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Abstract

Background: The effectiveness of available therapeutic interventions for vascular parkinsonism (VaP) is not yet estab-
lished and still under-investigated. Levodopa can be useful for treating VP, but it may increase serum homocysteine lev-
els resulting in cerebral arteries stiffness and thrombotic events. Our work hypothesis is that transdermal rotigotine
patch, a non-ergolinic dopamine-receptor agonist (DAs), may represent a potential therapeutic alternative to levodopa.

Methods: The aim of this 12-month prospective, open-label, multi-center pilot study, has been to observe if transdermal
rotigotine patch improved VP-related motor and non-motor symptoms. Eleven patients were assessed at enrolment (T0),
at 6 (T1) and at 12 (T2) months after starting rotigotine by the Unified Parkinson’s Disease Rating Scale (UPDRS), Mini
Mental State Examination (MMSE), Montreal Cognitive Assessment (MOCA), Neuropsychiatric Inventory (NPI), Beck De-
pression Inventory II (BDI-II).

Results: The UPDRS score in sections I to III, MMSE, MOCA and BDI at both T1 and T2 visits, improved in treated patients
with medium to large effect size (Bonferroni-adjusted p-values < 0.05). There were no changes in NPI scores over time.
No serious adverse events were reported. Two patients discontinued treatment due to skin reactions at the application
site.

Conclusions: The present pilot study provide preliminary suggestions that transdermal rotigotine can be a valuable
therapeutic option to manage VaP-related motor and non-motor symptoms. Clinical trials are needed to confirm the clini-
cal efficacy of transdermal rotigotine in a larger VaP-patients sample size.
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Introduction

Vascular parkinsonism (VaP) is an extrapiramidal syndrome related to vascular encephalopathy whose clinical features
are quite different from idiopathic Parkinson disease (PD) [1]. The diagnosis of VaP is based on the presence of clinical
parkinsonism, with variable motor and non-motor signs that are corroborated by clinical, anatomic or imaging findings
of cerebrovascular disease. Three VaP subtypes have been described:

a) the acute or subacute post-stroke VaP subtype presents with acute or subacute onset of parkinsonism, typically
asymmetric, and responsiveness to dopaminergic drugs;

b) the insidious onset VaP subtype presents with progressive parkinsonism with prominent postural instability, gait
impairment, corticospinal, cerebellar, pseudobulbar, cognitive and urinary symptoms and poor responsiveness to dopa-
minergic drugs;

c) mixed or overlapping syndromes of idiopathic Parkinson’s disease or other neurodegenerative parkinsonisms with

cerebrovascular disease (CVD). [2]

Dopaminergic agonists, commonly used in idiopathic PD, can be administered even for treating VP [3]. However, the
relationship between clinical signs, neuroimaging features, residual pre-synaptic dopaminergic function and response
to dopaminergic therapy are still under investigation in VP [4-6].
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Although levodopa represents the most effective dopaminergic treatment, its use can increase serum homocysteine lev-
els with the development of cerebral vascular stiffness which in turn can potentially result in vascular encephalopathy
worsening [7,8]. Rotigotine, a dopamine receptor agonist with high affinity for the dopamine D2 to D5 receptors, but
with low affinity for D1 receptors [9], may represent a potential alternative to levodopa in reducing the symptoms of VP,
also on the basis of its rapid onset of action [10]. Here, we explored the clinical effectiveness of rotigotine on motor and
non-motor symptoms in patients with VaP.

Methods
Study design

The study protocol was conducted in compliance with the Institutional Review Board/Human Subjects Research Com-
mittee requirements and in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its
later amendments.

We conducted a prospective, open-label, multi-center pilot study on patients admitted to the Stroke Unit of S. Camillo-
Forlanini Hospital, Rome and to the “Parkinson’s Disease Clinical Trial Center” in San Raffaele Hospital, Cassino from
December 2016 to December 2017.

Inclusion criteria

Patients of both sexes, aged 218 years, presenting with extrapyramidal disorders started within 3-6 months after an
ischemic stroke in strategic thalamo-cortical areas (thalamus or internal capsule), with concomitant leukoencephalopa-
thy.

Exclusion criteria

National Institute of Health Stroke Scale (NIHSS)>8; absence of vascular signs on neuroimaging; presence of malignant
diseases or concomitant psychiatric disorders; concomitant use of antidopaminergic drugs or other treatment interfer-
ing with dopamine receptors; previous exposure to rotigotine. Patients who did not provide a valid written informed
consent were also excluded.

Assessments

Patients were evaluated at enrolment (TO or baseline), at month 6 (T1) and at month 12 (T2) after rotigotine initiation
by means of the following clinical scales: the Unified Parkinson’s Disease Rating Scale (UPDRS) sections I to III, Mini
Mental State Examination (MMSE), Montreal Cognitive Assessment (MOCA), Neuropsychiatric Inventory (NPI), Beck
Depression Inventory Il (BDI-II).

Treatment

Eligible patients started transdermal patch of rotigotine according the drug leaflet, i.e. 2 mg/day for 4 weeks and then
increased to 4 mg/day for an overall treatment duration of 12 months.

Statistical analysis

Data are expressed as median (interquartile range). The clinical effectiveness of rotigotine were explored by the non-
parametric analysis of variance for repeated measures (Friedman test), with reporting of effect size rated as small
(r=0.1), medium (r=0.3) or large (r=0.5). Nominal p-values were multiplied for the number of clinical tests (n=7) to cor-
rect for multiple comparisons, according to the Bonferroni procedure. Corrected two-tailed p-values less than 0.05 were
considered significant.

