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Combined high - and low - frequency substantia nigra and subthalamic nucleus deep brain 
stimulation for freezing of gait in Parkinson’s disease: a cross-over randomized double-blind 
trial 
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Introduction: Freezing of gait (FoG) is a disabling Parkinson’s disease (PD) symptom, difficult to 
manage even in patients treated with Deep Brain Stimulation (DBS) and requesting innovative 
treatments [1–4]. 

Objective: To assess the efficacy and safety of combined high-frequency (HF) subthalamic (STN) 
and HF or low-frequency (LF) substantia nigra pars reticulata (SNr) stimulation compared to standard 
STN stimulation (S) on FoG. Electrode placement in the SNr was confirmed by activated tissue 
volume models (VTA). 

Methods: We performed a double-blind, randomized, cross-over, multicentric trial at the Movement 
Disorders Center of Turin (Italy) and Toulouse (France). Patients underwent a 1-month period of HF-
STN stimulation, combined HF-STN + HF-SNr stimulation (C1), or combined HF-STN + LF-SNr 
stimulation (C2). Primary endpoint: mean change in New Freezing of Gait Questionnaire (NFOG-Q) 
score. Secondary endpoints included adverse events (AEs), changes in Timed Up and Go (TUG), 
MDS-UPDRS I-IV, Hospital Anxiety and Depression Scale (HADS), Parkinson’s Disease Sleep 
Scale-2 (PDSS-2), and patients’ preference.  



Results: 15 patients participated. NFOG-Q score changes showed no statistically significant 
differences between S and C1 (p=0.64) or C2 (p=0.19), yet 33.3% of patients obtained an 
improvement ≥8 points at the NFOG-Q (clinically significant FoG improvement) [5]. Both C1 and 
C2 improved MDS-UPDRS-IV (p=0.046 and 0.005, respectively) and C1 improved PDSS2 (p=0.04) 
when compared with S. 80% of patients opted to maintain the combined stimulation after study 
completion. AEs were all manageable and reversible. Patients maintaining the combined STN-SNr 
stimulation showed significantly higher SNr coverage by VTA (p=0.004) 
 
Conclusions: This trial enhances understanding of the safety and potential benefits of combined 
STN+SNr stimulation in PD, not only for FoG but also for motor complications and certain nonmotor 
features. Further studies, incorporating larger sample sizes and quantitative kinematics, are warranted 
to refine the role of STN+SNr stimulation in clinical practice. 
 
Reference: 
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Parkinson disease. Nat Rev Neurol. 2015 Feb;11(2):98-110. 
[2] Karl JA, Ouyang B, Goetz S, Metman LV. A Novel DBS Paradigm for Axial Features in Parkinson's Disease: A 
Randomized Crossover Study. Mov Disord. 2020 Aug;35(8):1369-1378. 
[3] Weiss D, Walach M, Meisner C, et al. Nigral stimulation for resistant axial motor impairment in Parkinson's disease? 
A randomized controlled trial. Brain 2013; 136: 2098-2108. 
[4] Valldeoriola F, Muñoz E, Rumià J, et al. Simultaneous lowfrequency deep brain stimulation of the substantia nigra 
pars reticulata and high-frequency stimulation of the subthalamic nucleus to treat levodopa unresponsive freezing of gait 
in Parkinson's disease: A pilot study. Parkinsonism Relat Disord 2019; 60: 153-157. 
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Introduction: Tremor is a cardinal feature of Parkinson’s Disease (PD), and the basal ganglia and the 
cerebello-thalamo-cortical (CTC) circuit both play a key role in its pathophysiology. Better 
understanding the underlying mechanisms is crucial for advancing tremor treatment strategies. 

Objectives: We aim to assess the test-retest reliability of clinical, neurophysiological and 
neuroimaging tremor parameters on an individualized level in PD. 

Methods: We evaluated 26 tremor-dominant PD patients OFF medication in two sessions on average 
two months apart. Evaluations consisted of standardized clinical scales and quantitative analysis of 
rest and postural tremor using accelerometry, including tremor amplitude and frequency. For rest 
tremor, we co-registered a resting state-fMRI with accelerometry. We conducted both group and 
individual level analyses, using t-tests,  Intraclass Correlation Coefficient, and Pearson’s correlations. 

Results:At the group level, clinical and accelerometric data did not change across the two sessions, 
and showed good to excellent reliability for both rest and postural tremor. Significant tremor-related 
activity was observed in the three nodes of the CTC circuit, i.e., contralateral motor cortex (MC), 
contralateral posterior ventral part of ventral lateral thalamic nucleus (VLpv), and ipsilateral 
cerebellar lobules V and VI (CBLM) (all p<0.05). A positive correlation across sessions was also 
observed for the mean tremor-related activity in MC and CBLM (MC: r=0.47, p=0.02; CBLM: 
r=0.62, p<0.01). At the individual level, voxel-by-voxel tremor-related activity correlated 
significantly across sessions in 69.23%, 50%, and 76.92% of patients for MC, VLpv and CBLM 
respectively (all p<0.01). As expected, subjects with a higher voxel-by-voxel correlation showed 
lower distance between activity peaks across sessions (all p<0.01). 

Conclusions: Our study shows the robust individual-level reliability of neurophysiological and 
functional neuroimaging measures used to investigate the pathophysiological mechanisms underlying 
tremor in PD. These findings lay the foundation for personalized treatments and targeted 
neuromodulation, advancing tremor management in PD patients. 
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DBS 
 
Alessandro Zampogna1,2, A. Suppa1,3, F. Bove4, F. Cavallieri5, A. Castrioto2, S. Meoni2, P. Pelissier2, 
E. Schmitt2, S. Chabardes6, V. Fraix2, E. Moro2 
 
1Department of Human Neurosciences, Sapienza University of Rome, Rome, Italy 
2Grenoble Alpes University, Division of Neurology, CHU of Grenoble, Grenoble Institute of 
Neurosciences, INSERM U1216, Grenoble, France 
3IRCCS Neuromed Institute, Pozzilli, Italy 
4Neurology Unit, Fondazione Policlinico Universitario A. Gemelli IRCCS, Catholic University of the 
Sacred Heart, Rome, Italy 
5Neurology Unit, Neuromotor and Rehabilitation Department, Azienda USL-IRCCS di Reggio 
Emilia, Reggio Emilia, Italy 
6Grenoble Alpes University, Division of Neurosurgery, CHU of Grenoble, Grenoble, France 
 
Introduction: Bradykinesia and rigidity are considered closely related cardinal motor signs in 
Parkinson’s disease (PD), but recent neurophysiological findings suggest distinct athophysiological 
mechanisms [1-2]. 
 
Objective : This study aims to examine and compare longitudinal changes in bradykinesia and rigidity 
in PD patients treated with bilateral subthalamic nucleus deep brain stimulation (STN-DBS). 
 
Methods: In this retrospective cohort study, the clinical progression of appendicular and axial 
bradykinesia and rigidity was assessed up to 15 years after STN-DBS surgery. The severity of 
bradykinesia and rigidity was examined using ad hoc composite scores from specific subitems of the 
Unified Parkinson’s Disease Rating Scale motor part (UPDRS-III). Short- and long-term clinical 
predictors of bradykinesia and rigidity were analysed through linear regression analysis, considering 
various preoperative demographic and clinical data, including disease duration and severity, 
phenotype, motor and cognitive scores (e.g., frontal score), and medication. 
 
Results: A total of 301 patients were examined before and one year after STN-DBS surgery. Among 
them, 101 and 56 individuals were also evaluated at 10-year and 15-year follow-ups, respectively. 
Bradykinesia significantly worsened after surgery, especially in appendicular segments (p<0.001). 
Conversely, rigidity showed sustained benefit, showing unchanged clinical scores compared to 
preoperative assessment (p>0.05). Preoperative motor disability (e.g., composite scores from the 
UPDRS-III) predicted short- and longterm outcomes for both bradykinesia and rigidity (p<0.01). 
Executive dysfunction was specifically linked to bradykinesia but not to rigidity (p<0.05). 
 
Conclusions: Bradykinesia and rigidity show long-term divergent progression in PD following STN-
DBS surgery and are associated with partly independent clinical factors. These findings support 
partially distinct pathophysiological underpinnings. 
 
References:  
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Introduction: Tremor is the only accompanying movement disorder that allows the diagnosis of an 
isolated dystonia syndrome [1]. Dystonia patients with tremor more likely report a positive family 
history (FH) for either dystonia or isolated tremor. 
 
Objectives: In this work, we explored The ITAlian Tremor Network (TITAN) database to seek 
identifying phenotypic features associated with familial clustering of tremor (or other neurological 
disorders) in subjects with tremor combined with dystonia (TwD). 
 
Methods: All patients were assessed with a standardized protocol [2]. Presence of FH for tremor 
(FHT) was operationalized as the existence of tremor in either first- or second-degree family 
members. Only the tremor in the context of a diagnosis of parkinsonism qualified for FH for other 
neurological disorders (FHOTHER). 
 
Results: A total of 127 patients with TwD were included, of whom 73 (57.4%) were sporadic 
(FHNO), 33 (25.9%) were identified as FHT and 21 (16.5%) as FHOTHER. The majority (80.9%) 
of FHOTHER patients were males, while the other two groups were mostly constituted by female 
patients. Dystonia distribution was significantly different between the groups, with sporadic patients 
having more commonly upper limb (UL) involvement. 
UL tremor at onset was similar between sporadic and FHT patients. Head tremor at onset was often 
reported and was more severe in FHOTHER patients. Midline tremor was more frequent and more 



severe in FHT patients. No differences were found in terms of UL tremor except for the rest 
component that was more common in FHT patients. 
 
Conclusions: The finding of a higher FH for tremor than for dystonia in patients with TwD could 
suggest the existence of a hereditable dystonia-tremor syndrome. Familial cases had higher rates and 
severity of head/midline tremor which matches the knowledge that head tremor is the most common 
type of tremor in cervical dystonia and that tremulous cervical dystonia is likely to be familial. 
 
References:  
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Introduction: Bradykinesia is defined as a “complex” of motor alterations including reduced 
movement amplitude and/or speed and tendency to reduce them with task repetition (sequence effect). 
 
Objectives: The aim of the study was to investigate the neural correlates of bradykinesia assessed 
during a hand tapping performance in people with Parkinson’s disease (pwPD) relative to healthy 
controls. 
 
Methods: Twenty-five pwPD and 25 age- and sex-matched healthy controls were included. All 
subjects underwent brain functional magnetic resonance imaging (fMRI) including a hand tapping 
task: subjects alternatively opened and closed their right hand as fast and as ample as possible. Hand 
tapping speed and amplitude was measured during the fMRI task using an optical fiber data glove. 
 
Results: During the fMRI hand tapping task, pwPD showed reduced hand tapping amplitude 
(hypokinesia) and a greater sequence effect. PwPD relative to healthy controls showed a reduced 
activity of frontoparietal areas, supplementary motor area, middle cingulum, parahippocampus, 
pallidum, thalamus, and motor cerebellar areas. Moreover, pwPD showed an increased activity of 
cognitive areas: superior temporal gyrus, posterior cingulum, and cerebellum crus I. The decreased 
activity of cerebellum IV-V-VI, vermis IV-V, inferior frontal gyrus, and cingulum correlated with 
hypokinesia and with the sequence effect. 
 
Conclusions: PwPD showed a worse hand tapping performance in terms of reduced movement 
amplitude and tendency to reduce amplitude with movement repetition relative to healthy controls. 
Interestingly, these manifestations correlated with altered brain activity: a reduced activity of areas 
involved in motor planning and timing correlated both with hypokinesia and with the presence of the 
sequence effect in pwPD. This study has the major strength of collecting objective motor parameters 
and brain activity simultaneously, providing a unique opportunity to investigate the neural correlates 
of the “bradykinesia complex”. 
 
Funding: Italian Ministry of Health grant GR-2018-12366005. 
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Introduction: Quantitative Systems Pharmacology (QSP) deploys mechanistic mathematical models 
to understand complex biological systems and drug responses, synthesizing data from diverse sources 
[1]. This approach holds promise for addressing challenges in Parkinson's disease (PD), a 
neurodegenerative disorder lacking a disease-modifying therapy. About 10% of PD cases involve 
GBA gene mutations [2], contributing to a substantial gap in therapeutic knowledge. QSP modeling 
aims to bridge the disconnection between in vitro and in vivo studies, facilitating experimental 
research and therapeutic strategy design [3], and offering mechanistic insights into PD's biology [4]. 
 
Objectives: We extend an existing QSP model for sphingolipidoses [3] to investigate molecular and 
cellular interactions over time between GBA mutations and PD clinical manifestations. 
 
Methods: Implemented through ordinary differential equations, our QSP model is calibrated using 
preclinical and clinical data, including plasma and cerebrospinal fluid (CSF) biomarkers, and clinical 
manifestations. Variability is introduced through genetic factors, physiological parameters, 
demographics, and disease severity to create virtual patient populations and simulate their behavior 
over time. 
 
Results: The preliminary findings demonstrate the model dynamics to be consistent with the literature 
data under healthy and pathological conditions. This allows detailed analysis of simulated 
sphingolipids dynamics in the brain, liver, plasma, and CSF. Moreover, the model accurately 
recapitulates the correlations between GBA mutation severity and sphingolipid accumulation [5]. 
 
Conclusions: QSP modeling can provide insights into the intricate interplay between 
neurodegeneration and sphingolipid metabolism. Our model is a potential tool for improving our 
understanding of GBAPD by addressing patient heterogeneity, optimizing treatment strategies, and 
informing clinical trial design. Including additional clinical data, such as alpha-synuclein 
measurements, would enhance the reliability of model simulations and further elucidate protein 
aggregation mechanisms occurring in GBA-PD. 
 
References:  
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1261, (2022). 
[3] Abrams, R., et al. A Quantitative Systems Pharmacology Model of Gaucher Disease Type 1 Provides Mechanistic 
Insight Into the Response to Substrate Reduction Therapy With Eliglustat t, CPT: Pharmacometrics & Systems 
Pharmacology, 9, 374–383, (2020). 
[4] Righetti, E., et al. Mechanistic models of α-synuclein homeostasis for Parkinson’s disease: A blueprint for therapeutic 
intervention, Frontiers in Applied Mathematics and Statistics, 8, (2022). 
[5] den Heijer, J.M., et al., A Biomarker Study in Patients with GBA1-Parkinson's Disease and Healthy Controls 
Movement Disorders, 38, (2023). 
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Introduction: Stepwise functional connectivity (SFC) is a graphtheory-based neuroimaging method, 
which detects whole-brain functional couplings of a selected region of interest, at increasing linkstep 
topological distances. 
 
Objectives: This study applied SFC to test the hypothesis that topological stepwise architecture 
propagating from the disease epicenter would shape patterns of grey matter (GM) atrophy in patients 
with progressive supranuclear palsy (PSP). 
 
Methods: Thirty-six patients with PSP-Richardson’s syndrome and 44 age-matched healthy controls 
underwent brain MRI on a 3T scanner. The disease epicenter was defined as the peak of atrophy 
observed in an independent cohort of 13 cases with post-mortem confirmation of PSP pathology, and 
used as seed region for SFC analysis. First, we explored SFC rearrangements in PSP patients, as 
compared with agematched controls. Subsequently, we tested SFC architecture propagating from the 
disease epicenter as a determinant of brain atrophy distribution. 
 
Results: The disease epicenter was identified in the left midbrain tegmental region. In PSP patients, 
a pattern of mostly increased functional connectivity of the midbrain within direct connections was 
mirrored by a progressively widespread decreased connectivity through indirect connections with 
sensorimotor cortical regions. For each GM region, a correlation was found between average link-
step distance from the left midbrain in controls and mean normalized GM volume in PSP patients 
(r=0.38, p<0.001). 
 
Conclusions: This study provides comprehensive insights into the topology of functional network 
rearrangements in PSP and demonstrates that the brain architectural topology, as described by SFC 
propagating from the disease epicenter, shapes the pattern of atrophic changes in PSP. Our findings 
support the view of a networkbased pathology propagation in this primary tauopathy. 
 
Funding. European Research Council (StG-2016_714388_NeuroTRACK); US National Institutes of Health (R01-
DC010367, R01-DC12519, R01-DC14942, R01-NS89757, R21-NS94684); Foundation Research on Alzheimer Disease; 
Next Generation EU, National Recovery and Resilience Plan, Investment PE8 - Project Age-It.  
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Introduction: Subthalamic deep brain stimulation (STN-DBS) is a mainstay treatment for Parkinson's 
disease (PD), but poorly effective on gait and posture (PIGD). This may stem from our limited 
understanding of the impact of STN-DBS on the supraspinal locomotor control, which deserves 
specific studies. 
 
Objectives: To correlate DBS-induced changes of brain metabolic activity during dynamic obstacle 
avoidance and PIGD improvement in PD. 
 
Methods: Twelve PD patients (age: 61±7; disease duration: 10±4; UPDRS-III meds-off: 44±15) with 
STN-DBS performed two (18) Ffluorodeoxyglucose (FDG)-positron emission tomography (PET) 
scans. Between FDG injection and PET, patients performed a dynamic obstacle avoidance task in a 
validated virtual reality environment, which consisted of walking back-and-forth adjusting gait to 
avoid collision with a virtual agent crossing their trajectory [1]. The PET scans were conducted in 
(overnight) meds-off/stim-on and meds-off/stim-off (45min after pausing DBS). PET images were 
co-registered with individual MRIs and analyzed using SPM12. 
 
Results: Patients were classified with severe (SGI, n=6, PIGD subscore: 6.8±2.6) or mild gait 
impairment (MGI, n=6, PIGD subscore: 2.7±1.9). In SGI patients, STN-DBS increased FDG uptake 
in the left superior frontal gyrus, which correlated negatively (τb=-0.89, p<0.05) with gait 
improvement (33.9±17.4% gait subscore). In contrast, MGI patients showed higher DBS-related FDG 
uptake in the orbitomedial frontal region than SGI patients (p<0.05). 
 
Conclusions: We showed that the beneficial effect of STN-DBS on walking in the SGI group 
associates with poorer stimulation-induced metabolic activity in the left superior frontal gyrus. 
Conversely, STNDBS increases orbitomedial frontal metabolism in patients with a relatively 
preserved supraspinal locomotor network (LGI group). Our results highlight the fundamental role of 
the frontal lobe in locomotor control in PD and provide insights on the impact of STN-DBS on 
parkinsonian gait. 
 
References:  
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Introduction: Evidence on the involvement of the peripheral immune response in mechanisms 
underlying Parkinson’s disease (PD) is dramatically increasing. Peripheral blood immune cells may 
directly participate in pathogenic processes or rather reflect neuropathological events. Regardless, 
substantial functional changes occur in PD patients' peripheral blood mononucleate cells (PBMCs), 
which may be theoretically targeted for therapeutic or biomarker purposes. State-of-the-art mass 
spectrometry (MS)-based (phospho)proteomics allows for profiling the global changes in the 
phosphorylation and concentration level of thousands of proteins in cells, uncovering activated 
signaling networks and novel molecular targets. 
 
Objectives: To perform a (MS)-based (phospho)proteomics analysis of PBMCs from PD patients at 
various disease stages. 
 
Methods: The study included ten healthy controls and 20 PD patients assessed through conventional 
scores for disease severity (e.g., MDSUPDRS part 3, H&Y). PBMCs were isolated from each 
participant and processed for high sensitive (MS)-based total proteome and phosphoproteome 
quantification. Principal component analysis (PCA) was run to cluster patients. 
 
Results: The case-control analysis of the (phospho)proteomic PBMCs profile revealed a global 
rewiring of pathways involved in oxidative phosphorylation and inflammation. In addition, 
expression of asynuclein, septin-5, and DJ-1 was upregulated in the PD group. The PCA of about 
8000 proteins and 12000 phosphosites identified three distinct subgroups at different clinical stages. 
In particular, crucial kinases involved in the antigen presentation/processing, MAPK, and calcium 
signaling pathways were differently modulated according to PD severity. 
 
Conclusions: This unbiased analysis enabled shaping the global (phospho)proteomic profile of PD 
patients PBMCs, recognizing differential (phospho)proteomic signatures associated with different 
disease stages, and identifying some biological pathways majorly involved in PD immune cells. A 
large-scale MS-based characterization of PBMCs might allow for a better understanding of the role 
of peripheral immunity in PD and discover molecular targets consistent with the disease status. 
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Introduction: Tremor response to medical treatment can often be unsatisfactory in Parkinson’s 
disease (PD). Data about long-term efficacy and predictors of clinical response and recurrence after 
the procedure of MRgFUS Vim thalamotomy in tremor dominant Parkinson’s disease (TDPD) are 
still limited [1].  
 
Objectives: To investigate the role of clinico-demographical (including MDSUPDRS part III tremor 
scores in med-off and med-on conditions, skull density ratio), procedural (number and duration of 
sonications, temperature reached, energy and power delivered) and neuroradiological variables 
(lesion volume after 1 day) in determining MRgFUS clinical outcome. To estimate the rate of adverse 
events (AE) and percentage of relapsers. 
 
Methods: 52 TDPD patients who underwent MRgFUS VIM thalamotomy were prospectively 
followed for 6 months after treatment. 
 
Results: Tremor severity significantly decreased in all patients after 1 day from MRgFUS VIM 
thalamotomy (tremor scores improved > 30% in all cases). The degree of improvement correlated 
with older age and with a larger lesion volume 1 day after treatment. Mean lesion volume was 172 
mm3. Total recurrence rate (tremor’s improvement <30% after 6 months) was 21%. Critically, all 
relapsers manifested worsening of tremor during the 1st month after treatment (80% during the first 
15 days). Sonication’s parameters did not differ between responders and relapsers. In the follow-up 
AEs were: at 1-month 42% (22 patients, mild in majority); at 6-months 19% (10 patients, all mild); 
at 1 year 17%. 
 
Conclusions: MRgFUS thalamotomy is effective to treat tremor in PD patients [2]. The greater rate 
of relapse among younger subjects could be explained by the lower lesion’s volume, which -in turn- 
was associated with a favorable AEs profile. Mean lesion volume in two recent studies on TDPD was 
larger [494.9 mm3 (1), 335,5 mm3 (2)] than in our cohort, but the number of total AE was greater. 
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Parkinson's disease (PD) is a neurodegenerative disease with an increasing epidemiological and social 
relevance. Positive family history is a well-known risk factor for PD development and, according to 
literature, familial forms recur in up to 5-15% of cases [1]. Cognitive and mood disorders also appear 
to be more frequent in PD families, possibly suggesting a greater fragility and propensity towards 
neurodegenerative and neuropsychiatric manifestations [2]. 
 
In this study, we examined in depth the family history of PD patients and compared demographic, 
genetic and clinical features between familial (fPD) and sporadic (sPD) forms. Family history of other 
neurological and psychiatric disorders (essential tremor, cognitive impairment, depression, bipolar 
disorder) was also investigated. 
 
A cross-sectional study enrolling 2,035 PD patients in a 30-month period was conducted in twenty-
eight Italian Centres. Clinical data and family history up to the third degree of kinship were collected, 
entered an electronic database, and analysed through descriptive and inferential statistics (SAS 
software). 
 
A remarkable 34.5% of patients reported a positive family history for PD. In fPD the mean age at 
onset was significantly lower and the genetic test resulted more often positive than in sporadic forms 
(36.4% of fPD patients tested). The higher rate of positive family history encountered may suggest 
either a major role played by genetic factors in the Italian PD population, or a possible 
underestimation in previous studies with data collection limited to first-degree relatives. 
 
No significant difference emerged in the distribution of motor and non-motor symptoms, except for 
hyposmia which was more frequently reported in the fPD group. This finding is difficult to interpret, 
and requires further analysis in order to exclude possible confounding factors (e.g. cigarette smoking). 
 
Considering the other neuropsychiatric disorders investigated, 2% of patients reported a certain 
positive family history for essential tremor, 12% for cognitive impairment, 32% for depression, 31% 
for anxiety disorder and 0.7% for bipolar disorder. Although the prevalence of cognitive impairment 
has not been investigated in relatives of healthy controls, and a rigorous comparison is therefore 
impossible, it appears higher than previously reported in the general Italian population [3], suggesting 



a possible familial predisposition to neurodegenerative diseases. This hypothesis is supported by the 
presence of genetic risk factors shared between PD and other dementias (i.e., GBA1, C9ORF72, 
MAPT, PSEN1, etc.) [4]. The prevalence of depressive and anxiety disorders was also higher than 
expected [5]. 
 
In conclusion, this study shows that a positive PD family history recurs more frequently than 
previously reported in PD patients, involving approximately one-third of the total study population. 
 
This work suggests an in-depth collection of family history, including second and third degrees of 
kinship, with the aim of identifying family clusters that represent an ideal population to investigate 
genetic and environmental risk factors for neurological and psychiatric disorders. 
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Introduction: In Parkinson's disease (PD) cognitive decline may occur, substantially affecting 
patients’ quality of life. 
 
Objectives: We aimed to assess the impact of sex and glucocerebrosidase (GBA) mutations on clinical 
phenotype, dopaminergic integrity, and PD clinical trajectories. 
 
Methods: Included 568 PD patients from Parkinson's Progression Markers Initiative database, of 
whom 118 (20.8%) bearing GBA mutations. PD patients were also genotyped for at APOE-ε4 and 
LRRK mutations. Dopaminergic activity was assessed in a subset of patients with available 123I-FP-
CIT SPECT scans (248, 65%). We stratified the PD group by males and females, then further 
subdivided each sex by GBA carrier status and compared clinical features in each stratification. 
Patients were clinically followed for up to 6.5 years (median 6 years). Cox regression (adjusted for 
age, disease duration and education) was used to model the effect of [1] GBA and non-GBA genetic 
mutations, [2] sex, [3] gene-sex interactions on cognitive decline. 
 
Results: The p.N409S variant was the prevailing GBA-mutation (50%), with no differences between 
sex distribution. As expected, individuals with GBA-PD showed a more severe phenotype and 
reduced dopamine uptake in the bilateral putamen. Although similar clinical phenotype among GBA-
PD patients, females showed a greater dopaminergic deficit as compared to the HC population. Cox 
Regression revealed that sex (HR=0.675, p<0.01), GBA mutations (HR=0.514 p<0.001), the 
interaction between sex and GBA mutations (HR=0.756 p<0.05) and between APOE- ɛ4 and GBA 
mutations (HR=0.630 p<0.001) were associated with a steeper cognitive decline. 
 
Conclusions: The results suggest that both GBA mutations and sex drive phenotype, with GBA-PD 
males being characterized by a more malignant trajectory. Notably, the greater dopaminergic 
impairment in GBA-PD females, together with a more benign phenotype than GBA-PD males may 
be explained by the action of estrogen on neuronal reserve in females. The modulation of sex on 
genotype should be considered for future trial selection. 
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Introduction: Adaptive deep brain stimulation (aDBS) is one of the most promising innovations in 
the field of DBS. The possibility to automatically adapt stimulation parameters, moment-by-moment 
to the clinical condition of a patient potentially offers several advantages over conventional DBS 
(cDBS) but still needs long-term clinical validation. 
 
Objectives: To report the intraindividual comparative evaluation between aDBS and cDBS of the 
subthalamic nucleus in 14 patients with Parkinson’s disease (PD). 
 
Methods: Patients were implanted with the AlphaDBS device (Newronika SpA, Milano, Italy) in the 
context of the clinical trial NCT04681534 and were followed-up for one day (short term follow-up, 
ST-FP) and for two weeks (long term follow-up, LT-FUP) in each mode (aDBS or cDBS in random 
order). Clinical assessment was performed with the UPDRS-III and UDysRS scales and a 3-days 
diary. Data are reported as mean±SD. 
 
Results: aDBS improved patients as much as cDBS (UPDRS-III %improvement MedOFF/StimOFF 
to MedON/StimON cDBS vs aDBS: 0.66±0.15 vs 0.61±0.17; Good-On-Time cDBS vs aDBS: 
11.7±4.3 vs 13.1±4.9). When patients were stratified for the severity of dyskinesias, cDBS-induced 
UPDRS-III improvement did not correlate with dyskinesias (Spearman’s rho: -0.385, p=0.282), 
aDBS-induced UPDRS-III had a negative correlation with dyskinesias, implying that patients with 
milder dyskinesias have a greater UPDRS-III improvement (Spearman’s rho: -0.771, p=0.006). The 
ON time without dyskinesia in aDBS was higher than 1SD of the average ON time without dyskinesia 
with cDBS in 50% of patients. In the end, 90% of patients chose (blinded) to continue with aDBS. 



 
Conclusions: Our preliminary results suggest that (i) PD patients have similar UPDRSIII 
improvement with aDBS and cDBS, (ii) patients with mild dyskinesias undergoing aDBS have a 
greater UPDRS-III improvement than cDBS, (iii) with aDBS the ON time is higher than cDBS in 
half of the patients, and (iv) the majority of PD patients preferred aDBS. 
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Introduction: A recent meta-analysis indicates that pain affects up to 60% of individuals with multiple 
system atrophy (MSA), but its prevalence, features, risk factors and best treatment options in this rare 
disorder remain unclear. 
 
Objectives: To assess prevalence, characteristics, associated features, and treatments for pain in MSA. 
 
Methods: We performed a community-based cross-sectional observational study. Following a whole 
population sampling approach, individuals with MSA and their informal caregivers were invited, via 
patient advocacy newsletters and social media, to participate in an online survey, available between 
February and May 2023. Two hundred sixty-four individuals with MSA and 178 caregivers accessed 
the survey. After checking for data completeness and plausibility, questionnaires from 194 
individuals with MSA and 114 caregivers were included in the final analysis. 
 
Results: Eighty-seven percent of individuals with MSA reported pain. Pain occurred more frequently 
in women [OR: 6.38 (95% C.I. 1.27-32.08), p=0.025] and in individuals with a self-reported annual 
income below the average of the country [OR: 5.02 (95% C.I. 1.32-19.08), p=0.018]. Pain was mostly 
located in the neck and shoulders (58%, n=111), back (45%, n=86) and legs (45%, n=86). Among 
individuals suffering from pain, 69% received any kind of targeted pain treatment, most frequently 
non-steroidal anti-inflammatory drugs (30%, n=49), acetaminophen (25%, n=41) and opioids (17%, 
n=29) but only 52% of them reported to be at least partially satisfied with current pain management. 
Pain mostly affected patients’ work, household activities, and hobbies and caregivers’ social 
activities. 
 
Conclusions: Our findings indicate that pain is even more common than previously reported in MSA, 
is mostly located in the neck and shoulders, back and legs, and especially affects women and 
individuals with lower income. Despite the frequent occurrence, pain remains undertreated or not 
satisfactorily managed in MSA, pinpointing an important unmet need to be addressed in MSA.  
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Background: Gaucher’s disease (GD) is a lysosomal storage disorder caused by biallelic GBA1 
mutations. In addition, mono- and biallelic GBA1 mutations are the major genetic risk factor for α- 
synucleinopathies, such as Parkinson’s disease (PD) and dementia with Lewy bodies (DLB). 
Although only a minority of GD patients develop PD or DLB, in-depth characterization of these 
patients may help to elucidate pathogenetic mechanisms, identify new biomarkers, and to test 
neuroprotective therapies for PD. 
 
Objective: To investigate the prevalence of motor and non-motor clinical features of PD in a cohort 
of GD patients. 
 
Methods: Neurological examination, non-motor clinical scales (i.e.  RBDSQ, UMSARS, BDI), and 
family history for PD or dementia were evaluated in a consecutive cohort of GD patients. 
 
Results: 147 GD patients form several Italian referral centers for GD were evaluated by movement 
disorders specialists. The mean age-at examination (AaE) was 47.3±15.9y. Twenty patients (14%) 



were diagnosed with PD, whereas five patients (3%) with DLB. The mean AaO of PD and DLB was 
58.7±11.6 and 49.8±13.6y, respectively. The occurrence of PD or DLB was higher according to AaE 
(30% over 61y vs 5% 21-40y, p=0.026) and AaO of GD (50% over 61y vs 8% 0-20y, p=0.006). 16% 
of GD patients showed a mild extrapyramidal syndrome, with higher occurrence according to AaO 
of GD (78% 41-60 vs 18% 0-20, p=0.007). 30% of GD patients presented at least one non-motor 
symptom, especially REM sleep behavior disorder (35%) and depression (31%). 
 
Conclusions: A high portion of GD patients display motor and, more frequently, non-motor 
symptoms of PD. This study highlights the potentialities of studying the GD population to identify 
specific biomarkers defining the prodromal phase and risk of conversion to PD. 
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Introduction: Rapid-Eye-Movement (REM) sleep behavior disorder (RBD) has emerged as a specific 
prodromal sign of α-synucleinopathies, including Parkinson's disease (PD), dementia with Lewy 
bodies (DLB), and multiple system atrophy (MSA). Individuals with isolated RBD represent an ideal 
population for the identification of biomarkers capable of monitoring the neurodegenerative process. 
The neurofilament light chain protein (NfL), a neuron-specific component of the axons, is a promising 
biomarker in various neurodegenerative diseases. 
 
Objectives: Investigate the role of NfLs in iRBD population. 
 
Methods: Plasma-NfL levels in iRBD, PD, MSA patients, and healthy controls (HC) were assessed 
using Ella. Statistical analysis employed PRISM9, with data comparisons via the Mann-Whitney and 
Spearman test. 
 
Results: Plasma-NfL levels were measured in 69 subjects (PD:19, M:14 F:5; iRBD:19, M:18 F:1; 
MSA:12, M:5 F:7; HC:19, M:14 F:5). As expected, PD and MSA groups exhibited elevated plasma-
NfL levels compared to HC (PDvs.HC p=0.0005; MSAvs.HC p<0.0001). Notably, plasma-NfL levels 
were significantly elevated in iRBD compared to HC (iRBDvs.HC p=0.0392) and in MSA compared 
to iRBD (MSAvs.iRBD p=0.0472). No significant difference existed between PD and iRBD patients 
(p=0.8007). Correlation analyses showed no significance between plasma-NfL levels and 
nonparametric variables (UPDRS-III and MMSE). Within iRBD, a comparative analysis evaluated 
differences based on hyposmia, constipation, or orthostatic hypotension, with no evidence of 
significance. 
 
Conclusions: Results suggest individuals with iRBD exhibit axonal damage, hinting at an ongoing 
neurodegenerative process. This hypothesis aligns with the statistical nonsignificance found in 
plasma-NfL levels between PD and iRBD, suggesting a constancy in NfL levels during 
phenoconversion process to PD. Moreover, the observed trend in elevated NfL levels in iRBD 
patients with orthostatic hypotension (p= 0,0620) suggest a potential link to MSA, requiring 
confirmation through a larger sample size for robust analysis. Plasma-NfLs emerge as a promising 
biomarker for identifying irreversible CNS damage, especially when integrated with clinical and 
instrumental data. 
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Introduction: Subthalamic nucleus deep brain stimulation (STN-DBS) represents a long-term 
effective treatment in complicated Parkinson's disease (PD). However, its effects on axial symptoms 
and cognitive decline are limited. Pathological data have confirmed that the neurodegeneration of 
central dopaminergic pathways, the hallmark of PD, can be accompanied by a contemporary 
involvement of other neurotransmitter pathways. Prevalent involvement of the cholinergic system 
could be associated with a clinical “cholinergic” phenotype dominated by axial symptoms, cognitive 
deterioration and cerebral amyloid-β deposition. 
 
Objectives: To evaluate the possible long-term cerebral deposition of amyloid-β in PD patients treated 
with STN-DBS and its possible influence on axial and cognitive variables.  
 
Methods: Consecutive PD patients treated with bilateral STN-DBS with a long-term follow-up were 
included. Amyloid-β deposition was evaluated postoperatively through a 18Fflutemetamol positron 
emission tomography (PET) study. Axial symptoms have been assessed using a standardized clinical-
instrumental approach. Speech was assessed by perceptual and acoustic analysis while gait by means 
of the instrumented timed up and go test (iTUG). Motor severity was evaluated applying the UPDRS 
part III score and subscores while cognitive functions through a complete neuropsychological 



assessment. Different stimulation and drug conditions were assessed: on stimulation/off-medication, 
off-stimulation/off-medication, on-stimulation/on medication conditions (single and dual task). 
 
Results: 19 PD patients (male:11; age:63.52 years; on-stimulation/on-medication UPDRSIII: 17.05) 
with a five-year postoperative follow-up were included. Amyloid-β deposition was found in 21% of 
patients (4/19) with a prevalent involvement of prefrontal, limbic and parietal areas. Compared with 
patients without amyloid-β deposition, PD patients with positive 18F-flutemetamol PET study 
showed higher preoperative UPDRS-I (p=.037) score and lower postoperative Raven's matrices 
scores (p=.05). 
 
Conclusions: Our results suggest that in the long-term after STN-DBS a significant percentage of PD 
patients may develop brain amyloid-β deposition. However, larger samples are needed to evaluate 
the possible role of amyloid-β deposition in the development of axial and cognitive alterations after 
surgery. 
  



C18 
 
Discriminating between Brain-first and Body-first Parkinson's disease using conventional and 
radiomics-enhanced dopamine transporter SPECT image analysis 
 
Giovanni Palermo1, G. Aghakhanyan2, G. Bellini1, M.G. Tedeschi1, G. Nonne2, R. Morganti3,  
D. Frosini1, D. Volterrani2, R. Ceravolo1 
 
1Center for Neurodegenerative Diseases – Parkinson’s Disease and Movement Disorders, Unit of 
Neurology, Department of Clinical and Experimental Medicine, University of Pisa, Pisa, Italy 
2Regional Center of Nuclear Medicine, Department of Clinical and Experimental Medicine, 
University of Pisa, Pisa, Italy 
3Section of Statistics, University of Pisa, Pisa, Italy 
 
Introduction: Recently, two new Parkinson’s disease (PD) subtypes, Brain-First and a Body-First 
type, have been proposed based on a variable disease initiation site. Body-First PD patients are 
characterized by prodromal REM behaviour disorder (RBD), a substantial burden of autonomic 
symptoms (e.g. constipation and orthostatic hypotension) and more symmetric striatal dopaminergic 
loss. 
 
Objectives: We aimed to assess in a large PD cohort whether clinical markers of Body-First subtype 
(considered individually or as a whole) correlate with a more symmetrical [123I]-FP-CIT binding and 
to differentiate the two subtypes through the integration of clinical data and dopamine transporter 
(DAT)-SPECT image analysis, based on the application of both DaTQUANT and Radiomics. 
 
Methods: We retrospectively included 158 early PD patients who underwent DAT-SPECT at 
diagnosis. They were recruited if they had been assessed at least once annually and had a minimum 
follow-up period of six years. Motor and non-motor symptoms were regularly evaluated with 
common scales. Body-First patients were subdivided on the basis of RBD, dysautonomia status, and 
constipation at baseline. We utilized DaTQUANT software semi-quantitative outputs, such as 
specific binding ratios, asymmetry indexes, and Z-scores, alongside a machine learning algorithm 
employing radiomics features from DAT-SPECT images for distinguishing between the two 
subtypes. 
 
Results: Body-First patients did not exhibit greater symmetrical [123I]-FP-CIT reduction compared 
to Body-First ones, even though PD patients with a more symmetric DAT deficit tended to be older, 
have worse motor and cognitive performance at baseline as well as increased cognitive decline at 
follow-up. Both DaTQUANT analyses (p > 0.05) and Radiomics (AUC = 0.47±0.1) were 
unsuccessful in differentiating the two subtypes. 
 
Conclusions: Baseline increased symmetry on DAT-SPECT was associated with a more “malignant” 
PD phenotype but it was not prevalent in the clinically Body-First type. Similarly, radiomics and 
DaTQUANT analyses showed limited discriminative capacity for categorizing Brain-First and Body-
First PD patients. 
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Introduction: Both post-mortem and in vivo data argue for dopamine dysfunction in patients with 
Alzheimer’s Disease (AD). However, the timing and regional progresssion of dopaminergic systems 
alterations in AD are still debated. 
 
Objectives: To investigate in vivo the pattern of dopaminergic changes and connectivity using 123I-
FP-CIT imaging in patients across the AD spectrum. 
 
Methods: Fifty-nine A+T+N+ AD patients (n=21 MCI-AD; n=38 ADDEM) and n=45 age and sex-
matched controls (CG) entered the study and underwent 123I-FP-CIT dopaminergic imaging. The 
occipital binding was used as reference region to obtain single-subject binding in different brain 
regions. Between-groups differences in 123I-FP-CIT binding in both mesolimbic and nigrostriatal 
dopaminergic pathways were assessed using an ANCOVA test-adjusting for the effect of center of 
imaging acquisition, age, and sex. Regions resulting from the voxel-wise direct comparison between 
MCI-AD and AD-DEM were considered as a seed of interest for a voxel-wise interregional 
correlation analysis. 
 
Results: Both MCI-AD and AD-DEM patients showed dopaminergic depletion within the basal 
ganglia, whereas cortico-limbic regions (namely hippocampus, amygdala, anterior and middle 
cingulate, frontal cortex and thalamus) resulted impaired only in the dementia phase. The brain voxel-
wise interregional correlation analysis showed a progressive pattern of disruption of caudate/thalamus 
dopaminergic connectivity to hippocampus and amygdala from MCI-AD to AD-DEM stages. 
 
Conclusions: This study indicates basal ganglia dopaminergic alterations and connectivity disruption 
in the nigrostriatal and mesolimbic systems already in prodromal AD, extending to several cortico-
limbic regions in dementia phases. 
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Introduction: Understanding the relationship between phenotypic heterogeneity and the spread of 
pathology in Parkinson's disease (PD) is challenging. The α-Synuclein Origin site and Connectome 
(SOC) model postulate that α-synuclein aggregation first localization and spreading determine 
disease evolution. Accordingly, two PD subtypes have been proposed: brain-first-PD and body-first-
PD. The former originates from the central nervous system, while the latter originates from peripheral 
nervous structures. 
 
Objectives: We aim to establish whether using the SOC model we can differentiate PD phenotypes 
predicting disease progression. 
 
Methods: 1120 de novo- PD patients, 910 prodromal-cases, and 263 healthy controls were included 
in the Parkinson's progression markers initiative. Patients and prodromal cases with REM behavior 
disorder and/or autonomic symptoms at baseline were classified as body-first, otherwise as brain-
first. All subjects underwent a detailed longitudinal (12-year) clinical protocol and magnetic 
resonance imaging. Clinical data were analyzed through linear‐mixed effects models, and group 
comparisons were employed for longitudinal gray matter atrophy. 
 
Results: Body-first-PD cases (667) demonstrated higher motor burden and complications, worse 
cognitive evolution, and more severe depression compared to brain-first-PD. Body-first-PD cases 
showed bilateral medial and lateral temporal atrophy involving the amygdala, para-hippocampus, and 
temporoparietal junction. Brainfirst PD patients demonstrated more circumscribed atrophy of the left 
hemisphere, involving the angular gyrus, sensory-motor cortex, and inferior frontal gyrus. Body-first-
prodromal-cases (519) demonstrated similar results to body-first-PD cases, i.e. greater motor and 
cognitive impairment, involving the same domains, and grey matter atrophy in lateral temporal areas.  
 
Conclusions: Consistent with the SOC model, the study results indicate that body-first-PD and 
prodromal cases had worse disease progression and more severe brain atrophy compared to brain-
first-PD and prodromal cases. The results underscore the importance of PD patient phenotyping since 
the prodromal phases. Hence, the application of the model would enable tailored therapeutic 
approaches and disease prevention interventions in high-risk individuals in the future. 
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Introduction: Subthalamic nucleus (STN) Deep Brain Stimulation (DBS) is effective for the treatment 
of fluctuations in Parkinson’s disease (PD). The adoption of STN Local Field Potential (LFP) in 
clinical practice is possible through available DBS devices [1]. DBS management of gait issues has 
a variable outcome, and LFP (beta band) show low correlation with gait parameters [2]. 
 
Objective: Exploring the correlation between macroscopic beta changes and gait.  
 
Methods: We recruited 7 subjects treated with STN-DBS. Subjects were equipped with 3 IMUs (feet 
and back), recording 10 hours of walking bouts (step number, step/stride duration, variability, and 
regularity). Chronic sensing was enabled with the frequency of interest set on the patient known beta 
value. LFPs recorder collected a mean beta power value for each consecutive block of 10 minutes 
along the recording, which was then normalized. Mean values of walking episodes were collected 
during the same time span.  
 
Results: All patients successfully completed the experiment. Mean age was 58±7.8 and disease 
duration 10±2.5 years, UPDRS-III 10±7 (ON), H&Y 2±0.5 (ON), LEDD 297±179 mgs. Mean LFP 
STN frequency was 18.6 (left) and 17.5 Hz (right). We found a low-grade correlation between 
step/stride variability and left beta power (R 0.15, p<0.05), and stride duration and right beta power 
(R 0.15, p<0.05). On the other hand, a more robust correlation was present between step/stride 
regularity and right beta power (R -0.30, p<0.01).  
 
Discussion: These results inform on the role of chronic beta sensing for the potential optimization of 
DBS parameters in PD with a focus on gait. The finding of asymmetric correlation between 
parameters supports the hypothesis of brain lateralization (right) of axial functions [3]. Studies are 
warranted on the effect of the stimulation on the correlation between the beta power and the gait. Data 
on other oscillatory activities are under collection. 
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Introduction: PFBC is a rare genetic neurodegenerative disorder of adulthood characterized by 
calcium deposition in basal ganglia, causing movement disorders, cognitive deficits or psychiatric 
features [1,2]. 
Perivascular skin calcifications have been reported in single cases of PDGFB and XPR1 gene 
mutations [3,4], but it is currently unknown whether they are a hallmark of all PFBC genetic subtypes. 
  
Objective: Evaluating skin biopsies of PFBC patients, determining differences based on symptoms 
and genetic features; comparing with other neurodegenerative conditions. 
 
Methods: 
- Cohort: 10 PFBC (5 males, 5 females), 10 PD, 7 healthy controls  
- Testing: neurologic examination, CT scans, PTH, Ca, P, creatinine, CPK, NGS panel (>100 genes 
for movement disorders, Illumina Nextseq550) 
- Skin biopsy: 3mm ø - 5mm deep punch skin samples; Haematoxylin-Eosin, von-Kossa, 
immunoperoxidase CD31/PECAM-1 staining; optical microscopy. 
 
Results: 9/10 PFBC patients had pathogenic mutations (3 MYORG, 3 SLC20A2, 1 PDGFB, 1 
PDGFRB, 1 XPR1), 6 variants were novel. 50% of the subjects were symptomatic: 4 had 
parkinsonism (in 3 combined with other movement disorders), 1 paroxysmal dystonia; 4 had 
psychiatric or cognitive features. All subjects had extensive calcifications in multiple brain areas 
(mean TCS score 27). 
Skin biopsies showed small granular von Kossa+ argyrophilic calcium-phosphate deposits in the 
intimal layer, near the basal lamina and within the cytoplasm of CD31+ endothelial cells and pericytes 
of dermal capillaries and arterioles, and in the basement membrane of dermal sweat glands. 
4/7 controls and 6/10 PD had calcium in the basal layer of epidermis (melanin cross-reactivity), but 
not in vascular walls or glands. 
 
Conclusions: PFBC patients show a consistent pattern of perivascular calcium deposits in skin 
capillaries, that is independent from genetic and clinical features, suggesting convergent pathways 
and a multisystem disease. Skin biopsy may represent a novel diagnostic and research tool and a 
potential biomarker for future chelating therapies. 
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Introduction: Gait impairments are extremely common in Parkinson’s disease (PD), even before most 
evident clinical manifestations [1]. These alterations follow the history of disease, so they can be 
studied as hypothetical phenotypical and prognostic/progression markers. 

Objectives: To evaluate spatiotemporal gait parameters in PD patients with and without mild or 
subjective cognitive impairment (MCI and SCI) in three different gait settings. 

Methods: One hundred PD patients were divided in three groups: 15 PD patients with self-referred cognitive 
impairment at the first item of MDS-UPDRS part I without objective cognitive decline (PD-SCI), 41 PD 
patients without subjective or objective cognitive impairment (PD-noCI), 44 PD patients with MCI (PD-MCI). 
They were evaluated with gait analysis acquired in three different conditions (normal gait, motor and cognitive 
dual-task). Spatiotemporal variables were extracted from the analysis. A univariate statistical analysis 
(parametric ANOVA test or non-parametric Kruskal-Wallis test, as appropriate) with post-hoc analysis was 
carried out in order to evaluate the significant differences among the groups. 

Results: The three groups were comparable except for age (greater in PD-MCI), levodopa equivalent 
daily dose (lower in PD-SCI), MDS-UPDRS total score and Part I and III scores (higher in PD-MCI). 
In normal gait task, the three groups showed several differences, all due to the comparison between 
PD-MCI and PD-noCI, as disclosed by post-hoc analysis. In dual task conditions, mostly in the 
cognitive dual-task, the three groups showed increased gait alterations that, at post-hoc analysis, 
mirrored the magnitude of cognitive dysfunction (PD-noCI<PD-SCI<PD-MCI).  

