimer pathology, amyloid
angiopathy, small vessel disease and paraneoplastic cerebellar degeneration, which explains why he
developed atypical features for PD later during his illness.

Three patients could be broadly classified under a “MSA-like phenotype”, with two fulfilling criteria
for possible MSAS, albeit with some unusual features. Three further patients, having freezing of gait
as their primary manifestation, did not fit established diagnostic criteria for either PD or atypical
parkinsonism.

Of note, the patients presented here did not have any features at onset to suggest a combined or
complicated dystonia syndrome, but were routinely followed in our regular botulinum toxin injections
clinic and stem therefore from a cohort of adult-onset, isolated focal dystonia. In particular, they
therefore do not represent complicated referrals to a tertiary referral centre. However, we are in the
privileged position to be able to follow our patients for long periods and to therefore take note of any
new, atypical features.

How can one explain the development parkinsonism after long-standing cervical or craniocervical
dystonia?

Though some patients had small vessel disease, the abnormal DAT scan as well as the clinical picture
(asymmetry and prominent involvement of upper limbs, additional features like RBD or L-dopa
response) renders the consideration of vascular parkinsonism highly unlikely.

However, there is evidence from clinical reports, imaging studies, animal models and genetics that
supports the notion of a connection between long-standing dystonia and the subsequent
development of parkinsonism.

In 1986, two groups made observations similar to ours: Katchen and Duvoisin reported three patients
who initially presented with dystonia, and developed parkinsonism up to 15 years later!l,
Interestingly, these patients share some similarities with our case #1 with regard to the observed
worsening of the dystonia with L-dopa treatment, and disappearance of dystonia during the disease
course!’, Klawans and Paleologos reported eight patients with craniocervical dystonia who
subsequently developed partially L-dopa responsive parkinsonism, but also with exacerbation of the
pre-existing dystonia'?. More recently, Papapetropoulos and Singer reported a case of cervical
dystonia preceding PD by 12 years®3.

Our study adds to the existing literature of such case reports/series, a follow-up study of a captive
cohort of predominantly cervical dystonia patients, and gives a notion of the frequency of such a
conversion.

Furthermore, a prospective case-control study indicated a higher risk of developing Parkinson’s
disease in patients with blepharospasm (with or without more widespread involvement with
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craniocervical dystonia) than controls. In this cohort, blepharospasm preceded PD by 5.6 + 5.2 years
(range 0.5-20years). 1

Dystonia preceding parkinsonism is also seen in animal models. For example, in the paradigmatic
animal model of parkinsonism, i.e. 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) - induced
parkinsonism, dystonia precedes the development of actual parkinsonism> ¢, During the acute
dystonia provoked by MPTP, the monkeys displayed a decrease of striatal dopamine and dopamine 2
like receptors®™ 16, Subclinical loss of dopamine after striatal dopamine depletion is also one important
predisposing factor in an animal model of blepharospasm, together with enhanced brainstem
excitability caused by an irritative corneal trauma as the second hit."’

Several imaging studies have also substantiated subclinical involvement of dopaminergic pathways in
humans with various forms of isolated dystonia (reviewed in'®).

Further evidence linking dystonia and parkinsonism comes from the field of genetics, where we
recognise a number of genes associated with dystonia-parkinsonism. For example, PARKIN mutations
carriers might present with limb dystonia decades before developing signs of parkinsonism*. GCH1
mutations, originally known to cause doparesponsive dystonia or Segawa’s disease, are now
recognised to be a risk factor for PD?°,

Lastly, dopamine receptor blocking agents (e.g. neuroleptics) are further, pharmacological proof of a
link between the dopaminergic system and dystonia®.

Having reviewed these arguments in favour of a connection between the long-standing dystonia and
the subsequent parkinsonism in our patients, the possibility of long-standing craniocervcial dystonia
being part and parcel of the parkinsonian syndrome (syndromic association hypothesis) comes to
mind.