Results
Patients

Out of 13 screened and fulfilling the eligibility criteria, 11 (84.6%) patients with a median age of 76 (68-78) years
agreed to participate. Of them, 7 had a unilateral parkinsonism and 4 had a predominant lower body parkinsonism after
stroke. Ischemic lesion involved internal capsule and thalamus in 6 and 5 patients, respectively.

The baseline (T0) scores in clinical assessments were as follows: UPDRS=5 (4-6), 9 (7-12) and 18 (15-20) for section I, II
and 111, respectively; MMSE=27 (26-28); MOCA=28 (26-29), NPI=3 (2-4), BDI-1I1=13 (11-16).

Follow-up data

(Table 1 and Figure 1). Motor symptoms dramatically improved, as revealed by the reduction of scores in UPDRS sec-
tions I to Il over the follow-up (p-values<0.01), with large effect size (r>0.5); this effect was more pronounced ad T1
and was maintained even at T2, although in sections I and III we noted a tendency to flatten the scores.
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Figure 1: Changes in motor and non-motor symptoms over time expressed as median and interquartile
range at different time-points.

Cognitive dysfunctions also improved, as revealed by higher scores in MMSE and MOCA (p-values<0.05), with a large
effect size at T1 and medium effect size at T2.

Neuropsychiatric symptoms showed mixed results: there was no change in NPI score, whereas we found a decrease of
BDI-II score at T1 that was sustained at T2, with large effect size (r=0.63).

Neither the clinical picture (unilateral or lower body parkinsonism) nor location of ischemic lesions (internal capsule or
thalamus) affected the observed clinical improvements.

Safety

We observed skin reactions at the application site in 2 patients (18.2%) after the first month of rotigotine treatment,
leading to treatment discontinuation.

Table 1: Main study findings (non-parametric analyses of the variance, Friedman test).

cz (2) Bonferroni corrected Effect size (1) Effect size (1)

p-value atT1 at T2
UPDRS-I 21.14 0.0002 0.64 0.64
UPDRS-II 19.84 0.0003 0.63 0.63
UPDRS-III 16.05 0.002 0.63 0.63
MMSE 12.39 0.014 0.58 0.51
MOCA 9.94 0.049 0.44 0.27
NPI 7.66 0.133 0.45 0.37
BDI-II 18.20 0.0007 0.63 0.63

UPDRS: Unified Parkinson’s Disease Rating Scale; MMSE: Mini Mental State Examination; MOCA: Montreal Cognitive

Assessment; NPI: Neuropsychiatric Inventory; Beck Depression Inventory I1.

Discussion

VaP can be diagnosed in individual patients with possible prognostic and therapeutic consequences and therefore
should be recognized as a clinical entity. In this pilot study we observed an improvement in motor and non-motor symp-
toms over the 12-month follow-up in VaP patients treated with transdermal rotigotine, suggesting that this patch dopa-
minergic treatment may be an useful strategy to manage VaP-related dysfunctions.
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Atherosclerotic brain disease is common among elderly individuals, sometimes affecting also patients with idiopathic
PD. These patients with so-called ‘mixed disease’ are likely to respond to dopamine-mimetic therapy, but to a lesser ex-
tent than patients with idiopathic PD and no atherosclerotic brain disease. A recently published systematic review and
meta-analysis showed that patients with VP subjects, as operationally defined here, have a low response rate to levodo-
pa in presence of nigro-striatal lesions that can then be used as a proxy for predicting of levodopa response [11]. Ac-
cordingly, we think that our findings may support the clinical utility of differentiating ‘pure’ idiopathic PD from ‘mixed’
extrapyramidal syndromes. The imaging features of cerebrovascular lesions, coupled with the presence of leukoenceph-
alopathy, are important elements to determine the extent to which the extrapyramidal system is involved, i.e. the level
of impairment of the pre-synaptic dopaminergic function. Therefore, our study suggests the possibility of revising the
diagnostic criteria for VaP to provide a more comprehensive classification of motor and non-motor symptoms and their
correlations with morphological and functional subtypes [13]. This should lead to the adoption of a more rational deci-
sion-making process in the dopaminergic treatment of VP [12].

We are aware that our pilot study is only hypothesis-generating and suffers from several limitations, mainly due to its
open-label, observational design with a small sample size and the lack of a control group. Therefore, we cannot disen-
tangle the role of spontaneous and rehabilitation-enhanced restoration of partially damaged functions after stroke from
the crude effect of rotigotine on the observed clinical improvement. Nevertheless, we are confident that rotigotine con-
tributed to clinical improvement observed in our cohort of patients.

Conclusions

The present pilot study provide preliminary suggestions that transdermal rotigotine can be a valuable therapeutic op-
tion to manage VaP-related motor and non-motor symptoms. In our observational study, we found improved motor and
non-motor symptoms in 11 patients with VaP treated by transdermal rotigotine for 12 months follow-up.

The updated diagnostic approach to subtype definition of VaP is important to facilitate further research to better define
this entity, and to improve treatment in different subtypes of VaP.

To date, there are no clinical trials, which discuss the dopaminergic effectiveness and safety in this population patients.
In particular, we do not yet know whether aggressive treatment of the vascular risk factors can slow the progressive
nature of the disease. Therefore, clinical trials are needed to confirm the clinical efficacy of transdermal rotigotine in a
larger VaP-patients sample size.
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