Conclusions: PD patients display progressive alterations of spatiotemporal parameters of gait in 
relationship with the cognitive status [2]. Even more importantly, our findings suggest that some 
prodromic gait alterations – especially the ones highlighted by cognitive dualtask – could eventually 
be considered possible markers to objectify symptoms-based construct, such as SCI, and to 
precociously intercept subjects at risk of future cognitive impairment. 
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Introduction: Several different factors can affect the global impression of improvement after deep 
brain stimulation (DBS) for Parkinson’s disease (PD) and evaluation of clinicians could differ from 
the patient awareness. [1, 2]  

Objective: To evaluate similarities and differences between clinician and PD patients point of view 
on global improvement at one year of DBS.  

Methods: Patients’ Global Impression of Change Scale (PGIC) [3] and Clinical Global Impressions 
Scale of Improvement (CGI) [4,5] were administered at 1 year following DBS surgery. We 
retrospectively collected and evaluated which parameters differ between groups with different 
degrees of impression of improvement (A: Very Much Improved, B: Much Improved, C: Minimally 
Improved-Unchanged-Worse)  

Results: Results from 57 patients were collected. No significant differences between groups were 
found in age, sex, years of disease, UPDRS III, UPDRS IV, LEDD, UPDRS III reduction, LEDD 
reduction, number of tablets and number of administrations per day. Significant differences at one 
year in reduction UPDRS IV and number of outpatient accesses for stimulation reglage were found 
between both PGIC groups and CGI groups. Furthermore, significant difference was detected for the 
presence of stimulus-induced complications between CGI groups, unlike PGIC groups.  

Conclusion: At one year reduction in UPDRS IV and the number of accesses in outpatient clinic for 
stimulation reglage appear to be key factors for the evaluation of the degree of improvement for both 
clinician and patients. On the other hand, the presence of stimulus-induced complications accounts 
only for the clinician point of view on improvement, whereas it does not affect self-assessment of the 
patient.  
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Introduction: Mutations in the PRKN gene cause Autosomal Recessive Juvenile Parkinsonism 
(ARJP) [1]. To date, there is no animal model able to recapitulate the disease features, its creation is 
fundamental to clarify the neurodegeneration mechanisms and to test neuroprotective strategies. 
 
Objectives: We created a knock-in mouse model carrying the p.Arg275Trp (R275W) mutation, i.e. 
the missense mutation with the highest allelic frequency in PRKN patients [2]. We analysed the 
anatomical and functional integrity of the nigrostriatal pathway of homozygous Prkn R275W mice as 
well as their motor phenotype over the entire lifespan. 
 
Methods: The number of dopamine (DA) neurons in the SNc of WT and PrknR275W mice was 
counted by unbiased stereology. DA content in striatum was determined by high-performance liquid 
chromatography. Dynamic DA release in ex vivo corticostriatal slices was examined by fast-scan 
cyclic voltammetry. 
 
Results: Young WT and Prkn R275W mice (1 month of age) had similar DA neuron counts, however, 
examination of SNc DA neurons from Prkn R275W mice revealed early pathophysiological changes 
including cytoplasmic vacuolization and alteration of burst firing. Adult Prkn R275W mice (6 and 12 
months of age) showed a ~25% decrease in DA neurons. Total tissue DA content and evoked DA in 
dorsal striatum were significantly lower in adult Prkn R275W mice as compared to WT mice. Adult 
Prkn R275W mice were significantly impaired in the balance beam and pole test. Old Prkn R275W 
mice (18 months of age) showed a 40% decrease in the number of DA neurons and performed 
significantly worse than WT mice in the rotarod and balance beam test. 
 
Conclusions: The Prkn R275W mouse recapitulates key features of ARJP. This study fills a critical 
need in the field by introducing a new murine PD model in which to study causative mechanisms of 
the disease, as well as test therapeutic strategies. 
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Introduction: Magnetic Resonance-guided Focused UltraSound (MRgFUS) thalamotomy is effective 
in alleviating tremor symptoms in Parkinson's disease (PD), with emerging evidence suggesting that 
treatment outcomes may be influenced by brain connectivity rather than the choice of target site alone. 
However, it remains unclear whether brain connectivity can predict clinical outcomes in 
tremordominant PD patients. 
 
Objectives: To characterize structural and functional connectivity associated with successful 
MRgFUS ablation of the Ventral intermediate thalamic nucleus (Vim) and assess its potential to 
predict treatment outcomes. 
 
Methods: Twelve tremor-dominant PD patients underwent unilateral MRgFUS thalamotomy. 
Treatment outcome was measured as the percentage change in motor score of the UPDRS-III one 
week post treatment. Different standard ablation features were tested for correlation with clinical 
outcome. We then combined our PD data set with normative human connectome data (diffusion 
tractography and resting state functional connectivity) to identify connectivity patterns associated 
with clinical improvement. Structural and functional connectivity profiles were then independently 
employed to predict clinical outcome in a leave-one-patient-out cross-validation (LOOCV) design. 
 
Results: No significant correlations were found between standard ablation features and clinical 
outcome. However, connectivity between the ablation site and a network of brain regions, including 
structural connectivity to pre-supplementary motor area, supplementary motor area, superior frontal 
gyrus, and cerebellum, correlated with clinical improvement. Similar patterns were observed in 
functional connectivity, with anticorrelation between the ablation area and primary somatosensory 
cortex and the most lateral part of primary motor cortex. LOOCV demonstrated that both structural 
(R2 = 0.53; R = 0.73; p = 0.002) and functional connectivity (R2 = 0.23; R = 0.48; p = 0.007) 
fingerprints predicted clinical improvement within the cohort. 
 
Conclusions: Both target structural and functional connectivity are independent predictors of clinical 
improvement in tremor-dominant PD patients undergoing MRgFUS thalamotomy. This pilot study 
suggests the future potential for patient-specific connectomics surgical targeting, while warranting 
further validation in independent cohorts. 
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Introduction: Neurofilament light chain protein (NfL) is a biomarker of neurodegeneration and high 
values may predict later development of mild cognitive impairment (MCI) or dementia even in 
subjects with baseline normal cognitive (NC) status. The combined role of glial fibrillary acidic 
protein (GFAP) and phosphorylated tau at residue 181 (pTau181) measures in Parkinson’s disease 
(PD) is not fully explored. 
 
Objectives: We measured serum NfL, GFAP and pTau181 in PD patients with and without cognitive 
deficits with the objective to detect those who may be at risk of worse cognitive ad motor progression. 
 
Methods: Serum NfL, GFAP and pTau181 were measured in 92 PD patients as well as in 20 age, 
education and sex-matched healthy controls (HC). A subgroup of PD patients (n=65) underwent a 
comprehensive neuropsychological assessment, 44 were classified as PD-NC and 21 as PD-MCI. 
NfL, GFAP and pTau181 concentrations were measured using the commercially available Simoa kits. 
Normality distribution assumption was tested with Shapiro-Wilk tests, the Spearman’s correlations 
and non-parametric ANOVA model (Kruskal-Wallis) were run for between group comparisons. 
 
Results: Each serum NfL, GFAP and pTau181 were more elevated in PD overall compared to HC. 
NfL levels positively correlated with PD disease duration (r2=0.29, p=0.011), while NfL and GFAP 
negatively correlated with MoCA (r2=–0.30, p=0.010 and r2=–0.27, p=0.026, respectively). Further 
analyses focused on PD-subgroups highlighted that NfL and GFAP levels were higher in PD-MCI 
compared to PD-NC (p=0.006 and p=0.034, respectively), while there was no difference in the 
pTau181. In addition, NfL concentration negatively correlated with the attentive domain (compound 
z score) (r 2=–0.38, pFDR=0.040), but not with other cognitive domains. 
 
Conclusions: Our findings support that neurodegeneration biomarkers are higher in PD vs. HC. 
Serum NfL and GFAP have a potential value for distinguishing PD patients with MCI, and higher 
NfL levels were associated with worse performance in the attentive domain. These results indicate 
these biomarkers may help detecting PD at greater risk of cognitive and motor deterioration. The role 
of pTau181 in PD and its relationship with cognition needs further elucidation. 
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Introduction: Several studies underlined dysbiosis of gut microbiota in Parkinson’s disease (PD) [1], 
remaining still unclear whether microbiota alterations represent a pathogenetic starting point or a 
consequence of disease [2]. 
 
Objectives: To investigate microbiota alterations as a potential biomarker of severity and progression 
in PD. 
 
Methods: Microbiota compositions was studied through 16rRNA amplicon sequencing and classified 
to taxonomic rank. To identify dysbiosis as a severity biomarker, we compared faecal samples 
collected from three groups, representing three different times in natural history of disease: healthy 
controls (HC), PD patients at time of diagnosis (de-novo PD), PD patients in advanced stages, defined 
by H&Y stage≥3 and/or LEED>900mg (advPD). A multivaristatistical analysis was performed to 
identify differential abundant taxa between three groups. To identify dysbiosis as a prognostic 
biomarker, we followed longitudinally 2 groups of de-novo PD: a group with dysbiosis and a group 
without dysbiosis at time of diagnosis. The two groups underwent motor, non-motor and cognitive 
assessment at baseline and follow-up of 2 years. 
 
Results: In the first study we enrolled 79 HC, 30 de-novo PD and 38 advPD. We found a progressive 
reduction in alfa and in beta-diversity and a progressive reduction in Lachnospiraceae, 
Bacteroidaceae, Prevotellaceae and Clostridiaceae families moving from HC to denovo PD and 
finally to advPD, with a reverse trend in Enterobacteriaceae and Lactobacillaceae families. In the 
second research line we enrolled 13 dysbiotic and 11 eubiotic de-novo PD. At two years follow-up, 
dysbiotics showed a more severe worsening of motor impairment, non-motor symptoms and in some 
cognitive domains compared to eubiotics. Moreover, dysbiotic patients needed more LEED respect 
to patients without dysbiosis. 
 
Conclusions: We showed how, moving from the early to advanced stages of PD, gut microbiota 
become gradually destructured, assuming a pathologic and pro-inflammatory arrangement, probably 
underlying a more severe phenotype of the disease. 
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Introduction: Idiopathic normal pressure hydrocephalus (iNPH) is typically characterized by gait 
disorder, cognitive impairment and urinary incontinence in the presence of a dilation of the ventricular 
system with normal intracranial pressure. iNPH can also present with parkinsonism but it is not clear 
if parkinsonian features are part of the clinical syndrome of iNPH or the result of a concomitant a-
synucleinopathy nor what be the exact role of the dopaminergic pathway in iNPH [1]. 
 
Objective: To explore the integrity of the nigrostriatal pathway using both DaTSPECT and nigrosome 
imaging in patients with iNPH. 
 
Methods: In this retrospective study, we included 20 iNPH and 20 early PD patients. iNPH 
participants had a diagnosis of probable iNPH with parkinsonism, all with available clinical 
(iNPHGS, MDS-UPDRS III and MMSE) and DaTSPECT data. Twelve iNPH patients had also 
performed 3T MRI with specific sequences to evaluate nigrosome [2]. In iNPH patients, the 
correlation between striatal DAT binding and clinical variables was assessed. The putamen/caudate 
ratio (P/C) and the asymmetry index (AI) were both compared between iNPH and PD patients to 
investigate potential differences in the striatal uptake pattern.  
 
Results: None of the 12 iNPH patients who performed 3T MRI showed alterations of substantia nigra. 
A reduced DAT uptake was observed in 45% ofiNPH patients but with a prevalent involvement of 
the caudate in contrast to the pattern seen typically in PD. Additionally, a correlation between DAT 
availability and severity of motor symptoms was found in iNPH subjects. 
 
Conclusions: These findings support the hypothesis that striatal dopaminergic dysfunction may 
contribute to parkinsonism in iNPH [3]. However, the nigrosome integrity in patients with abnormal 
dopaminergic imaging seems to support the non-neurodegenerative basis of parkinsonism in iNPH 
suggesting the contribute of a mechanical compression by the enlarged ventricles [4]. Hence, DAT 
deficit in iNPH should not reduce confidence of the iNPH diagnosis nor restrict access to shunt 
surgery. 
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Introduction: Previous works highlighted the relevance of automated language analysis for predicting 
clinical diagnosis in neurodegenerative diseases, such as Alzheimer’s dementia and frontotemporal 
dementia, but a deeper language-based data-driven investigation of the language profile of patients 
with Parkinson’s disease (PD) [1] has been generally neglected compared to the investigation of 
motor speech symptoms (i.e., dysphonia and dysarthria). 
 
Objective: To evaluate whether quantitative linguistic measures effectively identify patients with PD, 
we used a semi-automated multidimensional linguistic analysis innovatively combined with a 
machinelearning (ML) approach to characterize the narrative discourse of individuals with PD. 
 
Methods: We recruited N=39 patients with PD (age: 69.5 ± 7.2 years; H&Y: 3.2 ± 1.3; MDS-
UPDRSIII: 37.3 ± 21.4) and N=40 age-matched controls (age: 64.4 ± 10.5) at the Maugeri Institute 
IRCCS Bari, from whom we obtained speech samples based on the Summer Time picture description 
task. We processed all individual transcriptions with the computational language analysis software 
(CLAN) and a total of 42 linguistic features, belonging to different linguistic levels, were extracted. 
Univariate statistical analysis was performed, followed by an ML approach i.e., Support Vector 
Machine (SVM), dividing the dataset into 80% for training and 20% for testing. Furthermore, feature 
selection, hyperparameter tuning, and SHAP explainability analysis were performed. 
 
Results: The most significant differences were silent pauses, intransitive verbs ratio, utterances 
without verbs ratio, and hypokinetic dysarthria condition. The SVM model achieved good 
performances, accuracy (%) 87.5, sensibility (%) 75.0, specificity (%) 100, AUC (%) 87.5, Precision 
(%) 100, and F1-score (%) 87.5. The optimal ML predictors were hypokinetic dysarthria, 
intransitive/verb ratio, and silent pauses. 
 
Conclusions: These findings highlight the importance of considering language disturbances in PD 
and approaching them in automated and data-driven ways. 
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Background: Pain is a common non-motor symptom in patients affected by cervical dystonia (CD) 
which impacts severely their quality of life [1,2]. Its pathophysiology is incompletely understood yet 
involves motor and somatosensory components, such as altered processing of proprioceptive and pain 
signals [3,4]. Finding effective pain therapies, as alternatives or complementary treatments to 
botulinum toxin injections, is crucial for managing this complex disorder. 
 
Objectives: To determine if vibro-tactile stimulation (VTS) as a non-invasive form of 
neuromodulation targeting the somatosensory system can modulate pain processing in people with 
CD. 
 
Methods: In a multi-center study, 44 CD patients received VTS to sternocleidomastoid and/or 
trapezius muscles for up to 45 minutes under 9 stimulation conditions. The primary outcome measure 
was a perceived pain score (PPS) rated by participants on a 100-point analogue scale. 
 
Results: During VTS, 29/44 (66%) of these patients experienced a reduction in PPS of at least 10% 
with 17/44 (39%) reporting a reduction in pain of 50% or higher. After cessation of VTS, 57% of 
participants reported a 10% or higher reduction in PPS. Effects were significant at the group level 
and persisted for up to 20 minutes post-treatment. For each CD phenotype, no distinct optimal 
stimulation profiles were identified. Clinical markers of disease severity or duration did not predict 
the degree of VTS-induced pain reduction. 
 
Conclusions: This study demonstrates the potential of VTS as a new treatment option for neck pain 
associated with CD. Further research should delineate optimal dosage and long-term effects. 
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Introduction: Iron deposition using Quantitative Susceptibility Mapping (QSM) has been reported 
within cortical and subcortical areas in patients with Parkinson’s disease (PD) [1]. 
 
Objectives: To explore the association between 3TMRI-derived iron deposition content within 12 
bilateral subcortical nuclei and several motor, nonmotor and neuropsychological features in a cohort 
of 58 early drug-naïve PD patients. 
 
Methods: Disease severity was assessed by UPDRS-III and modified Hoehn&Yahr, nonmotor 
symptoms by the Nonmotor symptoms scale (NMSS), autonomic dysfunction by the Scale for 
Outcomes in Parkinson's disease for Autonomic symptoms (SCOPA-AUT), behavioral symptoms by 
Beck Depression Inventory (BDI-II), Parkinson Anxiety Scale (PAS) and Apathy Evaluation scale 
(AES). An extensive neuropsychological assessment was also acquired and a z-score for each 
cognitive domain was calculated. QSM values were extracted from 12 bilateral subcortical nuclei by 
applying the HybraPD atlas2. A partial correlation analysis was run between MRI and clinical data. 
 
Results: UPDRS-III scores positively correlated with higher iron deposition within bilateral dentate 
nuclei. AES scores positively correlated with higher iron deposition within the left externus globus 
pallidus and right red nucleus. Z-score executive positively correlated with higher iron deposition 
within left subthalamic nucleus and externus globus pallidus. Z-score attention positively correlated 
with higher iron deposition within bilateral putamina and right externus globus pallidus. PAS scores 
positively correlated with higher iron deposition within the left substantia nigra pars reticulata. BDI-
II scores positively correlated with higher iron deposition within the right substantia nigra pars 
compacta. SCOPA-AUT scores positively correlated with higher iron deposition within the right red 
nucleus and different thalamic subregions. 
 
Conclusions: The presence of specific clinical features is associated with increased iron deposition 
within different subcortical nuclei in PD patients, even in the early stages. These findings may be 
associated with a more severe clinical picture at baseline and may potentially lead to more rapid 
worsening over time. 
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Type-3 metabotropic glutamate (mGlu3) receptors exert pleiotropic functions in the CNS depending 
on their anatomical localization [1]. Presynaptic mGlu3 receptors inhibit glutamate release, whereas 
postsynaptic mGlu3 receptors boost mGlu5 receptors signaling [1,2]. In addition, activation of mGlu3 
receptors in astrocytes stimulates the production of GDNF and TGF-β and drives microglia towards 
an anti-inflammatory phenotype [3,4]. 
The aim of the study was to examine the association between polymorphic variants of GRM3 and 
GRM5 and Parkinson’s disease (PD) and motor and non-motor symptoms. The study sample included 
960 PD patients and 706 age/gendermatched healthy controls. The DNA was extracted from the blood 
samples and the WES analysis allowed a massive and simultaneous genotyping of all the samples 
under examination. 
The GRM3 gene haplotype was significantly associated with PD [OR 95% CI 3.34 (1.57-7.10); p-
value 0.0018]. The mutated variants are rs1527768 (G,A), rs187993 (G,T), rs274622 (T,C), rs724226 
(G,A), while rs13242038, rs1468412, rs2228595, rs2237562 and rs906415 are wild-type. The 
rs60954128 polymorphism of the GRM5 gene is associated with the development of PD [OR 95% 
CI 1.95 (1.16-3.29); p-value 0.0084]. Ad interim analysis suggests an association between the GRM3 
and GRM5 variants and PD phenotype.  
These findings suggest that mGlu3 and mGlu5 receptors might shape the balance between 
neurodegeneration and neuroprotection in PD and might be targeted by therapeutic intervention. 
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Introduction: Functional Motor Disorders (FMDs) represent an increasing challenge also in pediatric 
age [1,2]. 
 
Objectives: Our aim was to describe FMDs clinical manifestations in pediatrics, including non-motor 
symptoms and other functional neurological disorders (FND) and to report the frequency of isolated 
and combined FMDs and their relationship with demographic and clinical variables. 
 
Methods: For this cross-sectional study, data were extracted from the Italian Registry of Functional 
Motor Disorders and from the pediatric database of the Unit of Neuropsychiatry of Sapienza 
University of Rome, collecting 74 FMD pediatric (7-18 years) inpatients and outpatients, assessed by 
a complete neurological and psychiatric evaluation. 
 
Results: Out of 74 FMDs (68.9% females; mean age 13.8±2.31years) the most common phenotypes 
were weakness (55.4%, n=41) and gait disorders (55.4%, n=41) Among the hyperkinetic FMDs, 
functional tremor (33.8%; n=25) represented the highest expressed manifestations, then dystonia 
(14.9%, n=11); myoclonus/jerks (16.2%, n=12) and Tic (10.8%, n=8). An isolated pattern was 
reported in the 67.6% (n=50), related with a lower onset age (p 0.03) and spontaneous symptoms 
remissions (p.0.012). Combined pattern was significatively associated with weakness (p.< 0.001), 
functional tremor (p. 0.002), perceptual disorders (p.0.004), pain (p.0.011) and functional seizures (p. 
005). The 73% of FMDs had associated other FND. Moreover, pain was in the 74.4% (n=55) of which 
headache represented the 17.6% (n=13). Almost half of FMDs presented comorbid medical 
conditions, mostly represented by psychiatric diagnosis (32.4%, n=24). A history of childhood trauma 
(23%, n=17)) and family neurological disease (13.5%, n=10)) was highlighted. 
 



Conclusions: These data expanded the knowledge of FMDs clinical correlates in the pediatric age 
[3], mainly represented by an isolated pattern of functional gait disorders and weakness. Moreover, a 
need for a neuropsychiatric assessment was highlighted in pediatric FMDs patients, given the high 
frequency of non-motor symptoms and other FND, especially in patients with combined FMDs. 
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Objectives: Non-motor symptoms (NMS) and fluctuations (NMF) are very common in Parkinson’s 
disease (PD) occurring in ON and OFF state and affecting patients’ quality of life [1]. Aim of the 
study was to evaluate NMS occurring during ON pharmacological state. 
 
Methods: Patients with diagnosis of PD according to MDS criteria were consecutively enrolled at the 
Movement Disorders Center of the University of Catania. For this purpose, a new questionnaire was 
developed considering 17 items including the main symptoms experienced by PD patients in the ON 
state. PD patients were evaluated in ON state, 90’ after the first morning dose of dopaminergic therapy 
and were asked if the symptoms were present during the ON state. PD patients who experienced at 
least one symptom in ON were defined ON Non-Motor Fluctuators (ONMF). Additionally, clinical 
features, MDS-UPDRS, Hoehn and Yahr stage and levodopa-equivalent dose were collected. 
 
Results: One-hundred and thirty-seven PD patients with a mild to moderate disease stage were 
enrolled (79 man and 58 woman, age 69.4 ± 9.5 years (mean ± SD), disease duration 8.0 ± 4.6 years). 
Seventy-seven patients were ONMF (56.6%). ONMF were associated with female gender (OR 2.81, 
95%CI 1.37-5.77, p-value 0.005) and with motor fluctuations (OR 2.41, 95%CI 1.20-4.83, p-value 
0.013). PD patients with short disease duration (<7 years) showed the presence of “negative” NMS 
such as “sonnolenza/sleepiness”, “sensazione di testa vuota/light-headedness”, 
nausea/vomito/nausea/vomiting”. PD patients with longer disease duration experienced more 
“positive” NSM including “sentirsi pieno di energie/feel lot of energy” and “sensazione di benessere 
fisico/feel physical well-being”. 
 
Conclusions: In this study we demonstrated the presence of a different pattern of NMS occurring 
during ON response in PD patients. PD patients with short disease duration (<7 years) showed the 
presence of “negative” NMS whereas PD patients with longer disease duration experienced more 
“positive” NSM. This could help the physician in the therapy management of PD patients. 
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Introduction: Parkinson's disease is a neurodegenerative disorder characterized by motor and 
cognitive dysfunctions. The search for new therapeutic strategies aimed at improving the quality of 
life for patients is crucial. In this context, virtual reality (VR) emerges as a powerful tool for cognitive 
stimulation, providing an interactive and engaging environment [1]. 
 
Objectives: The study aims to assess the effectiveness of cognitive stimulation through virtual reality 
in improving cognitive functions [2] in patients with Parkinson's disease experiencing mild cognitive 
impairment (MCI). The primary objective is to investigate the impact of VR on memory, attention, 
visuospatial abilities, and executive functions. 
 
Methods: A sample of Parkinson's patients underwent a cognitive stimulation program use VR 
applications [3]. The sessions were customized according to each patient's cognitive needs, utilizing 
the 
Oculus Quest 2 hardware from Meta and Idego's Cerebrum applications. Standardized 
neuropsychological tests were employed to assess cognitive performance before and after the 
intervention period (T0 and T1 at 6 months). 
 
Results: The collected data suggest a significant improvement in the cognitive abilities of patients 
who participated in the cognitive stimulation program with VR. Considerable improvements were 
observed in memory, attention, and visuospatial abilities. Interestingly, the VR group exhibited better 
performance compared to the group undergoing traditional stimulation using pen and paper. 
 
Conclusions: Cognitive stimulation through virtual reality presents itself as an innovative and 
promising therapeutic procedure for individuals with Parkinson's disease [4]. The encouraging results 
of our study propose that regular use of virtual reality could contribute to slowing down the cognitive 
deterioration associated with the disease, with superior outcomes compared to traditional stimulation 
methods. Further research is needed to confirm and expand upon these findings. 
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Background and purpose: Post-stroke movement disorders (PMDs) following ischemic lesions of the 
basal ganglia (BG) are a known entity, but data regarding incidence are missing [1-4]. Ischemic 
strokes secondary to proximal middle cerebral artery (MCA) occlusion treated with thrombectomy 
represent a model of selective damage of the BG [5-8]. Aim of this study was to assess prevalence 
and features of movement disorders after selective BG ischemia in patients with successfully 
reperfused acute ischemic stroke. 
 
Methods: We enrolled 64 consecutive subjects with acute ischemic stroke of the basal ganglia due to 
proximal MCA occlusion treated with thrombectomy. Patients were clinically evaluated by a 
movement disorders specialist for PMDs onset at baseline, after 6 and 12 months. 
 
Results: None of the subjects showed an identifiable movement disorder in the subacute phase of the 
stroke. At 6- and 12-months respectively 28% and 53.8% of patients developed PMDs. The clinical 
spectrum of PMDs encompassed parkinsonism, dystonia and chorea, either isolated or combined. In 
most patients, symptoms were contralateral to the lesion, although a subset of patients presented with 
bilateral involvement and prominent axial signs. 
 
Conclusion: PMDs are not uncommon in a long-term follow-up of successfully reperfused acute 
ischemic strokes. A prosecution of follow-up in a multidisciplinary team is strongly advisable in 
patients with selective lesions of the BG after AIS, even if asymptomatic at discharge. 
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Introduction: Parkinson’s disease (PD) is a multifactorial disease [1]. Previous studies identified 
several modifiable risk and protective factors for developing PD [2]. Among possible modifiable 
factors, dietary components may play a relevant role but the relationship between PD risk and diet 
factors/patterns is still poorly understood. 

Objective: To investigate the potential influence of dietary components and patterns on PD 
development in a large sample of patients. 

Methods: 694 PD patients who attended six Italian Movement Disorders Centers and 612 healthy 
controls were enrolled. PD diagnosis was established by experienced neurologists using standard 
criteria. Healthy controls were frequency-matched to cases by 5-year age stratum, sex, and referral 
center. Dietary factors were explored using a validated 77-item food-frequency questionnaire [3]. The 
questionnaire was personally administered by a medical interviewer in each center. 

Results: The multivariate logistic regression models showed that eight dietary factors had an 
independent positive association with PD. These included pizza, prosciutto, artichoke, cruciferae, 
biscuits, chocolate snacks, sugar and soft drinks. Five factors were inversely associated with PD 
development and included whole wheat bread, raw carrots, citrus fruits, coffee and beer. The factor 
analysis identified two diet patterns. The first one (“Western pattern”) included meat, sweets, pasta, 
pizza and potatoes and was positively associated with PD risk. The second one (“Prudent pattern”) 
included vegetables and fruits and there was a trend for an inverse association with PD risk. 
 
Conclusions: Our data demonstrated a relationship between PD risk and dietary components and 
patterns. This relationship may depend on the ability of different foods to influence the “gut-brain 
axis” that is thought to play a pivotal role in PD pathogenesis. Future strategies aimed at preventing 
PD development should take into account diet components among the modifiable risk/protective 
factors of PD. 
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Introduction: Neurogenic orthostatic hypotension (nOH) is a non-motor feature of Parkinson’s 
disease (PD), associated with severe complications and shorter survival [1,2]. Recently, the presence 
of at least 2 hypotensive episodes (SBP drop ≥ 15 mmHg compared to the average 24-h SBP) at 24-
h ambulatory BP monitoring (ABPM) has showed high accuracy in detecting nOH [3].  

Objectives: To evaluate the prognostic role of ABPM-hypotensive episodes in predicting disability 
milestones and mortality, and to compare it to the prognostic role of bedside nOH.  

Methods: PD patients who underwent ABPM from Jan 2012 to Dec 2014 were retrospectively 
enrolled and evaluated for main clinical features at baseline, and for the development of disability 
milestones (falls, fractures, dementia, bed/wheelchair confinement, hospitalization) and mortality 
during an up-to-10-year follow-up. Kaplan-Meyer analysis and Cox regression analysis (corrected 
for age, PD duration, Charlson Comorbidity Index, and H&Y stage at baseline) evaluated the 
association between ABPM-hypotensive episodes or bedside nOH and disability 
milestones/mortality.  

Results: We included 99 PD patients; the mean follow-up was 5.9±2.7 years (range 1-10). At baseline, 
38.4% of patients had ≥2 ABPM-hypotensive episodes. In patients with ABPM-hypotensive 
episodes, Kaplan-Meier analysis showed earlier onset of all complications and shorter survival (8.0 
vs. 9.5 years; p=0.009); while bedside nOH was only associated with earlier development of 
dementia. Adjusted Cox-Regression analysis showed significant association between ABPM-
hypotensive episodes and falls (OR:3.626; p<0.001), hospitalizations (OR:2.016; p=0.038), and 
dementia (OR:2.926; p=0.008), while bedside nOH was associated only with dementia (OR:2.100; 
p=0.025) 

Conclusion: Although prospective confirmatory studies are needed, our observations support the 
usefulness of ABPM in clinical practice, as hypotensive episodes have a stronger prognostic value 
than simple bedside evaluation in predicting the development of falls, dementia and hospitalization. 
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Introduction: Fatigue is a prevalent and disabling non-motor symptom (NMS) in Parkinson’s disease 
(PD) [1], impacting both patients’ and caregivers’ well-being [2].  
  
Objective: The aim of this study was to explore the role of PD-related fatigue as a determinant of 
caregiver burden.   
  
Methods: Participants included PD patients and their primary caregivers recruited from the outpatient 
clinic at the Centre for Neurodegenerative Diseases and the Aging Brain in Tricase. Level of fatigue 
experienced by PD patients was measured using the Fatigue Severity Scale (FSS-9) [3], while 
caregivers completed the Caregiver Burden Inventory (CBI) [4]. Univariate and multivariate linear 
regression models were employed to examine the potential predictive role of patient-related fatigue 
on caregiver burden. Factors such as age, sex, disease duration, motor and non-motor symptom 
burden, anxiety, depression, and cognitive performance were taken into consideration in the analysis. 
  
Results: The study enrolled a total of 61 patients, the majority of whom were male (70.5 %) with a 
mean age of 67.84±10.33 years. In univariate linear regression model, disease duration (p<0.001), 
NMS burden (p<0.001), anxiety and depression scores (p<0.001), cognitive performance (p=0.008), 
and FSS score (p<0.001) emerged as notable predictors of CBI scores. These variables were 
subsequently included in a multivariate linear regression model, revealing that only FSS score (p< 
0.001) and disease duration (p=0.003) retained their significance as predictors of caregiver burden.  
  
Conclusion: Our investigation revealed that disease duration, NMS burden, anxiety and depression 
scores, cognitive performance and fatigue emerged as clinical contributors of caregiver burden [5]. 
However, only disease duration and fatigue were found to be independent predictors of caregiver 
burden. Noteworthy is fatigue's distinct impact, asserting itself as a pivotal determinant.  
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Introduction: Progressive Supranuclear Palsy (PSP) is a rapidly progressive atypical parkinsonism 
clinically characterized by ocular and motor symptoms as well as cognitive impairment [1]. The 
Montreal Cognitive Assessment (MoCA) is a valid tool in detecting cognitive impairment in a variety 
of neurodegenerative diseases. 
 
Objectives: We sought to determine the discriminatory power of the MoCA items and sub-domains 
for screening cognitive functions in PSP compared to an age-and education-matched cohort of healthy 
controls (HC). 
 
Methods: Three hundred and two PSP patients diagnosed according to the Movement Disorder 
Society (MDS) Criteria and 152 healthy controls underwent MoCA. Data were collected from several 
centres throughout Italy within the PSP-NET supported by Fondazione LIMPE. To identify cut-off 
values for the MOCA (total and sub-domains), Classification and Regression Trees (CART) analysis 
was performed. The diagnostic accuracy of each score was assessed using the area under the Receiver 
Operating Characteristic curve (AUC), accuracy, precision, and recall estimates. 
 
Results: As for MOCA items, the item measuring the ability to draw a clock is the first and most 
discriminating item (precision: 0.78; precision: 0.87; AUC: 0.78), followed by the fluency item 
(accuracy: 0.78; precision: 0.83; AUC: 0.75). As such, having a score less than 3 on the clock item 
together with a score less than 1 on the fluency task determine a 42% of chances to be allocated to 
the PSP group. As for MOCA sub-domains, we found that the visuospatial one is the first and the 
most discriminating compared to the others (accuracy: 0.76; precision: 0.80; AUC: 0.81). As such a 
score lower than 3 has 48% of chances of discriminating between PSP and HC. 
 
Conclusions: Specific MoCA items and subdomains are sensitive in detecting PSP cognitive 
impairment. In particular, clock draw, fluency and orientation items and visuospatial abilities sub-
domain have the highest discriminatory power compared to an age- and educationmatched cohort of 
HC. 
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Introduction: Telephone-based cognitive screening (TBCS) procedures have the potential to improve 
clinical practice and research on brain disorders by bridging geographical, logistical, socio-
demographic and economic barriers [1]. Their use appears to be particularly relevant for patients with 
motor disabilities – such as Parkinson’s disease (PD) [1]. 
 
Objectives: To provide preliminary evidence for the clinical applicability of Italian TBCS tests in PD 
patients. 
 
Methods: N = 21 PD patients (12 men; age: 66.2±8.7 years; education: 13.1±4.3; disease duration: 
126.3±71.4 months) who had the Montreal Cognitive Assessment (MoCA) in the last 6 months were 
included. Patients were tested with a TBCS battery that included the Telephone Cognitive Status 
Interview (TICS) [2], the telephone-based frontal assessment battery (t-FAB) [3], and the telephone 
verbal fluency battery (t-VFB) – including phonemic, semantic and alternate fluency tests (t-PVF/-
SVF/-AVF) [4]. Eleven patients had previously undergone deep brain stimulation (DBS) (average 
time since surgery: 15.9±7.4 months). The convergent validity and diagnostic accuracy of the TBCS 
measurements were tested using the MoCA. 
 
Results: DBS and non-DBS patients were comparable on demographic and cognitive measures (p 
≥0.067). The results showed that the MoCA converged with TICS (rs=.72; p <0.001), t-FAB (rs=0.59; 
p =0.009), t-PVF (rs=0.56; p =0.015), t-AVF (rs=0.64; p =0.004) and t-CSI (rs=0.51; p =0.032) 
scores, but not with the t-SVF (p =0.280). When detecting patients with deficient [5] or borderline 
[5] MoCA scores (19%), all TBCS measurements showed optimal performance (AUC=0.77-0.97), 
except for t-PVF (AUC=0.65) and the -SVF (AUC=0.63).  
 
Conclusions: This study provides promising, although preliminary, evidence for the clinimetric 
reliability of Italian TBCS tests for screening cognitive dysfunction in PD patients and therefore 
warrants further research on this topic. 
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Introduction: Dysphagia refers to swallowing disorders that are frequent and fatal symptoms in 
people with Parkinson’s Disease (PD) [1]. Cognitive changes can manifest at all stages of PD and 
can play a crucial role in swallowing. Specifically, attention and executive dysfunction can be 
involved in involuntary and voluntary swallowing actions. However, there is a gap in knowledge on 
the contribution of cognitive impairment to swallowing dysfunction. 
 
Objective: We investigated the relationship between attentive/executive functions and dysphagia in 
people with PD. 
 
Methods: We recruited n=21 patients with PD (age 69.38± 6.58 years, H&Y 3.79±1.07; MDS-
UPDRS-III 43.95±24.18) at the Maugeri Institute IRCCS of Bari. We administered a 
neuropsychological assessment to all patients together with a fiberoptic endoscopic evaluation of 
swallowing. Moreover, the Penetration Aspiration Scale (PAS); the Yale Pharyngeal Residue 
Severity Rating Scale (YPRSR), and the Functional Oral Intake Scale (FOIS) were used to evaluate 
swallowing function. Spearman’s correlation and linear regression analysis were performed. 
 
Results: The most significant correlations were found between Stroop Time, Raven’s Progressive 
Matrices, Digit Backward, Semantic Fluency, and FOIS, PAS, and YPRSR. Linear regression showed 
an association between FOIS and Semantic Fluency (beta= 0.10 CI 95% 0.05 to 0.14) and Stroop 
Time (beta= -0.02, CI 95% -0.03 to -0.002). The Digit Backward (beta= -2.14, CI 95% -3.43 to -0.86) 
was significantly associated with the PAS. Raven was significantly associated with the YPRSRS 
(beta= -0.12, CI 95% -0.22 to -0.01). These associations were not influenced by disease duration. 
 
Conclusions: Attention and executive functions are associated with the ability to coordinate, plan, 
and organize movements required for chewing, lingual motion, laryngeal elevation, and pharyngeal 
contraction. 
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Introduction: Cognitive functions can be affected in Parkinson's Disease (PD) early in the disease, 
specifically attention and executive functions. Traditionally, paper and pencil paper exercises have 
been used to address cognitive impairment. Recently, digital technologies have opened new 
opportunities to ameliorate cognitive dysfunctions [1], allowing new computerized training tools to 
be developed and paper and pencil tools to be translated into new computerized devices. 
  
Objective: To evaluate the effectiveness of a new computerized home-based cognitive training 
delivered on Neurotablet in patients with PD. 
 
Methods: We enrolled n=13 patients with PD (age 66±8 years; education 13±4.98 years) in a pre-post 
design pilot study, recruited at the Maugeri Institute IRCCS of Bari. Beyond PD diagnosis, the 
Montreal Cognitive Assessment (MoCA) score ≥15 was imposed as inclusionary criteria. Based on 
the neuropsychological profile that each patient presented, we developed a tailored intervention 
targeting attention, memory, executive functions, perception, and language, providing all patients 
with a tablet containing an innovative app (Neurotablet). Patients performed a 5-week training using 
Neurotablet at home, for 5 days of the week, each of 45 minutes. At baseline and post-training, we 
administered a full neuropsychological assessment as the outcome measure. Normalization with min-
max scaling and the Shapiro-Wilk test were performed to verify the normality of distribution. 
Comparison pre-post measures were calculated by paired samples t-test. 
 
Results: We found significant differences pre-post test in the following cognitive measures: Word 
Learning (t=-2.69; p<.05), Semantic Fluency (t=-3.575; p<.05), Figure Recall (t=-3.525; p<.05). 
 
Conclusions: This study documents the positive effects of table-based cognitive training at home 
using Neurotablet for a group of patients with PD, demonstrating the usefulness of restitutive and 
compensatory interventions in facing neurodegeneration. 
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Introduction: Cognitive decline in patients with Mild Cognitive Impairment (MCI) not only affects 
the patient's daily life but also significantly impacts the family members who care for them [1]. 
Caregivers of individuals with MCI often experience symptoms of anxiety, depression, and face 
caregiver burden. This study aims to assess the effects of psychological and psychoeducational 
support interventions aimed at alleviating these symptoms and improving the well-being of 
caregivers. 
 
Objectives: Aim of the present work is to present the results of a psychological and psycho-
educational intervention program on a population of Mild Cognitive Impairment (MCI) caregivers. 
In particular, our aim was to evaluate changes in stress levels, anxiety, depression, and the perception 
of caregiver burden before and after the support intervention. 
 
Methods: For this purpose, we selected 20 caregivers of MCI patients from the AOU Maggiore della 
Carità di Novara. Caregivers were assessed using the Caregiver Burden Inventory (CBI), Zarit Burden 
Interview (ZBI) questionnaire, and Zung's self-rating anxiety and depression scales, both at the 
beginning and upon completion of the cognitive stimulation program for their relatives with MCI. 
Psychological and psychoeducational support interventions were conducted taking inspiration from 
Strategies for Relatives (START) [3] and The Savvy Caregiver programs [2]. 
 
Results: Following participation in the support interventions, all caregivers showed clinically 
significant improvements in the questionnaire scores, indicating a significant reduction in perceived 
caregiver burden and levels of anxiety and depression. Particularly, notable improvements were 
observed in the emotional aspects assessed by the self-rating scales. 
 
Conclusions: Psychological and psychoeducational support interventions have demonstrated a 
positive impact on caregivers of individuals with MCI, reducing perceived caregiver burden and 
enhancing emotional well-being. These findings underscore the importance of integrating such 
interventions in caregiver support, aiming to improve their quality of life and the support provided to 
their loved ones affected by MCI. 
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Introduction: Cognitive impairment is one of the most important non-motor features of Parkinson’s 
disease (PD) and negatively affects patient quality of life and caregiver burden. Cognitive symptoms 
can occur in both the early and advanced stages of the disease and mainly concern attention, memory 
and executive function. Mild cognitive impairment concerns approximately 25% of PD patients and 
it increases the risk of developing dementia (PDD) whose prevalence is between 30% and 40% [1,3]. 
Lately, several non-pharmacological methods have been developed: cognitive therapies, physical 
exercise, non-invasive brain stimulation and invasive brain stimulation. Recent studies have shown 
that multidomain computer-based cognitive training can bring benefits in the domains primarily 
impaired in PD [2]. 
 
Objectives: This work aims to investigate the effect of computerized software on neuropsychological 
performance in a PD patient. 
 
Methods: This study employed an ABA single-case design in which the participant was evaluated at 
the beginning (T0) and the end of training (T1). He was treated by RehaCom for eight weeks, two 
60- minute sessions per week. 
 
Results: The results shown that RehaCom treatment leads to improvements in several cognitive 
domains such as attention, memory and fluency. 
 
Conclusions: RehaCom appears to be a promising tool to improve cognitive performance for 
individuals with PD. Furthermore, given the presence of specially designated keyboards, it is 
particularly suitable for PD patients characterized by motor difficulties. Further studies could delve 
deeper into the topic but our data provide preliminary evidence for the use of this specific computer-
based cognitive training. 
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Introduction: Parkinson’s disease (PD) is a progressive neurodegenerative disorder characterized by 
motor and non-motor symptoms [4]. Among the latter, cognitive disorders can be present from the 
early stages, often becoming prominent as the disease progresses [4]. Approximately 25% of new 
diagnosed PD patients may present alterations in one or more cognitive domains. Consequently, the 
early assessment of cognitive functioning with the use of a screening tool that considers the entire 
spectrum of cognitive functions appears to be a priority [1,2,3,4]. In this respect, the Parkinson’s 
Disease – Cognitive Rating Scale (PD-CRS) was developed [5,6]. Yet, the Covid-19 pandemic has 
made it necessary to design and implement new methods to conduct neuropsychological assessments 
due to difficulties in seeing patients in presence. 
 
Objective: The aim of the study was to evaluate the feasibility of an electronic online version of the 
PD-CRS. 
 
Methods: Eighty PD patients were recruited during routine neurological outpatient consultation at 
Poliambulanza Foundation (Brescia, Italy). The electronic version of the PD-CRS was administered 
to patients staying at their home using a call with Google Meet platform. At the end of the call the 
examiner and the patient reported on a Visuo-Analogue Scale (scoring 0-10) the perceived subjective 
difficulty in completing the neuropsychological battery. 
 
Results: In general, both patients and examiner did not encounter significant difficulties during the 
online screening (mean = 1.75, standard deviation = 3.75) with no statistically significant differences 
in the perception of the difficulties between patients and examiner (p = 0.890). 
 
Conclusion: The telematic version of the PD-CRS seems to be feasible and well tolerated by patients. 
The use of a telematic screening tool could facilitate the evaluation of many more patients, also 
reaching those with severe motor disability or living far from the reference centers. 
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A commonly used test to assess visuo-constructional skills is the copy of Rey-Osterreith Complex 
figure (RCF). However, its scoring is solely based on the accuracy of the graphical output not 
allowing for a quantitative assessment of other abilities involved as motor and procedural skills. This 
represents a limitation in the assessment of patients, especially those affected by Parkinson’s Disease 
(PD). This because they do not show a deficit limited to accuracy, but show visuomotor delay and an 
altered copy procedure. To overcome this limitation, a tablet method for scoring RCF (TRCF) was 
developed. It allows to extract quantitative indexes about a spatial (SPA), a procedural (PRO), and a 
kinematic (KIN) performance in RCF copy and recall. In the present study we administered the TRFC 
to PD patients, a group of control patients (with right acquired lesion), or to healthy controls (HC). 
We aimed at investigating the ability of the TRFC to discriminate the three indexes in the three 
groups. Results reveal that the KIN index is the most impaired in PD patients, while the SPA index 
is the most impaired in the control patients. No differences between the indexes are observed in the 
HCs. In addition, both KIN and SPA indexes are able to discriminate between PD patients and HCs 
and between PD and control patients. These results confirm the usefulness of TRFC in PD patients: 
it allows not only to describe their performance in greater detail, but also to discriminate PD patients 
from other categories of patients. 
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Introduction: Cerebrospinal fluid (CSF) biomarkers for a biological diagnosis of Parkinson’s Disease 
(PD) are still lacking a wide clinical application. CSF biomarkers of amyloidopathy (Aβ42 and 
Aβ42/40), tauopathy (p-tau) and neurodegeneration (t-tau) have been widely used in the last decades 
as a measure of Alzheimer's disease (AD) pathology in vivo and as a predictor of cognitive 
impairment in AD. These biomarkers have been proven to predict cognitive decline in PD as well. 
 
Objective: To assess the correlations between CSF biomarkers of AD pathology and cognitive/motor 
impairment in a cohort of PD patients. 
 
Methods: We consecutively recruited 89 subjects who had a clinical diagnosis of PD. A lumbar 
puncture was performed and AD CSF biomarkers were quantified. At the time of lumbar puncture, a 
complete neuropsychological battery and UPDRS-III motor scale were used to assess cognitive and 
motor domains respectively. Follow-up of at least 9 months was available for every patient. 
Correlations between CSF biomarkers, neuropsychological tests and UPDRS-III at the time of lumbar 
puncture and at last follow-up were carried out. 
 
Results: Our results revealed a statistically significant correlation between biomarkers of 
amyloidopathy (Aβ42 and Aβ42/40) and poorer performances in MMSE, RAVLT delayed recall, 
Spatial Span, Raven matrices, MFTC, semantic verbal fluency, ROCF delayed recall. Interestingly, 
t-tau and p-tau levels were found to predict the % change between the UPDRS-III score at the baseline 
and follow-up, also when corrected with follow-up duration, LEDD and baseline UPDRS score. 
 
Discussion & Conclusion: Amyloidopathy is a frequent PD copathology. This study highlighted the 
role of CSF biomarkers of amyloidopathy as a tool to predict worse performances in some common 
neuropsychological tests. Furthermore, tau species showed potential in identifying PD patients at risk 
of accelerated motor decline over time, suggesting a possible synergistic role of tau with alpha-
synuclein in the clinical progression of Parkinson’s disease. 
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Introduction: Subjective cognitive complaints (SCCs) in Parkinson’s disease (PD) are reported 
frequently [1], but their prevalence and association with changes on objective testing are not fully 
known [2]. 
 
Objectives: We conducted a systematic review and meta-analysis to determine the prevalence, clinical 
correlates, and predictive value of SCCs in PD. 
 
Methods: A systematic review of research-based literature catalogued in PubMed, Scopus, Web of 
Science, and PsycINFO (ProQuest) was restricted to peer-reviewed articles in English, supplemented 
by hand searches of reference lists of all included papers. 
 
Results: From 204 abstracts, we selected 31 studies (n=3441 patients). The meta-analysis showed a 
SCCs prevalence of 36%. This prevalence, however, was significantly moderated by study 
heterogeneity regarding female sex, disease severity, levodopa equivalent daily dosage, exclusion 
from the overall sample of patients with objective cognitive impairment, and measurement 
instrument. SCCs prevalence did not differ between de novo and treated PD patients. SCCs were 
weakly and negligibly associated with cognitive changes on objective testing in cross-sectional 
studies. However, in cognitively normal patients, SCCs had a risk ratio of 2.71 for later cognitive 
decline over a mean follow-up of 3.16 years. Moreover, SCCs were moderately related to co-
occurring symptoms of depression, anxiety, or apathy and were more strongly related to these 
neuropsychiatric symptoms than objective cognitive functioning. 
 