It may be that, as in the double-hit animal model of blepharospasm,*” also here two factors are at
play: the first hit being dopaminergic dysfunction leading to dystonia, the second hit (further?)
dopaminergic cell loss (e.g. age-related) resulting in parkinsonism.

Of course, subclinical parkinsonism or a preclinical dopaminergic deficit at the time of presentation
with dystonia are difficult to exclude, as isolated dystonia is not assessed using DAT scans.

If that is indeed the explanation for the present series, the ensuing clinical implication would be to
recognise long-standing dystonia as prodromal feature of late-onset parkinsonism, both classic PD and
atypical parkinsonism variants. This concept might find its analogy to RBD. RBD may be idiopathic,
although in the majority of cases with a long enough follow up, it is prodromal to PD or other
synucleinopathies like MSA or dementia with Lewy bodies.

Similarly, it could be construed that craniocervical dystonia is typically idiopathic, but in some cases,
it may herald a form of parkinsonism. Intriguingly, a high prevalence of olfactory dysfunction in
patients with cervical dystonia has been reported recently.?

It is also known that there are higher rates of anxiety and depression in dystonia and all these non-
motor features of course have resonance with parkinsonian conditions often preceding the motor
manifestation by decades.

Considering the family history of neurological disease in some cases, it may be that some of the
observed phenotypes are caused by genetic variants that either were not found in our testing or may
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be unknown as yet. Overall, it is possible that the syndrome of long-standing dystonia with subsequent
development of parkinsonism is heterogeneic.

There is the possibility that dystonia preceding PD has been underrecognised so far. Firstly, dystonia
itself is underdiagnosed according to a population based study?2. Secondly, an interesting observation
in this context is the high incidence of tremor in pre-symptomatic PD, even 10 years prior to the
diagnosis of PD%. There is epidemiological data suggesting that patients with essential tremor (ET)
have a higher risk for PD?, and there is data showing that a significant proportion of patients labelled
as ET had a dystonic tremor? %6, Patient #4 is an illustrative example for this hypothesis — he
manifested in his youth with bilateral hand and head tremor, and would have been classified as ET.
Only later did cervical dystonia become a prominent feature.

In summary, although we firstly describe the possible link between cranial/cervical dystonia and
parkinsonism in a larger cohort of patients, it is in keeping with various lines of evidence supportive
of this notion. The implications of our observation are twofold: For clinical practice, it is important to
be alert to new symptoms in patients with long-standing dystonia. Often, these patients are seen
during short appointments for treatment with botulinum toxin injections, and more subtle signs might
escape attention. Red flags in our patients were the development of a new tremor or a change of the
tremor pattern, complaints of slowing down or new walking difficulties. From a research point of view,
longitudinal case-control studies would be required to further investigate the possible link between
isolated dystonia and subsequent parkinsonism.

Figure legend.

Fig. 1.1: (a) The medial surface of the left half brain shows no significant abnormality while in the
midbrain there is severe pallor of the substantia nigra (arrows). (b) Hematoxylin and eosin staining
(HE) showing severe loss of neurons in the substantia nigra. Lewy bodies immunoreactive for a-
synuclein in the cytoplasm of dopaminergic neuron in the substantia nigra (arrowheads) (c). Frequent
diffuse and moderate mature amyloid B (AB) deposits in the parietal lobe (d). Phosphorylated tau
(AT8)-positive neurofibrillary tangles and threads extending to the temporal cortex (e). Capillary
cerebral amyloid angiopathy immunopositive for AB in the occipital lobe (f). AT8-positive thorny
astrocytes in the sub-pial region of the temporal lobe (g). Immunohistochemical staining for a-
synuclein (c), AB (d, f) and AT8 (e, g). Bars = 20 um.

Fig. 1.2: The coronal slice at the level of the accumbens showing a dark nodule in the frontal white
matter (a) and pleomorphic neoplastic cells containing melanin (b). Severe loss of Purkinje cells with
proliferation of Bergman’s glia and loss of granule cells in the cerebellum. HE (b, c). Bars = 100 um

Video legends.