Conclusions: Our analyses suggest that SCCs in patients with and without objective cognitive 
impairment are frequent, occurring in more than one-third of PD patients. Establishing uniform 
measurement instruments for identifying PD-related SCCs is critical to understand their implications. 
Even in cases lacking evidence of objective cognitive impairment and where SCCs might reflect 
underlying neuropsychiatric symptoms, the possibility of later cognitive deterioration should not be 
excluded. As such, SCCs in PD patients warrant close monitoring for opportunities for targeted and 
effective interventions. 
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Introduction: Progressive Supranuclear Palsy (PSP) is an atypical parkinsonism characterized by 
motor and cognitive impairment, which often presents speech and language disorders. The prevalence 
and linguistic profile of these disorders are currently under investigation. The application of Natural 
Language Processing (NLP) techniques to neurodegenerative disorders shows promise in exploring 
language disorders and enhancing diagnostic accuracy [1]. 
 
Objectives: The aim of our investigation is to assess the effectiveness of NLP techniques in 
delineating a specific linguistic profile in individuals with PSP. 
 
Methods: 30 PSP, 17 Parkinson’s Disease patients, and 17 healthy controls were recruited. They were 
asked to describe the Screening for Aphasia in NeuroDegeneration [2] picture and their descriptions 
were recorded and transcribed verbatim. State-of-the-art NLP methods were employed to extract a 
comprehensive linguistic profile, encompassing a diverse range of features, including shallow text 
features (e.g. average length of words and sentences), vocabulary type and richness, lexical density 
(calculated as the ratio between content and functional morpho-syntactic categories), as well as the 
occurrence of different syntactic constructions along with their internal complexity [3]. Many of these 
features have been informed by literature on linguistic complexity, language acquisition and 
neurolinguistics, and have been successfully applied in a wide range of scenarios [4,5], including the 
prediction of behavioral and cognitive impairments based on the detection of relevant linguistic 
markers from clinical tests [6,7,8]. Additionally, we employed various methodologies, such as word 
embeddings, topic modeling, and information extraction to automatically compute discourse-related 
properties, encompassing both global and local aspects of text coherence [9]. 
 
Results/Conclusions: Although the study is still in progress, the preliminary qualitative results are 
encouraging, suggesting the potential of NLP techniques in the identification of peculiar linguistic 
features in PSP patients and the possibility of using them to aid the diagnostic process. 
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Introduction: Among the wide spectrum of non-motor symptoms, Cognitive Impairment (CI) is a 
major feature of PD, and its diagnosis is often complex, as no reliable diagnostic biomarkers have 
been described yet [1]. Mild cognitive dysfunction may present since the early stages [2], while 
dementia will occur in over 80% of patients after 20 years of disease, severely affecting the quality 
of life [3]. Detection of early predictors of CI could help to stratify patients and set appropriate early 
interventions. 
 
Objectives: We aimed to extensively characterize an early nondemented PD (NDPD) cohort to be 
studied prospectively, in order to identify potential predictors of CI in PD. Here we report baseline 
clinical, biological and instrumental assessments. 
 
Methods: Patients referring to Neurology Department of Humanitas Research Hospital (Rozzano, 
Milano) were consecutively screened for inclusion. Study protocol was based on a multidimensional 
approach, including clinical, biological, and imaging variables. Patients underwent a baseline 
evaluation including motor and non-motor scales (MDS-UPDPRS I-IV, NMSS, SCOPA-AUT), 
neuropsychological assessment, autonomic testing, cardiac scintigraphy with 123I-MIBG, brain PET 
with 18F-FDG and genetic testing. 
 
Results: 58 NDPD patients were enrolled. Average disease duration was 4,2±2,7 years. H&Y average 
score was 1,87±0,6. Neuropsychological assessment revealed an average MoCA score of 26,8±2,3. 
18FDG-PET scans showed a DLB-like pattern in 55% of cases. SCOPA-AUT median value was 4 
(range 0-22). 123I-MIBG imaging demonstrated 64% of patients showing pathological findings both 
in the early and delayed ratio. Genetic testing revealed the presence of genetic variants in 15% of 
patients, including 6 GBA, 1 SNCA, 1 PRKN, 1 LRRK2 and 1 PINK1 variants. 
 
Conclusions: A multidimensional characterization of an early NDPD cohort represents the baseline 
assessment for a longitudinal observation, in order to detect early biomarkers of phenoconversion and 
define predictive models to be applied in clinical practice. 
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Introduction: Tremor disorders remain as clinical diagnoses and the rate of misdiagnosis between the 
commonest non-parkinsonian tremors is relatively high. 
 
Objectives: To compare the clinical features of Essential Tremor (ET), ET plus soft dystonic signs 
(ET+DS), and tremor combined with dystonia (TwD). 
 
Methods: We compared the clinical features of patients with ET, ET+DS, and TwD enrolled The 
ITAlian tremor Network (TITAN). Linear regression models were performed to determine factors 
associated with health status and quality of life. 
 
Results: Three-hundred-eighty-three patients were included. Sex distribution was significantly 
different between the groups with males being more represented in ET (≈55%) and females in TwD 



(≈ 60%). The initial site of tremor was different between the groups with about 40% of TwD having 
head tremor and ET+DS unilateral upper limb tremor at onset. This pattern mirrored the distribution 
of overt dystonia and soft dystonic signs at examination. Sensory trick, task-specificity, and 
positiondependence were more common, but not exclusive, to TwD. ET patients showed the lowest 
degree of alcohol responsiveness and ET+DS the highest (median: 3/10 vs 5.5/10, respectively). 
Midline tremor was more commonly encountered and more severe in TwD than in the other groups. 
Regression analyses demonstrated that tremor severity, sex, age, and to a lesser degree the variable 
“group” independently predicted health status and quality of life (F=10.85; p<0.001), suggesting the 
existence of other determinants beyond tremor. 
 
Conclusions: Although there are some demographic and clinical differences that might aid the 
differential diagnosis. ET and TwD manifest with a phenotypic overlap that calls for the identification 
of diagnostic biomarkers. Soft signs in ET+DS colocalized with tremor as it was observed in TwD, 
suggesting they might represent dystonic features. However, ET+DS shared features with both 
syndromes, suggesting intra-group heterogeneity. 
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Introduction: Progressive supranuclear palsy (PSP) is a neurodegenerative disease clinically 
characterized by symmetric parkinsonism associated with earlier postural instability and falls 
compared to Parkinson’s disease (PD). 
 
Objectives: To evaluate differences in postural and turning performances between patients with PSP 
and PD (fallers and no fallers) using Mobile Health Technology (MHT). 
 
Methods: 250 subjects entered the study, namely 27 participants with PSP, 44 with PD who have 
experienced at least 1 fall in the last year, 63 with PD who have not experienced any fall in the last 
year, and 116 healthy subjects performed static sway and turning tests. Static balance was evaluated 
with instrumented (lower back accelerometer, Rehagait®, Hasomed, Germany) 30-s trials in side by 
side, semitandem and tandem positions. Turning was evaluated with instrumented Timed Up and Go 
test. Data were analysed to determine what balance and turning parameters discriminate PSP from 
PD and HC and to detect the correlation of these technological measures with clinical assessment. 
 
Results: Compared to HC and PD, PSP and PD fallers showed similar static parameters in different 
conditions, whereas PSP exhibited lower volume of perturbation compared to PD with falls. Turning 
parameters significantly differed between HC, PD without falls and PD fallers as well as PSP, with 
no differences between the latest groups. 
 
Conclusions: PSP patients exhibit a similar postural instability pattern compared to PD with falls but 
lower perturbation volume. Different pathophysiology and compensations mechanism are thus 
probably related to postural instability in these patients. Turning parameters instead seem to be more 
sensitive in the detection of fallers and further studies are needed to determine if they could be used 
as markers of risk of falls or early markers of disease progression. 
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Introduction: Functional gait disorders (FGDs) are disabling symptoms of Functional Motor 
Disorders. Clinical observations show gait improvement with distraction suggesting an association 
with higher-level control mechanisms. Dual tasking is a valuable tool for exploring the interplay 
between gait and cognition. 
 
Objectives: To identify measures of quantitative spatio-temporal gait parameters while walking and 
dual tasking in FGDs that best discriminate performance from healthy controls. 
 
Methods: This cross-sectional observational study analyzed spatial-temporal gait parameters of 87 
patients with FGDs (79.3% female, age 41.9 ± 14.7 years) and 48 healthy controls (60.4% female, 
age 41.9 ± 15.7 years). Participants underwent spatiotemporal gait analysis during a single task (ST) 
and while performing motor, cognitive, and visual-fixation dual tasks (DT) [1,2]. We evaluated high-
level gait control outcomes, their standard deviations (SDs), and the Dual-task Effect (DTE) [3]. The 
Area Under Curves (AUC) determined the objective measures that differentiated FGDs from healthy 
controls (HCs). A two-way repeated measures ANOVA investigated DT interference on ST gait 
measures. 
 
Results: Significant group x task interactions were observed for swing time SD and stride time during 
cognitive dual tasks (p<0.035). Positive correlations were noted between motor and cognitive DTE 
and gait performance and steadiness (p<0.003). Negative correlations were found with visual DT 
(p<0.041). 
 
Conclusions: FGDs reported poorer gait performance and less automaticity and steadiness than HCs. 
However, gait performance but not automaticity and steadiness were affected by DT, unlike different 
neurological diseases. Our findings shed light on higher-level gait control mechanisms in FGDs and 
suggest stride time and swing time variability as potential diagnostic biomarkers. 
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Introduction: Multiple system atrophy (MSA) is a progressive neurodegenerative disease clinically 
characterized by parkinsonism (MSA-P) and/or cerebellar dysfunction (MSA-C) associated with 
autonomic failure, whereas the pathological hallmark is the abnormal accumulation of alpha-
synuclein in glial cells. Autonomic dysfunction is considered to be preganglionic because of the 
preserved cardiac sympathetic innervation seen on meta-iodobenzylguanidine (MIBG) cardiac 
scintigraphy in most patients [1]. 
Growing evidence supports the presence of postganglionic autonomic involvement in MSA. 
Postganglionic sudomotor dysfunction on Dynamic Sweat Test (DST) has been reported in up to 90% 
of patients [2]. The presence of abnormal phosphorylated alphasynuclein (p-syn) deposition within 
cutaneous autonomic nerve fibers on skin biopsies has been reported by several studies [3]. 
 
Objective: Peripheral autonomic involvement in MSA was explored through the evaluation of: (1) 
postganglionic sudomotor function, (2) cardiovascular autonomic indexes and (3) p-syn skin deposits, 
in order to establish their role as possible disease biomarkers. 
 
Methods: A cross-sectional study on patients with “clinically established” MSA diagnosis [1] was 
performed. Complete clinical workup, MIBG cardiac scintigraphy, cardiovascular autonomic tests, 
DST, skin biopsies for psyn quantitation at three body sites were performed. 
 
Results: 31 patients (21 MSA-P, 10 MSA-C) were enrolled. No difference in clinical, demographic 
features and clinical scales scores was found. DST was impaired in all tested patients. Cutaneous p-
syn deposits were found in 81% of patients, with a topographic distribution following a distal-
proximal gradient and no difference between clinical subtypes. P-syn deposits were found in both 
somatic and autonomic fiber, with greater prevalence in the former. The presence of widespread skin 
nerve p-syn deposits was associated with higher UMSARS Part II scores and with orthostatic 
hypotension. Neither p-syn deposition nor sudomotor dysfunction correlated with disease duration. 
 
Conclusion: This study highlights the presence of functional abnormalities of postganglionic 
sudomotor pathway in MSA and provides a preliminary support for the use of cutaneous p-syn 
quantitation as a prognostic biomarker in MSA in clinical practice and research studies. 
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Introduction: Contactin-associated protein-like 2 (CASPR2) is a membrane protein expressed both 
in central and peripheral nervous system. It is essential for proper localization of voltage-gated 
potassium channels (VGKC) [1]. CASPR2 Antibody associated disease is an autoimmune 
encephalitis with a progressive course. The clinical spectrum of CASPR2 antibody disease consists 
of Morvan’s syndrome, epilepsy, or pain syndromes, in particular painful peripheral neuropathy [2]. 
Other rare clinical manifestations also include cognitive disturbance and movement disorders, such 
like hemichorea [3], therefore diagnosis could be challenging. 
 
Case report: A 72-years-old man presented a progressive 10-years history of sensitive and painful 
disturbance at inferior limbs. Physical examination and neuropsychological assessments showed right 
hemisome chorea-like movements, gait disturbance with severe postural instability associated with 
multi-domain mild cognitive impairment with compromission of subcortical functions and memory 
and neuropsichiatric alterations (mood deflession, anxiety). His medical history was relevant for 
structural epilepsy due to right hemispheric dermoid cyst, after removed, and chronic ischemic heart 
disease. Brain MRI, molecular analysis of IT-15 gene, peripheral blood film, autoimmune, metabolic, 
and paraneoplastic blood screening (determination of ANA, ANCA, ENA, anti-nDNA, aPL, Hb1Ac, 
cupremia, blood ceruloplasmin, vit. B12, folate, electrolytes, CEA, CA125, CA19.9) were 
unremarkable. Tetrabenazine was administered with poor improvement. On the following year, 
patient underwent on mielic fracture at D8-D9 due to a fall, requiring surgical treatment and intensive 
care. CSF analysis for paraneoplastic autoantibodies detected CASPR2 antibodies by indirect 
immunofluorescence test (titer IgM 1:10; Euroimmun, Lübeck, Germany). Tests for the remainder of 
the autoantibodies (anti-Hu, -Ri, -Yo, -CV2, -Ma, -Ta, -PCA2, -ANNA, -NMDA, -AMPA-1, and -
AMPA-2) were negative. As a paraneoplastic process was suspected, total body computed 
tomography (CT) was performed and no significative alterations were found. Patient was treated with 
IV MP 500 mg daily (half dose due to high fragility of the patient) for three days. Unfortunately, 
treatment was stopped due to CVC-related sepsis. IV immunoglobulin treatment was contraindicated 
due to recent ischemic heart attack. 
 
Conclusions: Chorea is a complex and rare syndrome, also associated with paraneoplastic diseases; 
early comprehension of the pathogenesis is crucial for a suitable treatment. 
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Introduction: Spinocerebellar ataxias (SCAs) represent a group of rare, autosomal dominantly 
inherited neurodegenerative disorders. Currently, almost 50 subtypes have been identified with a 
worldwide prevalence about 2.7 cases per 100.000 [1]. A majority of the SCA patients is of Asian 
origin and/or inhabitant of the Asian continent [2]. A recent systematic review [3] showed that only 
one study investigated the prevalence of the most common SCAs in Sri Lanka. That study showed 
that 60% of subjects were identified as SCA1, one patient as SCA2 and 12 others remained 
unidentified [4]. No SCA17 cases have been previously identified in Sri Lanka. Spinocerebellar ataxia 
type 17 (SCA17) is caused by a trinucleotide repeat (TNR) expansion in the transcription factor 
TATA-binding protein (TBP) gene. It was first reported in a patient with sporadic ataxia who also 
presented with pyramidal signs and intellectual deterioration. 
 
Objectives: The aim of this report is to present a clinical case of a 31- year-old woman born in Sri-
Lanka. She has one brother in good health. She developed the first motor difficulties since age 
eighteen: she failed the driving license exam for "slowness and uncoordinated legs movements'', also 
she used to be ''too slow'' in performing complex tasks (e.g., cooking). She worked as a nurse for two 
years (2018-2020). No story of epilepsy, cardiovascular or cerebrovascular disease, muscle-related 
symptoms, celiac disease. She has children and she reports one abortion. After the second pregnancy 
at age 28 she noticed progressive worsening of walking, weakness/loss of balance, and falls became 
more evident. She also developed progressive difficulty in distal movements (writing, buttoning her 
clothes, putting on her earrings), severe dysarthria and dysphagia for liquids. At the time of her last 
examination a wheelchair was needed. No cognitive decline was reported. 
 
Methods: Diagnostic investigations included: brain 3TMRI; nerve conduction studies and 
electromyography of inferior limbs, somatosensory evoked potentials (SSEP); blood panels including 
Vitamin E and coeliac disease autoantibodies; ENT consultation and fiberoptic endoscopic evaluation 
of swallowing (FEES); EEG; and genetic testing for: FRAXA, SCA 1, 2, 3, 6, 7, 8, 12, 17, DRPLA. 
 
Results: Neurological examination found spastic dysarthria, global ideo-motor slowing. Oculomotor 
examination revelaed divergent strabismus in the left eye, fragmented pursuit, hypometric saccades 
with and increased latency. Limbs ataxia and spasticity, greater on left side, were observed. Wrists 
and fingers showed mild dystonic features in extension. Strength was slightly diminished in the 
proximal upper limbs. Hyperreflexia and a positive Babinski sign were found on the left limbs. She 
was not able to perform Luria test. No ideomotor limbs apraxia. Romberg sign was positive. Gait was 
ataxic, she could walk on her own only for few meters. Brain 3T-MRI showed marked atrophy of the 
vermis and cerebellar hemispheres, as well as in the upper and prerolandic parietal regions of both 
hemispheres. Lower limbs somatosensory evoked potentials, EEG, Vit E dosage were all normal. 
FEES showed ''closing delay of the right vocal cord'' with indication to dietary adjustments for 
dysphagia. The genetic examination was positive for repeated triplets in TBP gene (CAG allele 1: 37 
triplets, CAG allele 2: 51 triplets). Diagnosis of SCA type 17 was made. 
 



Conclusions: We describe a case of SCA17 in a young woman from Sri Lanka. This mutation is 
thought to be rare in Sri Lanka based on previous epidemiological studies; nonetheless, our case 
warrants further investigations that may unmask more cases. The patient phenotype was 
predominantly spino-cerebellar with cognitive decline and only mild dystonic features.  
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Introduction: The diagnosis of Functional Motor Disorders (FMD) primarily relies on clinical 
evaluation, and only a few tests are validated as biomarkers for the disease and FMD identification 
[1]. 
 
Objective: The aim of this study is to assess the frequency of use of conventional instrumental 
investigations (i.e., MRI, CT, Datscan, EEG, neurophysiological tests, and others) in patients with 
FMD and to identify clinical and demographic features that may influence exam planning. 
 
Methods: Data were obtained from the Italian Registry of Functional Motor Disorders (IRFMD) [2]. 
We assessed conventional diagnostic tests conducted on the entire registry. Utilizing a logistic 
regression model, we examined the clinical and demographic variables significantly linked to 
conventional investigations for patients registered in the database (dependent variable). 
 
Results: Among the 410 patients included in IRFMD, we identified 24 patients (5.9%) who did not 
undergo any conventional exams, 120 patients (29.2%) who performed only one investigation, and 
266 patients (64.9%) who underwent two or more exams. Patients who did not undergo investigations 
were younger than patients who underwent conventional exams (39.5 + 17.8 vs. 47.8 + 15.56, 
p=0.023), and tremor phenotype was more represented in the first group (16/24 vs. 151/386, p=0.008). 
Logistic regression analysis confirmed these findings for both age (OR: 1.04, 95% CI 1.006-1.074; 
p=0.019), and tremor phenotype (OR: 0.255, 95% CI 0.094-0.689; p=0.007). 
 
Conclusions: Our study provides novel information about the tendency to plan conventional 
investigations in patients with FMD. Patients with functional tremor were less prone to undergo 
exams, while investigations were more likely to be performed in older FMD patients. 
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Introduction:  Saccadic intrusions (SI) are involuntary conjugate saccadic eye movements 
interrupting fixation, reflecting a saccadic inhibitory deficit linked to impaired cerebellar-brainstem-
basal ganglia networks functioning. To date, SI have been poorly explored in Essential Tremor (ET) 
and the spectrum of SI different subtypes has never been assessed. 

Objective: To explore the spectrum of SI in ET in order to assess possible clinical-instrumental 
correlations as well as its potential role in ET phenotypization. 
 
Methods: Total SI rate and different SI subtypes were evaluated during primary position fixation task 
among healthy controls (HCs), pure ET and ET-plus patients through Eyelink 1000-Plus. Monophasic 
Square Wave Jerks (MSWJs), Biphasic SWJs (BSWJs), Staircase SWJs (SSWJs) were qualitatively 
and quantitatively assessed and compared among study groups. 
 
Results: Thirty patients [9 pure ET (30%) and 21 ET-plus (70%)] and 16 HCs were enrolled. After 
adjusting by age, significantly higher prevalence of BSWJs was found in pure ET but not in ET-plus 
compared to HCs. A new pattern of “Triphasic” SWJs (TSWJ) as well as SSWJs were firstly found 
in pure ET and ET-plus but not in HCs. Higher total SI, BSWJ and TSWJ rate was found in pure ET 
as compared to ET-plus. A positive correlation was found between MSJW percentage/total SI and 
TETRAS motor scores for head, face, voice and limb action tremor. On the contrary, a negative 
correlation between BSWJ/MSWJ ratio and TETRAS-motor scores for head, face and limb action 
tremor was shown. 
 
Conclusion: Different patterns of SI were found in ET patients with clinical-instrumental correlates, 
showing the possible usefulness of fixation quantitative analysis for ET phenotypization. 
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Background: Gait disturbances and movement disorders are frequent in patients with GLUT-1 
deficiency, mostly represented by pyramidal, cerebellar, and extrapyramidal dysfunction [1]. 
 
Objective: This study aimed to assess the ability of a set of trunk acceleration-derived gait indexes to 
identify gait unbalance in subjects with GLUT-1 deficiency, and to detect potential correlations with 
clinical and biochemical parameters. 
 
Methods: We recorded a 30-meter gait of 10 subjects with GLUT-1 deficiency and of 10 age-, sex- 
and gait speed-matched healthy subjects (HS). Gait analysis was performed via an inertial 
measurement unit (IMU) placed at the lower back. Based on trunk acceleration patterns in the antero-
posterior (AP), medio-lateral (ML), and vertical (V) directions, we calculated: spatio-temporal gait 
parameters, pelvic kinematics, harmonic ratios (HR), recurrence quantification analysis (RQA), stride 
length coefficient of variation (CV), the longest short term Lyapunov’s exponent (sLLE), and the log 
dimensionless jerk score (LDLJ). 
 
Results: When compared to the HS group, the GLUT-1 subjects showed lower values of HR AP, HR 
ML, single support (SS) phase, and cadence. Moreover, they showed higher values of CV, LDLJ AP, 
LLE AP, and double support (DS) phase duration. In the GLUT-1 group, HR AP negatively correlated 
with a positive history of recurrent falls (r = -0.88, p = 0.03), while CV negatively correlated with 
ketonemia (r = -0.64, p = 0.04). 
 
Conclusions: Subjects with GLUT-1 deficiency exhibited multiple alterations in the trunk 
acceleration-derived gait indexes. Interestingly some of these alterations correlated with 
clinical/biochemical features, such as history of falls and ketonemia. 
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Introduction: The role of caregiver is paramount in the management of a number of 
neurodegenerative diseases. 
 
Objectives: We investigated the determinants of the caregiver’s burden in a cohort of patients affected 
by a variety of neurodegenerative diseases consecutively recruited in an outpatient setting. 
 
Methods: Between January 2022 and January 2023, one hundred and nine patients, and their 
caregivers were consecutively enrolled from the Center for Neurodegenerative diseases (CEMAND) 
at the University of Salerno. Specifically, 23 with Alzheimer’s Disease, 39 with Parkinson’s disease, 
15 with Supranuclear Progressive Palsy, 18 with Frontotemporal Dementia, 14 with Multiple System 
Atrophy diagnosed according to published clinical criteria underwent a clinical interview and 
evaluations. Carers completed scales regarding burden, depression and quality of life. The ANOVA 
and MANCOVA tests were used to compare variables between diagnostic categories. Linear 
regression was used to explore determinants of caregiver burden. 
 
Results: Although patients presented different cognitive and motor status in relation to their diagnosis. 
we failed to detect differences between caregivers in terms of burden rated with the Zarit Burden 
Inventory (ZBI). Care time was the only significant variable affecting the burden, irrespective of the 
specific diagnosis disease (p=0.015). In detail, there was a linear relationship between caring time 
and caregiver’s burden. Only caregivers’ resilience (B = - 0.685, p= 0.005) significantly affected the 
ZBI score (F = 9.51, p = 0.005) explaining 25,4% of the variance. 
 
Conclusions: Care time is the major determinant of caregiver’s burden. The caregivers’ resilience is 
the major protective factor for the caregiver’s burden. Our data suggest that caregiver’s burden can 
be reduced by modulating care time and increasing the resilience in a variety of neurodegenerative 
diseases. 
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Introduction: Diagnosing Parkinsonian syndromes remains a challenge, due to significant symptom 
overlap within this group of disorders. The interplay of genetic and environmental factors adds to the 
complexity of achieving precise diagnoses. Metabolomics emerges as a promising avenue for 
unraveling the intricate biochemical signatures that differentiate these conditions [1]. 
 
Objectives: To find metabolomic perturbations connected to neurodegenerative parkinsonisms, in 
order to build a machinelearning-based diagnostic algorithm to support an early differential diagnosis 
 
Methods: We employed a serum untargeted metabolomic profiling approach to discern variations 
among individuals affected from Parkinson's disease (n=87), Progressive Supranuclear Palsy (n=22), 
and Multiple System Atrophy (n=25). A cohort of 132 healthy subjects served as controls for 
comparative analysis. The metabolomic analyses were conducted using Gas Chromatography–Mass 
Spectrometry, a robust analytical technique capable of capturing a diverse range of metabolites. The 
resulting data were utilized to train three distinct ensemble machine learning algorithms, enabling the 
development of a predictive model for syndrome discrimination. 
 
Results: The classification performance of the algorithms demonstrated remarkable accuracy, ranging 
from 100% to 87.5%. Notably, three distinct groups of metabolites exhibited significant differences, 
forming the basis for effective discrimination among the studied conditions. The first group featured 
elevated levels of glucose, fructose, and propanoic acid. In the second group, sugars (ribose, ribitol, 
and xylose), organic acids (2-hydroxy butyrate and glucunate), and glutathione played defining roles. 
The third group comprised variations in organic acids, fatty acids, amino acids, and phosphate levels. 
 
Conclusions: The identified metabolomic signatures underscore the potential of metabolomics in 
elucidating the biochemical landscape associated with Parkinsonian syndromes. The discriminative 
power of the trained models, coupled with the distinctive metabolic patterns, holds promise for 
enhancing diagnostic precision in these disorders. This integrative approach not only contributes to 
our understanding of the underlying pathophysiological mechanisms but also offers a practical and 
efficient means to support diagnosis [2]. 
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Introduction: Restless Legs Syndrome (RLS) affects approximately 10% of the general population, 
yet it remains poorly characterized and investigated. Despite advancements in the management of 
RLS in recent years, the disorder still suffers from low recognition, unanimous definition, and 
inconsistent therapeutic approaches. 
 
Objectives: The study aims to gather insights into the knowledge and clinical experiences of Italian 
neurologists in diagnosing, managing, and treating RLS, examining the approaches among movement 
disorder specialists, sleep experts, and general neurologists. 
 
Methods: Members of the Italian Society of Neurology, Italian Society Parkinson and Movement 
Disorders, and the Italian Association of Sleep Medicine were invited via email to participate in a 21-
question online survey. 
 
Results: A total of 343 neurologists completed the survey. In defining RLS, neurologists 
predominantly categorized it as a “sleep-related movement disorder”. Most neurologists reported 
managing between 5-15 RLS patients annually, with sleep specialists generally managing the highest 
patient volume among specialists. Diagnostic approaches showed that about 34% strictly followed all 
five essential diagnostic criteria, with 84% conducting blood tests after diagnosis. Sleep specialists 
were more likely to use polysomnography. Monotherapy emerged as the preferred treatment 
modality, specifically dopamine agonists (69%). Treatment preferences significantly varied among 
specialists: movement disorder experts predominantly opted for dopamine agonists, while sleep 
specialists were more inclined towards iron supplementation. Regular screening for iron levels was 
common, primarily supplementing based on serum iron alterations. When initial treatments proved 
ineffective, increasing dopamine agonist dosage was the preferred strategy (40%). 
Conclusions: Overall, the results reflect a lack of a clear conceptualization of RLS, with a prevalent 
misconception of RLS as a movement disorder influencing treatment approaches. Different 



conceptualization and management of RLS emerged among sleep experts, experts in movement 
disorders and general neurologists. This points to the need for better diagnostic clarity and guideline 
adherence in RLS management. 
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Introduction: NPH is a potentially reversible neurological syndrome characterized by cerebral 
ventricles enlargement associated with motor, urinary, and cognitive symptoms that lead to serious 
disability such as gait disturbances, complete urinary incontinence, and severe dementia [1]. 
 
Objectives: To clinically characterize a cohort of patients with normal pressure hydrocephalus (NPH) 
to identify possible clinical and humoral biomarkers that can predict the response to the treatment. 
 
Methods: 57 patients with a diagnosis of idiopathic NPH that underwent tap-test (TT) procedure were 
retrospectively enrolled at the Neurology Department of Policlinico Hospital in Milan from 2012 to 
2021. 
 
Results: The mean age of enrolled patients was 72,5 years. 74% of them displayed motor symptoms 
at onset, 30% postural instability and falls, 37% urinary dysfunctions, and 56% cognitive impairment. 
Evans’ Index was > 0.3 in 86% of them. The median volume of collected CSF was 37.5 ml and 49 
(86.0%) patients improved after TT (responders); the improvement was observed in motor (85%), 
urinary (20%), and cognitive function (38%). The mean CSF beta-amyloid level was 562.5 pg/ml. 20 
patients (35%) underwent VP surgery, and 89% of them showed an improvement in motor, 44% in 
urinary, and 46% in cognitive symptoms. Responders showed an earlier age of onset compared to 
non-responders, in addition to lower instability prevalence at onset, higher CSF collected volume, 
and a lower CSF beta-amyloid value. Patients who did not undergo VP shunt surgery showed lower 
scores at Mini-Mental State Examination (MMSE). 
 
Conclusions: This study supports the evidence of a great clinical and therapeutical response 
heterogeneity and highlights some key aspects that may help clinicians during the diagnostic process, 
such as TT standardization, evaluation of CSF beta-amyloid levels, and alternative diagnoses 
exclusion. 
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Introduction: Remote monitoring with wearable sensors can be used to collect digital measures 
related to the motor activity of the patient in a real-life setting outside clinical visits. Quantitative 
motor outcome measures may complement neurological evaluation and provide additional 
information regarding the effect of therapeutical interventions on patients’ daily life. 
 
Objectives: To assess the performances of wearables sensors to detect changes in physical activity 
over one year in patients with Friedreich ataxia (FRDA). 
 
Methods: We recruited 26 patients with FRDA and 13 age-sex matched healthy controls. All patients 
were ambulatory at baseline. Participants were asked to wear two wearable sensors, at nondominant 
wrist and at waist, for 7 days. Clinical evaluation with ataxia rating scales and functional tests were 
performed at baseline and at 1-year follow-up. Measures extracted from accelerometers included: 
percentage of sedentary time, time of light and moderate-vigorous (MVPA) physical activities, 
number of activity bouts, Vector Magnitude on the 3 axes (VM3), and average number of steps/min. 
 
Results: Activity monitoring was well tolerated. At baseline, all the activity monitoring variables 
differentiated patients from Controls, with patients being significantly more sedentary (81.5% vs. 
67.4% of time, p<0.01). Accelerometer-based measures were highly correlated ith clinical scales and 
disease duration in FRDA and showed good eliability. After 1-year interval, activity levels were 
unchanged in controls, while in FRDA all variables indicated reduced physical activity. Statistically 
significant changes were observed for: (i) VM3; (ii) percentage of sedentary and light activity, and 
(iii) percentage of MVPA. Reduction in physical activity correlated with worsening in gait 
score of the Ataxia Rating Scale (SARA). 
 
Conclusions: Our results indicate that activity monitoring is a well tolerated and sensitive tool for 
assessing disease severity and functional impairment in individuals with FRDA, thus supporting the 
usefulness of these measures as complementary tools for future clinical trials. 
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Introduction and aim: Functional Movement Disorders (FMD) are a heterogeneous group of motor 
manifestations not attributable to known medical conditions [1]. Psychosocial and affective factors 
play a role in the origin of FMD. Silveri et al. reported disorders in social cognition in the domain of 
Theory of Mind (ToM) in FMD [2]. The aims of this study were confirming whether FMD might be 
related to ToM disorders and exploring the relationship between ToM abilities and psychobehavioral 
dimensions. 
 
Methods: Twenty-two FMD subjects (19F, 3M, mean age 43±11.2y) underwent computerized Yoni 
task to assess affective and cognitive dimensions of ToM, at different complexity levels, 1 st or 2nd 
order [3]. Yoni also includes control items (physical dimension). Participants were cognitively 
screened with MoCA and Cognitive Estimation Task (bizarreness score). Their psychobehavioural 
status was evaluated with DES-II (dissociation), BAI (anxiety), BDI-II (depression), TAS-20 
(alexithymia), BPI (pain), SF-12 (health-related quality of life), and MFI-20 (fatigue). 
 
Results: No differences emerged in the Yoni accuracy between 1st order cognitive, affective, and 
physical items (p>0.1). A significant difference emerged on 2nd order items (p<0.001); in particular, 
FMD scored worse on cognitive and affective than control items (ps≤0.001). Accuracy on cognitive 
2nd order items was negatively correlated with anxiety (p=0.024), TAS-20 difficulty describing 
feelings (p=0.013), global fatigue (p=0.029) and bizarreness (p=0.029). When considering affective 
2nd order items, significant correlations emerged with anxiety (p=0.001), global alexithymia 
(p=0.036) and mental fatigue (p=0.042). Interestingly, affective 1st items resulted also correlated with 
anxiety (p=0.014) and global alexithymia (p=0.034). 
 
Conclusions: The results are consistent with the hypothesis that a ToM disorder might underlie FMD. 
The Yoni task highlighted the decay of the more complex ToM inferences both cognitive and 
affective second-order levels of reasoning. Moreover, these data contribute to highlight the 
relationship between disorders of social cognition, such as ToM, and emotion regulation. 
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Introduction: The differential diagnosis of rest tremor (RT) disorders is challenging, often requiring 
single photon emission computed tomography with 123I-ioflupane [1]. 

  
Objective: To investigate the performance of RT pattern [2-3] and RBD Single-Question-Screen 
(RBD1Q) [4] in distinguishing RT patients with and without striatal dopaminergic deficit. 

  
Methods: We enrolled 181 consecutive patients presenting with RT. All patients underwent 
neurological examination, surface electromyography, RBD1Q and 123I-ioflupane. The RT pattern was 
visually assessed by two expert raters and confirmed by quantitative phase calculation in all patients. 
We investigated the performance of RT pattern evaluated together with RBD1Q into a simple 
decision tree in predicting the 123I-ioflupane result. 

  
Results: Our cohort included 103 RT patients with alternating pattern (48.5% with positive RBD1Q 
[RBD+] and 51.5% with negative RBD1Q [RBD+]) and 78 patients with synchronous pattern (24.4% 
RBD+ and 75.6% RBD-) The combination of RT pattern with RBD1Q showed a better performance 
than these two single features used separately. The association of alternating RT pattern and RBD1Q+ 
had the best PPV value (94%) whereas the synchronous RT pattern associated with RBD1Q- showed 
the highest NPV 86.4% value in predicting 123I-ioflupane result. 

  
Conclusions: The combined use of RT pattern and RBD1Q may represent a quick, low-cost and 
available first-level test which may be used as surrogate biomarker of 123I-ioflupane in patients with 
RT, especially in healthcare centres with limited resources and access to dopamine imaging 
diagnostic procedures. 
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Introduction: The external ear muscles are vestigial muscles innervated by the facial nerve that only 
1 in 5 people can voluntarily contract. Ear dyskinesia, namely Moving Ear Syndrome (MES), is a 
phenomenologically rare disorder consisting in a rhythmic/semirhythmic contraction of external ear 
muscles, typically disappearing with sleep and voluntary face movements, and causing pain or 
discomfort [1–4]. Ear dyskinesia has no clear etiology yet, however it has been repeatedly associated 
with neuroactive drugs (e.g., SSRIs, neuroleptics, methylphenidate) [4–6]. Besides pharmacological 
approaches (clonazepam, pregabalin, propranolol) and the anecdotal use of pallidothalamic 
tractotomy, botulinum toxin injection seems to be the most effective therapy [5–10]. 
 
Objectives: To integrate clinical, neurophysiological, and therapeutical features of a patient with 
Moving Ear Syndrome. 
 
Methods: A patient with MES has been clinically evaluated and underwent EMG-US-guided 
botulinum toxin injection. 
 
Results: A 55-year-old man presented with involuntary repetitive backwards twitching of the right 
ear associated with discomfort and inner tension, that could not be suppressed and persisted during 
sleep, in absence of other movement disorders. The movements started 4 months prior to the 
evaluation and progressively worsened in frequency and amplitude, occurring several times per day 
and lasting for few minutes. The patient had a history of severe traumatic brain injury with left 
temporal encephalomalacia, followed by involuntary left ear wiggling partially resolved with 
transitory administration of phenobarbital. A pharmacological attempt with clonazepam was 
ineffective on right ear dyskinesia. Needle-EMG revealed rhythmic 400-500 ms bursts from the right 
auricularis posterior muscle, thus 10 units of onabotulimtoxin A were injected with EMG-US guide, 
with a significative reduction in frequency of the twitching after two weeks. 
 
Conclusions: Whereas MES’ etiology and pathophysiology are poorly understood, botulinum toxin 
injection with EMG and US guidance represents a safe and effective therapeutical option for this rare 
condition. 
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Introduction: Polycythemia Vera is a haematological disorder characterised by 
haemoglobin/hematocrit level above 16.5 g/dL/49% in males and 16 g/dL/48% in females, associated 
with positivity for JAK2 mutations [1]. The most common neurological complication of 
Polycythemia Vera is ischemic stroke; less common manifestations include headache, weakness, 
dizziness and movement disorders [2]. Here we describe a rare presentation of bilateral chorea in a 
83-year-old female: the patient initially exhibited a hyperkinetic syndrome characterised by 
involuntary choreiform movements in the left upper limb, then radiating to the left lower limb, and 
finally involving the right limbs, with progressive limitations in ambulation and levels of autonomy 
in daily activities; haematological abnormalities consistent with polycythemia were found at blood 
tests, prompting further investigation into the diagnosis and neurological implications of the 
haematological disorder. 
 
Objectives: To delineate the clinical course, diagnostic work-up, and management of choreic 
manifestations in the context of a JAK2-mutated Polycythemia Vera patient. 
 
Methods: Comprehensive haematological, neurological, and imaging assessments were conducted to 
elucidate the underlying aetiology of bilateral chorea in the patient. Treatment strategies included 
antidopaminergic medications and phlebotomy. 
 
Results: The patient's initial haematological findings revealed marked polycythemia. Neurological 
evaluation and imaging ruled out structural lesions, data confirmed also by 18-FDG PET imaging. 
Suspecting Polycythemia Vera, a JAK2 mutation was searched and turned out to be positive. Other 
plausible causes of chorea were excluded. Our patient underwent optimal haematologic management 
with consecutive phlebotomies; targeted therapy resulted in clear improvement of choreiform 
movements. 
 
Conclusions: This case highlights an uncommon manifestation of JAK2- mutated Polycythemia Vera 
resulting in bilateral chorea. The findings underscore the necessity for a multidisciplinary approach 
in managing complex cases involving myeloproliferative neoplasms and neurological manifestations. 
Further research is essential to clarify the underlying pathophysiological mechanisms and optimise 
therapeutic interventions. 
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Introduction: Long-standing overt ventriculomegaly in adults (LOVA) is a chronic form of 
hydrocephalus that may lead to cognitive decline. This study aimed to evaluate the cognitive 
outcomes of endoscopic third ventriculostomy (ETV) surgery in patients with LOVA hydrocephalus. 
 
Methods: Twenty consecutive patients with LOVA hydrocephalus underwent ETV surgery, and their 
cognitive status was assessed before surgery, immediately after surgery, and at four months follow-
up. Cognitive function was assessed using a neuropsychological battery that measured six cognitive 
domains: general cognitive status, attention/executive function, language, visuospatial ability, short-
term memory, and long-term memory (LTM). Cognitive reserve was also measured using the Italian 
version of the National Adult Reading Test (NART). 
 
Results: LTM was the only cognitive domain that was significantly impaired in patients with LOVA 
hydrocephalus, and immediate postoperative improvement was observed. The amount of immediate 
improvement in LTM was directly correlated with cognitive reserve, as measured by the NART. 
Improvement in LTM was maintained at the 4-month follow-up evaluation. 
 
Conclusions: ETV surgery may lead to immediate improvement in LTM in patients with LOVA 
hydrocephalus. These findings suggest that ETV surgery may be an effective treatment for LOVA 
hydrocephalus, and that cognitive reserve may be an important factor in predicting outcomes after 
surgery. Further studies with larger sample sizes are needed to confirm these findings and to 
determine the long-term effects of ETV surgery on cognitive function in patients with LOVA 
hydrocephalus. 
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Introduction: ADCY5 mutations are a rare genetic cause of early-onset hyperkinetic movement 
disorders, characterized by psychomotor developmental delay, axial hypotonia and generalized 
chorea and dystonia that often worsen upon awakening and before falling asleep. The disease course 
is variable, with paroxysmal exacerbations considered a red flag for the disease. [1, 2]. 
 
Objectives: To describe the improvement of ADCY5-related movement disorders in a pediatric 
patient following combination of DBS and caffeine. 
 
Methods: Video recording, genetic analysis. 
 
Results: This 14 year-old girl had a history of delayed psychomotor milestones, axial hypotonia and 
generalized choreo-dystonic movements also involving the facial muscles since age 10 months, with 
a non-progressive course but recurrent exacerbation upon awakening. At the age of 10 years, bilateral 
GPi Deep Brain Stimulation (DBS) was performed, with overall improvement of hyperkinetic 
movements. Neurological examination at age 14 showed cervical hypotonia, speech dysarthria and 
saliva drooling. Gait was independent but unsteady and generalized chorea also involving perioral 
muscles, exacerbated by motor or cognitive tasks, was observed. Dystonic posturing of upper limbs 
was present, with mild difficulty in performing fine motor tasks. Motor impersistence was present on 
tongue prolonged protrusion, as well as bilateral mild ptosis with partial limitation of upgaze. 
An ADCY5 de novo mutation (p. Arg418Trp) was found by genetic analysis (NGS panel). At the age 
of eleven, she was started on caffeine, followed by further amelioration of chorea; the effect of 
caffeine started about 20 minutes after intake and lasted for few hours, with a documented wearing-
off in between doses. 
 
Conclusions: ADCY5-related movement disorders can benefit from pallidal DBS associated with 
regular caffeine intake, that can significantly reduce the burden of disability in mutation carriers. 
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Introduction: Non-ketotic hyperglycemia (NKH) is associated with a wide range of neurological 
presentations and it is a frequently a misdiagnosed cause of hemichorea/hemiballismus [1-3]. 
 
Methods: We report the case of an elderly woman who developed iatrogenic hyperglycemia and focal 
loss of power in the left upper limb, with superimposed ballistic movements. 
 
Results: This 76 y.o. woman complained of rapid onset of complete loss of power in the left upper 
limb, with superimposed involuntary movements that developed within hours two days prior our 
neurological evaluation. The patient had a history of pancreatic adenocarcinoma surgically removed 
and she was on active chemotherapy (gemcitabine-abraxane). A brain CT scan did not document 
acute brain lesions. On neurological examination, complete loss of power (0/5 on MRC scale) and 
reduced muscular tone were observed in the left upper limb, with superimposed hyperkinetic 
subcontinuous involuntary movements with wide and irregular amplitude. No other neurological 
abnormality were found. The electroencephalogram did not show epileptiform discharges timelocked 
with the involuntary movements. Brain MRI was unremarkable, without lesions in the right motor 
pathways. On admission, the blood exams were performed and plasma glucose levels turned out to 
be elevated (31.5 mmol/L -567 mg/dL). Subsequent progressive normalization of blood glucose via 
continuous insulin infusion pump was associated with the progressive disappearance of ballistic 
movements and full recovery of muscular strength in the left upper limb within two days. 
 
Conclusions: To our knowledge this is the first documented case of NKH presenting with 
concomitant positive and negative symptoms. It has been postulated that the dyskinesia may be 
related to neuronal depletion of gamma-aminobutyric acid, secondary to Kreb’s cycle disruption, 
whereas the complete paralysis may result from the local hypoperfusion due to the hyperosmolar state 
[1, 3]. 
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Background: VPS16 pathogenic variants have been recently associated with inherited dystonia and 
they appear to be a relatively common cause of monogenic dystonia. Most patients affected by 
dominant VPS16-related disease display early-onset isolated dystonia with prominent oromandibular, 
bulbar, cervical, and upper limb involvement, followed by slowly progressive generalization. 
 
Cases: We describe six newly reported dystonic patients carrying VPS16 mutations collected in a 
multicenter study displaying unusual phenotypic features in addition to dystonia, such as myoclonus, 
choreoathetosis, pharyngospasm and freezing of gait, not associated to adult onset VPS16-dystonia 
so far. Five novel pathogenic variants will be reported. DBS-GPi was effective in managing dystonia 
in three patients. 
 



Conclusions: This multicentric case series expands the genetic and clinical spectrum of VPS16-
related disease, prompting movement disorder specialists to suspect mutations of this gene not only 
in patients with isolated dystonia. The findings have relevance in the diagnostic process and help in 
the decision of the best therapeutic option for these patients. 
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Background: Cervical dystonia (CD) is an intricate neurological condition whose phenotypes and 
kinds of muscles involved may change over the years. Objective of the study is to evaluate how 
postural alterations of the head and neck can evolve over the years in patients with CD regularly 
treated with botulinum toxin (BoNT). In patients presenting a pattern’s switch, we aim to identify the 
time period within those changes may occur, the most predisposed CD phenotypes and possible 
predisposing factors [1,2,3,4,5]. 

 
Methods: We divided idiopathic CD patients into two groups – switch YES and NO, collecting 
general clinical and demographic variables. We added to general clinical variables the duration of 
BoNT treatment, Tsui total scores and rotation, tilt and antero/retroversion subscores – assessed at 
T0 - before BoNT start - and at T1 - switch time in the YES group or last visit in the NO group. The 
risk of switch was assessed by Kaplan Meyer curves and Cox regression analysis. Finally, 
Multivariate linear regressions were employed to assess if Tsui severity correlated with the switch. 
 
Results: Among 100 patients (60 women) aged 47.9 years (SD 15.3) at CD onset, 37 experienced a 
phenotype switch, mostly in the first five years of BoNT treatment, YES and NO groups were 
comparable. 
Multivariate Cox Regression revealed the presence of laterocollis or rotatocollis at T0 as predictors 
of switch (respectively P=0.01, HR=3.5; P=0.03, HR=1.5). Multivariate linear regressions revealed 
that high Tsui subscores for the tilt and low Tsui total scores were risk factors for the switch 
(respectively P=0.002, OR=6; P=0.03, OR=0.8).  
 
Discussion: Latero and Rotatocollis are the CD phenotypes most predisposed to switch. CD 
characterized by neck tilt are more likely to change phenotype following treatment. Dystonias with a 
low degree of severity improve after treatment with botulinum toxin, changing to a different and even 
simpler phenotype [6,7]. 
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Background: A few earlier observations and recent controlled studies pointed to the possible 
contribution of thyroid diseases in idiopathic adult-onset dystonia (IAOD) [1-7]. 
 
Objective: To investigate the association between thyroid status and clinical characteristics of IAOD, 
focusing on dystonia localization, spread, and associated features such as tremors and sensory tricks. 
 
Methods: Patients were identified from those included in the Italian Dystonia Registry, a multicentre  
dataset of patients with adult-onset dystonia. The study population included 1518 IAOD patients. 
Patients with hypothyroidism and hyperthyroidism were compared with those without any thyroid 
disease.  
 
Results: In the 1518 IAOD patients, 167 patients (11%; 95% CI, 9.5% - 12.6%) were diagnosed with 
hypothyroidism and 42 (2.8 %; 95% CI, 1.99 - 3.74) with hyperthyroidism. The three groups were 
comparable in age at dystonia onset, but there were more women than men in the groups with thyroid 
disease. Analysing the anatomical distribution of dystonia, more patients with blepharospasm were 
present in the hyperthyroidism group, but the difference did not reach statistical significance after the 
Bonferroni correction. The remaining dystonia-affected body sites were similarly distributed in the 
three groups, as did dystonia-associated features and spread.  
 
Conclusion: Our findings provided novel information indicating that thyroid disease has substantially 
no influence on the most relevant features of IAOD, including age at onset, body localization, several 
motor and sensory dystonia-associated features, and a tendency to spread. The lack of phenotypic 
differences among the three groups does not support a direct link between thyroid disorders and 
IAOD. 
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Introduction: Dystonia is a movement disorder in which sustained muscle contractions give rise to 
abnormal postures or involuntary movements [1]. It is a disabling and disfiguring disorder that affects 
activities of daily living and can give people with this disorder a bizarre appearance that is associated 
with embarrassment and can lead to psychological morbidity, social avoidance and isolation [2]. 
Intramuscular injection of botulinum toxin (BoNT) is the most effective treatment for motor 
symptoms in focal dystonia, but little is known about its impact on psychological well-being. 
 
Objectives: The aim was to evaluate psycho-social changes in patients with focal dystonia after 
starting BoNT treatment using selfreported scales. 
 
Methods: The visual analogue scale (VAS) assessing body selfimage, self-reported depression, self-
distress, satisfaction with physical aspects and social avoidance was completed by 11 patients with 
dystonia and 12 patients with hyperhidrosis as a control group, before botulinum toxin therapy (T0) 
and after four weeks (T1). 
 
Results: Our results showed that only self-distress improved in patients with dystonia at T1 (ρ=0.01), 
while in hyperhidrosis group we found that body self-image (ρ=0.05), self-reported depression 
(ρ=0.02), self-distress (ρ=0.001) and satisfaction with physical aspects (ρ=0.03) improved after 
treatment with BoNT. 
 
Conclusions: In summary, according to the literature, the treatment of dystonia with BoNT has an 
effective impact on the motor symptoms and thus has an influence on the psychological distress 
associated with the disease. Individuals with hyperhidrosis experienced poorer psychological well-
being and also suffered from higher levels of distress compared to dystonic patients. This suggests 
that individuals with this condition are more vulnerable to social aspects than dystonic patients. 
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Introduction: Cervical dystonia (CD) stands as a challenging movement disorder characterized by a 
complex pathophysiology, including the role of cerebellar abnormalities [1]. Transcranial Alternating 
Current Stimulation (tACS) is a non-invasive neurophysiological tool capable of entraining brain 
oscillations in humans. When applied to the primary motor cortex (M1) or cerebellum, tACS exhibits 
the ability to transiently modulate neuronal activity by synchronizing neural rhythms. 
 
Objective: To explore the effects of cerebellar tACS in CD patients, and to assess its potential in 
ameliorating motor abnormalities. 
 
Methods: Twelve CD patients, predominantly exhibiting the torticollis phenotype, were included, 
each matched with age- and gender-matched healthy controls (HC). Objective assessments of fast 
voluntary neck movements were conducted using a motion system analysis [2]. Peak angular velocity 
(degree/sec) and movement amplitude (degrees) for both pro- and anti-dystonic movements were 
measured. Cerebellar stimulation was applied at theta, beta, and gamma frequencies, along with sham 
stimulation, while patients performed fast voluntary neck movements. The assessments were 
conducted at least three months post-botulinum toxin injection. 
 
Results: As expected, CD patients performed slower and less ample neck movements compared to 
HC. Cerebellar tACS had no significant effects on neck movement kinematics in CD patients, 
irrespective of the stimulation frequency. However, correlation analysis unveiled that cerebellar theta-
tACS tended to improve movement velocity, particularly in more severe CD cases (r = -0.77; P < 
0.05). 
 
Conclusions: This study provides novel information into the potential impact of cerebellar tACS on 
CD. Although overall effects on movement kinematics were negligible, the relationship with severity 
scores suggests a nuanced therapeutic potential for cerebellar theta-tACS in addressing more severe 
CD cases. The effects of cerebellar tACS in CD will need to be further investigated through a more 
in-depth kinematic analysis on a larger number of patients. 
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Introduction: Functional dystonia (FD) is the most challenging functional movement disorders. 
Phenomenological signs lack the specificity to distinguish it from idiopathic dystonia (ID) [1]. Most 
of the clinical-anamnestic details considered key clues for FD may be also observed in ID. Although 
some neurophysiological differences have been postulated [2], accurate tests and biomarkers for 
differential diagnosis are still missing. 
 
Objectives: To assess any differences in muscle activity between ID and FD patients at the poly-
electromyography (poly-EMG) performed under propofol sedation and its recovery. 
 
Methods: We consequently enrolled 10 patients with clinically definite FD and 17 with ID according 
to the current criteria [3,4]. Propofol 1% was administered through a peripheral vein until loss of 
consciousness. Sedation level was monitored continuously by EEG and bispectral index and stratified 
according to the Observer's Assessment of Alertness/Sedation Scale. Poly-EMG from symptomatic 
and non-symptomatic muscles was carried out under five scenarios: alertness, mild and deep sedation 
and, once propofol suspended, partial and full recovery of consciousness. 
 
Results: At the alertness evaluation, co-contractions and prolonged bursts were found without 
differences in both groups but a subjective greater variability of muscular activity was noted in FD 
patient (p=0,001). During mild sedation, EMG activity persisted in all patients (FD and ID) except 
one with FD. During deep sedation, EMG activity was not recorded in any FD patient but was found 
in 53% of ID (p=0.01). During partial recovery of consciousness EMG activity was recorded in only 
one FD patient but in all ID patients (p<0.0001). At the end, only 30% of subject with FD compared 
to 94% of ID presented the same muscular pattern found at the baseline evaluation (p=0.001). 
 
Conclusions: The “electrical silence” during deep sedation and especially during partial recovery of 
consciousness is the strongest neurophysiological marker of “functionality”. A different “dystonic” 
recruitment at the end may represent a neurophysiological clue for functional incongruence and 
inconsistency. 
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Introduction: Several earlier studies showed a female predominance in idiopathic adult-onset 
dystonia (IAOD) affecting the cranial-cervical area and a male preponderance in limb dystonia [1-4]. 
However, sex related differences may result from bias inherent to study design. Moreover, 
information is lacking on whether sex-related differences exist in expressing other dystonia-
associated features and dystonia spread. 
 
Objective: To provide accurate information on the relationship between sex differences, motor 
phenomenology, dystonia-associated features, and the natural history of IAOD.  
 
Methods: Data of 1701 IAOD patients from the Italian Dystonia Registry [5] were analysed. 
 
Results: Women predominate over men in blepharospasm, oromandibular, laryngeal and cervical 
dystonia; the sex ratio was reversed in task-specific upper limb dystonia, and no clear sex difference 
emerged in non-task-specific upper limb dystonia and lower limb dystonia. This pattern was present 
at disease onset and the last examination. Women and men did not significantly differ for several 
dystonia-associated features and tendency to spread. In women and men, the absolute number of 
individuals who developed dystonia tends to increase from 20 to 60 years and then decline. However, 
when we stratified by site of dystonia onset, different patterns of female-to-male ratio over time could 
be observed in the various forms of dystonia. 
 
Conclusions: Our findings provide novel evidence on sex as a key mediator of IAOD phenotype at 
disease onset. Age-related sexual dimorphism may result from the varying exposures to specific 
ageand sex-related environmental risk factors interacting in a complex manner with biological factors 
such as hormonal sex factors. 
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Introduction: Different body locations of idiopathic adult-onset dystonia (IAOD) are associated with 
specific demographic and clinical characteristics [1-4], as well as with specific risk factors [5,6]. This 
suggests that, even if there might be an underlying common pathogenic mechanism, divergent 
pathogenic processes - in which occupation may play a role - could underlie the various forms of 
dystonia. 
 
Objectives: To investigate the association between main lifetime occupation and specific forms of 
idiopathic dystonia at onset, namely blepharospasm, laryngeal dystonia, cervical dystonia, and upper 
limb dystonia. 
 



Methods: Data on 940 IAOD patients from the Italian Dystonia Registry [7] were analysed. Each 
patient was assigned to the corresponding occupational category by specialists in occupational 
medicine according to the ISTAT classification [8]. Logistic regression models (adjusted for sex, year 
of birth, age at dystonia onset, education, and Italian geographical areas) were computed to compare 
patients with a specific dystonia at onset to patients with all other forms of dystonia. 
 
Results: Compared to other professions, skilled workers exhibited an increased risk for 
blepharospasm at onset (OR = 2.0, 95% CI 1.2-3.3), cleaning staff for cervical dystonia (OR = 3.6, 
95% CI 1.2-10.3), and musicians for task-specific upper limb dystonia (OR = 24.0, 95% CI 7.4-78.0). 
No statistically significant association emerged between occupation and laryngeal dystonia. In 
examining dystonia-associated features, sensory trick was found to be less frequent in musicians, 
along with a lower frequency of dystonic tremor; conversely, agricultural workers and unskilled 
professions experienced a higher frequency of dystonic tremor. Finally, homemakers had a greater 
tendency to spread, while dystonia remained focal in all musicians over 8.8 ± 8.5 years. 
 
Conclusions: Our findings provide novel evidence on occupation as a key mediator of IAOD 
phenotype at disease onset and on its natural history. 
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Introduction: Focal task-specific dystonias represent a rare condition and usually affect the upper 
limbs or craniocervical regions (e.g., writer's cramp, musician's hand dystonia, or embouchure 
dystonia). Lower extremity dystonias is thought to be rare in adults and when it does occur it tends 
to be non-task specific and often associated with parkinsonism, trauma, stroke, or psychogenic 
behavior. However, focal task-specific dystonias in the lower limb or foot have been described during 
walking, running, hiking or cycling. More recently, a task‐specific lower limb movement disorder 
triggered only by walking down stairs has been reported in few cases. [1,2,3] 
 
Case description: We report the case of 54 years-old woman presenting with task‐specific dystonia 
manifested only when going down the stairs. She presented with a history of non-progressive right 
lower limb symptoms manifested only when going down stairs that she came to notice about 2 years 
earlier. She explained that, when she went down stairs, she was unable to control her right leg coming 
down. These symptoms were not reproducible when she walked down stairs backward or climbing 
stairs. Walking on horizontal ground was normal. There was no history of trauma, psychiatric, or 
other medical problems, nor a family history of movement disorders. Her neurological examination 
was entirely normal, and there were no orthopedic abnormalities. There was no distractibility and 
inconsistency. Brain magnetic resonance imaging and electromyography studies of the lower limb 
were normal. The patient did not want any treatment. 
 
Discussion: Down the stairs dystonia is a novel, rare, adult‐onset, task‐specific focal isolated 
syndrome of lower limbs. To date, only 9 other cases describing task‐specific lower limb dystonia 
while going down stairs have been published. As in our case, most patients are females with 
unremarkable medical and family histories, all with normal neurological examination and lack of 
progression or significant functional impairment. 
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Introduction: Mutations in CACNA1A have been associated with several autosomal dominant 
neurologic disorders, including familial hemiplegic migraine type 1, episodic ataxia type 2, and 
spinocerebellar ataxia type 6 [2].  
 
Objectives: We describe a case of CACNA1A mutation, childhood onset of segmental dystonia [1]. 
 
Methods: Herein we describe a caucasian 60-year-old female, second child of non-consanguineous 
healthy parents, presented with a history of abnormal neck posture since early childhood. No 
progression of these sign occurred. She denied any illnesses, exposures or trauma around this time. 
There was no family history of similar symptoms. The patient’s physical examination revealed 
craniocervical dystonia showing blepharospasm, antero-Collis, head tremor, decreased right arm 
swing and she exhibit some bradykinesia, but these issues did not inhibit her actions significantly. 
There were no signs of dysmetria or ataxia on exam. MRI of the brain and spinal cord was 
unremarkable as well as the striatal uptake of the dopamine transporter ligand FP-CIT with SPECT. 
During the hospitalization, given the possibility of it being dopamine-responsive dystonia, the patient 
was trialed on carbidopa/levodopa without improvement. She also was receiving regular botulinum 
toxin injections for her cervical dystonia, with some improvement. 
 
Results: A dystonia panel was sent, and it showed a new nonsense variant c.6a63c>T; p. 
Arg2155Cys* in the CACNA1A gene to be a possible cause of dystonia. To the best of our 
knowledge, p.Arg2155Cys* in CACNA1A has not been described in the literature to date. 
 
Conclusions: Dystonia can be an aspect of the clinical phenotype of CACNA1A [3]. The report of 
other patient with cervical dystonia and a mutation in CACNA1A supports the idea that our patient’s 
childhood-onset dystonia is due to her mutation in CACNA1A [4]. Unlike other case-report reported 
in literature, our patient did not have manifested any cerebellar signs. So, an important issue remains 
the coexistence of marked phenotypic variability across different mutation types. 
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Introduction: GBA1 is the major genetic risk factor for PD [1].  
 
Objective: To assess whether artificial intelligence could predict GBA1-mutated genotype in 
Parkinson’s Disease (GBA1-PD ) considering the different impact of significant clinical features. 
 
Methods: A consecutive cohort of GBA1-PD patients has been paired for age, sex, disease duration, 
Hoehn & Yahr stage, and comorbidities (Charlson Comorbidity Index) with a cohort of consecutive 
non-mutated PD (NM-PD) patients. Clinical assessment included the MDS-UPDRS total scores and 
subscores, and the Montreal Cognitive Assessment (MoCA). The pre-processing phase consisted in 
categorizing patients based on a binary target (GBA1-PD or NM-PD). To address missing values and 
inconsistencies in the data, we compared two imputation techniques: K-Nearest Neighbors and 
Iterative Imputer. We applied the Chi-square and Mann-Whitney test to identify features that 
significantly differ between the two groups. For predictive modeling, we explored a variety of 
algorithms, such as Support Vector Machines, Logistic Regression, Random Forest, Stochastic 
Gradient Descent Classifier, and Decision Tree. Each model was rigorously evaluated to determine 
its effectiveness in accurately categorizing patients. By examining the contribution of individual 
features in the predictive models, we were able to identify the most significant factors influencing the 
genetic categorization. 
 
Results: The dataset comprised 116 patients: 58 GBA1-PD (males: 31; age: 64.47 years; disease 
duration: 7.95 years, MDS-UPDRS III: 28.95; CCI: 2.48) and 58 NM-PD (age: 64.64 years; disease 
duration: 7.67 years, MDS-UPDRS III: 35.98; CCI: 2.67). For each patient 124 distinct features were 
recorded. Among these features, 16 had been used by the model to identify mutated or nonmutated 



GBA1 genotype with an accuracy between 60-70%. These variables included family history, score 
and subscores for motor impairment (e.g., MDS-UPDRS III total score, rigidity, bradykinesia and 
PIGD subscores) and cognitive impairment. 
 
Conclusions: Selected models, using 16 significant variables, could predict GBA1 genotype with an 
accuracy between 60-70%. 
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Introduction: The accumulation of α -synuclein in Parkinson's disease (PD) leads to the stress of 
endoplasmic reticulum (ER) [1-3]. The resulting cellular response is called "Unfolded Protein 
Responce" (UPR). UPR is activated with the aim of reducing protein synthesis and simultaneously 
stimulate the prodyction of proteins that mediate apoptosis to reduce protein aggregation. PERK 
(PKR-like ER kinase) and the transcription factor EIF2A are the main mediator of the UPR. 
 
Objectives: To study a possible association between polymorphisms of the genes coding for proteins 
involved in the UPR and the development of PD or PD motor and nonmotor symptoms. 
 
Methods: The study sample included a total sample size of 1666 subjects with 960 PD patients and 
506 age/gender-matched healthy controls. The analysis focused on the genetic variants (SNV) of 
genes coding for proteins involved in the UPR (EIF2AK3, LRRK2, ATF4, ATF6, XBP1, BCL2, 
EIF2A, ERN1). The DNA was extracted from the blood samples and the Open Array ™ technology 
allowed a massive and simultaneous genotyping of all the samples under examination. 
 
Results: We find 51 SNVs concern EIF2AK3 coding for PERK and EIF2A coding for eIF2α, with a 
statistically significant association with susceptibility to PD.  
 
Conclusion: Our study confirms the involvement of UPR and in particular of the PERK pathway in 
the development of PD. The PERK pathway represents a potential target for the development of new 
therapeutic strategies for both neuroprotective and symptomatologic purposes [4]. 
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Introduction: Glucocerebrosidase (GBA) mutations are the most frequent genetic risk factor for 
Parkinson Disease (PD). Decreased glucocerebrosidase activity (GCase) and increased α-synuclein 
(α-syn) levels are both considered promising biomarkers for GBA-PD. However, the role of 
combined blood GCase/α-synuclein is still poorly investigated. 
 
Objectives: The present study investigates whether combined evaluation of blood GCase and α-
synuclein can predict disease severity in GBA-PD and prodromal features in asymptomatic 
GBAcarriers (GBA-nonPD). 
 
Methods: 98 subjects (30 GBA-nonPD, 29 GBA-PD and 39 healthy controls) underwent a detailed 
clinical assessment, as well as measurement of GCase activity and α-syn levels in peripheral blood 
mononuclear cells (PBMCs). A two-step clustering analysis was performed to split the subjects into 
distinct clusters based on their combined GCase/α-syn biochemical profile. Motor and non-motor 
scores of GBA-PD and GBA-nonPD were analyzed among clusters. 
 
Results: Combined blood GCase/α-syn showed high accuracy to discriminate subjects into two 
clusters: 1) benign (high GCase/mid-low α-syn); 2) malignant (low GCase/high α-syn). All healthy 
controls belonged to the benign cluster, while 59% of GBA-PD and 47% of GBA-nonPD fell in the 
malignant cluster. GBA-PD within the malignant cluster showed motor and non-motor features 
similar to those in the benign cluster, while cognitive performance was significantly worse (lower 
MoCA scores). GBA-nonPD within the malignant cluster had a higher prevalence of sleep disorders 
and depressive symptoms, while their motor scores did not differ significantly from those within the 
benign cluster. 
 
Conclusions: We report for the first time that combined blood GCase/α-syn assessment defines a 
distinctive biochemical profile able to identify a more severe cognitive phenotype in GBA-PD and 
more pronounced prodromal non-motor features in GBA-nonPD. Longitudinal studies are needed to 
confirm the accuracy of this potential biomarker. 
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Introduction: Parkinson's disease (PD) is a complex neurodegenerative disorder, widely regarded as 
a multifactorial disease where either genetic and environmental factors play a role in risk of onset, 
clinical phenotype, and trajectory of progression [1]. Meta-analysis showed that having a family 
history of PD is a strong risk factor for later diagnosis of PD, with a 3–4x increase in odds [1]. Truly 
monogenic forms of Parkinson’s account only for about 5-10% of PD patients [2], whereas Genome-
Wide Associations Studies (GWAS) have contributed to delineate single alleles with a small but 
additive effect in increasing risk of PD development [1]. 
 
Objectives: To describe the genetic background in a cohort of PD patients and to evaluate the 
association between the presence of risk variants associated with PD and a positive family history. 
 
Methods: We recruited 97 individuals with a clinical diagnosis of PD, with age at motor symptoms 
onset ≤ 60 years and/or a family history of PD or extrapyramidal signs, and we analyzed their DNA 
samples with a Next-Generation Sequencing panel. 
 
Results: Our population had an average age at symptoms onset of 52,99 years. 32/97 had a positive 
family history for movement disorders. 62/97 had a positive test revealing 22 different gene’s 
mutations (GBA, A2M, and LRRK2 being the most frequent). There were no significant associations 
between patients tested positive and: i. a family history of parkinsonism; ii. clinical features such as 
tremor dominant/bradykinetic phenotype, dystonia, cognitive impairment, and poor levodopa 
response. 
 
Conclusions: The absence of a positive family history for movement disorders should not prevent PD 
patients from genetic testing. Since GWAS can account only for 16-36% of PD heritability [3], further 
efforts in evaluating genetic background of PD patients are still needed, also to clarify the relationship 
between specific mutations and clinical phenotype. 
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Introduction: Dystonia represents the manifestation of several pathogenetic entities and can occur 
isolated or combined [1]. TOR1A (DYT1) variants were firstly recognized as the hereditary cause of 
primary dystonia. However, the recent optimization of gene sequencing procedures allowed to 
identify many other genes involved in the pathogenesis of dystonic syndromes [2].  
 
Objectives: Our aim is to analyze the prevalence of genetic variants associated with dystonic 
syndromes in a group of selected patients and define their clinical phenotype. 
 
Methods: We analyzed Next Generation Sequencing (NGS) panels of 63 patients presenting with a 
primary dystonic syndrome.  
 
Results: NGS panels of 25 of these patients (40%) were negative. In 38 patients (60%) variants were 
detected. A total of 61 variants were reported, among which 13 were classified as pathogenetic/likely 
pathogenetic, and 48 as variants of unknown significance (VUS). Four patients received a genetic 
diagnosis (ATM, PRRT2, TH and GNAL). Five patients presented VUS in ANO3, CIZ1, TOR1A, 
GLB1, SGCE and had clinical signs and a segregation of the variants compatible with the related 
clinical phenotype. The remaining twenty-nine patients had inconclusive results. 
 
Conclusions: In our case series, a definite genetic diagnosis was made in 6% of the tested patients. A 
genetic diagnosis was probable in 8% of patients. Even though the diagnostic yield was quite low, it 
allowed to make diagnosis in patients with atypical phenotypes of genetic syndromes, in which a 
genetic counseling is mandatory. However, the most frequently reported variants are VUS, which 
imply some difficulties in the interpretation and pose some challenges for the family counseling. In 
conclusion, the wide availability of NGS panels can help redefining diagnostic accuracy in patients 
which could benefit from a genetic diagnosis in both terms of treatment and counseling. However, a 
correct counseling to patients in view of possible inconclusive results should be made. 
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Introduction: Parkinson's disease and dystonia exhibit clinical overlaps, with specific gene variants 
contributing to both conditions: dystonia is notable in PD variants associated with PRKN, PINK1, 
DJ-1, and PLA2G6, while parkinsonism is observed in dystonia related variants of GCH1, TH, TAF1, 
ATP1A3, and PRKRA [1]. An isolated form, DYT-THAP1, presents as an autosomal dominant 
subtype, marked by focal and segmental dystonia [2]. 
 
Objective: No reports of parkinsonism in THAP1 deletion were documented until now. However, we 
present a case of parkinsonism in a patient with a THAP1 mutation (c.70_71+8del). 
 
Methods: A 61-year-old woman was referred to Movement Disorders outpatient for resting tremor of 
the right upper limb for five months. Right lower limb tremor began two years earlier and hyposmia 
twenty years prior. She has a history of type II diabetes mellitus, obesity (BMI 50 kg/m2) and 
autoimmune hypothyroidism. She has a positive paternal family history (father and aunt) for tremor. 
Neurological examination revealed bradykinesia, right upper and lower limbs resting tremor, reduced 
swing and mild hypomimia. Brain MRI showed chronic vasculopathy and Dopamine Transporter 
imaging (SPECT with 123I-Ioflupane) revealed left nigrostriatal dopaminergic pathway impairment. 
Levodopa/carbidopa alleviated symptoms initially, and ropinirole was added due to persistent tremor 
and bradykinesia. Given the diagnosis of idiopathic Parkinson’s disease, the patient was involved in 
the ROPAD (Rostock International Parkinson's Disease) study, aiming to better understand the 
genetic contribution to PD [3]. 
 
Results: A custom NGS panel (CENTOGENE) identified a heterozygous mutation in THAP1 
(c.70_71+8del), confirmed by an Italian center and classified as probably pathogenic (class 4 
according to ACMG Guidelines). 
 
Conclusions: Literature associates THAP1 mutations with varied dystonic symptoms and ages of 
onset. Given the reduced penetrance of THAP1 mutations, with only 50-65% exhibiting dystonic 
phenotypes: is the parkinsonism a phenotypic expansion or is it an incidental THAP1 mutation 
unrelated to the clinical presentation? 
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Introduction: Pathogenic variants in LRRK2 gene are the most common monogenic cause of 
Parkinson disease (PD), while GBA1 is the major genetic risk factor for PD [1]. 
 
Objective: To evaluate the occurrence of medical comorbidities associated with PD genes (GBA1-
PD and LRRK2-PD) compared to a cohort of idiopathic PD (iPD), focusing on early detectable or 
treatable diseases. 
 
Methods: This retrospective observational study included PD patients carrying pathogenetic variant 
in LRRK2 or GBA1 genes, and patients non-mutated in PD associated genes (iPD) as control group. 
We evaluated demographic data and the following personal comorbidities (presence/absence): 
cardiological, oncological, cerebrovascular, kidney, endocrinological, autoimmune and immuno-
mediated diseases, aneurysms or arteriovenous malformations, type 2 Diabetes Mellitus (T2-DM) 
and dyslipidemia. Categorical variables were reported as percentages, while continuous variables as 
medians and interquartile range. Prevalence of comorbidities between groups were compared through 
the Fisher exact test. 
 
Results: 165 PD patients were included: 73 GBA1-PD (male: 52; age: 69 years; disease duration: 
10.5 years), 23 LRRK2-PD (male: 12; age: 63 years; disease duration:10 years) and 69 iPD (male: 
44; age: 64 years; disease duration: 8 years). LRRK2-PD patients had a significantly higher 
prevalence of oncological disorders, compared to iPD (39.13% vs 11.59%, p=0.01), but not compared 
to GBA1-PD (39.13% vs 20.55%, p=0.10). More than half of LRRK2-PD patients with malignancies 
had ≥ 2 tumors in their lifetime and had at least one family member with cancer. The most prevalent 
malingnancies in our LRRK2-PD coohort were cutaneous melanomas, hematological malignancies, 
uterine and breast cancers. The frequency of patients affected by T2-DM was significantly higher in 
LRRK2-PD (28.57%) patients than in iPD (5.88%, p= 0.01) and GBA1-PD (8.33%, p= 0.02). 
 
Conclusions: This study highlighted that LRRK2-related PD are likely to be more susceptible to T2-
DM and to specific malinganceis compared to GBA1-PD and iPD. 
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Introduction: Autosomal dominant spinocerebellar ataxia due to intronic GAA repeat expansion (RE) 
in the FGF14 gene (GAA-FGF14 ataxia; SCA27B) is a recently identified, relatively common, form 
of late onset ataxia.  
 



Objective: Here, we aimed to: investigate relative frequency of GAA-FGF14 in different clinical-
defined disease subgroups and characterize the clinical phenotype of GAA-FGF14 patients collected 
in an Italian multicenter cohort study. 
 
Methods: First, we screened a total of 406 clinically diagnosed late onset cerebellar ataxia (LOCA), 
subdivided in sporadic adult-onset cerebellar ataxia (SAOA), autosomal dominant cerebellar ataxia 
(ADCA) and multisystem atrophy - cerebellar variant (MSAC). 
Then, we analyzed the clinical, genetic and neuroradiological features of 52 index cases carrying a 
heterozygous GAA-FGF14 RE. At the end, we compared Italian cohort with already reported GAA-
FGF14 cohorts of various ethnic backgrounds. 
 
Results: The estimated prevalence of SCA27B was 13.5% among LOCA patients, 8%  among SAOA 
patients, 38.5% in ADCA, 2% among MSA-C patients. Fifty out of 52 Italian GAA-FGF14 patients 
consistently presented as late-onset (60.5±13) cerebellar syndrome. All symptomatic individuals 
showed evidence of impaired balance and gait cerebellar oculomotor signs (saccadic intrusion, 
nystagmus, slowing saccades) wer also frequent (80%). Episodic manifestations at onset occurred in 
36% of patients Dysautonomia and cognitive impairment were infrequent. Peripheral neuropathy was 
reported in 23.5% of patients. Brain magnetic resonance imaging showed cerebellar atrophy in most 
cases (81%). Longitudinal assessments indicated slow progression of ataxia (0.33 SARA points/year) 
and minimal functional impairment (55% of patients are still fully ambulant after 10 years of disease 
duration). We found no correlation between RE, age at onset, longitudinal SARA scores or disease 
duration. 
 
Conclusion: Relative frequency of SCA27B among ADCA patients is very high. Consistent with all 
the cohorts described to date, GAA-FGF14 patients present as an adult-onset, slowly progressive 
cerebellar ataxia with predominant axial involvement and frequent cerebellar oculomotor signs. 
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Introduction: The pathogenesis of Parkinson’s Disease (PD) has been related to many dysfunctional 
cellular pathways, including lysosomal and mitochondrial dysfunction [1]. 
 
Objective: To evaluate phenotypic differences between mutated-PD patients on the basis of the 
dysfunctional cellular pathway underlying the disease, namely the mitochondrial (mito-PD) or 
endolysosomal (lyso-PD) pathways. 
 
Methods: This retrospective observational study included PD patients carryng pathogenetic variant 
in LRRK2, GBA1, PRKN, PINK1, DJ-1, RAB39B, POLG, TWNK, OPA1 and mtDNA. We 
collected data about demographic features, presence of motor/nonmotor symptoms, levodopa-
induced dyskinesias (LID) and motor fluctuation (MF), and Total Levodopa Equivalent Daily Dose 
(LEDD) at disease onset, 5- and 10-years followup. Patients were divided into mito-PD (PRKN, 
PINK1, DJ-1, TWNK, POLG, OPA1, mtDNA) or lyso-PD (LRRK2, RAB39B, GBA1) groups 
according to the cell pathway in which the mutated gene is most involved. Categorical variables were 
reported as percentages and compared through the Fisher exact test, while continuous variables were 
reported as medians and interquartile range and compared through Wilcoxon or Kruskal-Wallis tests. 
 
Results: 135 PD patients were included: 99 Lyso-PD (male: 65, age at onset: 55 years; disease 
duration: 10 years; GBA1, LRRK2, RAB39B ), and 36 mito-PD (male: 19, age at onset: 41 years; 
disease duration: 10 years; PINK1, PRKN, DJ-1, POLG, TWNK, OPA1, mtDNA). Non-motor 
symptoms (dysautonomia, hyposmia, cognitive impairment, hallucinations, urinary simptoms, 
sciallorhea) were more frequent in lyso-PD, except for psychiatric and sleep disorders, as well as the 
prevalence of MF and LID. Lyso-PD were more frequently hypokinetic and rigid, while mito-PD had 
higher prevalence of dystonia. LEDD was lower in mito-PD (5y: 358 mg; 10y: 480 mg) than lyso-
PD (5y: 500 mg; 10y: 645 mg) at 5- (p=0.05) and 10- years (p=0.06) follow-up.  
 
Conclusions: This study highlighted that lyso-PD had more frequently non-motor symptoms, MF and 
LID, while mito-PD had sustained response to low doses of levodopa. 
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Introduction: In recent years, a comprehensive set of neurophysiological tests, including the loading 
test, tapping performance analysis, and the evaluation of response to ballistic movements, has been 
proposed to formulate laboratory-supported criteria for diagnosing functional tremor. These criteria 
are intended for use in both clinical practice and experimental research [1,2]. 
 
Objective: To comprehensively evaluate the effects of loading, tapping performance, and ballistic 
movements on major tremor features in patients with essential tremor (ET). 
 
Methods: The enrolled ET patients were evaluated using a standardized clinical scale, the Fahn-
Tolosa-Marin Tremor Rating Scale (FTM-TRS). A comprehensive tremor evaluation at baseline and 
during loading, finger tapping (at 1, 3, and 5 Hz), and ballistic movements was conducted using an 
optoelectronic system. Data were analyzed through non-parametric Friedman Analysis of Variance 
(ANOVA). 
 
Results: Thirteen ET patients were included (6 females, 64.9±17.6 years), with a mean disease 
duration of 15.6±10.9 years and an FTMTRS score of 20.6±10.1. At baseline, postural tremor had a 
mean frequency of 5.98±1.42 Hz and a mean amplitude of 0.053±0.036 GRMS^2. ANOVA unveiled 
a difference in amplitude (Chisquare=12.24; p=0.03), with lower values during 1 Hz finger-tapping 
movements (0.045 GRMS^2), compared to the other conditions. Moreover, we found an inverse 
correlation between baseline tremor amplitude and the reduction in tremor amplitude during 1 Hz 
tapping (r=-0.62, p=0.021). Finally, the analysis did not reveal variations in tremor frequency across 
different manoeuvres (Chi-square=3.48; p=0.62). 
 
Conclusions: Gaining insights into the impact of loading, tapping performance, and ballistic 
movements on postural tremor features in patients with tremor holds relevance for clinical 
applications, especially within the diagnostic process. Expanding the analysis to larger patient 
samples could contribute to a deeper understanding of how clinical factors influence the observed 
effects. 
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Introduction: Parkinson's Disease (PD) is characterized by a spectrum of motor dysfunctions, 
including the debilitating symptom of Freezing of Gait (FOG). While the pathophysiology of FOG is 
multifaceted and not entirely understood, there is growing evidence suggesting the involvement of 
cortical changes, in addition to subcortical alterations [1,2,3]. This study employs Transcranial 
Magnetic Stimulation combined with Electroencephalography (TMS-EEG) targeted at the occipital 
cortex to probe the electrophysiological properties of this area and its relationship to FOG in PD 
patients. 
 
Objectives: To investigate the neurophysiological mechanisms of FOG, with a focus on the role of 
the associative visual cortex (BA19). Considering BA19's crucial involvement in higher-order visual 
processing and spatial awareness, this study aims to determine how the localized functional dynamics 
within BA19, as revealed through TMS-EEG, may contribute to the development of FOG in 
cognitively intact PD patients. 
 
Methods: Thirty PD patients underwent an extensive neuropsychological assessment to rule out 
cognitive impairment. They were then categorized into two groups based on the presence or absence 
of FOG. The experimental procedure involved the use of TMS to specifically perturb BA19 and high-
density EEG to measure the natural frequency of evoked oscillations in this area. An integrated 
neuronavigation system, utilizing the individual MRI of each patient, ensured precise targeting and 
accurate estimation of the induced maximum electric field. In addition to the natural frequency, other 
key electrophysiological indicators, such as the local mean field power and the slope of TMS-evoked 
potentials, were computed. 
 
Results: In FOG+ patients, we observed a significant reduction in the natural frequency of oscillation 
within BA19. Furthermore, we also demonstrated enhanced local mean field power and a steeper 
slope of TMS-evoked responses suggesting an increased local cortical excitability. 
 
Conclusions: These findings highlight the potential impact of local neurophysiological alterations in 
BA19 on the development of FOG. In particular, the significant reduction in natural frequency, 
deviating from the physiological alpha-band oscillations typically evoked in healthy individuals, 
suggests early functional degeneration in the occipital cortex, even before the onset of overt cognitive 
impairment. Importantly, the dysfunction in BA19, crucial for spatial awareness and the integration 
of visual-spatial information, could directly contribute to the pathogenesis of FOG and represents a 
potential target for future treatment strategies. 
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Introduction: Studies using transcranial magnetic stimulation (TMS) have shown specific 
modulations (preparatory inhibition and facilitation) of the corticospinal excitability preceding 
movement execution. These modulations during action preparation have also been observed in tasks 
used to assess inhibitory control. However, the relationship between action preparation, intentional 
inhibition processes and impulsive personality traits is still under investigation in healthy individuals 
and in Parkinson’s disease (PD). 
 
Objectives: The aim of the present study was to evaluate the temporal dynamics of corticospinal 
excitability modulation during action preparation in a proactive inhibition task based on the 
impulsivity traits. Here we present preliminary data in normal controls. 
 
Methods: Ten right-handed healthy volunteers underwent impulsivity trait assessment (BIS-11), a 
Go-only choice reaction time (CRT) task and a modified version of the Go/No-go task (GNT) in 
which they were instructed to press a button in response to ‘Go’, withhold responses to ‘No-go’, and 
decide whether to press or withhold to ‘Choose’ stimuli. In CRT and GNT, single-pulse TMS was 
applied to the left M1 hand during the ‘readiness’ proactive period at the baseline and randomly at 
one of five time points (-2000, -1500, -1000, -500, and 0 ms before the Go/No-go/Choose cues). 
 
Results: In GNT, in which proactive inhibition was required during the readiness period, the 
corticospinal excitability was significantly lower compared to the Go-only CRT task, regardless the 
experimental condition (Go/No-go/Choose). When participants were split into two groups according 
to the median BIS-11 score, this difference in the corticospinal excitability between the GNT and the 
Go-only CRT tasks was lower in subjects with higher impulsivity traits. 
 
Conclusions: Preliminary data suggest that proactive inhibitory control exerted during action 
preparation modulates motor cortex excitability as a function of impulsivity traits. This paradigm 
appears as potential tool to investigate the relationship between proactive inhibition and impulsivity 
traits in PD. 
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Introduction: Parkinson’s disease (PD) body-first subtype is characterized by prodromal autonomic 
symptoms and REM sleep behavior disorder (RBD), symmetric dopaminergic degeneration, and 
increased risk of dementia. On the other hand, the PD brain-first subtype has fewer non-motor 
symptoms and a milder motor phenotype. The temporal relationship between RBD onset and motor 
symptoms onset may differentiate these two subtypes. 
 
Objectives: To investigate electrocortical differences between brainfirst and body-first PD patients. 
 
Methods: PD patients with an available routinely collected EEG were retrospectively selected. RBD 
was diagnosed using the RBD screening questionnaire (≥6). According to the onset of RBD patients 
were classified into PD-RBDpre (RBD onset before motor symptoms) and PD-RBDpost (RBD onset 
after motor symptoms). Patients without RBD were classified as PD-RBD-. Presence of Mild 
Cognitive Impairment (MCI) was diagnosed according to the MDS criteria. EEG Spectral analysis 
was performed in resting state by computing the Power Spectral Density (PSD) of site-specific signal 
epochs for the common frequency bands (delta, theta, alpha, beta). 
 
Results: Thirty-eight PD-RBD-, 14 PD-RBDpre and 31 PD-RBDpost patients were recruited. 
Comparing both global and site-specific absolute values, we found a significant trend toward beta 
band reduction going from PD-RBD-, PD-RBDpost and PD-RBDpre. No significant differences were 
found between PD-RBDpost and PD-RBDpatients. 
 
Conclusions: PD-RBDpre patients may represent a different subset of patients as compared to patients 
without RBD, while patients with later onset have intermediate EEG spectral features. Quantitative 
EEG could be used as a biomarker in the differentiation of PD subtypes. 
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Introduction: Studies of transcranial magnetic stimulation electroencephalography (TMS-EEG) have 
demonstrated reduced excitability in the primary motor cortex (M1) and increased excitability in the 
pre-supplementary motor area (pre-SMA) in moderate and advanced Parkinson’s disease (PD) 
patients. It is still unclear, however, whether these abnormalities are evident from the early stages of 
the disease, their behavioral correlates, and relationship to subcortical changes. 
 
Objectives: Investigating the presence of motor cortical excitability changes in early-stage PD and 
exploring their association with bradykinesia and structural connectivity in cortico-subcortical 
connections. 
 
Methods: Thirty-five early PD patients, 19 drug-naive (de novo PDDNPD) and 16 treated with 
levodopa (L-dopa PD-LPD), and 31 healthy controls (HCs) participated in the study. Participants 
underwent TMSevoked potentials (TEPs) recording from M1 and preSMA, kinematic recordings of 
voluntary finger tapping movements, and a 3T-MRI scan. We compared TEP P30 from M1 
stimulation and N40 from pre-SMA stimulation, between patients with early PD and HCs. We also 
examined correlations with clinical, kinematic, and Diffusion tensor imaging (DTI) parameters. 
 
Results: We found a significant reduction in M1 P30 amplitude in both DNPD and LPD patients 
compared to HCs. Conversely, an increased pre-SMA N40 amplitude was observed only in LPD 
patients. Notably, pre-SMA N40 amplitude correlated significantly with longer PD duration, higher 
levodopa equivalent daily dose, and greater motor severity. PD patients exhibited smaller amplitude 
and slower velocity in finger tapping movements and altered structural integrity in white matter tracts 
of interest, compared to HC. However, these changes did not correlate with TEP alterations. 
 
Conclusions: M1 hypoexcitability is already present at disease onset and does not correlate with 
investigated clinical features, thus representing a “parkinsonian state”. Conversely, pre-SMA 
hyperexcitability appears to reflect PD progression. The absence of correlation between TEPs and 
DTI abnormalities implies that M1 and pre-SMA cortical excitability alterations do not reflect 
corticosubcortical structural disconnections. 
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Introduction: Many neurophysiological studies have shown primary motor cortex (M1) abnormalities 
in Parkinson's disease (PD) and some relationship with bradykinesia, one of the cardinal motor 
features of the disease [2]. However, it is unclear whether there is any relationship between M1 
dysfunction and manual dexterity loss, i.e., limb-kinetic apraxia, another possible, though under-
investigated motor feature in PD [1]. 
 
Objectives: To investigate the potential relationships between objective assessments of limb-kinetic 
apraxia, through kinematic analysis, and neurophysiological measures of M1, using transcranial 
magnetic stimulation techniques in patients with PD. 
 
Methods: A sample of twenty-one PD patients and an equal number of age- and gender-matched 
healthy controls (HC) participated in the study. Objective evaluations of limb-kinetic apraxia during 
a 10-sec coin rotation task were conducted through kinematic analysis. Various parameters, including 
the number of movements performed, mean angular velocity, and measures of movement regularity 
(i.e., intermovement intervals and movement units of the velocity profile), were recorded. M1 
excitability was assessed through motor thresholds, analysis of the input/output curve of motor-
evoked potentials (MEP), and short-interval intracortical inhibition (SICI). Patients were assessed in 
the OFF-medication state and tested on the most affected side of the body. 
 
Results: PD patients exhibited slower and more irregular task performance compared to HC. 
Additionally, they displayed steeper input/output curves and reduced SICI in contrast to HC. Within 
the PD sample, objective measures of limb-kinetic apraxia correlated with the slope of the 
input/output MEP curve. Higher M1 excitability, i.e. steeper input-output MEP curve, was associated 
with decreased velocity and increased irregularity during the motor task (r = -0.44 and 0.62, 
respectively; both Ps < 0.05). 
 
Conclusions: This study objectively delineates the characteristics of limb-kinetic apraxia and its 
neurophysiological correlates in PD, contributing further insights into the pathophysiological role of 
M1 in this condition. 
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Introduction: Apathy, often associated with impaired executive functions, is found in 19–29% of 
patients with Parkinson’s disease (PD) [1,2]. 
 
Objectives: To assess the psychophysiological correlates and neuropsychological features of apathy 
in PD.  
 
Methods: 12 patients were assessed (in ON condition) through the Montgomery-Asberg Depression 
Rating Scale (MADRS), Starkstein Apathy Scale (SAS), Lille Apathy Rating Scale (LARS). They 
underwent event-related potentials (ERPs) recording using an oddball task; two blocks of 250 stimuli 
each (75 dB) were presented in a random order, with 50 target (2000 Hz) and 200 non-target tones 
(1000 Hz), with an interstimulus interval of 1s. 
 
Results: P3a and P3b latency of PD group significantly differed from the healthy control group 
(p<0.001). N1 and N2 were comparable. 2 patients had altered P3b latency (matched for age) and 
they showed significant higher impairment in Self Awareness (SA) subscale of LARS (M=0.845) 
compared to patients with normal P3b (M=-0.840); [F (6,1) = 13.580 p = 0.010]. A significant 
correlation was also found between Intellectual Curiosity (IC) LARS subscale and P3b latency [ρ= -
0.810, p = 0.022]. Also, significant negative correlations were found between MADRS scores and 
P3a latency (ρ =-0.731 p = 0.04) and P3b latency (ρ= -0.857 p = 0.01). No altered values or significant 
correlations were found for other ERPs components. Ten over 12 patients had mild or moderate 
depression, and 6 out 12 had full-blown apathy. The severity of apathy correlated with depression 
[Χ²(3)=9.018, p=0.029] and impairment in Intellectual Curiosity (IC LARS subscale) [F(10,1)=5.042, 
p = 0.015]. 
 
Conclusions: P3a and P3b latency in apathetic PD patients were associated with specific domains of 
apathy, IC and SA, and severity of depression, reflecting a neurophysiological abnormal pre-attentive 
and information processing. P300 might be a valid biomarker to discriminate depression and apathy 
symptoms in PD and to better characterize disease progression [3,4]. 
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Introduction: In Gilles de la Tourette syndrome (GTS), tics are often preceded by a premonitory urge 
(PU), which can worsen during voluntary tic suppression. Previous functional MRI studies have 
indicated a correlation between tics and activity in the Supplementary Motor Area (SMA) and 
Primary Motor Cortex (M1), as well as between PU and activity in the Brodmann Area 40 (BA40) 
and Dorsolateral Prefrontal Cortex (DLPFC). Our study aimed to investigate the roles of these cortical 
areas excitability in the pathophysiology of tics and PU using transcranial magnetic stimulation 
coupled with EEG (TMS-EEG). 
 
Methods: We recruited 10 healthy volunteers (HV) and 10 GTS patients. Clinical assessment included 
the Premonitory Urge for Tic Scale (PUTS) and to the Yale Global Tic Severity Scale (YGTSS). We 
administered 100 TMS stimuli at 110% of the resting motor threshold intensity to SMA, M1, BA40, 
and DLPFC in two conditions: free ticcing and tic suppression (avoiding blinking in HV), the latter 
designed to intensify PU. 
 
Results: Early TEPs from M1 were smaller in GTS patients compared to HV during the free tics 
condition. Additionally, early TEPs from BA40 and SMA displayed distinct amplitude modulations 
in response to the suppression condition between groups. Tic suppression was associated with a strong 
inhibition of early BA40 TEPs and an altered modulation of SMA (no significant post-hoc) in GTS. 
A reduced M1 excitability in GTS might reflect altered cortical inhibitory mechanisms. The abnormal 
BA40 modulation during tic suppression supports the central role of this area in the PU. The abnormal 
SMA modulation during tic suppression might suggest its involvement in the voluntary suppression 
of tics at the premotor phase, potentially reflecting either a compensatory response or a disruption in 
normal motor control processes. 
  



P61 
 
Beta power circadian modulation in patients with Parkinson’s disease and conventional or 
adaptive deep brain stimulation 
 
Claudio Baiata1, S. Manfroni1, L. Caffi1,2,3, M. Locatelli4, A. Ampollini4, S. Bonvegna1, 
C. Palmisano2, I.U. Isaias1,2  
 
1Parkinson Institute Milan, ASST G.Pini-CTO, Milano, Italy 
2University Hospital Würzburg and Julius Maximilian University of Würzburg, Würzburg, Germany 
3The BioRobotics Institute, Scuola Superiore Sant’Anna, Pisa, Italy 
4Fondazione IRCCS Ca' Granda Ospedale Maggiore Policlinico, Milano, Italy 
 
Introduction: Increased beta power oscillations in the subthalamic nucleus (STN) are a key feature 
of Parkinson’s disease (PD). However, their physiological contribution to motor and non-motor tasks, 
such as the sleep-awake cycle, is still poorly understood, and may influence the clinical benefit of 
deep brain stimulation (DBS), both in conventional (cDBS) and adaptive (aDBS) modes. 
 
Objectives: To investigate the impact of cDBS and aDBS on sleep-wake subthalamic beta power 
fluctuations in PD. 
 
Methods: We acquired subthalamic local field potentials (LFP) in four patients with idiopathic PD 
and implanted with the AlphaDBS device. This device can operate in either cDBS, with constant 
stimulation parameters, or aDBS, adjusting the current amplitude linearly with respect to subthalamic 
beta power. Patients were recorded consecutively for 10 days in both stimulation modes, i.e. cDBS 
and aDBS, and with unchanged drugs doses. We calculated the amplitude of the STNLFP in a patient-
specific frequency range centered around the most prominent beta peak with 1 min resolution and 
analyzed the distribution of the beta amplitude separately for the sleeping and waking time. 
 
Results: One patient showed a reduction in subthalamic beta power during sleep compared to waking 
hours under both stimulation modes (median reduction of 15.4% in cDBS and 15.5% in aDBS). All 
other patients had sleep-awake beta power modulation < 5% in both stimulation modes. The 
stimulation modes did not affect the sleep-awake modulation of subthalamic beta power (not 
significant two-way ANOVA on the ranked data). 
 
Conclusions: Our preliminary data show a variable modulation of subthalamic beta power during 
sleep-wake cycle in parkinsonian patients with comparable impact of cDBS and aDBS. 
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Introduction: Rigidity is one of the cardinal motor signs in Parkinson's disease (PD) and typically 
improves after the administration of L-Dopa [1]. However clear experimental evidence of how and 
through which mechanisms L-Dopa improves rigidity in PD are still lacking. Recently, by using a 
robotic device and a specific algorithm able to discriminate the main biomechanical components of 
muscle tone (i.e., neural, viscous, and elastic components), we have demonstrated that parkinsonian 
rigidity prominently reflects the abnormal increase of neural component (NC). The concurrent 
investigation of spinal (short-latency stretch reflexes - SLRs) and supraspinal reflexes (long-latency 
stretch reflexes - LLRs) also allowed us to associate parkinsonian rigidity with an abnormal rise of 
LLRs in PD patients ON therapy [2]. 
 
Objectives: In this study, we aimed to assess the effect of L-Dopa on rigidity in PD, by comparing 
specific biomechanical components of muscle tone and concurrent neurophysiological recordings in 
PD patients, OFF and ON therapy. 
 
Methods: Eighteen PD patients randomly underwent two independent experimental sessions (OFF 
and ON L-Dopa), each consisting of controlled wrist extensions delivered by a robot-assisted device, 
at different angular velocities (50, 100, 150, 200, 236, and 280°/sec). Biomechanical components of 
muscle tone (neural - NC, viscous - VC, and elastic component - EC) were extracted and estimated 
using a specific algorithm. Simultaneously, we recorded surface EMG from wrist flexors muscles to 
assess SLRs and LLRs. 
 