Video 1: The video shows patient #1 at the age of 86, still with torticollis but also displaying a staring
expression, bradykinesia and hypophonic speech; postural instability (not shown) has rendered him
wheelchair-bound.

Video 2: The video shows patient #6, the first segment at age 58, when she just had developed the
first parkinsonian symptoms. She has a torticollis to the left, and a reduced arm swing on the left
with mild bradykinesia. The second segment shows her 9 years later. She is wheelchair bound and
has a severe anterocollis, and experiences dizziness when standing up. She walks with a short-
stepped, shuffling gait with some start hesitation and freezing. There is generalised bradykinesia left
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more than right. She has difficulty copying meaningless gestures. Eye movement examination shows
broken pursuit and endgaze nystagmus.

Video 3: The video shows patient #11 at the age of 87. There is still cervical dystonia, but she also
has an unsteady gait with impaired postural reflexes, with reduced left arm swing and a tendency to
lean on the left. She has great difficulties copying meaningless gestures, some irregular myoclonic
jerks, and bradykinesia on the left more than the right.

Statement concerning ethics and informed written consent:

We hereby confirm that the present study conforms to the ethical standards and guidelines of the
journal. The patients have given written and informed consent for online publication of their videos.

Disclosures:

BB, EM, AL have no disclosures.

RE received speaking honoraria from Bial and the International Parkinson's Disease and Movement
Disorders Society

AB has received speaker honorarium from Ipsen Pharma and receives royalties from the book”
Understanding Parkinsonism” (Jaypee brothers 2017).

JH reports the following disclosures: Queen Square Brain Bank for Neurological Disorders receives
support from the Reta Lila Weston Institute of Neurological Studies and the Medical Research
Council (MRC). JLH is supported by the Multiple System Atrophy Trust; the Multiple System
Atrophy Coalition; Fund Sophia, managed by the King Baudouin Foundation and Karin & Sten
Mortstedt CBD Solutions. This research was supported by the National Institute for Health
Research University College London Hospitals Biomedical Research Centre.TTW has reeived
grant support from MRC, Dystonia Society, CBD solutions, Weston Medical Trust, and
Rosetrees Trust.

KPB has received grant support from Welcome/MRC, NIHR, Parkinsons’s UK and EU Horizon 2020. He

receives royalties from publication of the Oxford Specialist Handbook Parkinson’s Disease and Other

Movement Disorders (Oxford University Press, 2008), of Marsden’s Book of Movement Disorders

(Oxford University Press, 2012), and of Case Studies in Movement Disorders—Common and uncommon

presentations (Cambridge University Press, 2017). He has received honoraria/personal compensation

for participating as consultant/scientific board member from Ipsen, Allergan, Merz and honoraria for

speaking at meetings and from Allergan, Ipsen, Merz, Sun Pharma, Teva, UCB Pharmaceuticals and

from the American Academy of Neurology and the International Parkinson’s Disease and Movement

Disorders Society.



Balint et al. dystonia preceding parkinsonism 15/06/2021 11:48

References

1. Shetty, A. S.; Bhatia, K. P.; Lang, A. E., Dystonia and Parkinson's disease: What is the
relationship? Neurobiol Dis 2019, 132, 104462.

2. Marsili, L.; Bologna, M.; Kojovic, M.; Berardelli, A.; Espay, A. J.; Colosimo, C., Dystonia in
atypical parkinsonian disorders. Parkinsonism Relat Disord 2019, 66, 25-33.

3. Poewe, W. H.; Lees, A. J.; Stern, G. M., Dystonia in Parkinson's disease: clinical and
pharmacological features. Ann Neurol 1988, 23 (1), 73-8.