Results: In PD patients, NC was significantly greater in OFF than ON L-Dopa when tested at angular 
velocities higher than 200°/sec (p<0.01). By contrast, VC and EC were comparable in OFF and ON 
state, at all the angular velocities. Also, the amplitude of LLRs was significantly higher in the OFF 
than ON state at 236 and 280°/sec (p<0.05). Starting from 200°/sec, the higher the angular velocity, 
the greater the NC and the amplitudes of LLRs, in both OFF and ON states. 
 
Conclusions: L-Dopa significantly improves parkinsonian rigidity by decreasing the neural 
component of muscle tone and the abnormally enhanced LLRs. 
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Introduction: Neurogenic Orthostatic Hypotension (nOH) is a disabling feature of Parkinson’s 
disease (PD), affecting 20-50% of patients. Whether nOH contributes directly to worse outcomes 
through hypoperfusion mechanisms, or is merely associated with them as a marker of a more 
aggressive PD phenotype, remains unclear. Functional MRI (fMRI) studies could help in clarifying 
this debated issue. 
 
Objective: To evaluate differences in functional connectivity (FC) at fMRI scans between PD patients 
with nOH and without OH (non-OH).  
 
Methods: We enrolled 49 consecutive patients with advanced PD (mean [SD] age: 60.8 [8.1] years, 
M/F: 40/9); 19 had OH at bedside evaluation, but 5 of them did not fulfill criteria for nOH (i.e. Δ 
HR/Δ systolic BP ratio £0.5) and were excluded from the analyses. All patients underwent MRI 
acquisition, including resting state fMRI. We run Mann-Whitney test between the two groups for 
demographic and clinical data. Then, we run a seed-based FC analysis. 
 
Results: Age, sex, disease duration, dopaminergic therapy (LEDD) and motor disability (MDS-
UPDRS-III) were not significantly different between the two groups, while Hoehn&Yahr stage and 
global cognitive performance (MMSE) were significantly lower in nOH. FC analyses showed that 
non-OH patients had stronger connections between the right posterior superior temporal gyrus 
(pSTG) and the bilateral occipital cortices (i.e., cuneus, precuneus, intracalcarine, lingual, and 
fusiform) than nOH. On the other hand, nOH patients had higher connectivity between posterior 
cerebellum and frontal orbital cortex. 
 
Conclusions: nOH is associated with disconnection between pSTG and occipital cortices, probably 
through the involvement of the Middle Longitudinal Fasciculus (MdLF), which is implicated in 
language, visuospatial and auditory functions. Our preliminary data on resting state fMRI confirms 
previous studies showing the association between nOH and occipital and temporal hypoperfusion [1] 
and posterior cerebellum hyperconnections [2]. Moreover, they underline the need for future studies 
encompassing task-based fMRI paradigms. 
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Introduction: Clinical, gait analysis, and magnetic resonance imaging (MRI) features might be 
biomarkers of conversion from isolated REM sleep behavioral disorder (iRBD) to parkinsonisms. 

Objectives: The aim of the study was to assess gait analysis, neurological, neuropsychological and 
structural/functional MRI characteristics in patients with iRBD. 

Methods: Thirty-eight patients with a polysomnography-confirmed iRBD and 28 age/sex-matched 
healthy controls were included. Subjects underwent neuropsychological assessment and motor 
functional evaluations including Nine-Hole Peg Test (9HPT), 5-Time Sit-To-Stand (5TSTS), Timed 
Up and Go test (TUG) and 4-Meter Walking Test (4MWT) with and without a cognitive dual-task 
(TUG-COG and 4MWT-COG). Spatio-temporal gait parameters during 4MWT(-COG) and TUG(-
COG) were collected using a stereophotogrammetric system. We obtained the functional connectivity 
(FC) maps of the main resting-state networks using Independent Component Analysis. Brain 
structural alterations were assessed using whole-brain voxel-based morphometry, FIRST for deep 
grey matter volumes and Freesurfer for cortical thickness and brainstem volumes. 

Results: IRBD patients relative to controls showed worse performance during the 9HPT and 5TSTS, 
greater asymmetry of arm swing amplitude during 4MWT and higher stride length variability during 
4MWT-COG. Dual-task worsened the walking performance of iRBD more than controls. IRBD 
patients showed worse memory and abstract reasoning relative to controls. Moreover, iRBD patients 
showed decreased FC of pallidum and putamen within the Basal Ganglia network and of occipital 
and temporal areas within the Visuo-Associative network, and reduced volume of the supramarginal 
gyrus. 

Conclusions: We found subtle motor, cognitive, and structural and functional MRI changes that may 
represent initial manifestations of neurodegeneration in iRBD patients. The combination of clinical, 
gait analysis, and MRI data might be helpful to predict the conversion from iRBD to parkinsonisms. 
The collection of longitudinal data in a larger sample will allow to verify this hypothesis. 



Funding: Italian Ministry of Health [grant number #RF-2018-12366746] 

  



P65 
 
 
Comparative analysis of supra and infratentorial atrophy in cerebellar ataxias: unveiling 
distinctions across different etiologies 
 
Stefano Pisano1,6, S. Basaia1, O. Stojiljković7, S. Mesaros7, N. Dragasevic7, M. Filippi1,2,3,4,5,  
F. Agosta1,2,5 
 
1Neuroimaging Research Unit, Division of Neuroscience, IRCCS San Raffaele Scientific Institute, 
Milan, Italy 
2Neurology Unit, IRCCS San Raffaele Scientific Institute, Milan, Italy 
3Neurophysiology Service, IRCCS San Raffaele Scientific Institute, Milan, Italy 
4Neurorehabilitation Unit, IRCCS San Raffaele Scientific Institute, Milan, Italy 
5Vita-Salute San Raffaele University, Milan, Italy 
6Neurology Department, Istituto Clinico S. Anna Hospital, Gruppo San Donato, Brescia 
7Clinic of Neurology, Faculty of Medicine, University of Belgrade, Belgrade, Serbia 
 
Introduction: Patterns of supra and infratentorial brain atrophy may be useful in differentiating 
cerebellar ataxias (CA) due to different causes. 
 
Objectives: This study investigates structural changes in gray matter (GM) and white matter (WM) 
in patients with CA arising from inherited, sporadic, and neurodegenerative causes. 
 
Methods: Twenty-eight autosomal dominant (AD) CA patients, 17 autosomal recessive (AR) CA 
patients, 29 sporadic cases of CA, 8 multiple system atrophy patients (MSAc) and 20 controls were 
included. MRI and clinical assessment were performed; whole-brain Voxel-Based Morphometry 
(VBM) and cerebellar-optimized VBM (SUIT toolbox) were used to assess GM atrophy. Brainstem 
and superior cerebellar peduncles (SCP) volumes were estimated and compared. 
 
Results: All CA groups showed widespread GM cerebellar atrophy compared to controls. 
Additionally, AD and AR groups showed distinct clusters of supratentorial GM atrophy compared to 
controls, mainly involving temporal and parietal regions. No supratentorial GM differences were 
found among CA groups. SUIT-VBM revealed more severe atrophy in the medial Crus-I and II in 
MSAc compared to AD, and in AR compared to AD. AD, AR, and MSAc groups exhibited reduced 
whole-brainstem, midbrain, and pons volumes compared to controls; AD and MSAc groups also 
exhibited reduced wholebrainstem and pons volumes compared to sporadic cases. AD and AR 
showed reduced medulla volumes compared to controls and sporadic cases. SCP volume reduction 
was evident in all CA groups compared to controls, with AD showing also decreased SCP volume 
compared to sporadic cases. 
 
Conclusions: All CA groups showed diffuse cerebellar atrophy, additionaly AD and AR groups 
showed distinct supratentorial patterns of atrophy. The sporadic group showed less involvement of 
brainstem structures compared to other CA groups, potentially aiding in distinguishing sporadic from 
inherited forms. The evidence of distinct patterns of structural alterations in different CA etiologies 
might contribute to an improved differential diagnosis. 
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Introduction: Parkinson’s disease (PD) patients with freezing of gait (FoG) showed an altered 
recruitment of the mirror neuron system (MNS) during action observation (AO) and motor imagery 
(MI). 
 
Objectives: To compare the neural correlates of MI and AO in PD-FoG patients relative to healthy 
controls. 
 
Methods: Twenty-four PD-FoG patients and 19 age/sex-matched healthy controls were included. The 
subjects underwent brain MRI including a MI/AO task. During MI, they imagined themselves 
performing three gait tasks exacerbating FoG (starting/stopping walking in a narrow hallway; turning 
around 360° in a small radius; going through a doorway) while navigating first-person videos. During 
AO, subjects observed third-person videos representing a person performing the same three actions. 
 
Results: During MI relative to AO, both PD-FoG patients and healthy controls showed higher activity 
of lingual gyrus, while only healthy controls had a higher activity of cerebellum VI. Healthy controls 
also showed increased recruitment of middle/superior frontal gyri, middle cingulum, prefrontal cortex 
and hippocampus during AO relative to MI. PD-FoG patients relative to healthy controls showed a 
reduced activity of vermis VI during MI relative to AO. 
 
Conclusions: Both healthy controls and PD-FoG subjects showed an activation of sensorimotor areas 
and of the MNS during both MI and AO. MI relative to AO required higher recruitment of lingual 
gyrus, involved in visual memory and motion perception, and, only in healthy controls, of cerebellum 
VI that is implicated in body representation, motor processing and attentive-executive functions. 
PD-FoG patients can thus activate, at least partially, areas involved in MI. Only in healthy subjects, 
AO compared to MI activated more the fronto-parietal MNS that plays a role in action understanding 
and imitation learning. MI and AO might represent complementary approaches in PD-FoG patients 
to stimulate the activity of sensorimotor and MNS brain areas in a specific way. 
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Introduction: Artificial intelligence may be a powerful tool to diagnose and monitor Parkinson's 
Disease (PD).  
 
Objectives: The main goal of this study was to develop a 3D Convolutional Neural Network (CNN) 
based on multimodal MRI, clinical and demographic data to differentiate between healthy controls 
and PD patients and to predict the progression of PD (stable vs worsening). 
 
Methods: Three cohorts of PD subjects and controls were selected from different studies: (i) 148 PD 
subjects (86 mild, 62 moderate-tosevere) and 60 controls; (ii) 56 mild-PD subjects and 20 controls 
from PPMI database; and (iii) 91 mild-PD subjects and 38 controls. All participants underwent a brain 
MRI at baseline and a clinical evaluation at baseline and after 2 years. Mild-PD subjects were 
classified stable or worsening using a k-means clustering based on baseline and follow-up UDPRS-
III value. CNN, which are mathematical representations of the human neural architecture, were 
applied. No pre-processing on MRI images was performed. 
 
Results: Considering moderate-to-severe PD patients relative to controls, the accuracy rate on the test 
dataset reached nearly 75%, only relying on MRI data for classification. However, considering mild- 
PD vs controls, the accuracy rate was around 65% on the test set, highlighting challenges in the 
extraction of discriminative features during the initial stages of the disease. In the differentiation 
between clinically stable and worsening PD, CNN reached over 70% accuracy rate on the test set by 
combining raw MRI and clinical data. 
 
Conclusions: By integrating MRI data with clinical and demographic information, our CNN 
demonstrated promising results and offers a valuable tool for early diagnosis and personalized 
treatment planning for PD patients. 
 
Supported by: Italian Ministry of Health (GR-2018-12366005, RF-2018-12366746, GR-2021-12374601). 
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Introduction: Inertial sensors offer more precise and quantitative motor assessment in Parkinson 
disease (PD). We hypothesize they can be used as a biomarker for cognitive function deficits due to 
common patternbetween gait and cognition. 
  
Aim: To investigate possible relationships and common neurobiological substrates between gait 
response to L-dopa and cognition in PD patients analyzed with resting-state functional MRI (rs-
fMRI). 
 
Methods: We recruited 51 patients with advanced PD (mean [SD] age:60.5 [8.1] years; M/F:37/14). 
Gait analyses were conducted in off-medication (med-off) and in on-medication (med-on). All 
patients underwent a neuropsychological (NPS) examination and 3T rs-fMRI. We employed atlas 
PET maps of four neurotransmitter (NT) receptors (i.e., Norepinephrine, Dopamine, Serotonin and 
Acetylcholine). Regression analyses were first run including multi-domain NPS Z-scores and 
differences between med-off and med-on gait data. Rs-fMRI were processed using REACT [1] to 
obtain functional connectivity (FC) maps weighted for each NT. Then, we run GLM analyses to find 
associations between NT-FC maps and cognitive/motor parameters (P-values cluster level corrected 
< 0.001). Finally, we run conjunction analyses to identify areas of NT-FC associated with both motor 
and cognitive parameters. 
 
Results: We found association between time up-and-go (TUG) and both executive functions and long-
term memory. FC maps of every NT showed a lateralized pattern of association in which patients 
having the best L-dopa response based on TUG and the best scores in executive functions were hyper 
connected to the right postero-inferior temporal gyrus; viceversa, they were hyper-connected to the 
left postero-inferior temporal gyrus. 
 
Discussion: The inferior temporal gyrus is part of the frontoparietal network which is known to be 
crucial for the executive functions. Regardless of the NT considered, the frontoparietal network is 
strictly associated with improvement or worsening of executive performance and influence 
the L-dopa response on TUG performance. 
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Introduction: An accurate diagnostic and therapeutic approach to Parkinson's disease (PD) requires 
understanding of the risk to develop nonmotor symptoms (i.e. cognitive and pychiatric disorders). 
 
Objectives: To evaluate: 1. The relationship of motor and nonmotor symptoms with specific patterns 
of striatal dopaminergic denervation in a cohort of symptomatic PD patients with dopaminergic 
denervation at dopamine transporter single photon emission tomography (DAT-SPECT). 2.The 
prognostic value of specific dopaminergic denervation pattern on cognitive impairment. 
 
Methods: Twenty-eight patients at PD onset, with dopaminergic denervation at DAT-SPECT[l1], 
were studied. Patients were divided into two groups based on the evidence of dopaminergic 
denervation in putamina alone (PD-p) or in putamina and caudates (PD-pc). The two groups were 
compared as per demographics, motor phenotypes, disease severity according to MDS-UPDRS III, 
psychiatric symptoms as per NPI and cognitive symptoms as per MoCA score at baseline. Cognitive 
assessment was repeated at 5 years follow up. Premotor symptoms were also assessed. 
 
Results: Twelve patients were classified as PD-p (M/F=5/7; mean age=64,31±8,5years; mean disease 
duration 3±2.68 mean UPDRS III 20.44±5.96); 16 patients were classified as PD-pc (M/F=10/6; 
mean±Standard deviation (SD) age 62.33± 8.65 years; disease duration 1.76±1.09 years; UPDRS III 
31.29±8.16). The two groups did not differ in terms of age, gender and disease duration. At baseline 
PD-pc group showed worse UPDRS scores (p<0.0001). Rigid phenotype was found in 66,7% of PD-
pc vs. 12,5% in PD-p (p<0.0001); tremulous phenotype was found in 4,8% of PD-pc vs. 56,3% of 
PD-p (p<0.0001); mixed phenotype was equally found in the two groups (28.6% of PD-pc vs. 31.3% 
of PD-p, p>0.05. Premotor (present for at least 3 years before the motor onset) mood disorders 
(depression and anxiety) were found in 47.5% of PD-pc, and 12.5% in PD-p (P=0.001). 71.4% of 
PD-pc patients had psychiatric symptoms at baseline (generalized anxiety, panic attacks, phobia, 
obsessive-compulsive disorder, moderate to severe depression). In the PD-p group 31.3% had 
psychiatric symptoms at baseline (mild depression and/or anxiety). MoCA equivalent score was 
<17.32 (cut-off[l2] ) in 32% of PD-pc group and in none of the PD-p patients at baseline. At 5 years 
follow up MoCA score was below cut off in 83% of PD-pc group [l3] and 9% of PD-p. 
 
Conclusions: The evidence of early dopaminergic denervation in the caudates correlates with a more 
complex phenotype of PD. 
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Introduction: 123I-metaiodobenzylguanidine (123I-MIBG) myocardial scintigraphy provides a 
measure of cardiac sympathetic innervation and may be useful in differentiating Parkinson’s disease 
(PD) from Multiple System Atrophy (MSA) [1]. In PD patients a reduction of the tracer in the 
myocardial muscle is detected, while in MSA the exam generally results normal [2]. 123I-MIBG 
myocardial scintigraphy was recently included as a supportive feature in the MDS PD and MSA 
diagnostic criteria [3-4]. Nevertheless, a mild reduction of 123I-MIBG uptake in MSA patients and a 
normal uptake in early stage of PD may sometimes occur, thus limiting the diagnostic accuracy. 
 
Objectives: To evaluate the contribution of myocardial scintigraphy in distinguishing PD from MSA 
in a real-life cohort of patients. 
 
Methods: 85 patients with parkinsonism, referred to the Movement Disorders Unit of the Neurology 
Department of Trieste, who underwent a 123I-MIBG myocardial scintigraphy, were screened. 23 
patients, who satisfied a diagnosis of PD and 26 patients with a diagnosis of MSA, according to MDS 
criteria, were identified. Sensitivity, specificity, predictive positive value (PPV), and predictive 
negative value (PNV) were obtained, matching the clinical diagnosis with the scintigraphy’s result. 
Mean early and delayed heart/mediastinum (H/M) ratios and washout rate (WR) were then compared 
between the PD and MSA groups. 
 
Results: Impaired MIBG uptake was found in 21/23 PD patients, while normal uptake was found in 
20/26 MSA patients (sensitivity 91.3%, specificity: 77.1%, PPV: 0.78, NPV: 0.91). In patients with 
early dysautonomia, the accuracy was higher (sensitivity 100%, specificity 85%). Mean early H/M 
ratio, delayed H/M ratio and WR, resulted significantly different comparing PD vs MSA groups (1.40 
vs 1.69, 1.28 vs 1.68 and 48,7% vs 30%, respectively) (p< 0.05). 
 
Conclusions: MIBG myocardial scintigraphy resulted highly sensitive but less specific in the 
differentiating PD from MSA patients. The accuracy improves considering only patients presenting 
early autonomic dysfunction.  
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Introduction: Art therapy (AT) lowers depressive symptoms and enhances the benefit of physical 
exercise on QoL in elderly [1]. In people with Parkinson’s disease (PWPD), research on AT is still 
poor and mostly focused on its effects cognition [2]. 
 
Objectives: We aimed to explore the effect of group AT sessions on emotional wellbeing in PWPD. 
 
Methods: We consecutively enrolled 39 non-demented PWPD (AT_group: age: 66.7±7.7; disease 
duration: 10.6±5.6; UPDRS III: 35±13.7; M=19) attending the multidisciplinary aerobic 
motorcognitive rehabilitation 4 weeks training at our department and participating in AT weekly 
sessions as add on activity. Despite being performed in small groups (3-4 PWPD), AT was tailored 
(material and themes choices) on each single patient. We enrolled 39 PWPD (CNTR) matched by 
demographic and clinical variables to the AT_group who attended one session of occupational 
therapy instead of AT.  Profile of Mood Scale (POMS) is used to measure the impact of a treatment 
and can be repeated after a short time. We administered POMS to all participants at admission (T0) 
and discharge (T1) and the changes in the subscales (depression/dejection, tension/anxiety, 
anger/hostility, fatigue/indolence, confusion, and vigour) were compared within and between groups. 
The relation between POMS, clinical features, neuropsychological (MoCA, FAB, CDT, BDI-II, 
STAI I and II) and motor (UPDRSIII, 6MWT, BBS, TUG) assessments were explored. 
 
Results: The two groups were comparable in POMS scores at baseline; in AT_group, POMS 
subscales scores significantly improved between T0 and T1 and delta of change was significantly 
higher compared to CNTR; POMS subscales correlated with BDI-II, STAI, UPDRSIII and 6MWT 
but the improvement in in the motor scales was independent from the change in POMS subscales. 
 
Conclusions: AT activity during admission for intensive rehabilitative treatment significantly 
enhances patient’s emotional wellbeing. Noteworthy, the improvement in mood states is not related 
to the improvement in motor symptoms. 
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Introduction: Reduced bed mobility (i.e., nocturnal hypokinesia) is not uncommon in people with 
Parkinson’s disease (PwPD) [1]. However, although a rationale for a potential effectiveness of 
rehabilitation on this symptom [2], only very few studies investigate the effectiveness of 
physiotherapy on nocturnal hypokinesia in PwPD [3] and no study evaluated the effectiveness of 
telerehabilitation on this manifestation. 
 
Objectives: To evaluate the safety and effectiveness of a telerehabilitation program on bed mobility 
and sleep quality in PwPD with nocturnal hypokinesia. 
 
Methods: Eight PwPD [females: 3 (38%); age: 65.9±10.2; disease duration: 9.8±5.7; LEDD: 727±227 
mg; mHY: 2 (2-2; 2-3)] with nocturnal hypokinesia (item 2.9 of MDS-UPDRS-II≥1) underwent a 6- 
week telerehabilitation program consisting of 1 remote visit with a therapist and a minimum of two 
sessions of >30-min of selfconducted exercises per week through video tutorials. Participants were 
evaluated at baseline (T0) and at the end of the intervention (T1) by means of MDS Unified 
Parkinson's disease Rating Scale (MDSUPDRS) parts I-IV, Parkinson's disease Sleep Scale (PDSS2), 
Epworth Sleepiness Scale (ESS), Pittsburgh Sleep Quality Index (PSQI), Nocturnal Hypokinesia 
Questionnaire (NHQ), Functional Mobility Composite Score (FMCS) and Parkinson's disease 
Questionnaire 39 (PDQ39). Wilcoxon test was used to compare clinical scores between T1 and T0. 
 
Results: No patient reported adverse events during treatment. A significant reduction in MDS-
UPDRS-II item 2.9 score (p=0.048, median difference: 1), PSQI (p=0.021, median difference: 3), 
PDSS2 (p=0.042, median difference: 6.7), ESS (p=0.041, median difference: 2) was found at T1 
compared to T0. No significant difference was found for the other examined variables between T1 
and T0.  
 
Conclusions: Our results suggest that telerehabilitation could be effective and safe in treating PwPD 
with nocturnal hypokinesia. 
 
References:  

[1] Stack, E.L.; Ashburn, A.M. Impaired Bed Mobility and Disordered Sleep in Parkinson’s Disease. Mov Disord 2006, 
21, 1340–1342, doi:10.1002/mds.20944. 
[2] Taniguchi, S.; D’cruz, N.; Nakagoshi, M.; Osaki, T.; Nieuwboer, A. Determinants of Impaired Bed Mobility in 
Parkinson’s Disease: Impact of Hip Muscle Strength and Motor Symptoms. NeuroRehabilitation 2022, 50, 445–452, 
doi:10.3233/NRE-210301. 
[3] Janssens, J.; Malfroid, K.; Nyffeler, T.; Bohlhalter, S.; Vanbellingen, T. Application of LSVT BIG Intervention to 
Address Gait, Balance, Bed Mobility, and Dexterity in People with Parkinson Disease: A Case Series. Phys Ther 2014, 
94, 1014–1023, doi:10.2522/ptj.20130232. 
  



P73 
 
Classification and quantification of physical therapy interventions across multiple neurological 
disorders: a comparison between Parkinson disease, stroke and multiple sclerosis 
 
Thomas Bowman1, F.G. Mestanza Mattos2, S. Salvalaggio3,4, F. Marazzini5, C. Allera Longo6,  
S. Bocini7, V. Bonci8, M. Gennuso8, F.G. Materazzi9,10, E. Pelosin11,12, M. Putzolu13, R. Russo6,  
A. Turolla14,15, S. Mezzarobba11,12,16, D. Cattaneo1,2 
 
1IRCCS Fondazione Don Carlo Gnocchi, Milan, Italy 
2Department of Pathophysiology and Transplantation, Università degli Studi di Milano, Milan, Italy 
3Laboratory of Computational Neuroimaging, IRCCS San Camillo Hospital, Venice, Italy 
4Padova Neuroscience Center, Università degli Studi di Padova, Padova, Italy 
5AIAS ETS Milano, Pantigliate, Italy 
6Department of Rehabilitation, San Carlo Borromeo Hospital, Milan, Italy 
7Division of Physical and Rehabilitation Medicine, Fondazione Opera San Camillo, Presidio di 
Torino, Turin, Italy 
8Department of Neurological Sciences, Neurorehabilitation Clinic, AOU delle Marche, Ancona, Italy 
9Montecatone Rehabilitation Institute, Imola, Italy 
10Department of Biotechnological and Applied Clinical Sciences (DISCAB), University of L’Aquila, 
L’Aquila, Italy 
11Department of Neuroscience, Rehabilitation, Ophthalmology, Genetics, Maternal and Child Health, 
University of Genoa, Genoa, Italy 
12IRCCS Ospedale Policlinico San Martino, IRCCS, Genoa, Italy 
13Department of Experimental Medicine (DIMES), Section of Human Physiology, University of 
Genoa, Genoa, Italy 
14Department of Biomedical and Neuromotor Sciences (DIBINEM), Alma Mater Studiorum 
Università di Bologna, Bologna, Italy 
15Unit of Occupational Medicine, IRCCS Azienda Ospedaliero-Universitaria di Bologna, Bologna, 
Italy 
16Azienda Sanitaria Universitaria Giuliano Isontina (ASUGI), Trieste, Italy 
 
Introduction: Despite their importance in neurorehabilitation, few researchers [1,2] have investigated 
the prevalence of goals and interventions of physical therapy (PT) in everyday clinical practice. 
 
Objectives: To describe and compare the prevalence of PT goals and interventions in people with 
Parkinson’s disease (PwPD), Stroke (PwST) and Multiple Sclerosis (PwMS). 
 
Methods: A multicentre longitudinal observational study was conducted in six hospitals and three 
rehabilitation centres throughout Italy. We recruited PwPD (n = 35), PwST (n = 119) and PwMS (n 
= 48) who underwent PT sessions provided by the national health system. For each participant, the 
physiotherapist who provided the treatment completed a semi-structured interview to report the goals 
and interventions used. The prevalence of goals and interventions was calculated as a percentage, 
taking into account the number of hours devoted to each pathology. 
 
Results: A total of 4850 hours of PT were analyzed. The most selected goal in PwPD was “walking” 
(34.9%) followed by “balance” (11.5%) and “outdoor mobility” (11.1%). In PwST the most selected 
goals was “walking” (35%), followed by “manipulation and grasping” (13.1%) and “balance” 
(12.6%). Similarly, in PwMS the most selected goal was “walking” (34.3%), followed by 
“manipulation and grasping” (17.9%) and “muscle strength” (8.4%). Considering PT interventions, 
the most selected in PwPD was “walking training” (20.2%), followed by “balance training” (13.1%) 



and “dual-task exercises” (9.3%). In PwST “walking training” was the primary intervention followed 
by “balance training” (13.4%) and “proprioceptive exercises” (13.3%). In PwMS, the most selected 
intervention was “walking training” (16.8%), followed by “manipulation and grasping exercises” 
(15.3%). 
 
Conclusions: The most relevant PT goals and interventions across neurological diseases were those 
related to “walking”. Activities related to “manipulation and grasping” were poorly considered in 
PwPD compared with others pathologies, while improving “outdoor mobility” and “dual task 
exercises” were most commonly used in the PD population. 
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Introduction: Cognitive decline in Parkinson’s disease (PD) can involve multiple domains, such as 
executive, attentional and visuospatial abilities [1]. MCI can be recognized from the early stage of 
the disease. Therefore, the motor rehabilitation treatment makes use of cognitive strategies and 
viceversa [2]. Recently, a new paradigm, the Quadrato Motor Training (QMT), has been developed 
to improve attention, coordination, ideational flexibility and spatial cognition, with significant results 
in healty volunteers [3]. 
 
Objectives: The aim of this case-control study was to investigate, in a cohort of PD patients, the 
longitudinal effects of QMT on motor and cognitive symptoms and the relationship between these 
and changes in white matter microstructure. 
 
Methods: Fifty PD patients were randomized to daily perform QMT (QMT group) or sham exercise 
(sham group) for a period of 4 weeeks. The QMT requires standing at one corner of a square and 
making movements toward different corners in response to verbal instructions. During the sham 
exercise the movements (steps) were on a single spatial direction. To verify the exercise compliance, 
subjects were asked to complete a personal diary at home daily. Sleep hours were monitored daily. 
They also performed a complete neuropsychological evaluation of the cognitive and affective 
domains. At T0 and T1 the subjects underwent the UPDRS scale (part I, II, III, IV, V), the Time Up 
and Go test; brain MRI (including 3D volumetry, DTI and resting-state fMRI). 
 
Results: At time T1 compared to T0, changes of FA were found in the QMT group probably related 
to sensorimotor effects and in agreement with previous studies. Also main associative white matter 
traits were involved in the circuits of spatial cognition and executive functions. 
 
Conclusions: Improving impaired cognitive functions in PD using QMT may have significant 
implications for neurorehabilitation programs. Noteworthily, QMT is a relatively short workout, very 
easy to perform and practice in a limited space. 
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Introduction: Functional motor disorders (FMDs) are disabling neurological conditions manifesting 
involuntary learned altered movement patterns. Multidisciplinary rehabilitation reduces motor and 
non-motor symptoms [1,2]. Virtual Reality (VR) holds promise as a tool to address 
pathophysiological features like attention, sense of agency, and beliefs/expectations. 
 
Objectives: To explore feasibility and effects on symptoms of a VR-based rehabilitation treatment 
against the conventional one. 
 
Methods: Patients were randomly assigned to either Experimental (EG) or Control Group (CG) 
training. The five-day VR-intervention explained aims and contents, guided patients through a VR-
familiarization phase, and applied experimental intervention. The VR program was developed with 
Khymeia (Padova – Italy). Exercises focused on patients’ dynamic engagement in immersive 
exergames (Vive) involving motor and attentional tasks to improve postural control and balance. CG 
followed the conventional treatment [1,2]. Primary outcomes were the Simulator Sickness 
Questionnaire (SSQ) and the System Usability Scale (SUS) administered after the rehabilitation week 
(T1). Motor and non-motor symptoms’ measures were collected before rehabilitation (T0), after it 
(T1), and at 3-month (T2). Non-parametric tests were used for statistical analyses. The project was 
funded by the Joint Research Project. 
 
Results: 36 patients were enrolled. The final sample comprised 11 (11 females, mean age: 
38.91±14.82) patients in the EG and 14 (12 females, mean age: 47±20.70) in the CG. SUS (mean: 
20.57 [10-100]) and SSQ (mean: 7.4 [0-96]) confirmed usability and no adverse events. Regarding 
secondary outcomes, SF-12 physical score was significantly increased (p=0.035), and anxiety 
symptoms were significantly reduced (p=0.042) at T2 vs T0 in the EG while not in the CG. No other 
significant between-group differences were noted. 
 
Conclusions: VR-based rehabilitation program is feasible for FMDs. Training effects were similar 
between groups for motor outcomes. However, improvement on physical quality of life and anxiety 
was observed. Further studies are needed to confirm the effects on symptoms’ perception. 
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Introduction: Musician’s dystonia is a neurological condition characterized by the permanent loss of 
control of finely controlled hand movements when playing a musical instrument [1,2]. It mainly 
affects professional players in performing repetitive, finely controlled hand movements necessary for 
their musical practice [3]. 

Objective: The study in question aims to formulate a rehabilitation treatment protocol for patients 
with musician’s hand dystonia, based on integrated occupational therapy and physiotherapy 
interventions. 

Methods: The description of the treatment protocol will be shown through the presentation of three 
case reports. A pianist, a saxophonist, and a violinist have been enrolled in this study, attending an 
intervention programme based on four common steps. The outcomes measure used for the first 
assessment and the follow-up were the Disability of the Arm, Shoulder and Hand, the ABILHAND, 
the Tubiana and Chamagne Scale, the Arm Dystonia Disability Scale, and the Jebsen-Taylor Hand 
Function Test. The results were subjected to statistical analysis: being the sample of the study very 
small, the median of the results has been considered; then, the non-parametric Wilcoxon test was used 
to calculate statistical significance (p < 0.05). 

Results: According to the statistical analysis of the collected results, no statistically significant results 
were obtained; however, clinically significant results were highlighted based on the observation of 
the raw scores of each musician. Every patient experienced varying degrees of improvement between 
the initial assessment and the follow-up and reported significant gains in motor control, motor 
accuracy, sensory discrimination, and musical performance. 

Conclusions: The results of the study in question indicate that our rehabilitation program is an 
effective approach to improving the musical performance of musicians with focal hand dystonia. The 
combination of manual therapies, instrument-specific exercises and occupational therapy has proven 
effective in providing targeted solutions to this complex challenge. 
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Introduction: Although the motor improvements induced by deep brain stimulation of the 
subthalamic nucleus (STN-DBS) are wellestablished in Parkinson’s Disease (PD) [1], the actual 
effects of the stimulation on axial symptoms (e.g., postural instability and gait impairments) are still 
matter of debate [2]. Physiotherapy (PT) is considered an effective treatment to improve axial 
symptoms in PD patients without DBS [3], but it has never been systematically assessed for PD 
patients with DBS. 
 
Objectives: Gather the opinions of DBS clinical and academic experts on the role of physiotherapy 
after DBS implant in PD patients. 
 
Methods: After performing a systematic scoping review on clinical articles studying physiotherapy 
treatments in PD patients with STNDBS, we created a 5-points Likert scale questionnaire that we 
sent to chosen DBS experts according to Delphi method process [4]. 
 
Results: Panellists (n=21) strongly agreed that PT might improve motor symptoms and quality of life 
in PD patients with STN-DBS, maximizing the effects of the stimulation (for all, 89% strongly 
agreed, median ± IQR: 5 ± 0). Also, they agreed that the physiotherapist should be part of the 
multidisciplinary team, with PT prescribed in the treatment guidelines both in acute and chronic phase 
(for all, >88% strongly agreed, median ± IQR: 5 ± 0). 
 
Conclusion: PT might be a safe and effective complementary treatment for PD patients with STN-
DBS, thus its role and effect should be further explored. 
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Introduction: Rigidity stands as one of the cardinal motor manifestations of Parkinson's disease (PD), 
and is defined as a marked but velocity-independent increase in muscle activity in response to the 
muscle stretch applied [1,2]. Quantitative assessments of rigidity in PD patients have been conducted 
using a robotic manipulandum that passively pronates and supinates the forearm. Nevertheless, 
additional methods for objectively measuring rigidity are needed. 
 
Objectives: To develop an alternative method for assessing rigidity based on the kinematic analysis 
of passive upper limb movements in PD. 
 
Methods: We assessed upper limb rigidity in PD patients (ON medication) both clinically and through 
kinematic analysis. The kinematic parameters of interest, such as peak angular velocity and 
movement units of the velocity profile, were recorded during passive mobilization of the upper limb. 
EMG activity from both the experimenter’s and the patient's muscles was recorded to verify that the 
patients did not actively move their arm during the tests. PD patients were examined on the most 
affected side of the body. Finally, we explored potential correlations between clinical and kinematic 
data. 
 
Results: Eleven PD patients participated in the study, including 3 females, with a mean age of 
73.7±7.5 years. The average duration of the disease was 9.4±3.8 years, and the mean MDS-UPDRS 
(part III) score was 32.5±16.7. All patients scored ≥ 1 in the clinical assessment of upper limb rigidity. 
The analysis revealed a significant positive correlation between the clinical score for upper limb 
rigidity and the number of movement units in the velocity profile during passive arm movements (R= 
0.82; P = 0.002). 
 
Conclusions: We here propose an alternative method for the objective quantification of upper limb 
rigidity in PD patients. The proposed methodology is intended for use in both clinical and 
experimental research studies. 
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Introduction: Although a beneficial effect of multidisciplinary intensive training programs on people 
with Parkinson’s Disease (PwPD) has been documented [1, 2], results in the literature are still mixed. 
 
Objective: The main objective of this project was that of assessing the effect of a multidisciplinary 
intensive treatment in an experimental group (EXP-group) compared to a control group (CTRLgroup) 
in two timepoints on cognition, motor symptoms, and Quality of Life. Moreover, we wanted to 
explore biomolecolar changes in the NDEVs-BDNF as a marker of exercise-induced neuroplasticity. 
 
Methods: To do so, 57 PwPD (26CTRL/31EXP; 28F/29M; Age: 69,16±5.27; mH&Y: 1,5-3) 
underwent a complete evaluation at T0, after 6-weeks (T1) and after 3-months (T2). Assessment 
comprised MDS-UPDRS-III [3], MoCA test [4], mDGI, PDQ-39, and BDNF from NDEVs [5]. 
Between T0 and T1, the EXP-group was administered a daily intensive out-patient multidisciplinary 
rehabilitative program while the CTRL-group underwent a program of individual treatment at home 
consisting of stretching and active mobilization. 
 
Results: Results showed that the EXP-group improved in MDSUPDRS-III scores compared to the 
CTRL-group at T1. In addition, a significant improvement at mDGI was observed both at T1 and at 
T2 only in the EXP-group. Moreover, there was a general improvement in PDQ-39 at T1 without 
group differences. Eventually, there was an increase in NDEVs-BDNF levels in the EXP-group 
compared to the CTRL-group at T2. No effects were observed in MoCA scores. 
 
Conclusion: These results reveal a beneficial effect of a muldisciplinary treatment on motor 
symptoms and balance compared to a control program. Moreover, the significant increase in NDEVs- 
BDNF at follow-up hints at a treatment-induced plasticity in the experimental group 
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Introduction: The integration of virtual reality (VR) on treadmill training (TT) in Parkinson’s disease 
(PD) rehabilitation is an extremely current topic in PD research. Large studies with a randomized 
controlled design are necessary to define recommendations for the use of VR and TT, isolated and in 
combination, in PD rehabilitation. Besides, a timely optimization of personalized rehabilitation for 
people with PD (pwPD) is in part limited by the lack of measurable biomarkers indicative of 
neuroplasticity and predictive of the response to treatment. Considering the complex processes 
occurring in the PD brain, Extracellular Vesicles (EVs) are considered promising candidates as they 
are vehicles of α-synuclein and other PD-related molecules throughout the body. Moreover, 
correlation was already found between the clinical profiling of pwPD and the biochemical 
modifications of blood EVs [1]. 
 
Objectives: This study is part of a single-center, randomized controlled single-blind trial with an 
active control group, the VIRTREAD-PD trial [2], whose primary objective is to compare the effects 
on gait 
performances of the conventional standard TT versus the experimental intervention represented by 
TT endowed with augmented VR (AVR) applications. Here we show the preliminary results of the 
exploratory aim, i.e. the attempt to identify biomarkers of neuroplasticity detecting changes in 
Neurofilament Light Chain (NfL) concentration before and after training and prognostic biomarkers 
associated to blood-derived EVs. 
 
Methods: Serum samples collected before and after the rehabilitation program were used for NfL 
measurement by Ella instrument, whereas EVs were isolated from serum combining size exclusion 
chromatography and ultracentrifugation methods. The biochemical characterization of EVs was 
obtained by Raman Spectroscopy and spectral differences in the EV fingerprint before and after 
rehabilitation were evaluated. 
 
Results and conclusions: The preliminary data of the present project demonstrate modifications in 
soluble factors before and after rehabilitation. In particular, our data support the use of Raman 
spectroscopy to assess PD related modification in EV content to be used for the evaluation of the 
effect of rehabilitation and for the definition of a personalized treatment. 
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Introduction: Gait disturbances in particular FOG occur frequently in mid-advanced Parkinson’s 
disease (PD). In addition, people with PD seem to not practice sufficient physical activity during daily 
living at home. Many devices have been proposed for the rehabilitative treatment of gait impairment 
in particular for Freezing of Gait (FOG) showing that they are well-validated and are promising 
applications of objective measurements. The field of wearable sensors would benefit from more 
research efforts, increased collaboration among researchers, aligned data-collection protocols, and 
shared data sets. Furthermore, it could contribute to provide to clinicians with important information 
on the motor activity of PD patients during daily life. 
 
Objectives: To test the feasibility, safety, and effectiveness of the use of a wearable device (QWalk) 
on gait impairment especially on FOG, and to test Q-Walk as a reliable device for monitoring motor 
performances during daily activities in a preliminary cohort of PD patients. 
 
Methods: The pilot Q-Walk protocol was conducted in Villa Margherita and enrolled the first PD 
patients group. PD patients were randomized in two groups: G1 (Q-Walk active) and G2 (Q-Walk 
inactive device). All subjects were submitted to a gait training at the preferred speed for one hour per 
session. There were two testing moments: T0 at baseline and T1 after 4 weeks. All the PD subjects 
were submitted to clinical outcomes measures and to recording of 2D S/T parameters of gait from the 
device and 3D gait analysis. 
 
Results: The preliminary results showed an improvement in both clinical and biomechanical 
outcomes measures (UPDRS III, 6mWT, kinematics in terms of joints angles and space-time 
parameters). The records from the device provided interesting information on motor activity at home 
confirming that PD subjects performed much less than reported in the literature (average 
800min/month). 
 
Conclusions: The preliminary study showed that the Q-Walk device seems to be a promising device 
for improving gait disturbances and also for monitoring and fostering motor activities in daily living 
in people with PD. 
  



P82 
 
Neuroinflammation and physical activity in Parkinson’s disease: preliminary results from the 
“MOVE-ON” study 
 
Carlo Fazio1,2, R. De Icco1,2, F. Bighiani1,2, A. Calculli1,2, D. Comolli1,2, L. Martinis3, R. Bottinelli4, 
S. Porcelli4, R. Greco5, A.M. Zanaboni1,5, S. Facchetti1,5, M. Francavilla1,5, C. De Martini1,5,  
D. Di Martino1,6, G. Ongari6, S. Cerri6, A. Pisani1,2 
 
1Department of Brain and Behavioral Sciences, University of Pavia, Pavia, Italy 
2IRCCS Mondino Foundation, Pavia, Italy  
3Department of Public Health, Experimental and Forensic Medicine, University of Pavia, Pavia, Italy 
4Department of Molecular Medicine, University of Pavia, Pavia, Italy 
5Section of Translational Neurovascular Research, IRCCS Mondino Foundation, Pavia, Italy 
6Section of Cellular and Molecular Neurobiology, IRCCS Mondino Foundation, Pavia, Italy 
 
Introduction: Clinical and experimental studies converge to suggest that exercise improves motor 
functions in Parkinson's disease (PD) [1]. We explored the effects of physical activity on 
neuroinflammation by measuring the levels of plasma cytokines in PD patients to investigate the 
mechanisms underlying these beneficial effects [2]. 
 
Objectives: To evaluate differences in cytokine levels and functional performances in a group of PD 
patients engaged in high-to-moderate intensity physical activity (PD-sport), compared to sedentary 
PD patients (PD-sedentary). 
 
Methods: We included PD patients (age 40-75, H&Y 1-3), not affected by cognitive impairment, 
depression or conditions inducing a proinflammatory state (i.e. diabetes, tumors, infections, active 
smoking or alcohol consumption). In our case-control study, patients were divided into two groups 
(9 PD-sport vs. 4 PD-sedentary, 11 M, 2 F) according to the International-physical-activity-
questionnaire (IPAQ). Each patient underwent clinical and instrumental evaluation (UPDRS score, 
neuropsychological evaluation, inertial gait analysis and ergometric test). IL-1 beta and TNF-alfa 
expression levels were measured in plasma through ELISA assay. 
 
Results: IL-1 beta levels were significantly lower in PD-sport compared to PDsedentary group (mean 
values: 79.94 ±19.3, vs 107.1 ±11.4 pg/ml; p-value = 0.003, IC 95%). TNF-alfa also showed lower 
levels in PDsport vs PD-sedentary (mean values: 110.9 ±20.04 vs 128.6 ±30.8 pg/ml; p-value = 0.284, 
IC 95%), though not statistically significant. Functional tests showed better motor performances in 
PD-sport compared to the other group: 5 sit-to-stand test (p = 0.003), timedup- and-go test (p = 0.106) 
and hand-grip-strenght-test (p = 0.487). 
 
Conclusions: Although preliminary, our data suggest that intensive exercise training reduces the 
proinflammatory state observed in patients, supporting its beneficial role in disease course. The 
current study is ongoing, will be integrated by a 8-week open-label pilot study, involving PD-
sedentary patients in an intensive adaptive physical program, with the aim to evaluate the cytokine 
profile at the end of the training period. 
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Introduction: Patients with Parkinson’s disease (PD) may show different types of tremor. Rest and 
re-emergent tremor are now considered as a clinical continuum that emerges in conditions of motor 
stability (“stability tremor”) and is opposed to action tremor, including pure postural and kinetic 
tremor [1]. Cross-sectional clinical studies suggested that patients with stability tremor are milder 
than patients with action tremor [2,3]. Few longitudinal studies have investigated tremor trajectory 
during disease course but the progression of different types of tremor is unexplored [4,5]. 
 
Objective: i) To assess the progression of different PD tremors over disease course ii) to determine 
whether the clinical differences between patients with stability tremor and those with action tremor 
are consistent over time iii) to investigate if different PD tremors can predict specific trajectories of 
disease progression. 
 
Methods: One-hundred PD patients participated in the study. Patients were clinically assessed off and 
on treatment at baseline and after a 4 years follow up. Motor and non-motor symptoms severity was 
assessed by standardized clinical scales. The clinical evaluation included an accurate assessment of 
stability and action tremor.   
 
Results: The severity and the occurrence of tremor decreased during PD progression, with a more 
relevant reduction of action than stability tremor. Patients with stability tremor had milder motor 
symptoms at the baseline and milder motor and non-motor manifestations at the end of the follow up. 
Both stability and action predicted a lower non-motor symptoms progression with a stronger 
association between the presence of stability tremor and a slower non-motor progression. 
 
Conclusions: Stability tremor exhibits greater consistency over time compared to action tremor in PD 
patients. The evidence that stability tremor is associated with milder severity of motor and non-motor 
symptoms over time and that is associated with a slower non-motor progression supports its 
significant role in defining the benignity of tremulous subtype in PD. 
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Introduction: Recent studies have reported the validity, reliability and accuracy of commercial 
smartwatch- measured daily steps in people with Parkinson’s (PwPD) [1-3]. However, no study to 
date estimated the minimal clinically important difference (MCID) [4,5] for average daily steps 
(avDS), measured through a commercial smartwatch in PwPD. 
 
Objectives: To calculate the MCID of avDS, measured through a commercial smartwatch, in PwPD. 
 
Methods: Eighty-nine PwPD [females: 28 (32%); age: 68.7±8.4 years; disease duration: 6.4±3.6 
years; LEDD: 571±311 mg; mHY: 2 (2-2.5; 1-3); MDS-UPDRS-III: 28 (22-32; 11-50)] wore a 
Garmin Vivosmart 4 smartwatch for 5 consecutive days on the wrist least affected by the disease. 
Daily steps were extracted and averaged. To define MCID, we used an anchor-based method [4] 
linked to clinical scales capturing changes in global mobility and motor functions (i.e., MDSUPDRS 
part III, mHY, SPPB). Linear regressions were used to estimate the incremental change in avDS per 
relevant variable change. To calculate the relevant changes, we used the already known MCID for 
each scale. In case of asymmetric MCID, we used the average value rounded to the higher next whole 
number. Global MCID was then calculated as the average of the variables included; range was also 
reported. 
 
Results: The three regression models were statistically significant and correlation coefficients were 
>0.3. Each stage increase in mHY corresponded to a 1186 steps/day decrease. Similarly, each 4-point 
increase in MDS-UPDRS-III corresponded to 552 steps/day decrease and each 1-point decrease in 
SPPB score corresponded to 481 steps/day decrease. Overall, the mean MCID across the three scales 
was 740 steps/day (range = 481–1186 steps/day) corresponding to 13% of the mean avDS 
(5766±3014 steps/day) of our population. 
 
Conclusions: We estimated a MCID for avDS of around 750 steps/day anchored to standardized 
measures of motor symptoms and mobility in PwPD. These findings could be relevant for designing 
future clinical trials involving avDS in PwPD as an outcome measure. 
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Introduction: Capacity is what an individual can do, performance is what the individual does do [1]. 
Gait parameters collected in supervised condition are widely used to estimate walking capacity in 
people with Parkinson’s disease (PwPD) [2]. Meanwhile, the fastmoving market of commercial 
wearable sensors, such smartwatches, made assessment of walking performance under free-living, 
unsupervised conditions easy and accessible [3-4]. However, how much walking capacity contributes 
to walking performance in PwPD is still unclear [5-6]. 
 
Objective: To evaluate how much clinically assessed walking capacity contribute to real-world 
walking performance, measured through a commercial smartwatch, in PwPD. 
 