4, Khan, N. L.; Graham, E.; Critchley, P.; Schrag, A. E.; Wood, N. W.; Lees, A. J.; Bhatia, K. P.;
Quinn, N., Parkin disease: a phenotypic study of a large case series. Brain 2003, 126 (Pt 6), 1279-92.
5. LeWitt, P. A.; Burns, R. S.; Newman, R. P., Dystonia in untreated parkinsonism. Clin
Neuropharmacol 1986, 9 (3), 293-7.

6. Gilman, S.; Wenning, G. K.; Low, P. A.; Brooks, D.J.; Mathias, C. J.; Trojanowski, J. Q.; Wood,

N. W.; Colosimo, C.; Durr, A.; Fowler, C. J.; Kaufmann, H.; Klockgether, T.; Lees, A.; Poewe, W.;
Quinn, N.; Revesz, T.; Robertson, D.; Sandroni, P.; Seppi, K.; Vidailhet, M., Second consensus
statement on the diagnosis of multiple system atrophy. Neurology 2008, 71 (9), 670-676.

7. Hoglinger, G. U.; Respondek, G.; Stamelou, M.; Kurz, C.; Josephs, K. A.; Lang, A. E.;
Mollenhauer, B.; Muller, U.; Nilsson, C.; Whitwell, J. L.; Arzberger, T.; Englund, E.; Gelpi, E.; Giese,
A.; Irwin, D. ).; Meissner, W. G.; Pantelyat, A.; Rajput, A.; van Swieten, J. C.; Troakes, C.; Antonini,
A.; Bhatia, K. P.; Bordelon, Y.; Compta, Y.; Corvol, J. C.; Colosimo, C.; Dickson, D. W.; Dodel, R;;
Ferguson, L.; Grossman, M.; Kassubek, J.; Krismer, F.; Levin, J.; Lorenzl, S.; Morris, H. R.; Nestor, P.;
Oertel, W. H.; Poewe, W.; Rabinovici, G.; Rowe, J. B.; Schellenberg, G. D.; Seppi, K.; van Eimeren,
T.; Wenning, G. K.; Boxer, A. L.; Golbe, L. I.; Litvan, I., Clinical diagnosis of progressive supranuclear
palsy: The movement disorder society criteria. Movement disorders : official journal of the Movement
Disorder Society 2017.

8. Armstrong, M. J.; Litvan, |.; Lang, A. E.; Bak, T. H.; Bhatia, K. P.; Borroni, B.; Boxer, A. L.;
Dickson, D. W.; Grossman, M.; Hallett, M.; Josephs, K. A.; Kertesz, A.; Lee, S. E.; Miller, B. L.; Reich,
S. G.; Riley, D. E.; Tolosa, E.; Troster, A. l.; Vidailhet, M.; Weiner, W. J., Criteria for the diagnosis of
corticobasal degeneration. Neurology 2013, 80 (5), 496-503.

9. Rivest, J.; Quinn, N.; Marsden, C. D., Dystonia in Parkinson's disease, multiple system atrophy,
and progressive supranuclear palsy. Neurology 1990, 40 (10), 1571-8.

10. Hughes, A. J.; Daniel, S. E.; Kilford, L.; Lees, A. J., Accuracy of clinical diagnosis of idiopathic
Parkinson's disease: a clinico-pathological study of 100 cases. Journal of neurology, neurosurgery, and
psychiatry 1992, 55 (3), 181-4.

11. Katchen, M.; Duvoisin, R. C., Parkinsonism following dystonia in three patients. Mov Disord
1986, 1 (2), 151-7.

12. Klawans, H. L.; Paleologos, N., Dystonia-Parkinson syndrome: differential effects of levodopa
and dopamine agonists. Clinical neuropharmacology 1986, 9 (3), 298-302.

13. Papapetropoulos, S.; Singer, C., Cervical dystonia as a presenting symptom of Parkinson's
disease. Parkinsonism & related disorders 2006, 12 (8), 514-6.

14. Micheli, F.; Scorticati, M. C.; Folgar, S.; Gatto, E., Development of Parkinson's disease in

patients with blepharospasm. Movement disorders : official journal of the Movement Disorder Society
2004, 19 (9), 1069-1072.