Methods: In-clinic walking capacity was assessed though the instrumented 25-meter straight walking 
task and the Timed-Up-and- Go (iTUG) test in 71 PwPD in ON condition [females: 22 (31%); age: 
68.8±8.6 years; disease duration: 5.7±3.89 years; LEDD: 526±265 mg; mHY: 2 (2-2.5; 1-3)]. A 
lower-back-mounted inertial sensor (BTS G-WALK) was used to compute spatio-temporal and 
kinematic gait parameters. Real-world walking performance was evaluated through average daily 
steps (avDS) measured over 5 consecutive days through a Garmin Vivosmart 4 smartwatch worn on 
the wrist least affected by the. Pearson’s correlation coefficient was used to select the variables 
significantly associated with avDS that were included in a multivariate linear regression model. A 
backward elimination method was used to select the stronger predictors of avDS. 
 
Results: Gait speed, normalized stride length, total TUG duration, mean and peak angular velocity of 
turning were significantly associated with avDS and were thus included in the regression model. 
After backward elimination, this model included gait speed and turn peak angular velocity (p<0.001) 
and explained 31% of variance of avDS. Only gait speed was a significant predictor of AvDS 
(p=0.002). 
 
Conclusions: Clinically-assessed walking capacity significantly contributed to real-world walking 
performance in PwPD. However, only one-third of walking performance variance was explained by 
walking capacity. These results suggest that walking capacity may be a decent but not optimal 
surrogate of free-living walking performance. 
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Introduction: People with Parkinson’s Disease (PwPD) may experience a variety of motor and non-
motor symptoms, including cognitive impairment and dysphagia [1]. Dysphagia involves oral, 
pharyngeal, or esophageal phases of swallowing [2], leading to malnutrition, dehydration, 
pneumonia, and even death [3]. Several studies suggest that the voluntary phase of swallowing (oral 
phase) can be influenced by cognitive functions [4]. 
 
Objectives: This study aimed to investigate the relationship between swallowing function and 
cognitive impairment in PwPD and determine which phase of swallowing is more linked to cognitive 
impairment. 
 
Methods: 27 PwPD, according to the MDS Clinical Diagnostic Criteria, were recruited at IRCCS Don 
Gnocchi Foundation (Milan, Italy). The MDS-UPDRS Part III was used to evaluate motor disability; 
the Mini-Mental Parkinson Test (MMPT) [5], the Montreal Cognitive Assessment (MoCA) [6], and 
the Frontal Assessment Battery (FAB) [7] were used for cognitive assessment. The Dysphagia 
Outcome Severity Scale (DOSS) [8] and Videofluoroscopic Dysphagia Scales (VDS) [9] were used 
for swallowing evaluation during videofluoroscopy. Spearman correlation coefficient and logistic and 
linear models were used to analyze data. 
 
Results: Swallowing problems during the oral phase correlated with cognitive functions (Spearman 
correlation coefficient, rho, between -0.69 and -0.89 across scales), even when controlling for UPDRS 
motor scores (p<0.05), with subjects having cognitive impairments concurrently demonstrating 
deficits in the oral phase of swallowing. Instead, no correlations were found between the pharyngeal 
phase and cognitive functions (rho between 0.03 and 0.06 across scales). 
 
Conclusions: This study suggests that cognitive dysfunctions, especially frontal/executive and 
learning/memory, are mainly associated with the oral phase of swallowing in PwPD. Understanding 
the link between cognitive and swallowing functions will be useful for speech-language 
rehabilitation, especially regarding managing the oral phase of swallowing. 
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Introduction: People with Parkinson’s Disease (PwPD) may experience a variety of motor and non-
motor symptoms, including decreased voice loudness (hypophonia) and cognitive impairments [1]. 
Hypophonia is due to anatomic alterations, such as difficulty in glottal closure [2] and several studies 
suggest that executive functions influence vocal performances. Moreover, executive functions are 
crucial in high-demanding tasks that require executive control, such as spontaneous speech [3]. 
 
Objectives: This study aimed to investigate the relationship between voice intensity and executive 
functions. 
 
Methods: 38 PwPDs, according to the MDS Clinical Diagnostic Criteria, were recruited at IRCCS 
Don Gnocchi Foundation (Milan, Italy). The MDS-UPDRS Part III was used to evaluate motor 
disability; the Montreal Cognitive Assessment (MoCA) [4], the Frontal Assessment Battery (FAB) 
[5], and the Trial Making Test A e B (TMT-A e TMT-B) [6] were used to assess executive functions. 
Voice intensity (decibels, dB) was recorded and analyzed using the PRAAT software during a 
sustained /a/ and a one-minute monologue. Spearman correlation coefficients and logistic and linear 
models were used to analyze data. 
 
Results: Voice intensity during spontaneous speech correlated with executive functions (Spearman 
correlation coefficient, rho, between 0.47 and 0.68 across scales, p<0.05), even when controlling for 
UPDRS motor scores (p<0.05), with subjects having reduced voice intensity during spontaneous 
speech concurrently demonstrating deficits in executive functions. Instead, no correlations were 
found between sustained /a/ and cognitive impairments (Spearman correlation coefficient, rho, 
between 0.19 and 0.21 across scales). 
 
Conclusions: The present study found associations between voice intensity during spontaneous 
speech and executive functions. Subjects with deficits in executive functions have difficulty 
maintaining vocal intensity in complex tasks such as spontaneous speech, while they can maintain 
intensity in simple tasks such as sustained /a/. Thus, voice assessment in PD should combine simple 
and complex vocal tasks taking into consideration cognitive performance. 
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Introduction: Neuroinflammation is increasingly recognized as a pivotal factor in the 
pathophysiology of Parkinson’s disease (PD) playing also a role in dopaminergic neurodegeneration 
[1]. Notably, recent investigations support the contention that gut alterations, such as dysbiosis, 
impairments of the intestinal barrier, colonic inflammation and enteric pathological α-synuclein 
accumulation, represent early events in PD that can contribute to the central pathology via the gut-
brain axis [2]. In this context, prokineticin-2 (PK2), a chemokine-like protein, has been implicated 
both in gastrointestinal functions and gut inflammation. Specifically, it appears to modulate immune 
and inflammatory responses as well as neuronal damage in PD [3-6]. 
 
Methods: The study comprised 11 PD patients, with 5 individuals having a disease duration of less 
than 5 years (Early PD, SPD) and 6 patients with a longer disease duration (Long PD, LPD). A control 
group of 5 asymptomatic subjects, matched for age and sex, was also included. All participants 
underwent colonoscopy for colorectal cancer screening, and mucosal biopsies from the descending 
colon were collected. Subsequently, biopsy samples were processed for PK2 immunofluorescence. 
 
Results: We found an increased PK2 expression in the colonic mucosa from EPD patients compared 
to controls (4.42 ± 1.06 vs 1.00 ± 0.07, p = 0.0009) and LPD (1.62 ± 0.56, p = 0.028). Importantly, 
this expression demonstrated an inverse correlation with disease duration. 
 
Conclusions: PK2 is highly expressed within the colonic lamina propria of PD patients, suggesting 
PK2 as a potential marker of colonic immune activation in early disease. 
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Introduction: Fatigue is a nonmotor symptom in Parkinson's disease (PD), with an overwhelming 
sense of tiredness and lack of energy that interferes with the daily life [1], while fatigability is an 
objective decrease in psychophysical performance. Non-pharmacological strategies are required to 
manage these symptoms. The placebo effect, the psychobiological response arising from the belief of 
receiving a beneficial intervention [2], may be a promising procedure. 
 
Objectives: We investigated the placebo effect on fatigability in PD patients with and without the 
symptom of fatigue and in a sample of age-matched healthy controls (HS). The hypothesis was that 
the placebo procedure could differently impact objective and subjective fatigability in PD and HS, 
and that the effect could be mediated by the nonmotor symptom of fatigue. 
 
Methods: In this cross-over, double-blind, mixed effect design all subjects underwent a placebo and 
control interventions on two separate days. Before and after the intervention, participants performed 
a fatiguing task (i.e., maximal isometric forearm contraction). As placebo intervention, we applied an 
inert stimulation (TENS), along with suggestions about its efficacy on resistance to fatigue (placebo) 
or its inert nature (control) [3]. We enrolled 15 PD patients without the symptom of fatigue (PD_NF), 
12 presenting the symptom of fatigue (PD_F), and 12 HS. The Fatigability Index (FI) and 
Neuromuscular Fatigability (NMF) were collected as behavioral and neurophysiological markers of 
fatigability, as well as subjective scales of fatigue and effort. 
 
Results: FI was increased in the control session, indicating an increase in fatigability after the control 
intervention in the three groups. NMF was decreased in PD_F group after the placebo. Subjective 
data revealed reduced perception of fatigue and effort in the placebo session and increased perception 
of fatigue in the control session. 
 
Conclusions: PD patients and HS have the same positive response to a placebo intervention during a 
fatiguing task. A decrease in perception of fatigue and effort was found after the placebo procedure. 
The modulation of NMF in PD_F group suggests that the nonmotor symptom of fatigue might 
mediate the impact of the placebo intervention on neurophysiological correlates during a fatiguing 
task. 
 
References:  

[1] Di Vico et al., 2021. Parkinsonism Relat Disord; 86, 114–123. 
[2] Benedetti et al., 2016. Lancet Neurol; 15(7), 736–747. 
[3] Fiorio et al., 2014. J Neurosci, 34(11), 3993–4005. 
  



P90 
 
Are the criteria for PD-MCI diagnosis comprehensive? A Machine Learning study with 
modified criteria 
 
Chiara Longo1,2, D.L. Romano2, M. Pennacchio2,3, M.C. Malaguti1, R. Di Giacopo4, B. Giometto1,3, 
C. Papagno3 
 
1Department of Neurology, “Santa Chiara Hospital”, Azienda Provinciale per i Servizi Sanitari 
(APSS), Trento, Italy 
2Department of Psychology, University of Milano-Bicocca, Milan, Italy 
3Center for Mind/Brain Sciences (CIMeC), University of Trento, Rovereto, Italy 
4Department of Neurology, “Santa Maria del Carmine Hospital”, Azienda Provinciale per i Servizi 
Sanitari (APSS), Rovereto, Italy 
 
Introduction: Mild cognitive impairment in Parkinson's disease (PD-MCI) can include deficits in 
attention, executive functions, episodic memory, language, visuospatial abilities, and social cognition 
[1]. The current criteria for PD-MCI diagnosis [2] do not consider social cognition and it is unclear 
which tests should be used for PD-MCI diagnosis. Machine Learning (ML) can be pivotal for 
optimizing cognitive assessment by evaluating the diagnostic accuracy of tests. 
 
Objective: Employ ML to compare “traditional” and “alternative” cognitive batteries identifying 
which tests best classify PD-MCI. 
 
Methods: 275 patients were retrospectively selected and diagnosed in PD-CU or PDMCI. Four 
cognitive batteries were created to compare their diagnostic accuracy: two Standard ones (Levels I 
and II), applying Litvan’s criteria and using “traditional” tests; two Alternative ones (Levels I and II), 
which included a test of social cognition using “modified” criteria. Such batteries were included in 
the Random Forest (RF) classifier, in which 75% of the patients were used for the training and 25% 
for the testing. To assess the RF performance, the AUC was considered. Furthermore, the Variable 
Importance Indexes were estimated to understand the contribution of each test in PD-MCI 
classification. 
 
Results: Standard Level I and II showed an AUC of 0.852 and 0.892, respectively, while Alternative 
Level I and II showed an AUC of 0.898 of 0.906. Variable Importance Indexes revealed that TMT 
B-A, Ekman test, RAVLT-IR, MoCA, and Action Naming test contributed more to the PD-MCI 
classification. 
 
Conclusion: This study reveals that the Level I assessment can have the same (or even higher) 
classification ability than the Level II assessment. This evidence can be attributed to the choice of the 
most accurate tests for this clinical population, including a test for social cognition, a domain not 
included in the current diagnostic criteria. Finally, our study suggests the need to review the criteria 
for the diagnosis of PD-MCI. 
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Introduction: Parkinson's Disease (PD) can be characterized by heterogeneous cognitive deficits that 
can configure cognitive phenotypes [1]. Cluster Analysis studies have described them in a "macro" 
manner, but only one study has applied Network Analysis (NA) in PD [2]. NA represents an abstract 
model for studying the possible relationships between cognitive abilities to better understand 
cognitive phenotypes. 
 
Objectives: Employ NA to compare the cognitive system of PD patients cognitively unimpaired (PD-
CU) or with mild cognitive impairment (PD-MCI). 
 
Methods: A Level II cognitive assessment was performed on 275 PD patients. On the grounds of such 
assessment, PD patients were divided into two diagnostic classes: 171 PD-CU and 104 PD-MCI. NA 
was performed on the said diagnostic classes to quantify the relationship between cognitive abilities 
in two different Gaussian Graphical Models. In such diagnostic classes-neuropsychological networks, 
nodes represent cognitive tests and demographical data, and their connection (i.e., partial correlations) 
is represented by edges . 
 
Results: NA revealed noticeable differences between PD-CU and PD-MCI. Specifically, the two 
diagnostic classes-neuropsychological networks differed in three main aspects: 1) the role of 
demographic data in the network, where in PD-MCI these variables lose most of the relationship with 
the other nodes; 2) the relationship between Copy and Delay-Recall of the ROCF, that in PD-CU was 
mediated by Semantic Verbal Fluency, while in PD-MCI the two tests are directly related; 3) the role 
of WM in the network, i.e., it is central in PD-CU, while in PD-MCI it disconnects from the network. 
 
Conclusions: The networks of PD-CU and PD-MCI are different. Specifically, NA revealed that 
cognitive decline masks the influence of demographic variables on cognitive functioning. 
Furthermore, differences are noted in the association between cognitive abilities with new 
connections and loss of others, suggesting a reorganization of the cognitive system for probable 
functional compensation mechanisms in case of cognitive decline. 
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Introduction: Persons with Parkinson’s disease, atypical or secondary parkinsonism (PwP) 
experience a wide range of symptoms and complications that are associated with increasing disability 
and complexity of care delivery. An integrated approach, involving a PwP nurse specialist (Case 
Manager), could offer benefits to PwP and caregivers [1,2]. 
 
Objectives: To explore a new model of integrated patient-centered care based on telemedicine 
(‘Telenursing’) for home management through a Case Manager aiming to improve PwP/caregivers 
quality of life by: 
(a)    optimizing management of motor/non-motor symptoms; 
(b)   supervising medication compliance to minimize side effects; 
(c)    minimizing complications and unscheduled hospital admissions/visits (reducing direct/indirect 
costs for the NHS). 
 
Methods: From the COVID-19 pandemic, fragile PwP with motor and/or nonmotor disability are 
followed remotely by a 'digital' case manager by telephone (3 hours/day, 5 days/week) or email [3]. 
Interventions are both 'Reactive' (on-demand) and 'Proactive' (regular active follow-up, ranging from 
1-week to 3-month). 
The Case Manager managed and resolved medical issues (a) independently; (b) interacting with the 
neurologist; (c) interacting with a multidisciplinary team (physiatrist, psychologist, 
gastroenterologist, GP, etc.). 
 
Results: Awaiting the results of two ongoing multicentre clinical trials (NCT05273957, 
NCT05792332), we report the experience gained at our Institute over the last 3 years. 
From 25/11/2020 to 31/10/2023, 898 PwP have been included and followed-up. 
The Case Manager managed a total of 1739 interventions ('Reactive' or 'Proactive') based on PwP 
and/or caregiver requests, of which: 
- 52% resolved independently 
- 20% resolved after discussing with the treating neurologist 
- 17% managed involving the multidisciplinary team 
- 11% required the neurologist intervention (email, telephone, televisit, in-person visit). 
 
Conclusions: The Case Manager managed almost 90% of PwP medical issues, substantially reducing 
the neurologist’s intervention to a few well-selected cases.   
This model is highly innovative and has the potential to change the management of patients with 
parkinsonism in routine clinical practice. 
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Introduction: Proximity ligation assay (PLA) has been used [1] to detect α-synuclein oligomers within 
synaptic terminals of autonomic fibers in skin biopsies from Parkinson’s disease (PD) patients. It is 
still unknown whether this biomarker can inform about the progression of PD. 
 
Objective: Evaluate whether the PLA score can predict future worsening of cognitive function in PD. 
 
Methods: Twenty-six patients with PD (61.5% males, age 59.2±8 years, disease duration 5.3±3 years, 
34% with RBD) were consecutively recruited and underwent a skin biopsy at baseline. They were 
followed up yearly for an average of 4.8±1 years. A neuropsychological assessment was performed 
at each visit. The patients had idiopathic PD and were classified [2,3] with normal cognition (PD-
NC), mild cognitive impairment (PD-MCI), or dementia (PDD). At the last follow-up, patients were 
either cognitively stable (CS) or deteriorated (CD). Skin biopsy quantitative analysis was conducted 
on the samples containing the sweat gland and α-synuclein oligomers were quantified as PLA score 
[1]. Differences between groups and the correlation between skin biopsy measures and cognition 
were explored. The discrimination power of the PLA score was assessed by ROC curve analysis. 
 
Results: At baseline, three and 23 patients were respectively classified as PD-MCI and PD-NC. At 
the last available follow-up, 27% were CD (two PD-MCI, five PDD) and 73% CS. PLA score was 
higher in CD than CS (432.1±188.3 vs 186.2±151.1; p=0.004, after controlling for age and disease 
duration). No significant correlations were found between PLA and cognitive scores, but a trend (r=-
0.479, p=0.07) was observed for changes in MMSE score at the last follow-up. ROC curve analysis 
of PLA score to detect CD showed AUC=0.857, p=0.006, sensitivity=71.4%, specificity=89.5%. 
 
Conclusions: Higher PLA scores can identify parkinsonian patients susceptible to cognitive decline, 
in line with the hypothesis of faster nonmotor progression in the body-first subtype of α-synuclein 
pathology. 
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Introduction: Vestibular dysfunction has been recently suggested as a possible non-motor feature of 
Parkinson’s Disease (PD), hovewer to date literature data are still lacking. In addition, saccadic eye 
movements have been previously studied in patients with PD showing conflicint results. Very few 
studies have reported vestibular and saccadic abnormalities in Gaucher disease. 
 
Objectives: To assess vestibulo-ocular reflex (VOR) gain and voluntary saccade eye movements in a 
cohort of consecutive cohort of GBA-PD patients compared with a matched cohort of consecutive 
idiopathic (I) PD patients (I-PD). 
 
Methods: A consecutive cohort of GBA-PD patients has been paired for age, sex, disease duration, 
Hoehn & Yahr stage, and comorbidities (Charlson Comorbidity Index) with a cohort of consecutive 
I-PD patients. Clinical assessment included the MDS-UPDRS total scores and subscores, the 
Montreal Cognitive Assessment (MoCA), the video head impulse test (vHIT) and saccadic 
instrumental assessment. Continous variables between groups were compared through the Mann-
Whitney test while nominal/ordinal variables through the chi-squared test. Correlation analyses 
between clinical and vestibular/saccadic variables in the whole cohort were performed by calculating 
the respective Spearman's ρ values and their significance level. 
 
Results: Twenty GBA-PD (male:13; age:63.47 years; MDS-UPDRS III:29.47; MoCA: 22.84) and 20 
I-PD (age:63.72 years; MDS-UPDRS III:28.72; MoCA:23.00) patients were included. No differences 
were found in vestibular and saccadic variables between GBA-PD and I-PD. In the whole cohort, 
bilateral saccadic latency directly correlated with age (p<.05), disease duration (p<.001) and PIGD 
subscore (p<.001) while it negatively correlated with MoCA score (p<.05). The bilateral vHIT gain 
of the lateral semicircular canal directly correlated with disease duration (p<.05) while the gain of the 
posterior semicircular canal negatively correlated with rigidity subscore (p<.05). 
 
Conclusions: This study confirmed that vestibular and saccadic abnormalities may be associated with 
clinical characateristcs in PD patients. In particular saccadic latency may represent a markers of axial 
involvement. 
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Introduction: aSyn-RT-QuICR is a seed amplification assay that detects disease associated α-
Synuclein (aSynD) in tissues such as CSF, intestinalmucosa, and skin from Parkinson’s disease (PD) 
patients, sparking interest in its use for early diagnosis. Given that human tears can be collected non-
invasively, we initiated a project to test if RT-QuICR can detect α-SynD in tears from PD patients. 
Here, we describe progress in collecting specimens and testing the recovery of α-SynD seeds from 
tears applied to Schirmer’s strips.  
 
Methods: This study was approved by the Ethics Committee (Prot. PG/2017/17817) of the ARNAS-
Brotzu-Cagliari, Italy. Tears were collected using Schirmer’s strips from both eyes from PD patients 
(n=76) and healthy subjects (n= 40). To initially assess RT-QuICR with tear fluid on Schirmer’s 
strips, we spiked tear fluid with PD or healthy brain homogenates, applied it to strips, eluted using 
SDS with or without a capture on iron-oxide-beads, and seeded the eluates into the assay. 
 
Results: Study participants had a mean age of 71 years for PD and 60 years for healthy controls with 
similar numbers of male and female participants in each cohort. The mean disease duration was 7.32 
years, with Hoehn and Yahr stages ranging from 1-5. Although these patients’ specimens await 
testing, our spiking experiments have revealed that by using SDS to elute α-SynD from the Schirmer’s 
strips and iron oxide beads to capture the seeds we can detect brainderived α-SynD diluted ~105-fold 
in tear fluid within ~15 hours. 
 
Conclusions: Here we describe the panel of human tear specimens that we have collected, and show 
preliminary data that SDS in combination with iron oxide beads allows a more efficient α-SynD 
recovery from Schirmer’s-strips. This protocol will now be used to blindly test the utility of RT-
QuICR in discriminating PD cases from heathy controls using tear fluid as an accessible diagnostic 
biospecimen. 
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Introduction: The SCale for Outcomes in Parkinson's disease - Psychiatric Complications (SCOPA-
PC) [1] is a quick and easy tool to evaluate psychiatric disturbances in Parkinson’s disease (PD) [2]. 
An Italian version of the scale is lacking. 
 
Objectives: We studied the psychometric properties of the Italian version of SCOPA-PC in PD. 
 
Methods: The SCOPA-PC was translated into Italian and administered to 130 consecutive PD 
outpatients from October 2022 to December 2023, at the Center for Neurodegenerative Diseases 
(CEMAND) at the University of Salerno, along with a clinical interview and motor, cognitive and 
behaviour evaluations. 
 
Results: First of all we describe the distribution of psychiatric disorders in our PD sample. The 
Cronbach's alpha of the SCOPA-PC was equal to 0.6. The SCOPA-PC total score was significantly 
correlated with all items. The SCOPA-PC total score did not correlate with demographic nor motor 
variables nor with the Montreal Cognitive Assessement (MoCA) test (p>0.05) but correlated with the 
QUIP (p<0.001) and the NPI (p<0.001). The hallucinations (item_1) and illusions/misidentification 
of persons (item_2) correlated with NPI_hallucination (p< 0.005), paranoid ideation (item_3) 
correlated with NPI_delusions (p<0.001), altered dream phenomena (item_4) correlated with 
NPI_sleep disorders (p=0.055), confusion (item_5) correlated with MOCA 
(p<0.001), sexual preoccupation (item_6) correlated with QUIP_ sex (p<0.001) and compulsive 
behavior (item_7) correlated with the sum of QUIP_gambling and QUIP_shopping (p<0.001). 
Compulsive behavior correlated with H&Y (p=0.004). A principal component analysis, with Varimax 
rotation, showed that in men the Factor 1 (items:1, 4, 5,7), Factor 2 (items: 3, 6) and 
Factor 3 (item: 2) explain a cumulative variance equal to 64.43%. In women, the Factor 1 (items: 1, 
3, 4, 5), Factor 2 (items: 2, 7) and Factor 3 (item: 6) explain a cumulative variance equal to 64.73%. 
 
Conclusions: In conclusion, the SCOPA-PC Italian version is a reliable, valid, and easy toll to screen 
psychiatric disturbances in PD. 
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Introduction: Polyneuropathy (PN) has been described in Parkinson’s disease (PD), mainly after 
levodopa-carbidopa intestinal gel infusion (LCIG) [1]. Still, literature suggests the possibility of 
large-fiber neuropathy being intrinsic of PD [2]. On the other hand, LCIG is believed to cause or 
worsen PN because of its peculiar infusional site [3]. 
 
Objectives: We aimed to assess the prevalence of PN in PD patients and possible determinants, and 
exploring its progression after LCIG, in a subgroup of patients, through nerve conduction study. 
 
Methods: Nerve conduction studies, clinical evaluation and blood test (with vitamine B12, B9, 
homocysteine, other than screening for PN risk factors) were performed at baseline on 74 patients. A 
subgroup of 17 patients, who strarted LCIG, were re-evaluated after a mean follow-up of 40 months, 
with clinical and neurophysiological assessment. 
 
Results: Among 66 patients included, 15 had diagnosis of idiopathic PN (22,7%), mainly sensory-
motor assonal PN. PD patients with PN (PDwPN) differed from patients without PN (PDwoPN) in 
having higher cumulative Levodopa daily dose (Lev) and homocysteine (Hcy), lower B9 and B12. 
No differences were found for age, gender, disease severity/duration and therapy with ICOMT. 
Stratifing our population on the base of Lev, we observed that the prevalence of PN significantly 
differed between groups (10% in noLev, 13,3% in Lev<900mg/day and 38,4% in Lev>900mg/day). 
Also, Lev directly correlated with Hcy and inversely with B12 and with amplitude of sural sensory 
(sAMP), motor peroneal (pAMP) and tibial (tAMP) action potentials. On follow-up, the incidence of 
PN was 35,7%. Furthermore, from baseline to follow up, we noted a significant linear regression 
between the reduction of sAMP and pAMP and the variation of Lev (ΔLev), adjusted with age and 
LCIG duration. 
 
Conclusions: This study supports the hypothesis of iatrogenic origin of PN in PD and suggests 
moderating the increase of Levodopa cumulative dose, when LCIG starts. 
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Introduction: We recently described increased D- and L-serine concentrations in the striatum of 
MPTP-treated monkeys and human Parkinson’s disease (PD) brains and in the CSF of de novo living 
PD patients compared to controls [1,2]. However, data regarding peripheral D-serine levels in PD are 
scarce.  
 
Objective: We assessed whether the serum levels of serine enantiomers and the other NMDA 
receptor-related aminoacids (i) differ between PD patients and HC and (ii) correlate with 
demographic, clinical features and dopaminergic treatment in PD. 
 
Methods: We recruited 83 consecutive PD patients and 41 age-matched healthy controls (HC). PD 
cohort underwent an extensive motor, cognitive, quality of life and antiparkinsonian treatment 
characterization. The serum levels of D- and L-serine, L-glutamate, L-glutamine, L-aspartate, L-
asparagine and glycine were determined using High Performance Liquid Chromatography. 
 
Results: In age- and sex-adjusted analyses, no differences emerged in the serum levels of D-serine, 
L-serine or the other NMDA receptor-stimulating aminoacids between PD and HC. D-serine and D-
/Total serine ratio positively correlated with age in PD (r=0.313, p=0.004 and r=0.311, p=0.004, 
respectively), but not in HC. Moreover, we found that (i) D-serine and D-/Total serine, but not the 
other neuroactive aminoacids, increase with older age at PD onset (r=0.379, p<0.001 and r=0.325, 
p=0.003, respectively); (ii) higher LEDD correlate with lower levels of D-serine (r =-0.248, p=0.027) 
and the other excitatory aminoacids; (iii) MDS-UPDRS-III positively correlate with glycine (r=0.241, 
p=0.033). Finally, the addition of LEDD as covariate disclosed higher serum D-serine in PD 
compared to HC (Δ=38.7%; p=0.038). 
 
Conclusions: Increased serum D-serine levels represent a putative biochemical signature of PD. The 
positive correlation between D-serine and age at PD onset supports the hypothesis that D-serine may 
play a neuroprotective role in PD by delaying the onset of the disease [3]. 
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Objectives: To evaluate the efficacy of an 8-week multidisciplinary intensive rehabilitation treatment 
(MIRT) [1] and virtual reality training (VRT) in patients with Parkinson’s disease (PD) assessed with 
clinical and magnetic resonance imaging (MRI) markers [2]. 
 
Methods: This is a prospective, parallel-group, randomized study (Ethical committee register 
149/2020/PO). PD patients attending the Movement Disorders Center of the University of Catania 
were enrolled and randomly assigned to MIRT treatment without (group A) or with (group B) a VRT 
with BTs-Nirvana (BTsN). Each patients underwent a comprehensive clinical assessment at baseline 
(T0), after the rehabilitation treatment (week 8, T1) and after one month without (T2). 
 
Results: Seventeen PD patients were enrolled according to Brain Bank Criteria (10 male, 7 female, 
age 64.3 ± 8.7 years, UPDRS-ME 56.4 ± 21.2 score). Ten patients were randomized into group A, 
and 7 into group B. There were no differences between the two-treatment group in demographics and 
clinical features at baseline. Considering the whole PD sample, patients showed an improvement in 
the FOG-Q score between T0 and T2 (4.3 ± 4.1 vs 3.0 ± 3.7 score, p-value 0.02), and T1 and T2 (3.6 
± 3.9 vs 3.0 ± 3.7 score, p-value 0.05). Between group analysis showed significant differences 
between group A and group B at T1 in TUG (11.3 ± 2.2 vs 6.1 ± 2.7 seconds, p-value <0.001), and 
10-meters performances (8.5 ± 1.2 vs 5.3 ± 2.4 score, p-value 0.002). 
 
Conclusions: This study showed that physical rehabilitation improves motor symptoms of PD patients 
[3]. The use of VRT could further improve motor performance of PD patients. 
 
Project “IR3MA Parkinson Cyclone in Life” Code 088690110504 CUP G69J18001070007, D.D.G. nr 3607/5S del 
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nr 1349/5 del 14/6/2017 
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Introduction: Several studies suggested a possible association between diabetes mellitus (DM) and 
Parkinson’s disease (PD) [1,2]. Aim of the study was to investigate in vivo whether diabetes mellitus 
influences motor function via its impact on nigrostriatal dopaminergic vulnerability in two 
independent cohorts of drug-naïve patients with early-stage Parkinson’s Disease (PD). 
 
Methods: The study included two independent prospective cohorts of drug naïve PD patients who 
underwent a standardized neurological examination, and 123I-FP-CIT brain SPECT imaging. Each 
cohort comprised two subgroups of PD patients with diabetes mellitus (PDDM) or without diabetes 
mellitus (PD), which were matched 1:1 for age, sex, motor and cognitive impairment at baseline. We 
tested differences in striatal binding using an ANCOVA test adjusted for age, sex, and handedness. 
Longitudinal analysis on a subset of PD patients was conducted to evaluate annual difference in 
striatal binding driven by diabetes mellitus. 
 
Results: One-hundred sixty-six drug-naïve PD patients entered the study, namely 54 patients from 
the single-center DMA-PD cohort, and 112 patients from the PPMI dataset. Compared to PD, PD-
DM showed a higher dopamine uptake in left putamen in both the considered cohorts. The 
longitudinal evaluation revealed that PD-DM had a faster annual decline of left putamen binding than 
PD (-20% vs. -9%). 
 
Conclusions: Findings showed that diabetes mellitus may impact on compensatory mechanisms of 
nigrostriatal systems resulting in less dopamine deficits even with comparable degree of motor and 
nonmotor impairment at baseline. This result was further confirmed by the follow-up evaluation 
showing a greater annual difference in left putamen binding. Results were confirmed in both an Italian 
monocentric cohort and in the multicentric PPMI cohort. 
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Introduction: Increasing evidence supports the beneficial effects of lifelong physical activities on 
cognition or mobility [1]. Recently, it has been hypothesized that motor reserve (MR) may be 
associated with a greater ability to cope with normal or pathological motor skill decline [2]. 
 
Objectives: Aim of the study was analyzing the possible impact of MR on dopamine binding and 
motor severity in early-diagnosed patients with Parkinson’s disease (PD). 
 
Methods: The study included drug-naïve PD patients, who underwent cognitive and motor 
assessment- and 123I-FP-CIT-SPECT imaging. Gait parameters were evaluated in normal, fast and 
dual-task conditions using Mobile Health Technologies (MHT) in supervised setting. Motor Reserve 
Index questionnaire (MRIq) was administered [3] and individuals were categorized into high-MR or 
low-MR. The relationship between MR and dopamine binding was assessed using a voxel-wise 
regression model. Clinical differences between patients with high and low MR were assessed using 
two-sample t-test or chi-squared test, whereas differences in and motor parameters was explored 
using a MDS-UPDRS-III, sex and height-adjusted ANCOVA model. 
 
Results: Forty drug-naïve PD patients entered the study (age 68.35±7.5). MR was negatively 
correlated with dopamine binding in left putamen and pallidum in the voxel-wise model. High vs. 
low-MR PD were comparable for demographics, motor and cognitive severity, whereas High-MR 
PD showed lower dopamine binding in left putamen (p=0.029) as compared to low-MR. No 
differences in gait parameters emerged in normal conditions, whereas in motor dual task condition, 
high-MR vs. low-MR PD showed lower step-time (p=0.002), motor cost (p<0.001), step-time 
variability (p=0.045), and higher step-length (p=0.045). 
 
Conclusions: Motor reserve emerged as important modulator of dopamine basal ganglia circuitries at 
onset of PD, with important impact on motor impairment and performances assessed by mobile health 
technology. These mechanisms might explain the wide heterogeneity of progression and response to 
treatments in early disease phases and need to be verified in ongoing longitudinal studies. 
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Action Observation (AO) and Motor Imagery (MI) has emerged as promising tool for physiotherapy 
intervention in Parkinson Disease (PD). This narrative review summarizes why, how, and when 
applying AO and MI training in individual with PD. We report the neural underpinning of AO and 
MI and their effects on motor learning. We  examine the characteristics and the current evidence 
regarding the effectiveness of physiotherapy interventions, and we provide suggestions about their 
implementation with technologies. 
Neurophysiological data suggest a substantial correct activation of brain networks underlying AO 
and MI in people with PD, although the occurrence of compensatory mechanisms has been 
documented. 
Regarding the efficacy of training, in general evidence indicates that both these techniques improve 
mobility and functional activities in PD. However, these findings should be interpreted with caution 
due to variety of the study designs, training characteristics, and the modalities in which AO and MI 
were applied. Finally, results on longterm effects are still uncertain. 
Several elements should be considered to optimize the use of AO and MI in clinical setting, such as 
the selection of the task, the imagery or the video perspectives, the modalities of training. However, 
a comprehensive individual assessment, including motor and cognitive abilities, is essential to select 
which between AO and MI suite the best to each PD patients. Much unrealized potential exists for 
the use AO and MI training to provide personalized intervention aimed at fostering motor learning in 
both the clinic and home setting. 
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Introduction: Reliable biomarkers of disease severity and motor performance in Parkinson’s disease 
(PD) could be a significant resource to support clinical decisions and guide the clinical management 
of patients [1]. In this scenario, electroencephalography (EEG) microstate analysis can be employed 
for assessing disease specific features of cortical activity, characterized in terms of transient 
topographies (microstates) whose spatiotemporal characteristics can be considered quantifiable 
biomarkers [2-3]. 
 
Objectives: To test the ability of EEG microstate parameters during resting and reach-to-grasp 
movements to identify the level of disease severity and motor performance in parkinsonian patients. 
 
Methods: Eight parkinsonian patients with idiopathic PD (age: 57.1 ± 5.9, disease duration: 11.3 ± 
4.3, UPDRS-III: 42.4 ± 12.8) were recorded with a 128-channels EEG device during resting (60 
seconds) and reach-to-grasp movements (ten repetitions for three times) after overnight pausing all 
dopaminergic medications [4]. We extracted four microstates (A, B, C, D) for both conditions and 
characterized the temporal dynamics of the microstate sequences. For the reach-to-grasp task, we 
recorded the kinematic of the upper limb (right/dominant hand) with a motion capture system and 
task duration and wrist velocity were extracted. 
 
Results: During resting, the microstate B coverage was significantly higher in advance patients and 
microstate A average duration negatively correlated with the UPDRS-III score. Coherently, the 
temporal features of microstate B and A correlated positively and negatively with the task duration, 
respectively. The microstate A coverage was significantly higher during the reach-to-grasp task than 
at rest. The Lempel-Ziv complexity, representative of either the repetitiveness or the diversity of the 
microstate sequence, positively correlated with the movement velocity. 
 
Conclusions: We showed the capability of EEG microstate parameters to capture the severity of 
parkinsonian symptoms and motor performances. These parameters can be considered potential EEG 
biomarkers in the definition of different clinical conditions and in the evaluation of PD-related 
alterations of motor control strategies. 
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Introduction: Bradykinesia is defined as movement slowness and a progressive decrease in amplitude 
and velocity during movement repetition (i.e., sequence effect) and it is the main diagnostic feature 
of Parkinson’s disease (PD) [1]. Recently, we proposed redefining bradykinesia, based on a dual-axis 
approach, i.e., describing the major phenomenological features of bradykinesia in a given patient 
(Axis I), and elucidating the underlying etiology (Axis II) [2]. 
 
Objectives: To evaluate, through kinematic analysis, the major phenomenological features of 
bradykinesia, with a specific focus on their combination, in a relatively large sample of individuals 
with PD and elderly healthy controls (HC). 
 
Methods: We examined a sample of 172 PD patients (OFF medication) and 145 HC. Kinematic 
techniques were used for finger-tapping analysis. ROC curve analysis was used to determine cut-off 
values for movement velocity, amplitude, rhythm, and sequence effect. We then quantified the 
percentage of movement abnormalities in the two groups, whether occurring in isolation or variable 
combinations. 
 
Results: Among PD patients, 171 (99.9%) exhibited at least one movement abnormality. Movement 
slowness or sequence effect, occurred in 77.2% and 80.9% of cases, respectively. Concerning current 
clinical criteria, the combination of movement slowness and sequence effect was observed in only 
59.6% of cases. Movement abnormalities were also present in a significant proportion of HC; 
however, in these cases, they predominantly occurred as isolated abnormalities. The combination of 
3-4 abnormalities was observed in 66.7% of PD patients and 15.9% of HC (p<0.05 by Χ² test). 
 
Conclusions: The study objectively outlines the phenomenological features of bradykinesia in a large 
group of people with PD and healthy elderly individuals. Further information on bradykinesia features 
combination will be obtained from the analysis of their clinical correlates and the effects of 
pharmacological therapies. 
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Background and Objective: High blood pressure is rarely reported in Parkinson’s disease (PD). It is 
unclear how high blood pressure relates to dopaminergic state in PD and its clinical and neuroimaging 
correlates. This study aimed to explore the relationship between blood pressure values and 
dopaminergic medication state (OFF and ON) in people with advanced PD. Moreover, we aim to 
explore the clinical and neuroimaging correlates of blood pressure values in patients with PD. 
 
Materials and Methods: A total of 61 PD patients were included in the study. Clinical characteristics, 
including age, gender, disease duration, and levodopa equivalent daily dose, were recorded. Motor 
and non-motor symptoms were evaluated using standardized rating scales. Blood pressure 
measurements were taken in the practically defined OFF-MED (after 12 hours without medication) 
and ON-MED (at 1 hour after administering 150% of morning Levodopa dose) in sitting 
and standing up (at 3 minutes) position. The diagnosis of hypertension was based on the 2018 
ESC/ESH Clinical Practice Guidelines for the Management of Arterial Hypertension. Accordingly, 
we categorized subjects in hypertensive-PD and normotensive-PD. Presence and burden of small 
vessel disease was analyzed on structural brain MRI. The total small vessel disease (SVD) score from 
brain MRI was calculated and used for correlation with clinical variables. 
 
Results: Thirty-five patients exhibited hypertension in the OFF-MED condition; 26 (74.3%) of them 
had normal value of BP in the ON-MED condition. Only 6 of these hypertensive subjects had a 
documented history of hypertension and were receiving anti-hypertensive medication. Frequency of 
orthostatic hypotension in both ON and OFF-MED did not differ between the group with and without 
hypertension. The Wearing Off Questionnaire 19 Total Score (p=.047) and the Gait and Falls 
Questionnaire Total Score (p=0.006) scored significantly higher in the PD group with hypertension 
compared to the one without hypertension. MRI scan analysis disclosed significantly higher SVD in 
the PD with hypertension group (p&lt;0.05). After controlling for age, gender and disease duration, 
a significant correlation was observed between the SVD score and the PDQ39 index (p=0.007, r=.36). 
 
Discussion and Conclusion: Our findings indicate that hypertension is common in PD patients OFF 
medication, potentially contributing to the severity of both motor and non-motor symptoms. 
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Introduction: Parkinson’s disease (PD) is known to cause alterations in body composition and resting 
metabolic rate (RMR) [1-3].  
 
Objective: To describe sex-related differences in body composition and RMR in PD patients. 
 
Methods: This substudy is part of a longitudinal study conducted on PD patients requiring levodopa 
treatment. Patients were observed over 24 months since introduction of levodopa and underwent 
followup visits at 1 and 2 years after baseline. A subgroup of patients underwent evaluation of RMR 
(measured using the Cosmed FitMate MED® indirect calorimetry system during OFF state after 12-
hour fasting) and body composition (assessed using the BiaAkern101® bioelectrical impedance 
analysis in supine position). 
 
Results: 32 patients, including 24 (75%) males and 8 (25%) females, underwent body composition 
analysis at baseline; 30 of these patients, including 23 (76.66%) males and 7 (23.34%) females, 
completed follow-up 1 visit and 31, including 24 (77.42%) males and 7 (22.58%) females, also 
completed follow-up 2 visit. 30 patients, including 23 (76.66%) males and 7 (23.34%) females, 
underwent RMR measurement at baseline; 18 of these patients, including 13 (72.22%) males and 5 
(27.78%) females, completed follow-up 1 visit and 29, including 22 (75.86%) males and 7 (24.14%) 
females completed follow-up 2 visit. At baseline, fat free mass was significantly higher in males than 
females (p=0.0136), while no statistically significant differences were found in the other parameters. 
At follow-up visits, except for RMR at follow-up visit 1 that resulted significantly higher in males 
than females (p=0.0271), there were no statistically significant sex-related differences. 
 
Conclusions: The changes in body composition and metabolism that occur in PD patients are still not 
well understood, especially if we consider sex as a variable. The data obtained from our study provide 
new insights regarding the metabolism of PD patients and will need to be integrated with other clinical 
data for a more complete interpretation. 
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Introduction: Glucocerebrosidase (GCase) is a lysosomal enzyme, encoded by GBA1 gene, that 
represent the most relevant genetic risk factor for Parkinson disease (PD) and Lewy Body Dementia 
(DLB)[1]. In presence of GBA1 mutations, glucocerebrosidase defective activity plays a pivotal role 
in the accumulation of alpha-synuclein. Molecular evidence suggests a broader role for GCase in 
sporadic alpha-synucleinopathies [2], yet its contribution to neurodegeneration based on in vivo data 
requires further investigation. 
 
Objectives: We aimed to explore the relationship between alterations in GCase enzymatic activity, 
plasma biomarkers, motor and nonmotor features in a substantial cohort of PD and DLB patients, 
encompassing both GBA-carriers and GBA-noncarriers. 
 
Methods: We enrolled 89 patients from two Italian movement disorders centers (Campus Biomedico 
of Rome and ASST of Spedali Civili di Brescia), with 49 carrying GBA mutations and 40 GBA-wild 
type. All the subjects underwent a comprehensive neurological examination. Motor symptoms’ 
severity was assessed using Part III of the Movement Disorder Society-Sponsored Revision of the 
Unified Parkinson's Disease Rating Scale (MDS-UPDRS III). Non-motor symptoms’ burden was 
evaluated using the Italian version of Non-Motor Symptoms Scale (NMSS), Montreal Cognitive 
Assessment (MOCA). GCase enzymatic activity was determined via dried blood spot assay in both 
GBA-mutated (30/49) and GBA-nonmutated cohorts (34/40), and plasma biomarkers, Glial fibrillary 
acid protein (GFAP) and neurofilament light chain (NfL), were measured using SIMOA technique in 
a subset of patients (69/89). 
 
Results: The GBA-carriers cohort exhibited a more pronounced nonmotor symptom burden, with 
higher prevalence of visual hallucinations (61.2%, p=0.014) and cognitive impairment (75.5%, 
p=0.042) in spite of similar motor severity compared to the GBA-wildtype cohort. GCase enzymatic 
activity was lower in GBA-carriers (p=0.001) and similar between DLB and PD subjects. In 
unadjusted analysis, GCase enzymatic activity showed a significant negative correlation with GFAP 
and NfL (p=0.026, ρ=-0.399*; p=0.048, ρ=-0.358*) only in GBA-wildtype patients. Moreover, 
GCase enzymatic activity displayed a significant negative correlation with nonmotor variables, such 



as NMSS total score and MOCA (p=0.001, ρ=-0.568**; p=0.001, ρ=-0.615**) only in the GBA-
negative subjects. 
 
Conclusions: Clinical profiles differed between GBA-carriers and GBA-noncarriers, particularly in 
nonmotor symptoms. GCase defective activity correlated significantly with clinical and biomarker 
variables only in the GBA-noncarriers cohort, possibly due to lower variability expected in GBA-
carriers. These findings, partially corroborated by existing in vitro evidence [2], warrant further 
investigation for their possible new therapeutic implications. 
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Backgorund and objectives: The most effective treatment for PD is L-Dopa, however, as PD 
progresses, involuntary movements named L-Dopa-induced dyskinesia (LIDs), appear [1]. The aim 
of this study was to determine the clinical, neurophysiological and biological features of PD patients 
with LIDs. 
 
Materials: We collected clinical data of 104 patients. All patients underwent venipuncture for serum 
collection; 54 patients also underwent lumbar puncture for CSF collection. Total-alpha-synuclein (t- 
a-syn) levels were measured in both serum and CSF, with commercially available ELISA kits. Uptake 
values of 123I-FP-CIT-SPECT were available for 50 patients. A subgroup of 30 patients, 15 without 
LIDs and 15 with LIDs, underwent neurophysiological examination with TMS. 
 
Results and Discussion: Overall, patients had a mild parkinsonism (MDS-UPDRS III score 22 ± 13) 
with a mean disease duration of 8 ± 5 years and oral LEDD intake of 577 ± 422mg. LIDs were 
observed in 42 patients (Dysk), while 62 patients were defined as non-dyskinetic (Non Dysk). Patients 
with LIDs had a longer disease duration, higher LEDD intake and worse MDS-UPDRS III scores. 
In our cohort, patients with LIDs showed a higher degree of putaminal dopaminergic denervation at 
diagnosis, measured with semiquantitative analysis of 123I-FP-CIT-SPECT uptake values. This 
association was significant also when corrected with age, LEDD and disease duration (p = 0.032) in 
a logistic regression model. In our study, no differences were found in t-α-syn levels in patients with 
and without LIDs in both serum and CSF. At the neurophysiological examination with TMS, a 
significant depotentiation in the group of Non Dysk patients and a not significant depotentiation in 
the group of Dysk patients was found. Furthermore, we found a significant negative correlation 
between the amplitude of depotentiation and the score of UDysRS part III in Dysk patients (r = -0.67, 
p = 0.006), i.e., the less depotentiation the more severe the LIDs. 
 
Conclusion: From our data emerges that nigrostriatal DA denervation remains the major determinant 
in the pathogenesis of LIDs [2], while duration and dosage of L-Dopa treatment represent secondary 
factors, independently from other modifiable and non-modifiable risk factors. Conversely, t-a-syn 
levels in serum and CSF did not show any relationship with the presence of LIDs. Finally, the lack 
of homeostatic plasticity at both striatal and cortical regions is a constant pathophysiological feature 
of LIDs [3]. 
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Introduction: Parkinson’s disease (PD) is a common neurodegenerative disease of the elderly [1]. 
However, PD is increasingly diagnosed in younger patients. Clinical evidence indicates that PD 
patients have different progression rates and disease characteristics [2, 3] the younger being less 
cognitively affected and experiencing more motor fluctuations. 
 
Objective: To explore the different pathophysiology underlying PD in patients of different age, in an 
early-middle phase of the disease, independently from disease duration through CSF biomarkers. 
 
Methods: Patients with clinically established diagnosis of PD were enrolled at Policlinico Gemelli, 
University of Perugia and Policlinico Tor Vergata and underwent clinical evaluation through MDS-
UPDRS, NMSS, MoCA. CSF inflammatory (YKL-409, TREM-2) and neurodegeneration (Abeta42 
and 40, tau, p-tau, sAPP-a and -b, NfL, Ng) biomarkers were analysed. 
  
Results: 95 patients were recruited, 27 younger than 60years-old, and 68 older. Age and age at onset 
strongly correlate with neurofilament CSF levels, both light and heavy chain, with YKL-40 and 
Alzheimer’s related pathology biomarkers, in a stronger manner with tau species. Younger and older 
patients showed different biomarkers profile. In particular, younger patients showed significantly 
lower levels of inflammatory molecules (YKL-40 and sTREM2), of degeneration biomarkers 
(neurogranin, tau species, neurofilament light and heavy chains) and sAPP-beta, independently from 
disease duration. From the clinical point of view, younger patients had better scores at UPDRS parts 
I, II and III and MoCA.  
 
Conclusions: Our data support the hypothesis that PD has different features in younger and older 
patients, with a different pathology underlying the observed clinical differences. This could reflect a 
more preponderant loss of integrity of neuronal circuits independently from the nigrostriatal 
degeneration, as the higher prevalence of amyloid pathology and higher burden of neurodegneration 
could be related to worse cognitive performances in older patients and lower dyskinesia, for which 
an aberrant plasticity is the major recognized pathophysiological mechanism. 
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Introduction and Objective: A new paradigm called Neurodegenerative Elderly Syndrome proposed 
by Caligiore et al.[1], conceives Parkinson’s disease (PD) and Alzheimer’s disease (AD) as different 
manifestations of a single disease at very early stages. Accordingly, in this study we aim to observe 
and compare PDs and ADs features importance at baseline, 12-months and 24-months of follow-up, 
to predict disease conversion and differentiate or classify both pathologies. 
 
Methods: We analyzed 1378 Prodromal-PDs, 1219 PDs, 714 MCIs, 458 ADs and 1202 Healthy 
Controls from ADNI and PPMI databases. Machine Learning (ML) approaches like Random-Forest 
Classifier, Features Importance Analysis and K-means Clustering Analysis were used. A combination 
of six groups of features was selected: demographic, cognitive/neuropsychological, clinical, genetic, 
neuroimaging and neuropathological. 
 
Results: Classification accuracy of 96%/86% and precision of 92%/87% were obtained for PDs/ADs 
respectively. At baseline and 24-months, age and gender showed higher importance in predicting PDs 
classification (p<0.05). At baseline, MMSE, MOCA, Clock Drawing Test, Digit Span Backward, and 
Boston Naming Test are more predictive in PDs classification than in ADs (p<0.05). Notably, F-
Fluency test has a higher importance in predicting PDs classification than in ADs (p<0.05). Clinically, 
postural instability and right/left hand tremor are important only in predicting PDs categorization at 
baseline. Interestingly, at 12-months of follow-up, APOEε3-ε4/ε4 demonstrated higher importance in 
PDs classification than in ADs. 
 
Conclusions: To our knowledge, this is the first attempt to analyze and compare different AD and PD 
variables at baseline and during disease progression, based on non-invasively ML approaches. A 
possible practical implication for clinicians could be having predictive ML models of 
neurodegeneration curves to consult when PD and AD pathologies are clinically indistinguishable or 
very similar. Further studies are needed to validate our findings by testing and refining our predictive 
models on different multi and monocentric cohorts of patients. 
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Introduction: Freezing of gait (FoG) is a complex, frequent, and disabling motor symptom of 
Parkinson’s disease (PD). Wearable technology has the potential to improve FoG assessment by 
providing objective, quantitative, and continuous monitoring. 
 
Objectives: The study aims to develop a robust FoG detection algorithm that can be embedded in a 
simple and unobtrusive wearable sensor system and can lead to a reliable home assessment. 
 
Methods: Twenty-two subjects with PD and FoG were enrolled, equipped with four inertial modules 
on the ankles, back, and wrist, and asked to perform different tasks. Feature-driven and data-driven 
machine learning approaches were implemented, optimized, and evaluated. Further testing was 
conducted on two external datasets including a total of 545 FoG episodes. 
 
Results: A single sensor on the ankle, with an adequate algorithm of data analysis based on machine 
learning, can provide a non-invasive approach for accurate FoG monitoring. The model proved robust 
on the independent datasets, with 88–95% FoG episodes correctly detected. Moreover, 25–36% 
episodes were predicted 1–2s before FoG occurrence, 9–25% were timely detected, and 26–56% were 
detected with a delay of 1–2s. Interestingly, while FoG can be easily discriminated from walking, 
static positions, and postural transitions, turning represents a major challenge. The collected dataset 
also includes data from different sensors at different body positions. 
 
Conclusions: The rigorous methodology in labelling process and the high-level of details on FOG 
episodes and patient's activities which have been collected with the present study provide a significant 
contribution to research on automatic FoG detection and characterization. Althought the high number 
of false alarms still represents the main limitation, data from a single sensor at the ankle is accurate 
for generation of FoG recognition/prediction algorithms. 
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Introduction: Parkinson's disease involves progressive and chronic degeneration of the nigrostriatal 
and mesocorticolimbic dopamine systems. In addition to motor symptoms, mild deficits in emotional 
processing have also been described [1,2,5]. 
 
Objectives: To observe differences between PD patients and Healthy Control (HC), on the emotional 
behavior rating by affective visual stimuli. 
 
Methods: We enrolled 22 patients with diagnosis of idiopathic PD and 22 HC matched by age, gender 
and education. After clinical assessment, they were asked to evaluate arousal and valence of affective 
visual stimuli by the International Affective Picture System (IAPS) [3] and response time was 
detected. 
 
Results: One-way ANOVA revealed a significant Group effect (F1.42 = 4.116; p = 0.049) indicating 
a higher valence rating (RESP_VAL) in PD (6.37 ± 0.87) respect to HC (5.8 ± 0.98). Also, a 
significant Group type of images effect on “RESP_VAL” variable (F2.44 = 5.840; p<0.006) was 
emerged evidencing, in the post hoc comparisons, higher valence rating for PD patients respect to 
HC in unpleasant images (7.32 ± 0.88 vs 5.43 ± 2.06. p<0.001). Finally PD patients showed higher 
arousal response for negative/unpleasant pictures, compared to control. No other significant 
behavioral effect was shown between groups. 
 
Conclusions: Our data finds conflicting results in literature, even if only few studies investigated the 
emotional processing of visual information, and made it through the adoption of neurophysiological 
biomarkers [4,5]. Given the importance of emotional processing for the development and 
maintenance of close interpersonal relationships, and for coping specific medical situations it is 
crucial to direct patients towards therapeutic intervention focused on the recognition and processing 
of emotions [6,7,8]. 
Differences between groups in valence rating on type of image. PD patients in blue, HC in orange; 
RESP_VAL, valence; RESP_AR, arousal; *p<0.05, **p<0.01. 
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Introduction: Opicapone (OPC) is commonly used as add-on to LDopa (LD) therapy for management 
of motor fluctuations (MFs) in idiopathic Parkinson’s Disease (iPD). Its benefit on PD population has 
been established by different clinical trials, and a recent post-hoc analysis has demonstrated its better 
tolerability when used early in iPD. 
 
Objectives: Data are missing about the use of OPC on Italian population of iPD patients, so the aim 
of this paper is to report the real-life experience of the two Centers of Trieste and Trento. 
 
Methods: Retrospective data have been gathered of Italian iPD patients followed for at least two years 
after OPC introduction for MFs. 
 
Results: 152 patients have been enrolled, 35% reported adverse events (AEs) on the two-year follow-
up. 27% discontinued OPC because of a severe AE, which in 76% of cases was a dopaminerelated 
AE. Incidences of any AE were lower in “earlier” subgroup of patients accordingly to disease course 
and LD treatment pathway in the majority of comparisons. Univariate analysis recognized as clinical 
predictors of treatment discontinuation because of any AE were age, disease duration, MFs duration, 
Hoehn-Yahr stage, past history of hallucinations or addictive behaviour, mild cognitive complaint, 
falls, and for treatment discontinuation due to dopamine-related AE were age, MFs duration, Hoehn 
& Yahr stage, past history of addictive behaviour, MCI, falls, and use of therapy combinations 
different from LD plus DA and iMAO. Predictors of OPC withdrawn accordingly to multivariate 
were MFs duration and Hoehn-Yahr. 
 
Conclusions: Real life data on Italian population of iPD patients confirm good tolerability and safety 
profiles of OPC for the treatment of MFs, moreover when introduced early according to disease 
course and LD treatment pathway. MFs duration and Hoehn-Yahr stage have been shown to be 
important predictors of OPC therapy maintenance over a follow-up of at least 2 years. 
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Introduction: GBA mutations are known to increase risk of Parkinson disease (PD) and to influence 
mainly its non-motor outcome. Deep brain stimulation (DBS) is a good therapeutic option for 
advanced PD, with major improvement of motor symptoms also in GBA-PD patients [1]. However, 
a recent study suggested that DBS could accelerate cognitive decline in GBA carriers [2,3], raising 
concerns on its indication. 
 
Objectives: To elucidate long-term impact of DBS on motor and nonmotor features in GBA-PD. 
 
Methods: From the multicentric Italian PD PARKNET cohort, we selected 563 patients: i) 405 DBS-
nonGBA-PD; ii) 94 DBS-GBA-PD; iii) 64 nonDBS-GBA-PD (patients who fulfilled CAPSIT-PD 
criteria for DBS but eventually were not operated). Detailed clinical info were retrospectively 
collected at baseline (pre-DBS / time of CAPSIT-PD assessment) and, whenever possible, after 1, 3 
and 5 years. 
 
Results: At baseline, DBS-GBA-PD patients were younger and had earlier age at onset than other 
groups. Besides this, the three cohorts were fully comparable in terms of motor, cognitive and other 
nonmotor symptoms, with only LEDD being higher in the two groups who then underwent DBS. At 



longitudinal assessment, both DBS groups showed sustained motor improvement with fluctuation 
control and significant LEDD decrease, a benefit which was absent in the nonDBSGBA-PD cohort. 
Noteworthy, a more marked deterioration of cognitive scores was evident in both GBA groups 
compared to nonGBA-PD, and regardless of DBS. Cognitive worsening in GBA carriers was already 
significant at 1-year and became more evident at longer follow-ups, with no difference between DBS 
and non-DBS groups. After 5 years, 28% DBS-GBA-PD and 43% nonDBS-GBA-PD had dementia, 
compared to 11% DBS-nonGBA-PD. 
 
Conclusions: In the PARKNET GBA-PD cohort, DBS does not seem to impact on the rate of 
cognitive decline, while significantly improving the motor phenotype. If confirmed, this finding will 
have major implications to address therapeutic choices in GBA-PD. 
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Introduction: Magnetic resonance imaging-guided focused ultrasound (MRgFUS) is a recent thermal 
ablation treatment for Essential Tremor (ET) and Parkinson Disease (PD) related tremor. Data about 
cognitive changes are controversial. 
 
Objectives: Aim of this study was to confirm the long-term cognitive safety following the MRgFUS 
treatment. 
 
Methods: In this prospective study, patients consecutively undergoing MRgFUS were assessed 
through a comprehensive neuropsychological and behavioral battery before, six months and 1 year 
following the treatment. Data were analyzed with paired T-Test or Wilcoxon signedrank tests and 
verified with Bonferroni’s correction. A p value <0.003 was considered statistically significant. 
 
Results: Fifty patients (male 76%; mean age ± SD 69.0 ± 8.56; mean disease duration ± SD 12.13 ± 
12.59) with ET (n=28) and PD (n=22) were included. A significant improvement was detected at six 
months after the treatment in anxiety feeling (HAM-A 5.66 ± 5.02 Vs 2.70 ± 4.09, p < 0.001), memory 
(RAVLT: Immediately re-enactment 31.76 ± 7.60 Vs 35.51 ± 8.38; p = < 0.001; RAVLT: Deferred 
re-enactment 5.57 ± 2.75 Vs 7.03 ± 3.85; p = < 0.001) frontal functions (14.24±3.04 Vs 15.24±2.38; 
p= 0.003), and in the quality of life [QUEST (35.00±12.08 Vs 8, 93±9.86, p= < 0.001), PDQ-8 
(7.86±3.10 vs.3.10±1.52, p=<0.001). A similar improvement in behavioral assessment (HAM-A 
5.66±5.02 Vs 2.69±3.76, p=<0.001; BDI-II 3.74±3.80 Vs 1.80±2.78, p= 0.001), memory domains 
(RAVLT:Immediately re-enactment 31.76±7.60 Vs 35.38±7.72, p= 0.001; RAVLT: Deferred re-
enactment 5.57±2 .75 Vs 6.41±2.48), frontal functions (14.24±3.04 Vs 15.16±2.74) and in the quality 
of life [QUEST 35.00±12.08 Vs 9.03±10 .64, p=<0.001; PDQ-8 7.86±3.10 vs. 3.09±2.29, p= <0.001). 
was also detected 1 year following the procedure. 
 
Conclusions: Our study takes a step toward in endorsing the long-term neuropsychological safety of 
unilateral MRgFUS and encourage the implementation of staged bilateral treatments. 
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Introduction: Subthalamic Nucleus-Deep Brain Stimulation (STN-DBS) is an established therapy for 
patients with advanced Parkinson’s Disease (APD). Despite the positive outcomes in improving 
motor symptoms, the effects on cognitive and behavioural functions are still debated [1,2]. 
 
Objective: In this single-centre study, we used a case-control design to verify the impact of STN-
DBS on multiple disease axes. 
 
Methods: Sixty-eight APD patients who satisfied the clinical criteria and had no major 
contraindication for undergoing DBS were enrolled. Patients were evaluated with extensive 
neuropsychological testing, including standardized scales for functional impairment and quality of 
life (QoL axis), attention, executive, memory, language and visuospatial abilities (cognitive axis), 
and depression, impulsivity, apathy and anxiety (behavioural axis). Motor symptoms were evaluated 
using the MDS-UPDRS-III and H&Y scales (motor axis). After initial screening, 35 patients 
underwent DBS (APD-DBS, case group), while 33 did not (APD-BMT, control group). Clinical 
neuropsychological evaluations were performed before (T0) and 1-2 years after surgery (T1) (or at 
comparable timepoints in APD-BMT patients). Possible differences between groups in clinical 
demographic characteristics at T0 and in the different axes over time (T1-T0 changes) were tested 
using non-parametric statistics. 
 
Results: Clinical-demographic characteristics were similar between groups at T0. When analysing 
changes in clinical scales over time, APD-DBS patients showed a significant amelioration in the 
motor and QoL axes compared to APD-BMT patients. Importantly, there was no major difference in 
changes in the scales reflecting cognitive (all domains) and behavioural axes between groups, except 
for a slight improvement in the state anxiety (STAI-Y1 scale) in APD-DBS than APD-BMT patients. 
 
Conclusions: Our results confirmed the efficacy of STN-DBS in improving motor symptoms in APD. 
In line with a few previous observations, we provide novel data demonstrating that STN-DBS does 
not induce detrimental effects on cognitive and behavioural patients’ profiles compared to those 
occurring in APD per se [3]. 
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Introduction: With the improvement of Deep Brain Stimulation (DBS) technology and new 
possibilities for stimulation programming, the need for biomarkers reflecting the optimal stimulation 
site is emerging [1]. Sensing-enabled DBS systems allow the recording of local field potentials 
(LFPs), offering the opportunity to assess pathological activities such as enhanced beta oscillations 
(13-30 Hz) in advanced Parkinson’s disease (APD) [2]. We aimed to evaluate ifshort LFP recordings 
can reliably identify the best stimulating contact clinically assessed with monopolar review (MR). 
 
Methods: Thirteen APD patients treated with the sensing-enabled DBS device and quadripolar 
segmented leads targeting the subthalamic nucleus (STN – seven patients) or globus pallidus internus 
(GPi – six patients) were enrolled. Bipolar LFP recordings from each hemisphere (26 nuclei) were 
obtained from rings and segments using the Brainsense Survey at 3-4 weeks (T0) and 6-12 months 
(T1) after surgery [2]. LFP power spectra were computed, and beta peaks were identified and ordered 
based on their power. For ring recordings, the optimal contact was selected by comparing peaks in 0-
2 and 1-3 levels, while for segments, intra-level 1 and 2 recordings were considered. 
 
Results: Beta peaks were identified in 21/26 (80,7%) of ring recordings and 23/26 (88,4%) segment 
recordings. The frequency of peaks with the highest power was stable between T0 and T1 in 24/26 
(94,4%) cases. In 21/26 (80,7%) recordings, segments showing the highest beta peak corresponded 
to the levels chosen for chronic stimulation according to MR (blindly performed with respect to LFP 
results at T0). There were no differences between STN-DBS and GPi- DBS patients. 
 
Conclusions: We here report a single-centre experience with the new sensing-enabled DBS system 
for APD. Our results show that contacts with the highest beta peak frequently correspond to those 
selected clinically with MR. Our observations support the hypothesis that the Brainsense Survey 
could facilitate selecting the optimal stimulation site and reduce programming times. 
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Introduction: Conventional DBS (cDBS) delivers continuous electrical stimulation to targeted brain 
structures regardless the actual functional state of the patient. Thus, cDBS may cause stimulation-
induced adverse effects, such as speech impairments and increased risk of falls [1]. Closed-loop DBS 
(CL-DBS) is a novel technology where the stimulation is contingency-based, i.e., decided according 
to feedback signals (e.g., brain signals) that correlate to the actual patient's clinical state [2]. Despite 
the encouraging results, CL-DBS for movement disorders is still not of clinical use. 
 
Objectives: (I) Gather the opinion of clinical and academic DBS experts on CL-DBS. 
 
Methods: We identified clinical and academic DBS experts (n=21), defined as positional leaders in 
the field [3], to discuss the challenges related to CL-DBS research and clinical applications, and to 
reply a 5-points Likert scale questionnaire according to Delphi method process [4].  
 
Results: Panellists strongly agreed that CL-DBS is a safe technology (85% agree, median ± IQR: 4 ± 
0) that will be of clinical routine in 10 years (85% agree, median ± IQR: 4 ± 0), with positive long-
term impact for patients (80% agree, median ± IQR: 4 ± 0) such as a faster stable treatment response 
after setting definition (80% agree, median ± IQR: 4 ± 0). However, they agreed it requires high level 
of expertise (80% strongly agree, median ± IQR: 5 ± 0) and technological advancements (80% agree, 
median ± IQR: 4 ± 0), although current pacemaker technology might be suitable enough to implement 
it (90% Agree, median ± IQR: 4 ± 0). 
 
Conclusions: CL-DBS is a safe and promising technology, ready now to become soon a clinical 
reality for movement disorders patients. 
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Introduction: The Magnetic Resonance Imaging-guided Focused Ultrasound (MRgFUS) is an 
innovative therapeutic strategy in essential tremor (ET) [1]. Although the MRgFUS has demonstrated 
to improve the upper limb tremor, its effect on voice emission of ET patients is still largely unknown. 
 
Objectives: In this longitudinal study, we objectively and automatically assess short-term changes in 
voice emission of ET patients undergoing MRgFUS through machine-learning analysis [2,3]. We 
analysed and compared voice recordings collected in ET patients before and after procedures and in 
healthy subjects (HS). 
 
Methods: Fifty patients affected by ET (mean age±SD 69.9±7.4 years) and 74 age- and gender-
matched HS (mean age±SD 71.0±12.4 years) were enrolled in the study. ET patients were clinically 
assessed before and 24 hours after MRgFUS targeting the ventralis intermediate nucleus (Vim). 
Sustained emissions of the vowel /e/ were recorded in HS and in ET patients before and after 
MRgFUS, through a commercially available smartphone. Voice samples were then processed through 
specific machine-learning procedures, for examining the diagnostic accuracies of comparisons by 
means of receiver operating characteristic (ROC) curves. 
 
Results: We reported high diagnostic accuracy when comparing HS and ET patients before MRgFUS 
(AUC ROC: 0.991). Also, similar high statistic results were achieved when comparing voice 
recordings collected in HS and ET patients after MRgFUS (AUC ROC 0.954). Lastly, an intermediate 
accuracy was calculated when comparing voice samples recorded in ET patients before and after 
MRgFUS (AUC ROC 0.867). 
 
Conclusions: In this study based on machine-learning procedures, we first confirmed our previous 
findings of abnormal voice emission in ET patients when compared to controls. Interestingly, for the 
first time, we objectively and automatically demonstrated that the MRgFUS targeting the Vim 
changes voice performances in patients with ET. 
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Introduction: MRgFUS is an incisionless surgical technique that allows to precisely ablate target 
tissue through high intensity focused ultrasound with MRI guidance. Since its introduction in clinical 
practice, it has been largely applied for unilateral treatment, but EMA recently approved the staged 
bilateral thalamotomy for Essential Tremor (ET) [1-3]. 
 
Objective: To report our preliminary data on safety and efficacy of staged bilateral thalamotomy in a 
cohort of patients with drug resistant ET and Dystonic Tremor (DT) and to compare benefits and 
Adverse Events (AE) between first and second thalamotomy. 
 
Methods: Patients with ET or DT consecutively undergoing second side thalamotomy in our Institute 
were enrolled in this study. Patients were evaluated by TETRAS Scale, which comprises both 
Activities of Daily Living (ADL) and tremor severity (Performance) assessments. 
 
Results: 14 patients (12 ET, 2 DT; 2 women) were enrolled. Median time from first to second side 
thalamotomy was 14 months (min 6, max 52 months). At 6-months follow-up after the first 
thalamotomy, we observed a significant average improvement in ADL and Performance (63±25% 
and 57±32% compared to baseline, respectively); these improvements did not significantly change 
before the second treatment. After the second thalamotomy, both ADL (mean improvement 74±19% 
compared to baseline) and Performance improved; in particular, after the second treatment ADL 
associated with two-hands coordination and social impact of tremor significantly improved. AE (in 
particular dysarthria) were more frequent after the second thalamotomy; however, all AE were mild 
with no negative impact on patients’ daily life, improved over time and the majority completely 
resolved six months after thalamotomy. 
 
Conclusion: Second side thalamotomy appears to be effective, even though in our cohort a higher 
risk of dysarthria compared with the first thalamotomy was observed [3]. However, as reported by 
other groups [1,3] AE were mild and improved over time. Larger longitudinal studies are needed to 
evaluate long-term safety and efficacy. 
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Introduction: Autonomic failure severely affects the quality of life and autonomy of Parkinson’s 
disease (PD) patients, especially in advanced stages. Levodopa/carbidopa intestinal gel (LCIG) 
infusion is a well-established treatment for advanced PD with severe motor complications and 
provides substantial benefit in managing some non-motor symptoms (NMS) such as sleep, fatigue 
and neuropsychiatric issues. Nevertheless, the effect of LCIG on autonomic symptoms is not well 
known. 
 
Objectives: To perform a systematic review of the literature on the influence of LCIG therapy on 
autonomic dysfunction in PD patients.  
 
Methods: Following the PRISMA guidelines, we systematically searched for studies including 
autonomic outcome measures in LCIGtreated PD patients. Relevant articles were identified through 
a PubMed database search. Original articles published between January 2005 and June 2023 in 
English language were selected. We evaluated improvement, stability, or worsening of 
gastrointestinal, urinary, and cardiovascular symptoms at six different timepoints: <6 months (T1), 6 
months (T2), 12 months (T3), 12-24 months (T4), 24-36 months (T5) and >36 months (T6), according 
to clinimetric scale change compared to baseline (T0, defined as the last visit prior to beginning LCIG 
treatment). Autonomic adverse events (AEs) possibly related to LCIG treatment were collected. 
 
Results: Of 2312 studies identified, 16 met inclusion criteria and underwent quality assessment and 
data extraction for a total of 1361 PD patients. Thirteen studies reported improvement or stability of 
gastrointestinal, urinary, and cardiovascular symptoms over the interventional period. One study 
found a worsening of cardiovascular symptoms and two urological symptoms. Concerning safety, 
seven studies reported gastrointestinal (8.4%), urinary (0.5%), and cardiovascular (1.1%) autonomic 
LCIG-related AEs. 
 
Conclusions: LCIG infusion is relatively safe and may help reduce the autonomic symptoms burden 
in advanced PD. Prospective studies specifically addressing the effect of LCIG on autonomic 
symptoms in advanced PD are warranted. 
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Introduction: Deep Brain stimulation (DBS) of bilateral Globus internal pallidum nuclei (GPi) has 
been reported to be effective in patients affected by dystonia [1]. However, the role of the genetic 
profile as a determinant of outcome is still under scrutiny [2]. 
 
Objectives: To determine the GPi-DBS outcome in patients affected by diverse genetic dystonia. 
 
Methods: We assessed and compared the BFMDRS-Motor scores (BFMDRS-M) in 34 (female/F=13; 
male/M=21) inherited dystonia patients who underwent GPi-DBS at baseline, 1 (1Y) and 5 years 
(5Y) following surgery. 
 
Results: The mean age at disease onset (OA) and surgery (SA) were 13,5±10,3 y and 31,3±14,9 y, 
respectively. Pre-implant BFMDRS-M was 41,5±22,7. At 1Y patients had BFMDRS-M=23,8±22,1 
(improvement 42,6%;p<0,01). In 29 patients, a greater baseline improvement was detected at 5Y 
(52,7%;p<0,01;BFMDRSM=19,6±17,84). DYT-TOR1A patients (10=2F+8M;AO 11,1±13,5;AS 
36,6±15,2) had BFMDRS-M=34,9±10,4 at baseline, with an improvement of 61% at 1Y (p<0,01). It 
improved at 5Y with a 73,3% reduction in BFMDRS-M score (p<0,01). DYT-SGCE patients 
(5=2F+3M;AO 4,4±3,3;AS 23,2±7,6) had BFMDRS-M=26,4±19,1 at baseline and BFMDRS-M-
1Y=9,7±5,9 (improvement 63,2%;p<0,05). BFMDRS-M score was gradually worse at 5 years 
compared to the first years, but patients still showed a trend of benefit from surgery (p=0,07; 
BFMDRS-M-5Y=11,2±3,8). DYT-THAP1 patients (4=2F+2M;AO 16,7±15,9;AS 27,7±15,6) 
showed BFMDRS-M=38,8±18,4 at baseline, with about 50% of stable improvement at 1Y and 5Y 
(p<0,05;BFMDRS-M-1Y=19±10,6;BFMDRSM-5Y=17,5±7,3;54%). DYT-VPS16 patients 
(5=2F+3M;AO 13,5±1,5;AS 35±13,1) presented a BFMDRS-M=44,1±27,1 at baseline and 
BFMDRS-M-1Y=19,7±5,7 with 55,3% of improvement (p<0,05), remaining stable at 5-year 
(BFMDRS-M =20,8±8,5;p=0,05). NBIA/DYT-PANK2 patients (3=2F+1M;AO 6,7±8,1;AS 
13,7±10) showed a progressive improvement in BFMDRS-M score over the years, although less high 
than the other genetic patients (p=0,05; BFMDRS-M=88±8,8 at baseline,BFMDRS-M-
1Y=78,2±3,1,6 -11%- ;BFMDRS-M=73,3±3,8 -16%-). The two female DYT-GNAL patients (AO 
39,5±3,5;AS 52,5±14,8) had a gradual improvement over the years up to 48% (p<0,01;BFMDRSM= 
25±1,4;1Y=18±5,6;5Y=13). Similarity occurred in the two male DYT-KMT2B patients (AO 
18±14,1;AS 30,5±20,5) who showed improvement up to 57% (p<0,01;BFMDRSM= 
27,5±0,7;1Y=12±2,8;5Y=11,8±4,5). The only DYT-AOPEP male patient showed at 5Y an 
improvement of 36% (BFMDRS-M= 63,1Y=65, and 5Y=40). At 1Y following DBS-GPi surgery, 
the DYT-GALC male patient had 47% of improvement (BFMDRS-M=57,1Y=30), contrarily the 
NBIA/DYT/PARK‐PLA2G6 female patient showed only a 9% of improvement from baseline 
(BFMDRS-M=66,5;1Y=60,5). 
 
Conclusions: Globally, genetic dystonia patients benefited from DBSGPi surgery for up to 5 years. 
Patients affected by DYT-TOR1A benefit the most from DBS implant. 
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Introduction: Magnetic resonance–guided focused ultrasound (MRgFUS) thalamotomy of the 
ventralis intermediate (Vim) nucleus is a non-invasive treatment for medically refractory essential 
tremor (ET). We present our clinical experience with 49 consecutive cases of MRgFUS Vim 
thalamotomy followed-up for three years and report the clinical outcomes and side effects. 
 
Methods: A retrospective chart review of patients who underwent MRgFUS thalamotomy between 
January 2018 and December 2020 at our institution was performed. CRST tremor scores were 
obtained pre-operatively and at each follow-up visit along with an assessment of side effects (SE). 
All patients had post-operative MRIs within 24 h and at 1 month to determine the location, size, and 
extent of the MRgFUS lesion. 
 
Results: The CRST total score and subscores and the QUEST score showed a significant 
improvement that was stable during the three-year follow-up period. Some patients reported 
reoccurrence of tremor during follow-up and two of them were satisfactorily retreated. Side effects 
were mild and transient in most cases. 
 
Conclusions: Our data confirmed the effectiveness and safety of MRgFUS Vim thalamotomy in 
medically refactory ET. We also documented a long-lasting beneficial effect at three-year follow-up 
in most patients. 
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Introduction: Deep brain stimulation (DBS) of subthalamic nucleus (STN) is an effective therapy for 
advanced Parkinson’s disease. Although motor symptoms are broadly controlled by DBS, axial 
symptoms, such as dysarthria and gait disorders, may occur or worse over time. In literature, few data 
about axial symptoms development after DBS are reported. 
 
Objectives: To evaluate frequency and onset latency of dysarthria, freezing of gait (FoG), and falls 
after STN-DBS. To explore predictive factors of axial symptoms occurrancy after STN-DBS.  
 
Methods: An observational retrospective single-center study was conducted, recruiting patients with 
at least 24 months of post-surgery clinical data. Demographic, pre-operative, and post-operative data 
were analyzed. 
 
Results: 49 patients were enrolled. At time of surgery, mean age was 58,08 ± 6,26 years, mean disease 
duration 11,57 ± 5,57 years. The 46,94% of cohort developed dysarthria, while 57,14% FoG and 
56,06% falls. Mean post-surgery latency of dysarthria, FoG and falls onset was 40, 48, and 56 months, 
respectively. Statistical analysis highlighted that patients with more severe gait impairment were more 
susceptible to development of dysarthria (p=0,043); moreover, patients with previous hypophonia 
were prone to develop FoG (p=0,022) and falls (p=0,003); previous dysarthria was associated with 
earlier FoG and falls onset (both p<0,001), with an higher risk of developing FoG (p=0,030). Patients 
with visuo-spatial impairment were more susceptible to experiencing axial symptoms earlier 
(p<0,001), while attention and executive functions were impaired in patients with earlier dysarthria 
and FOG onset (both p<0,001). Finally, older age at surgery was associated to an earlier FoG onset 



(p=0,008). 
 
Conclusions: This study shows frequency, timeline occurrence and several predictive factors of axial 
symptoms after STN-DBS. Overall, a more advanced disease with cortical symptoms and dysphonia 
prior to surgery pointed toward a higher and earlier risk of developing axial symptoms. 
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Introduction: In his early 60s, a man came to our Movement Disorder outpatient service due to 
progressive slowness and fatigue for the last 5 years. His medical history included FSHD confirmed 
by muscle biopsy and genetic workup in his early 40s. 
 
Objectives: Our paper provides critical points for clinical reasoning when the neurologist is 
challenged with the coexisting clinical manifestations of a disease associated with muscle hypotonia 
and another pathological condition exhibiting rigidity. 
 
Methods: The neurological examination revealed hyposthenia of the mimic and antigravity muscles, 
with severe involvement of the deltoids, compatible with the FSHD diagnosis. However, the patients 
also showed amimia, the "procerus sign", severe bradykinesia, hypophonia, vertical gaze limitation, 
fragmentation and hypometria of saccadic movements, lateral gaze-evoked nystagmus, and 
retrocollis. Rigidity was severe in the axial district, whereas the limbs were only mildly affected. 
Hypokinesia was also observed at finger tapping. Postural control was severely affected, and balance 
tests could not be performed. During the visit, the patient exhibited frequent freezing episodes. 
Moreover, he reported dysphagia for liquids. Executive dysfunction was observed, whereas cognition 
was preserved regarding orientation, autobiographical memory, and language. The patient spent 
several hours daily playing online card games and performed it even during the visit. 
 
Results: A scintigraphy exam indicated reduced tracer uptake in the putamina and in the caudate 
nuclei. The brain MRI scan showed diffuse signs of atrophy and involvement of the tegmental 
mesencephalon. The radiological signs combined with the clinical presentation were compatible with 
a diagnosis of probable Progressive Supranuclear Paralysis-Richardson's Syndrome, according to 
current criteria [1]. 
 
Conclusions: Although rare, parkinsonian syndromes can overlap with neuromuscular disorders 
[2,3]. The differential diagnosis between the worsening of a neuromuscular condition and the onset 
of a movement disorder can be challenging but can be supported by neuroimaging exams [1]. 
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Introduction: Functional movement disorder (FMD) is characterized by motor symptoms that 
resemble voluntary movements (e.g., are altered by distraction) but are perceived by patients as 
involuntary [1]. Fatigue is commonly associated with FMD, consistently interfering with patients’ 
quality of life [2]. The mechanisms underlying fatigue in FMD remain unclear, thus limiting the 
development of treatment strategies for managing this disabling non-motor symptom. A recent model 
has conceptualized fatigue as a disorder of sensory attenuation (SA), i.e., a perceptual phenomenon 
by which self-generated stimuli are perceived as less salient than external ones [3]. Yet, experimental 
evidence for this model is still lacking. 
 
Objectives: The present study will investigate whether reduced SA is related to fatigue in FMD 
patients with fatigue (FMDFatigue) compared with patients without it (FMDNo fatigue) and healthy 
controls (HC). 
 
Methods: The force matching task will be used to estimate SA. Participants will be asked to match 
different target forces exerted on the left index finger by pressing directly on the finger (direct 
condition) or by operating an external device (indirect condition). Usually, participants overestimate 
the target force in the direct condition due to SA [4]. 
 
Results: We expect an overestimation of target force in the direct compared to indirect condition in 
HC and FMDNoFatigue, while no difference between the two conditions in the FMDFatigue group, 
due to a selective impairment of SA in patients with fatigue. 
 
Conclusions: The present study will provide novel insights into the mechanisms underlying 
pathological fatigue in FMD by unveiling the link between this disabling non-motor symptom and 
sensory attenuation. 
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Introduction: In the last three years, the SARS-CoV-2 infection has significantly affected public 
health, giving rise to numerous well documented health issues. In addition to the commonly 
recognized respiratory symptoms, a subset of individuals has reported new neurological 
manifestations or a deterioration of pre-existing neurological conditions. In our recent reports, we 
documented two cases of essential tremor (ET), who experienced a notable deterioration in tremor 
following SARS-CoV-2 infection [1,2]. Nevertheless, the effects of SARS-CoV-2 on ET remain 
largely unexplored. 
 
Objective: This study aimed to assess the impact of SARS-CoV-2 infection more thoroughly on a 
cohort of patients diagnosed with ET. We employed a retrospective approach to compare clinical and 
kinematic data collected both before and after SARS-CoV-2 infection. 
 
Methods: A survey was conducted to evaluate the impact of SARSCoV- 2 infection on tremor features 
in ET. Subsequently, we retrospectively analyzed clinical data, e.g., the Fahn-Tolosa-Marin Tremor 
Rating Scale (FTMTRS), and kinematic data, encompassing accelerometric recordings of postural 
and kinetic tremor. 
 
Results: Our study enrolled 45 patients diagnosed with ET, including 21 females, with a mean age of 
69 ± 12.2 years. Among the 25 patients who reported SARS-CoV-2 infection, 11 (44%) noted a 
subjective worsening of tremor. Notably, all patients (100%) reporting a subjective worsening of 
tremor also exhibited long COVID symptoms, whereas the prevalence of these symptoms was 
significantly lower (50%) in those without subjective exacerbation. The retrospective clinical data 
analysis revealed a deterioration of tremor in infected patients, although kinematic analysis did not 
disclose significant changes of tremor features.  
 
Conclusion: The occurrence of long COVID frequently contributes to a subjective worsening of 
motor symptoms in ET patients. Conversely, the deterioration of ET, possibly due to central nervous 
system involvement during SARS-CoV-2 infection, as previously reported, appears to be a less 
common phenomenon. 
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Introduction: Anti-IgLON5 disease is a recently discovered syndrome characterised by sleep 
disorders, bulbar symptoms and movement disorders, but clinical presentation can be protean and 
resemble other parkinsonian syndromes [1]. Presence of both autoimmune and neurodegenerative 
mechanisms are thought to play a role in pathogenesis: autoantibodies against neuronal cell-adhesion 
proteins and tauopathy involving brainstem and hypothalamus have been both described, but we still 
lack a comprehensive mechanistic theory. 
 
Objectives: Here we report two patients affected by anti-IgLON5 disease followed in our Centers. 
Based on current knowledge of other neurodegenerative disorders, we tried to speculate about the 
role of immune system and protein misfolding in triggering such disease, with the aim of shedding 
light on its pathogenesis. 
 
Methods: Both patients showed an atypical parkinsonian syndrome with prominent impairment of 
bulbar function and sleep. We confirmed their diagnosis by detecting high titer of anti-IgLON5 
antibodies in CSF and blood samples. We then proceeded to analyse a panel of neurodegeneration 
markers and, in one patient, inflammatory cytokines on cerebrospinal fluid. 
 
Results: Our data showed an Alzheimer’s disease-like pattern in CSF samples involving Beta-
amyloid deposition. Tau and phospho-tau titers were coherent to such pattern in one patient, whereas 
in the other one this was not confirmed, thus possibly reflecting a shorter disease duration. 
Inflammatory cytokines revealed a chronic inflammatory process, similar to other neurodegenerative 
diseases [2]. Interestingly, a previous autopsy case showed AD-related pathology [3]. 
 
Conclusions: On the basis of our data and of current knowledge about neurodegenerative disorders, 
we speculate that the link between the autoimmune process and neurodegeneration is driven by Beta-
amyloid deposition. It is already known a role of anti-IgLON5 antibodies in inducing a direct damage 
on neurons [4], but Beta-amyloid could work itself as a trigger for inducing immunoreactive processes 
leading to auto-IgLON5 antibodies, which in turn can lead to further protein misfolding and neuronal 
loss. 
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Introduction: Essential tremor (ET) is defined by upper limb action tremor possibly sustained by 
cerebellar dysfunction. The cerebellum, crucial for movement coordination, also influences 
cognition, with cerebellar lesions leading to the Cerebellar Cognitive Affective Syndrome (CCAS). 
 
Objectives: To explore CCAS presence and its correlation with cerebellar motor signs in a sample of 
ET+ and perform a comparison with a published sample of 20 pure ET patients. 
 
Methods: The CCAS scale (CCAS-S) and a structured motor examination was performed in 33 
consecutive ET+ patients. Thirty-three healthy controls (HC), matched for age, sex and education 
were also recruited. 
 
Results: A higher percentage of ET+ patients failed the switching category (p=0.041), digit span 
forward (p=0.006) and backward (p=0.024) CCAS items. Almost 70% of ET+ (vs. 33.3% of HC, 
x2=8.735, p=0.003) met the criteria for definite CCAS. Severity of CCAS did not correlate with age-
at-onset, disease duration, tremor severity, number of missteps or SARA score. Definite CCAS was 
found in a similar proportion of pure ET (65%) and with a similar severity (t=1.028; p=0.309). 
Thedigit span forward was the only task that revealed a more pronounced deficit in ET+. 
 
Conclusions: Despite a high prevalence of CCAS in ET+ (70%), its severity did not correlate with 
cerebellar motor signs or tremor severity. This suggests a potential dissociation of cerebellar circuits 
(motor vs. cognitive) or the involvement of additional brain circuits in ET+ compared to pure ET. 
The latter hypothesis is further supported by the more significant deficit of the digit span forward 
which is less sensitive to cerebellar damage. 
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Introduction: Palatal tremor (PT) is a rare disorder involving soft palate [1]. Differential diagnosis 
can be wide and challenging: in this regard, choosing the best work-up is essential. 
 
Case presentation: A 54-years-old man was referred because of a four-year history of nonprogressive 
unsteadiness with near falls. Yet, he complained mild dysphagia and rhythmic, low-frequency palate 
movement with audible clicks in the last three months. Clinical assessment disclosed bilateral 1,5Hz 
palatal tremor with preserved palatal motility, rotatory gaze-evoked bilateral nystagmus, delayed 
vertical saccades and unsteady walk with positive Romberg sign. Brain MRI showed diffuse 
hemosiderin deposits from the pons to the bulbo-pontine junction, left cerebral peduncles, cerebellar 
tonsils spreading to both cerebellar hemispheres and dentate nuclei with chronic blood dripping from 
cavernomas and DVA. Olivary nuclei hypertrophy and cortical cerebellar atrophy were present too. 
 
Discussion: PT can be essential (EPT) when not attributable to structural causes and symptomatic 
(SPT) when secondary to dentato-rubro-olivary pathway lesions [1,2]. Hypertrophic olivary 
degeneration (HOD) is a common and specific feature of SPT, representing nucleus vacuolation and 
cell body enlargement due to olivary deafferentation [1,2]. Usually, in SPT other symptoms than PT 
are present, whereas in EPT it is generally isolated [3]. Conversely, common features in EPT are 
audible click and disappearance during sleep [2]. In our case, despite the presence of a click, the 
association of PT with cerebellar syndrome led us to perform MRI, that showed micro-haemorragic 
lesions involving dentato-rubro-olivary pathway: it was of extreme relevance the choice of non-
conventional MRI sequence, such as SWAN, as the iron deposits were not detectable by T1, T2 and 
FLAIR, while bilateral HOD was not an obvious feature from T2/FLAIR sequence. 
 
Conclusions: PT can be secondary to several lesions involving dentato-rubro-olivary pathway: it is 
mandatory for patients with PT to undergo MRI to exclude consistent lesions. 
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Introduction: Alexithymia is characterized by difficulties in recognizing, processing, and expressing 
emotions. Higher prevalence of alexithymia has been reported in individuals with Functional 
Movement Disorders (FMDs) compared to the general population [1]; however, whether this 
psychological construct might be associated with specific clinical features of FMDs, such as its 
phenotype or co-occurring nonmotor symptoms, is still unclear. 
 
Objectives: This cross-sectional study aims to assess the possible association of several clinical 
characteristics of FMD with alexithymia in a large sample of individuals. 
 
Methods: We will extract data from the Italian Registry of Functional Motor Disorders [3], using the 
Toronto Alexithymia Scale 20-items [2] score as a predictor for a set of clinical outcomes, while 
controlling for socio-demographic variables. Clinical outcomes will include predisposing and 
precipitating factors; type, severity, and duration of the functional movement disorder; medical and 
psychiatric comorbidities; nonmotor symptoms. We will conduct logistic models using penalized 
maximum likelihood regression. We will use a jack-knife estimator and adjust p-values according to 
Bonferroni-Hochberg. 
 
Results: We included 500 participants, 74.6% of which were females, with a mean age of 45.3 years 
(standard deviation (SD) 16.5). The most frequent motor symptoms were weakness (56%), tremor 
(40%), and dystonia (24%). 61.4% showed two or more motor symptoms combined. The mean score 
on the Simplified Functional Movement Disorders Rating Scale was 13.9 (SD 9.1). 90% had at least 
one nonmotor symptom, most frequently fatigue (58.4%) and pain (56.6%). 38% had a psychiatric 
comorbidity, most frequently anxiety (21.4%). 483 participants provided data on the TAS-20, with a 
mean total score of 53.2 (SD 14.5); high and borderline levels of alexithymia emerged for 31.5% and 
20.7%, respectively. 
 
Conclusions: In our presentation, we will describe the clinical variables for which an association with 
alexithymia emerged, discussing methodological limitations, possible theoretical explanations, and 
implications for clinical practice. 
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Introduction: Atypical parkinsonian disorders, despite some similarities with Parkinson disease, 
present additional features that allow them to be classified into dementia with Lewy bodies (DLB), 
multiple system atrophy (MSA), progressive supranuclear palsy (PSP), and corticobasal degeneration 
(CBD) 
 
Objectives: To introduce the case of a 68-year-old woman with unusual presentation of atypical 
parkinsonism. 
 
Methods: The patient underwent a series of neurological evaluations, EEG, MRI and PET imaging 
studies, along with cerebrospinal fluid (CSF)-biomarkers, neuronal surface, anti-IgLON5 and 
onconeuronal antibodies. 
 
Results: The patient’s primary complaint was an overly compromised speech function, without other 
main symptoms or signs. She underwent previous nephrectomy due to kidney neoplasm; family 
history was mute. Brain MRI showed severe cortical atrophy and reduction in corpus callosum 
thickness; numerous non-contrastenhancing lesions in the cortico-subcortical supratentorial regions, 
and at C7 level, were displayed and firstly regarded as possible signs of demyelinating disease. CSF 
analysis showed normal levels of tau and beta-amyloid; neuronal surface, anti-IgLON5 and 
onconeuronal antibodies were negative. EEG showed sporadic, nonspecific isolated sharp waves in 
the posterior bilateral regions; motor evoked potentials were normal. Cerebral FDG-PET evidenced 
moderate prefrontal medial and lateral cortical glucose hypometabolism, as well as left parietal, left 
temporal medial and lateral regions, with concern of precuneus: findings prompted a CBD-like 
pattern, despite poor clinical correlation with the manifestation. Within 4 years, speech became 
progressively dysarthric, poor, punctuated. She showed plastic rigidity and bradykinesia on upper 
limbs. Upward gaze was impaired; also, visual apraxia was demonstrated. Gait disturbances were 
noticeable while no alien-limb related signs were present. Hoffmann and Myerson signs were 
positive. 
 
Conclusions: Clinical cases of atypical parkinsonism configure a diagnostic and therapeutic challenge 
for everyday clinical practice, although insights on the more typical forms may be inferred. Further 
studies are needed to elucidate the pathogenetic basis and help the diagnostic process. 
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Introduction: Propriospinal myoclonus (PSM) is a rare hyperkinetic movement disorder described in 
1991 [1]. It is characterized by myoclonic jerks of the trunk that may spread to the limbs, neck, and 
face, often exacerbated by supine position. A complete neurophysiological study, including EEG-
poliEMG and evoked potentials, is essential for diagnosis [2,3]. Spinal MRI is strongly recommended 
to detect structural causes of PSM. 
 
Case presentation: A 76-year-old man presented with involuntary abdominal jerking that had started 
19 years earlier, shortly after a local back infiltration procedure for a herniated disc at L4-L5. These 
symptoms first occurred when lying down and then had gradually deteriorated, with sleep 
disturbance, dyspnea and occasional jerking movements while sitting. Neurological examination 
revealed abdominal jerks in supine position and occasionally in sitting position, wide-based gait with 
small steps. Spinal MRI showed disc protrusions at C4-C5, D8-D9 and L1-L2 and spinal cord central 
canal enlargement from C4 to D11. Chest and abdominal CT scan disclosed no lesion. Somatosensory 
evoked potentials were within normal range (including amplitude). EEG-poliEMG was performed 
with standard EEG, and EMG derivation on the right orbicularis oculi, ipsilateral trapezius, cervical, 
dorsal, and lumbar paraspinalis, rectus femoris and rectus abdominis muscles. 
Isolated bursts or short run of 3-4 bursts of variable length (186-314 ms) were found at the rectus 
abdominis, followed by analogous bursts in other muscles. The velocity of propagation was slow (6.2 
m/s) with a consistent generator within the dorsal spinal. EEG showed no evidence of cortical 
activation preceding muscular activity, which was not influenced neither by dual task nor by motor 
activation. 
 
Conclusions: A comprehensive neurophysiological study is mandatory to assess myoclonus to locate 
its anatomical generator. EEG-poliEMG parameters provide precious cues for differential diagnosis, 
particularly to distinguish functional, symptomatic, and idiopathic PSM. In this case, clinical, 
neurophysiological and neuroimaging data suggest a functional origin. 
 
References:  

[1] Brown, P., Thompson, P. D., Rothwell, J. C., Day, B. L. & Marsden, C. D. Axial myoclonus of propriospinal origin. 
Brain 114A, 197–214 (1991). 
[2] Erro, R., Bhatia, K. P., Edwards, M. J., Farmer, S. F. & Cordivari, C. Clinical diagnosis of propriospinal myoclonus 
is unreliable: An electrophysiologic study. Movement Disorders 28, 1868–1873 (2013). 
[3] Van Der Salm, S. M. A. et al. Propriospinal myoclonus: Clinical reappraisal and review of literature. Neurology 83, 
1862 (2014). 
  



P134 
 
Central and peripheral correlates of negative expectations: toward a new model to explain 
functional neurological disorders 
 
Irene Lozzi, M. Emadi Andani, A. Marotta, M. Tinazzi, M. Fiorio 
 
Dipartimento di Neuroscienze, Biomedicina e Movimento, Università degli Studi di Verona, Verona, 
Italy 
 
Introduction: Functional neurological disorders (FND) are characterized by one or more symptoms 
usually of a motor or sensory nature, such as limb weakness, tremor, numbness and dissociative 
crises, which are incompatible with organic damage or the diseases that typically cause them. Anxiety 
and stress are considered important factors in the etiopathogenesis of FND. Several studies, in fact, 
show how the physiological correlates of anxiety and stress are altered in these patients. Through 
learning phenomena, patients would come to form negative expectations about the nature of sensory 
and bodily stimuli. Negative expectations, in turn, could fuel physiological anxiety and stress 
responses in an anticipatory manner. This study aims at developing a deeper understanding of the 
neurocognitive mechanisms underlying negative expectations in functional neurological disorders. 
 