15. Perlmutter, J. S.; Tempel, L. W.; Black, K. J.; Parkinson, D.; Todd, R. D., MPTP induces dystonia
and parkinsonism. Clues to the pathophysiology of dystonia. Neurology 1997, 49 (5), 1432-8.

16. Tabbal, S. D.; Mink, J. W.; Antenor, J. A.; Carl, J. L.; Moerlein, S. M.; Perlmutter, J. S., 1-
Methyl-4-phenyl-1,2,3,6-tetrahydropyridine-induced acute transient dystonia in monkeys associated
with low striatal dopamine. Neuroscience 2006, 141 (3), 1281-7.

17. Schicatano, E. J.; Basso, M. A.; Evinger, C., Animal model explains the origins of the cranial
dystonia benign essential blepharospasm. Journal of neurophysiology 1997, 77 (5), 2842-6.
18. Karimi, M.; Perlmutter, J. S., The role of dopamine and dopaminergic pathways in dystonia:

insights from neuroimaging. Tremor and other hyperkinetic movements (New York, N.Y.) 2015, 5, 280.

10



Balint et al. dystonia preceding parkinsonism 15/06/2021 11:48

19. Mencacci, N. E.; Isaias, I. U.; Reich, M. M.; Ganos, C.; Plagnol, V.; Polke, J. M.; Bras, J,;
Hersheson, J.; Stamelou, M.; Pittman, A. M.; Noyce, A. J.; Mok, K. Y.; Opladen, T.; Kunstmann, E.;
Hodecker, S.; Munchau, A.; Volkmann, J.; Samnick, S.; Sidle, K.; Nanji, T.; Sweeney, M. G.; Houlden,
H.; Batla, A.; Zecchinelli, A. L.; Pezzoli, G.; Marotta, G.; Lees, A.; Alegria, P.; Krack, P.; Cormier-
Dequaire, F.; Lesage, S.; Brice, A.; Heutink, P.; Gasser, T.; Lubbe, S. J.; Morris, H. R.; Taba, P.; Koks,
S.; Majounie, E.; Raphael Gibbs, J.; Singleton, A.; Hardy, J.; Klebe, S.; Bhatia, K. P.; Wood, N. W,,
Parkinson's disease in GTP cyclohydrolase 1 mutation carriers. Brain : a journal of neurology 2014, 137
(Pt 9), 2480-92.

20. Burke, R. E.; Fahn, S.; Jankovic, J.; Marsden, C. D.; Lang, A. E.; Gollomp, S.; llson, J., Tardive
dystonia: late-onset and persistent dystonia caused by antipsychotic drugs. Neurology 1982, 32 (12),
1335-46.

21. Marek, M.; Linnepe, S.; Klein, C.; Hummel, T.; Paus, S., High prevalence of olfactory
dysfunction in cervical dystonia. Parkinsonism Relat Disord 2018, 53, 33-36.

22. Muller, J.; Kiechl, S.; Wenning, G. K.; Seppi, K.; Willeit, J.; Gasperi, A.; Wissel, J.; Gasser, T.;
Poewe, W., The prevalence of primary dystonia in the general community. Neurology 2002, 59 (6),
941-3.

23. Schrag, A.; Horsfall, L.; Walters, K.; Noyce, A.; Petersen, |., Prediagnostic presentations of
Parkinson's disease in primary care: a case-control study. The Lancet. Neurology 2015, 14 (1), 57-64.
24, Laroia, H.; Louis, E. D., Association between essential tremor and other neurodegenerative
diseases: What is the epidemiological evidence? Neuroepidemiology 2011, 37 (1), 1-10.

25. Quinn, N. P.; Schneider, S. A.; Schwingenschuh, P.; Bhatia, K. P., Tremor--some controversial
aspects. Mov Disord 2011, 26 (1), 18-23.

26. Elble, R. J., Defining dystonic tremor. Current neuropharmacology 2013, 11 (1), 48-52.

11