Methods: To this end, electroencephalogram and electrodermal activity (skin conductance responses, 
SCR) were preliminarily recorded in a group of 10 healthy adults who completed a Pavlovian threat-
conditioning task that included an acquisition and an extinction phase. Two Landolt rings with 
different orientation were presented, one was reinforced with an extremely annoying but not painful 
short electrical stimulation (CS+) during the acquisition phase, while the other was never reinforced 
(CS-). We also collected subjective ratings of CSs valence and CS-shock contingency awareness to 
confirm the successfulness of the conditioning procedure. To get a complete picture of any individual 
differences in conditioned physiological response, we also assessed the role of personality traits 
through standardized questionnaires. 
 
Results: Here we present preliminary results for subjective ratings and SCR. CSs valence and 
contingency were coherently recognized by the participants, validating the acquisition and extinction 
of the threat-conditioning. SCR data provided an additional confirmation of successful conditioning, 
with greater responses for the CS+ than the CS- during the acquisition phase; the difference between 
responses to the two stimuli quickly ran out during the extinction phase. 
 
Conclusions: These preliminary results confirmed that it is possible to successfully induce threat-
learning and negative expectations throughout this specific paradigm, associated with its 
psychophysiological correlates. The results of this first preliminary phase conducted on healthy adults 
will be compared with a group of FND undergoing the same paradigm to tackle the question of the 
role of negative expectations in the pathophysiology of the disorder. 
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Introduction: Gaucher disease (GD) is classically divided into three types, based on the presence or 
absence of neurological signs [1,2], with GD type II and III being typically associated with 
neurological involvement [1,3,4]. However, the neurological signs and symptoms associated with GD 
in adult patients can be highly variable and to date they have not been systematically addressed in the 
literature so far [1–4].  
 
Objective: We aimed to systematically review literature to analyze the entire spectrum of neurological 
manifestations in adult patients previously classified as GD type I, II or III, analyzing the role of 
variants on the different neurological manifestations. 
 
Methods: We searched databases for studies reporting clinical data of adult GD patients (age ≥ 18). 
Data extraction included GD types, GBA1 gene variants, age at disease onset and at diagnosis of GD, 
duration of GD and age at onset, type, and severity of neurological symptoms. 
 
Results: 85 studies met the full inclusion criteria (28 case reports, 26 case series, 31 cohort studies). 
Among a total of 4190 GD patients, 555 of them exhibited neurological symptoms in adult age. The 
median age at evaluation was 46.8 years (IQR 26.5), age at neurological symptoms onset was 44 
years (IQR 35.1), and age at GD clinical onset was 23 years (IQR 23.4). Parkinsonism, including 
Parkinson's disease and Lewy Body dementia, was the most reported neurological manifestation. 
Other symptoms and signs encompassed oculomotor abnormalities, peripheral neuropathy, seizures, 
myoclonus, and cerebellar, cognitive and psychiatric symptoms. The genotype N370S/N370S was 
mostly linked to Parkinsonism and the L444P variant with severe and earlier neurological symptoms. 
 
Conclusions: The findings of this systematic review highlight: 1) the relevance of a comprehensive 
neurological assessment in GD patients, and 2) the importance of considering possible undiagnosed 
GD in adult patients with mild systemic symptoms presenting unexplained neurological symptoms 
[1]. 
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Objective: Cerebellar ataxia, neuropathy and vestibular are flexia syndrome (CANVAS) is a recessive 
late-onset ataxia caused by biallelic AAGGG expansions in the second intron of replication factor 
complex subunit 1 (RFC1) gene [1,2]. The aim in this study is to characterize, for the first time, sleep 
and its disorders in patients with genetically confirmed CANVAS. 
 
Methods: Sleep was assessed by means of self-administered questionnaires and home-based 
polysomnography (PSG). Subjective sleep quality was assessed with Pittsburgh sleep quality index 
(PSQI), daytime sleepiness was assessed with Epworth sleepiness scale (ESS), and insomnia 
symptoms were assessed with Insonnia severity index (ISI). The presence of restless leg syndrome 
(RLS) was investigated with the administration of IRLS diagnostic clinical interview; in case of 
symptoms consistent with RLS, patients filled the IRLSSG severity scale. Symptoms of anxiety and 
depression were evaluated by means of Zung Self-Rating Anxiety Scale and Beck Depression 
Inventory short form, respectively. 
 
Results: Eight patients with genetically confirmed CANVAS were enrolled (5 males, mean age: 
64.1±7.3 years) with an average duration of disease of 13.9±7.2 years. Sensory axonal 
polyneuropathy and chronic spasmodic cough were present in all patients. Dysautonomia was 
reported in 5/8 patients. For what concern subjective sleep assessment, 5/8 patients complained poor 
sleep quality, 3/8 complained daytime sleepiness, 4/8 patients reported insomnia symptoms, 5/8 
patients met the diagnostic criteria from moderate to very severe RLS. Four out to five patients with 
subjective poor sleep quality used sleep aids. The anxiety and depressive symptoms were present in 
4/8 and 3/8 patients, respectively. PSG results showed a reduction of Slow Wave Sleep 
(N3/TST=15.2±13.0%) and REM (REM/TST=14.4±7.1%) and an increased wake after sleep onset 
(WASO=57.3±46.7 minutes). Obstructive sleep apnea (OSA) was present in 7/8 patients, ranging 
from moderate to severe (mean AHI=29.0±18.7), while 1/8 patients showed significant number of 
central sleep apnea; only one patient, with shorter disease duration (3 years from onset), did not show 
sleep-disordered breathing; only 2/7 patients with OSA reported daytime sleepiness. Finally, 3/8 
patients showed a periodic limb movement index over the cut-off. 
 
Conclusions: Our data showed that patients with CANVAS have poor sleep quality, altered sleep 
architecture, and a high prevalence of sleep disorders, particularly of OSA, insomnia, and RLS. 
Although OSA is the most common disorder, daytime sleepiness was not reported in all patients. 
Therefore, given the high prevalence of sleep disturbances, sleep assessment should be routinely 
performed in patients with CANVAS.  
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Introduction: Functional motor disorders (FMDs) are highly disabling conditions associated with 
long-term disability, poor quality of life, and economic burden on health and social care [1,2]. While 
both rehabilitation programs and telemedicine have shown to reduce motor and non-motor symptoms, 
long-term management and monitoring in FMDs remain unmet [3,4,5]. To date, no randomized 
controlled trials are evaluating the effectiveness of Digital telemedicine in the management of patients 
with FMD. The Brain Research Foundation Verona ONLUS supports this ongoing study. 
 
Objectives: To report data from a single-blind randomized-controlled trial (RCT) with 2-parallel arms 
to demonstrate the effectiveness of a 5-days intensive rehabilitation treatment followed by a digital 
telemedicine program on the motor, non-motor symptoms, self-perception of change and health-
related quality of life (QoL) in patients with FMDs. 
 
Methods: All patients underwent a 5-days rehabilitation program (2 hours/day, five days/week, one 
week) by a qualified physiotherapist at the USD Parkinson's Disease and Movement Disorders Unit 
of Verona (Italy) [3]. Then, they were randomly assigned to the digital telemedicine group (DT, n=31) 
or the control group (CG, n=31). The DT program consisted of an individualized self-management 
program implemented with the Digital Telemedicine platform support (Treatment, as usual, one day, 
three days/week, 24 weeks). The CG followed the same program without any Digital Telemedicine 
platform support. Patients were evaluated before treatment (T0), after treatment (T1), at 12-weeks 
follow-up (T2), and at 24-weeks follow-up (T3). 
 
Results: Overall, both groups showed a favorable trend over time with a progressive reduction in 
almost all considered variables (p<0.019), except for BPI intensity and mental QoL. A significant 
interaction emerged for the mental health QoL revealing that the CG at T3 reported a significant 
worsening compared to the DT group (p<0.033). No other interactions were significant.  
 
Conclusions: This study provides novel preliminary evidence for a multidisciplinary digital 
telemedicine program’s effect on patients with FMDs. Our data suggest that it may positively affect 
the patient's perceived mental health. 
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Introduction: Propriospinal myoclonus (PSM) is a rare hyperkinetic movement disorder and often it 
represents a functional movement disorder (FMD) [1,2]. The recording of polygraphy and 
Bereitschaftpotential (BP) has been proposed to support clinical diagnosis2, but sensitivity in studies 
varies between 25 and 86 %. To improve this sensitivity, the analysis of event-related EEG 
desynchronization patterns (ERD) has been suggested [3]. Although cases of FMD have been 
described in patients with neurodegenerative diseases such as Parkinson's Disease (PD), no cases of 
PSM have been previously described in patients with Alzheimer's Disease (AD). 
 
Objectives: Presenting the case of application of electrophysiological analysis to support the 
diagnosis of PSM in AD. 
 
Methods: A 61-year-old female patient with diagnosis of AD based on NIA-AA criteria, followed by 
the Neurology Clinic of University of Pisa, presented a functional PSM. At the time of the 
examination she presented with arrhythmic involuntary trunk movements that propagated to the 
shoulders, presented entrainment phenomenon, increased in clinostatism, decreased until 
disappearing with distraction maneuvers and during gait. After clinical evaluation, she underwent 
polymyographic recording with research for BP and ERD: no BP was recorded, however, an ERD 
was found in the beta-gamma frequency prior to the motor event, supporting the electrophysiological 
evidence of a voluntary cortical genesis of the movement itself. The patient was considerably anxious 
and the PSM was a very stressful condition that conditioned the quality of her life. 
 
Discussion: Diagnosis and management of FMD is a challenge for the neurologist, furthermore if a 
cognitive decline is present. The diagnosis of functional PSM is supported by polymyographic 
findings2-3, however with variable sensitivity, and growing interest is present to research more 
sensitive neurophysiological biomarkers. 
 
Conclusions: This is the first case of PSM described in AD. More clinical and electrophysiological 
data are needed to improve our knowledge of FMD in neurodegenerative disease. 
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Introduction: Multiple system atrophy (MSA) is a rare and severe neurodegenerative disease 
characterized by autonomic dysfunction, parkinsonism, and cerebellar ataxia in various combination. 
To date, there are no effective treatments for MSA, and the symptomatic therapies are almost 
unsatisfactory. Transcranial direct current stimulation (tDCS) is a non-invasive brain stimulation 
technique allowing for the modulation of cortical excitability [1]. Although the therapeutic 
application of tDCS is increasing in the field of neurodegenerative diseases, the evidence for MSA is 
still scarce [2,3]. 
 
Objectives: To assess the safety and efficacy of the primary left motor cortex (M1) anodal tDCS in a 
group of MSA patients. 
 
Methods: We recruited 5 patients with a diagnosis of clinically probable MSA established by MDS-
MSA diagnostic criteria [4]. Each patient underwent sham and anodal tDCS, in random order. Anodal 
tDCS was delivered at 2.0 mA per 20 min for 10 days, through two 25 cm2 electrodes; the anode was 
placed over the left primary motor cortex (M1) and the cathode over the contralateral supraorbital 
ridge (Fp2). We assessed clinical outcomes with Unified Multiple System Atrophy Rating Scale part 
I, UPDRS part III, Scales for Outcomes in Parkinson’s disease - Autonomic Dysfunction, Non-Motor 
Symptoms Scale, Tinetti Performance Oriented Mobility Assessment. The Paired T-test was used to 
compare clinical outcomes. 
 
Results: The stimulation protocol produced no adverse effects. Both the anodal and sham stimulation 
did not significantly change clinical scale scores. 
 
Conclusions: Motor impairment in MSA is thought to result from cerebello-thalamocortical circuit 
dysfunction, which in turn has been associated with decreased M1 excitability (5). However, this 
small pilot study showed that anodal M1 stimulation was ineffective in MSA patients. Regardless of 
the sample size, we could hypothesize that the clinical pathological heterogeneity of MSA might 
prevent substantial improvement due to the isolated M1 stimulation. 
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Creutzfeldt-Jakob disease (CJD) is a rare neurodegenerative disease caused by the pathological 
accumulation of aberrant prion protein (PrP). Early diagnosis can be challenging since CJD can mimic 
other neurological disorders, but it often fits a pattern of cognitive problems, cerebellar disturbance, 
behavioral/psychological changes, and perhaps myoclonus [1]. We present a case of sCJD in a 72-
year-old woman who presented with alien limb phenomenon, cortical sensory deficit, limb dystonia, 
and 
stimulus-sensitive myoclonus, while cognitive performance was unremarkable (MoCA: 24/30). This 
clinical picture fitted with corticobasal syndrome according to Amstrong criteria [2]. However, she 
rapidly worsen and became more bradykinetic, suffered of trunk ataxia without relevant troubles in 
walking. Thus, we perfomed a lumbar puncture that showed no inflammatory abnormalities whereas 
RTQuick analysis revealed prionic disease. In just two months her cognitive status changed and 
developed mild cognitive decline. Lastly, the patient was admitted due to acute urinary retention and 
she became acutely unresponsive, due to akinetic mutism and worsening of extrapyramidal 
symptoms. After 5 months since symptoms onset she died from a pulmonary infection. MRI images 
and EEG were not useful, since they became indicative only after 4 months from symptoms onset, 
when clinical features were more evident. 
This case highlights the clinical heterogeneity of sCJD presentation and the important inclusion of 
CJD in the differential diagnosis of atypical presentations of neurodegenerative disease. Since CJD 
is a rare disease and its clinical course is rapidly progressive, an in-depth understanding and 
awareness of early clinical features are mandatory to enhance the overall diagnostic accuracy in its 
very early stages [3]. 
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Introduction: Wilson’s disease (WD) is a rare autosomal recessive disorder caused by mutations in 
the ATP7B gene, leading to abnormal copper deposition in liver, brain and eyes. It is a treatable 
disease, whose diagnosis should not be missed at any stage to prevent permanent sequelae [1,2]. 
 
Objectives: To describe the neurological features of WD in a patient with a peculiar disease history. 
 
Methods: Video recording 
 
Results: a 28-year-old girl came to our attention due to rapid-onset dystonia-parkinsonism, preceded 
by with mood and behavioral changes in the previous year. Neurological examination documented 
jaw opening dystonia with risus sardonicus and dystonic posture of the right hand, bilateral rest and 
action tremor in the upper limbs, wing-beating tremor in specific postures, and bilateral bradykinesia, 
with mixed spasticity and rigidity in the left limbs. Speech anarthria, gait ataxia, drooling, dysphagia 
and brisk reflexes were also observed.  
She was diagnosed with Wilson’s disease at age 7 due to evidence of increased liver function tests 
for which she underwent liver biopsy and genetic analysis (H1069Q homozygous mutation in 
ATP7B); therapy with penicillamine was promptly started and later switched to zinc acetate because 
of nausea. She was asymptomatic until age 27, when therapy started losing efficacy despite good 
compliance. Brain MRI showed typical basal ganglia and brainstem copper deposition; blood test and 
liver ultrasounds both documented disease progression. Symptomatic therapy with levodopa and 
anticholinergic drugs was started and a liver transplantation was scheduled. 
 
Conclusions: Movement disorders as a consequence of central nervous system involvement in WD 
on copper chelation therapy is unusual; nevertheless, prompt recognition of neurological WD features 
is essential to uncover disease progression and change therapeutic strategy if needed. 
 
References:  

[1] Mulligan C, Bronstein JM. Wilson Disease: An Overview and Approach to Management. Neurol Clin. 
2020;38(2):417-432. doi: 10.1016/j.ncl.2020.01.005 
[2] Chaudhry HS, Anilkumar AC. Wilson Disease. In: StatPearls. Treasure Island (FL): StatPearls Publishing; August 7, 
2023. 
  



P142 
 
Split syndrome with acute onset hemichorea and contralateral progressive parkinsonism: case 
report and literature review 
 
Francescantonio Cammarota1,2, C. Tassorelli1,2, G. Cosentino1,3, A. Pichiecchio1,4, M. Avenali1,5,  
M. Todisco3,5 

 
1Department of Brain and Behavioral Sciences, University of Pavia, Pavia, Italy 
2Headache Science and Neurorehabilitation Center, IRCCS Mondino Foundation, Pavia, Italy 
3Translational Neurophysiology Research Unit, IRCCS Mondino Foundation, Pavia, Italy 
4Advanced Imaging Center and Artificial Intelligence, Department of Neuroradiology, IRCCS 
Mondino Foundation, Pavia, Italy 
5Movement Disorders Research Center, IRCCS Mondino Foundation, Pavia, Italy 
 

Introduction: Cerebrovascular diseases cause up to 22% of all secondary movement disorders [1]. 
Hemichorea is a unilateral hyperkinetic disorder characterized by continuous, non patterned, 
involuntary movements. Hemichorea may result from ischemic or hemorrhagic stroke affecting the 
contralateral basal ganglia [2].  
Vascular parkinsonism is still debated, being diagnosed in case of clear association of parkinsonism 
with imaging evidence of cerebrovascular lesions and/or evidence of focal signs due to stroke, when 
alternative causes of parkinsonism are excluded [3]. 
 
Objective: Here, we described an 83-year-old female who had an 8-year progressive history of 
parkinsonism featured by right-sided bradykinesia and resting tremor, followed by postural instability 
with recurrent falls. During the disease course, the patient experienced a sudden onset of left-sided 
hemichorea, predominantly affecting the arm. 
 
Methods: The patient underwent clinical and neuroimaging evaluations. A literature review was 
performed. 
 
Results: At the age of 77 years, brain MRI revealed a significant cerebral small vessel disease, mainly 
involving the supratentorial regions, particularly basal ganglia. Notably, one of multiple microbleeds 
was identified in the cranial portion of the right cerebral peduncle, consistently with the left 
hemichorea. Parkinsonism mildly improved with dopaminergic therapy. Follow-up clinical 
evaluations and a scheduled [123I]Ioflupane SPECT aim to provide further insights into the 
concomitant occurrence of degenerative parkinsonism. Various studies highlighted chorea, including 
hemiballism, as the most frequent post-stroke movement disorder [1, 4-6]. Ischemic injury was 
reported to be the predominant underlying mechanism. While contralateral subthalamic nucleus has 
traditionally been linked to hemichorea, lesions affecting other areas, such as the striatum, have also 
been reported [2,7]. 
 
Conclusions: To our knowledge, this case represents a unique instance of split syndrome, given the 
coexistence of hyperkinetic and hypokinetic movements disorders on opposite body sides. In this 
patient, while hemichorea seems to derive from vascular injury, vascular and/or degenerative causes 
of contralateral parkinsonism are still under investigation. 
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Introduction: Pantothenate Kinase-Associated Neurodegeneration (PKAN), related to PANK2 gene 
mutation, is a rare neurodegenerative disorder characterized by rapidly progressive movement 
disorders and cognitive impairment. Dystonia and pigmentary retinopathy are prominent symptoms 
[1]. While clinical presentation is typically in childhood, adult-onset forms have been described. 
These forms seem characterized by milder clinical manifestations and slower disease progression [2], 
although data on the long-term outcome are scarce. 
 
Objectives: To describe a novel case of adult-onset PKAN (due to PANK2 gene mutation) with 38 
years of follow-up, and review the literature to characterize the long-term outcome of these patients. 
 
Methods: Case report and literature review. Pubmed was searched for cases of adult-onset PKAN 
with available follow-up details. The clinical characteristics and long-term outcome of included 
patients were abstracted. 
 
Results: A 30 year-old man presented with slowly progressive speech disturbances and frequent falls. 
Over years, he had a gradual decline of intellectual functions, behavioral changes, orolingual dystonia 
with tongue protrusion, and spasticity leading to walking impairment. One brother and one sister (of 
six total siblings borned from consanguineous parents) had similar clinical manifestations with a 
slowly progressive course. At the age of 60, brain MRI revealed pathognomonic changes in the basal 
ganglia due to iron accumulation. Genetic testing showed a homozygous c.965A>G mutation in the 
PANK2 gene. At 68 years of age, the patient’s clinical and radiological manifestations remained 
stable, without further deterioration compared to the time of the diagnosis. Twenty-six additional 
cases [3,4,5,6] of adult-onset PKAN with long-term follow-up available (all due to PANK2 gene 
mutation) were identified in the literature, for a total of 27 cases. The median age at symptoms onset 
was 30 (range, 20-67) and 9 (33,3%) were female. At last available followup, a median of 12 (range, 
2-54) years from onset and 12 (44,4%) patients were alive. 
 
Conclusions: The disease course in patients with adult-onset PKAN seems characterized by early 
development of symptoms followed by and a subsequent phase of clinical-MRI stability of years. 
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We herein signpost a case of a 67-year female presented with an insidious onset of short, abrupt, 
erratic movements initially involving the upper limbs and rapidly spreading to the head and lower 
limbs... In addition, she complained of depression and episodes of aggressiveness for about two years, 
in absence of detectable cognitive decline (MMSE 28/30). Her past history was significant for 
pulmonary thromboembolism with right atrium thrombosi,and thirdstage renal failure. 
On depth examination oromandibular and distal corieco-dystonic movements prevalent at the right 
side were observed. The patient presented motor impersistence, slow saccades, and cautious 
widened-base ambulation with continuous choric movements to the right hand fingers. For long 
distance the patient ambulated in a wheelchair. The workup included brain magnetic resonance with 
evidence of cortical atrophy, subcortical vascular unspecific lesions and ferromagnetic deposits on 
basal ganglia; a total body CT scan was remarkable only for a splenomegaly. Her blood tests were 
significant for a known hypertriglyceridemia and a persistent neutrophilic leukocytosis. A genetic 
panel including TBP-SCA17, PRNP, HTT, C9ORF72, PPP2R2B-SCA12, was negative as the search 
for Philadelphia Chromosome on peripheral blood. As the neutrophilic leukocytosis was persistent, a 
hematologic evaluation suggested bone marrow biopsy, detecting primary myelofibrosis. Further 
genetic testing was performed for the hematologic purpose, and the patient tested positive for the 
V617FJAK2 mutation. 
The patient started a specific therapy with ruxolitinib with a progressive normalization of blood tests. 
Otherwise, choreic movements remained unchanged and a progressive cognitive declined was 
detected with attentional and executive impairment and memory difficulties. Considering the absence 
of other detectable causes, a late onset chorea Jak2 associated was diagnosed. 
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Introduction: Advances in genetics have expanded the known spectrum of Parkinson’s disease (PD)-
related genes. The new techniques have broadened access to genetic analysis, allowing for rapid and 
simultaneous sequencing of many disease-associated genes, although unraveling a high number of 
variants with interpretation difficulties and inconsistencies. 
 
Objective: Our study aimed to determine the genetic characteristics and their frequency in an Italian 
cohort of PD patients. 
 
Methods: PD patients with family history of PD (≥1 affected relative), early onset (≤55 years [1]), 
and/or atypical phenotype underwent genetic analysis through a next generation sequencing (NGS) 
panel containing 45 known-PD-causative genes, coupled with MLPA when needed. Variants were 
interpreted according to ACMG [2] criteria, and reports were categorized as positive (≥1 variant, with 
definite genetic diagnosis), inconclusive (≥1 variant, insufficient for genetic diagnosis), or negative 
(no variants reported). 
Heterozygous pathogenic/likely pathogenic variants in dominant genes and biallelic 
pathogenic/likely pathogenic variants in recessive genes were considered positive. GBA1 variants 
were considered pathogenic [3] and classified based on the risk of PD development [3]. 
Inconclusive reports underwent reassessment: heterozygous pathogenic variants in recessive genes 
and variants of unknown significance (VUS) with genotype-phenotype mismatch were considered 
negative; VUS not otherwise interpretable were clarified through family segregation studies. 
 
Results: We recruited 197 patients. 74 (37.6%) reports revealed ≥1 variant. Of the inconclusive 39 
(19.8%) reports, after reinterpretation, 1 (0.5%) was considered positive, while 22 (11.2%) negative. 
Eventually, positive reports were 36 (18.3%), and inconclusive 16 (8.1%). The most common 
diagnoses were GBA1 (23, 11.7%), LRRK2 (5, 2.5%), PRKN (4, 2.0%), PINK1 (1, 0.5%) FBXO7 
(1, 0.5%). The gene with the most reported variants was GBA1 (28, 27.7%). 
 
Conclusions: Our results contribute to a more in-depth understanding of the genetic spectrum 
underlying PD in Italian patients and underscore the importance of a standardized approach for the 
accurate interpretation of genetic findings. 
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Introduction: Parkinson's disease carriers of GBA mutations/variants (PD-GBA) progress more 
rapidly with earlier cognitive dysfunction and psychosis[1]. The long-term outcome of STN-DBS in 
PD-GBA has been questioned[2,3] increasing interest on the risk-benefit profile of alternative device-
aided therapies, including levodopa-carbidopa intestinal gel (LCIG). 
 
Objectives: To investigate the safety and efficacy of LCIG in PD, focusing on the effects of GBA 
status. 
 
Methods: This multicentre, retrospective ‘real-world’ study (n=31 movement disorders units) 
included PD patients consecutively treated with LCIG. GBA status was defined as carrier, noncarrier, 
not available. Data were collected prior to LCIG initiation (baseline), after 1 year and at long-term 
follow-up (5-year and last visit censored up to 10 years). Early dropouts (<1 year) were included. 
 
Results: A total of 511 patients (males 57.9%, age at LCIG 67.0±8.7ys, PD duration at LCIG 
12.9±5.0ys) were included, of whom 297 (58.1%) underwent GBA genotyping. Pathogenic variants 
were detected in 13.1% (39/297). As of Dec/2023, results were available on a subgroup of n=363 
cases. At baseline, GBA-PD had younger age at onset, shorter PD duration at LCIG than noncarriers. 
Cognitive decline was diagnosed in 57% PD-GBA vs. 36% noncarriers (p<0.001). Total LEDD was 
lower in GBA-PD than noncarriers (p=0.034). At 1-year follow-up, LCIG improved motor 
fluctuations and dyskinesias (p<0.001), axial complications (axial dystonia, FOG, recurrent falls), 
psychosis and ICDs. MDS-UPDRS-II and -IV (fluctuations) scores improved significantly less in 
PD-GBA than noncarriers (test-forinteraction p<0.05). Multivariate analysis on the causes of dropout 



and adverse events excluded an effect of GBA status. At long-term follow-up up to 10 years, among 
predictors of dropout (adjusted Cox regression model) GBA status showed a trend towards 
significance (p=0.073). 
 
Conclusions: This is the largest cohort of PD with LCIG investigated so far. LCIG is relatively safe 
and effective in GBA-PD, including those with cognitive decline. Nonetheless, close monitoring is 
recommended. 
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Introduction: GBA mutations are a well-known genetic risk factor for PD. We investigated the 
potential interaction of sex and GBA mutations on the phenotype of patients with Parkinson disease 
(PD). 
 
Methods: GBA-relatedPD and nonGBA-PD underwent a comprehensive clinical characterization 
(MDS-UPDRS-I-IV, MOCA, SCOPAUT, UPSIT, RBDSQ, BDI and HADS-A). Clinical scores were 
compared between PD groups. Clustering analysis based on genetic status, demographic and clinical 
measures was applied to delineate new subgroups. Subgroup analysis according to GBA mutations 
severity was also performed.  
 
Results: 53 GBA-PD (56% males) and 83 nonGBA-PD (64% males) were enrolled. Within GBA-
PD, 10 subjects carried mild, 18 severe, 15 risk and 10 unknown variants. GBA-PD were similar to 
nonGBA-PD expect for significantly younger age at disease onset and higher BDI and HADS-A 
scores. Comparison analysis stratified by sex showed that GBA-PD males diverged significantly from 
nonGBA-PD males in terms of depressive symptoms, while females were comparable in the two 
groups. Cluster analysis based on combined clinical parameters allowed splitting the entire sample 
into 2 clusters, which discriminated mainly nonGBA-PD males (Cluster1), from the remaining groups 
(all females and GBA-PD males - Cluster 2). Dysautonomia, mood and sleep disorders were the most 
relevant features influencing the clustering process. Interestingly, a significantly higher proportion of 
mild and severe GBA mutations belonged to Cluster 1, while most of risk variants fell in Cluster 2. 
 
Conclusions: This study highlights the intricate interplay between sex, genetic status, and non-motor 
features of PD. In this cohort, GBA status was associated with distinct non-motor features 
(particularly mood disorders), with overt sex-related differences. While these data warrant replication 
in independent cohort, they emphasize that the interplay of sex and genetic status need to be 
considered when stratifying PD patients, for improving more accurate precision medicine approaches. 
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Introduction: Heterozygous mutations in the betaglucosylceramidase gene (GBA) are the primary 
risk factor for Parkinson's Disease (PD). These mutations reduce glucocerebrosidase (GCase) 
enzymatic function promoting the accumulation of alphasynuclein fibrils (alpha-syn) in the central 
nervous system (CNS). Administration of ambroxol at dose of 1260 mg per day in humans allows it 
to reach the CNS, increasing GCase levels in cerebrospinal fluid (CSF) and modifying alpha-syn 
concentrations [1]. We developed a new method to monitor ambroxol levels in plasma and CSF using 
automated online solid-phase extraction coupled with liquid chromatography-tandem mass 
spectrometry (LC-MS). 
 
Methods: Ambroxol was determined by online solid-phase extraction coupled with LC-MS under 
gradient conditions. The method was applied to monitor plasma samples obtained from PD patients 
randomized to receive oral ambroxol (1200 mg/day, n=30) or placebo (n=30), collected at 26 and 52 
weeks (V3 and V5 respectively) from the beginning of the treatment, at 26 weeks (V6) after the end 
of the treatment, and CSF at 52 weeks (V5). 
 
Results: The calibration curves for ambroxol were linear (r =0.999) in the range of 50–3000 ng/mL 
in plasma and 10-300 ng/mL in CSF. Recovery was within 107-113% in plasma and 99-103% in 
CSF. No significant matrix effect was observed. The intra-day and inter-day precisions were below 
12% in both matrices. The intra-day and interday accuracy were within 90-103% in plasma and 96-
106% in CSF. Mean ambroxol concentrations were 1174 ng/mL in plasma at V3 (n=25), 1211 ng/mL 
in plasma at V5 (n=12), not detectable in plasma at V6 (n=12) and 108 ng/mL in CSF at V5 (n=10). 
 
Conclusions: The developed method was successfully validated according to EMA guidelines and its 
applicability confirmed in a multicenter, randomized, double-blind, placebo-controlled, phase two 
study to monitor ambroxol levels in plasma and CSF of GBA-PD [2]. 
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Introduction: Progressive myoclonus ataxia (PMA) is a rare condition characterized by multifocal 
myoclonus, gait ataxia and cognitive decline. Mutations in NUS1 have been recognized as possible 
cause. 
 
Objectives: To describe two patients with NUS1 -related PMA presenting different clinical and 
genetic characteristics. 
 
Patients: Patient 1: Fifty-five-year-old woman with ataxic gait and myoclonic jerks in the upper limbs 
started at forty. Her mother presented a similar condition (no assessment available). Brain MRI: 
unremarkable. Neurological examination: wide based gait, myoclonic jerks in upper, lower limbs and 
trunk increased by the tactile stimulus. Ocular movements: lowered saccades in all directions and 
pursuits fragmentation. Furthermore, ideo-motor apraxia in the upper limbs, impaired left-right 
recognition and marked cognitive decline. Whole exome sequencing: c.490delT(NM_138459.5) 
p.Cys164fs frameshift mutation in NUS1. This mutation could introduce a premature translation-
termination codon (PTC) prone to the nonsense mediated decay (NMD) mechanisms which 
recognizes and degrades transcripts harbouring a PTC, thus preventing the production of C-terminally 
truncated proteins. 
 
Patient 2: Seventy-year-old woman with diffuse myoclonic jerks involving the head and four limbs, 
started at the age of two, which progressively affected her gait leading to wheelchair. She presented 
a severe cognitive delay: she never concluded primary school. Neurological examination: myoclonic 
jerks involving head and four limbs, dysmetria, hypodiadocokynesia in the upper limbs and marked 
dysarthric speech. Family history: unremarkable. She presented dysmorphic features: broad nasal tip 
and long philtrum. Brain MRI: mild diffuse cortical atrophy and cerebellar vermis hypoplasia. 
Genetic analysis: heterozygous deletion [6q22.1-q22.31 (118,051,261-120,084,595)], located 20 kb 
downstream NUS1. We assessed gene’s transcript level starting from patient's blood mRNA: NUS1 
expression was significantly lower compared to healthy controls, suggesting the loss of a regulatory 
element located across the deleted region. 
 
Conclusions: These cases confirm as NUS1 expression reduction could have a role in PMA. The 
different clinical manifestations could be related to the impact of the two different genetic mutations. 
Clinician should be aware of these rare and complex scenarios in suspected PMA. 
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Introduction and Objectives: Adenylyl cyclase 5 (ADCY5) related-dyskinesia is a rare disorder 
characterized by early-onset paroxysmal choreoathetosis, dystonia, myoclonus, with heterogenous 
phenotype [1,2]. Both sporadic and inherited cases have been reported and most of the familiar 
syndromes are autosomal dominant. Thanks to advanced sequencing techniques, the genetic spectrum 
of this disorder is still expanding [3]. We present a new potential pathogenetic mutation of the ADCY-
5 gene in an Italian family. 
 
Methods: A 30-years old patient presented to our outpatient clinic complaining about cervical 
dystonia and blepharospasm, exacerbated by stress and lack of sleep. His symptoms developed in 
adolescence with head tremor and progressive stiffness of the neck, later evolved in clear cervical 
dystonia. His mother presented head tremor and mild cervical dystonia since her early adulthood. His 
grandmother, decease at 83 years old, presented the same phenotype. A thorough clinical evaluation 
of the patient identified frequent ocular myokymias and segmental cervicobrachial dystonia. 
Suspecting a genetic-determined dystonia we performed genetic testing for most common dystonic 
and choreic syndromes, followed by an exome Next Generation Sequencing analysis (NGS). 
 
Results: The NGS revealed a de novo c.2177C>T p.(Ala726Val) mutation in the ADCY5 gene, 
presented in heterozygosis in both the patient’s and his mother’s DNA. This missense change involves 
an amino acid residue at the same position as another pathogenic missense change (p.Ala726Thr). 
There are no information on its allelic frequency in the dedicated database (GnomAD) and 
computational software in silico suggests a detrimental effect of the reported mutation on the resulting 
protein. Therefore, the mutation satisfied the ACMG criteria for a novel potential pathogenetic variant 
[4]. 
 
Conclusions: The spectrum of ADCY5‐related disorders is expanding. Herein, we reported a new 
potential pathogenetic variant of the ADCY-5 gene. Further analysis will be required for 
pathogenicity confirmation, such as epidemiological or biochemical functional studies. 
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Introduction: Huntington’s Disease (HD) is a neurodegenerative disorder caused by the expansion of 
the triplet CAG in the exon 1 of the huntingtin gene (HTT). A length ≥ of 36 CAG repeats is 
pathogenic, while a reduced penetrance occurs for expansion with 36-39 units. However, there is an 
increasing literature, albeit limited, describing intermediate allele (IA, i.e., 27-35 CAG repeats) 
carriers with a clinical presentation overlapping that of the pathogenic allele carriers [1,2]. 
 
Case report: A 55-year-old man came to our attention for worsening axial dystonia. The patient has 
a positive history of type 1 bipolar disorder treated with antipsychotics. He presented mild 
extrapyramidal signs and episodes of head-neck dystonia. Choreic movements were also present, and 
a genetic test for HD was therefore performed. The test revealed the presence of an intermediate 
allele, particularly with 28±1 CAG repeats in the gene HTT and a variant of uncertain significance 
(VUS) in the Juctophilin 3 gene (JPH3). 
 
Discussion: Our report supports the growing literature on a new HD related clinical entity [3]. Given 
the relatively young age of our patient, the case poses new questions on the inverse correlation 
between length expansion and age at onset in the context of contributing factors like VUS. Finally, 
the case unravels new ethical issues associated with genetic testing in relatives of IA carriers. 
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Introduction: Heterozygous mutations in GBA gene are known as the most common genetic risk 
factor for Parkinson’s disease (PD) [1]. The protein transcribed by GBA is GCase [2] and increase of 
glucosylceramide, the GCase substrate, may lead to asynuclein accumulation [3]. 
 
Objectives: We herein describe a family carrying a mutation of GBA with several affected members 
presenting different phenotypes resembling both synucleinopathies and non-synucleinopathies. 
 
Methods: Patients underwent to neurological and neuropsychological evaluation, structural and 
functional imaging, followed by genetic analyses. 
 
Results: The first patient, a 76 year-old woman referred to our movement disorders outclinic for 2-
year history of gait impairment, falls and motor slowness, already treated with levodopa with partial 
response. The neurological examination showed an asymmetric parkinsonism with vertical 
supranuclear gaze palsy (VSNGP), left alien limb phenomenon and cognitive impairment. Her MRI 
showed a diffuse corticosubcortical and midbrain atrophy while FDG-PET showed right fronto-
temporo-parietal hypometabolism. She presented a positive familiar history for movement disorders 
and cognitive deterioration. Her deceased older sister had been diagnosed with CBS and clinical 
reports were collected; the younger brother had been diagnosed with Parkinson’s disease-dementia 
with good response to levodopa. We visited another sister only reporting depressive symptoms and 
found she had a clear dementia (MMSE 18/30) assessed by comprehensive neuropsychological 
battery, gait apraxia and VSNGP. In the case index NGS panel was run showing the presence of 
heterozygous variant c.882T>G of GBA gene. Enzymatic activity of GCase resulted in the 
pathological range (2.5 nmol/h/ml). The same variant has been demonstrated with Sanger sequencing 
in the two affected living siblings. 
 
Conclusions: This case series remarks the phenotypic heterogeneity of the GBA mutation. CBS 
associated to GBA mutation has been rarely described, however, to our knowledge this is the first 
family showing such an intra-familiar variability ranging from CBS to PDD to dementia as the 
presenting phenotype. 
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Introduction: Progranulin (PGRN) is a secretory glycoprotein encoded by the granulin (GRN) gene. 
Mutations in the GRN gene can cause reduction of protein levels. Heterozygous mutations are related 
to familial frontal temporal lobar degeneration, while homozygous mutations cause the complete loss 
of PGRN which lead to a lysosomal storage disease (LSD) known as neuronal ceroid lipofuscinosis 
(NCL). Mutations that reduce progranulin levels are generally associated with an increased risk of 
developing neurodegenerative diseases, such as Amyotrophic lateral sclerosis, Parkinson’s Disease 
and Alzheimer Disease. 
 
Objectives: We present the case of a 75-year-old woman diagnosed with Parkinson’s disease and 
carrying heterozygous mutation in the GRN gene. 
 
Methods: Patient was enrolled in the Lysolate study designed to identify late onset lysosomal storage 
diseases in subjects with neurodegenerative disorders. Blood samples from enrolled patients are 
studied using a Next Generation Sequencing (NGS) panel including more than 65 genes involved in 
LSD. 
 
Results: Patient arrived at our attention at the age of 64-years-old for extrapyramidal signs 
characterized by a recent appearance of generalized motor slowing, hindrance to fine movements with 
the right hand and micrography; she reported also to suffer from diabetes mellitus, depressive 
syndrome, IgG3 deficit, allergic asthma, pulmonary emphysema, fibrinous pericarditis, Hashimoto’s 
thyroiditis and diffuse osteoarthritis. Brain-MRI showed nonspecific point-like changes in the 
bilateral white matter, while 123Ioflupane SPECT revealed a reduction in the putamen uptake, more 
pronounced on the left side. Interestingly the NGS analysis revealed heterozygous c.893G>A, 
p.(Arg298His) mutation in the GRN gene, for which there is a known association with 
neurodegenerative disorders. 
 
Conclusions: The association between GRN mutation and parkinsonism is documented in literature, 
and different extrapyramidal phenotypes associated with the same GRN mutation are reported. The 
following case shows an association between Parkinson’s disease and GRN gene mutation, increasing 
the knowledge of possible phenotypic spectrum. 
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Introduction: Adrenoleukodystrophy, an X-linked neurometabolic disorder associated with mutations 
in the ABCD1 gene, leads to impaired betaoxidation and peroxisomal accumulation of very long-
chain fatty acids. The disease manifests with many different phenotypes based on patients’ age and 
gender [1,2]. We here report a Moldavian family including 4 women manifesting adult-onset spastic 
paraparesis [3]. 
 
Objective: The patients experienced dysesthesias and paraesthesia in lower limbs since the average 
age of 38, progressively accompanied by limb weakness, postural instability, and varying degrees of 
urinary urgency. Two of them had undergone surgery for orthopedic issues associated with gait 
disturbances and their family history revealed male infant cousins who succumbed during fever 
episodes. Neurological examination showed mild spastic paraparesis, brisk lower limb reflexes, lower 
limb extremity hypopallesthesia or pain, and bilateral Babinski sign. 
 
Methods: An investigatory work up for the differential diagnosis of spastic paraparesis was 
conducted, including genetic testing. A cognitive and psychological evaluation was also performed 
in three of them, revealing the presence of depression and anxiety. 
 
Results: Brain and spinal MRI, laboratory tests, and cerebrospinal fluid analysis were unremarkable. 
Conversely, nerve conduction studies and motor evoked potentials indicated mild sensorimotor 
axonal neuropathy and increased central motor conduction. Lastly, the c.1661G>A (p.Arg554His) 
mutation in the ABCD1 gene was identified, confirming the diagnosis of adrenoleukodystrophy [4]. 
 
Conclusion: Adrenomyeloneuropathy (AMN) stands as the primary clinical phenotype associated 
with ABCD1 gene mutations in women. A meticulous medical history investigation is essential to 
reach the correct diagnosis in women presenting with spastic paraparesis. Specifically, the different 
impact of ABCD1 gene mutations in males versus females and the role of infections as precipitating 
factors in male children serve as crucial diagnostic clues for X-linked metabolic disorders. 
Furthermore, neuropsychological assessment should also be conducted since psychiatric symptoms 
may also be expression of the AMN-like phenotype. 
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Introduction: Progranulin, encoded by GRN gene, is a protein that regulates lysosomal function, 
inflammation and stress response and so plays a role in the development, survival and function of 
neurons and microglia. Homozygous and heterozygous GRN loss-of-function mutations cause ceroid 
lipofuscinosis neuronal type 11 and frontotemporal dementia respectively, while mutations that 
reduce progranulin levels increase risk for developing other neurodegenerative diseases such 
Alzheimer’s disease and Parkinson’s disease. 
 
Objectives: To present the case of a patient with extrapyramidal syndrome, myositis and sensitivity 
disorders enrolled in a the Lysolate study. This research project is funded by Tuscany Region. 
 
Methods: The Lysolate study investigates the presence of late onset lysosomal storage diseases (L S 
D s) in patients with neurodegenerative symptoms and multiorgan involvement. Patients enrolled in 
the study were analysed using a Next Generation Sequencing (NGS) panel including more than 65 
genes involved in LSDs. 
 
Results: We present the case of a woman who suffers from extrapyramidal syndrome since she was 
58, which began with postural and rest tremor exacerbated by emotional stress. Neurological 
symptoms progressively worsened to include widespread muscle pain, hypoesthesia and paresthesias 
in left hemisome, dysphagia and postural instability which leaded to walking impairment. She also 
suffered from recurrent headache, mood disorders, bronchial asthma, Sjogren's syndrome, 
fibromyalgia, multidistrict arthrosis, osteoporosis, discopathy, maculopathy and retinal infarction, an 
acute cardiac infarction, vescicouterine prolapse, dolichocolon and contact eczema. Brain MRI 
highlighted microlacunar vascular lesions, cortical atrophy and frontal hyperostosis. Bran 123I-
Ioflupane SPECT showed a degeneration of the nigrostriatal system. Electromyography revealed a 
chronic myositis. The NGS analysis showed that she was heterozygous for the known pathogenic 
c.796G>C variant in the GRN gene leading to p. (Ala266Pro). 
 
Conclusions: This case confirms the role of progranulin in the development of neurodegenerative 
diseases and increases knowledge of the phenotypic manifestations associated with GRN mutations. 
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Introduction: Valosin-containing protein (VCP) mutation is associated to a multiorgan disease called 
inclusion body myopathy associated with Paget disease and frontotemporal dementia and, more 
rarely, to Charcot-Marie-Tooth disease type 2, hereditary spastic paraplegia and Parkinson’s disease 
(PD) [1]. 
 
Objectives: We present a case of a patient with a co-occurrence of an early-onset PD and chronic 
inflammatory demyelinating polyneuropathy (CIDP) in which a new mutation in VCP has been 
detected. So far only another case of CIDP due to VCP mutation has been described [2]. 
 
Methods: A 40 years-old man with a progressive onset of cramps, fasciculations and weakness of the 
lower limbs that leads to gait difficulties, was evaluated in the Movement Disorders Centre of Novara. 
 
Results: Neurological examination showed a mild reduction of bilateral legs strength, normal 
sensitivity and bilaterally reduced ankle jerk. The electroneurography revealed a motor symmetric 
demyelinating neuropathy of lower limbs sparing the sensitive branches and the upper arms. CSF 
analysis detected albumincytological dissociation. Accordingly, a diagnosis of atypical definite CIDP 
[3] was made. The muscular biopsy confirmed a neurogenic chronic pattern without myopathic signs. 
After an unsuccessful steroid therapy, a monthly intravenous immunoglobulin therapy was started 
with moderate benefit. The clinical and electromyographical picture worsened over the years with a 
diffuse muscular atrophy and a progressive worsening of the demyelinating polyneuropathy with 
sensorial involvement and conduction blocks that after 14 years involved the upper limbs. When the 
patient was 49 years old, a parkinsonian syndrome appeared. He presented with hypomimia, mild 
bilateral bradykinesia, minimal resting tremor and plastic rigidity. A 123I-FP-CIT SPECT confirmed 
the depletion of dopaminergic pathways supporting the diagnosis of clinically established PD. The 
Whole Exome Sequencing examination showed a novel mutation in the VCP gene: c.1106T>C. 
 
Conclusions: We described a case of a patient carrying a novel VCP mutation presenting with CIDP 
and early-onset PD broadening the clinical spectrum of possible VCP gene mutations phenotypes. 
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Introduction: We report a case of Cerebellar Ataxia, Neuropathy, and Vestibular Areflexia Syndrome 
(CANVAS). 
 
Objectives: A 73-years-old woman referred to our outpatient clinic for a 20-years history of slowly 
progressive gait ataxia and postural instability. She also referred episodic dizziness (triggered by rapid 
head movements), distal numbness and cramps in the lower limbs, and dry cough. Familiar history 
was positive for gait disorder in her brother. Neurological examination showed wide based ataxic 
gait, positive Romberg sign with retropulsion and tendency to fall at eye closure, mild bilateral limb 
ataxia, horizontal/rotatory nystagmus in lateral gaze, lower limbs areflexia, bilateral decreased 
quantitative vibration below the iliac crest, bilateral distal decreased tactile sensitivity in the lower 
limbs, positive head impulse test. 
 
Methods: Brain MRI showed cerebellar atrophy, particularly of vermis. MRI of the spinal cord 
demonstrated abnormal hyperintense signal changes on T2-weighted imaging of the posterior 
columns in the cervical spine. Neurophysiological assessment showed severe sensory axonal 
polyneuropathy. Halmagyi test revealed bilateral vestibular dysfunction. Genetic testing for most 
frequent genetic ataxia was performed. 
 
Results: Genetic testing revealed a biallelic AAGGG expansions in the second intron of replication 
factor complex subunit 1 (RFC1) supporting the diagnosis of CANVAS. 
 
Conclusions: CANVAS is one of the most frequent autosomal recessive late-onset ataxia [1]. It is 
characterized by slowly progressive ataxia with associated sensory neuropathy and vestibular 
impairment [1]. Chronic cough is also frequently reported [1]. This case highlights the relevance of 
clinical history and examination to drive the diagnostic work-up of rare genetic disorders [2]. In the 
presence of late-onset gait ataxia it is important to look for the presence of supportive signs and 
symptoms, such as chronic cough, peripheral nervous system involvement and vestibular dysfunction, 
in order to consider the diagnosis of CANVAS [3]. 
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Introduction: LRRK2 is the most common risk gene for Parkinson’s disease (PD) [1,5]. Its typical 
phenomenology is indistinguishable from idiopathic PD, except for a milder course and a less 
common non-motor involvement [1-4]. 
 
Objectives: The aim of this report is to describe LRRK2 phenomenology, including clinical 
presentation and disease course. We describe two sisters, one presenting with cervical dystonia (CD) 
and the other one presenting with typical parkinsonian features, although showing prominent non-
motor fluctuations. 
 
Case reports: A 80-year old lady was referred to our outpatient clinic due a 2-year history of head 
tremor. She showed cervical dystonia characterized by head tremor, inclination to the left side, left 
shoulder elevation, head rotation to the right, antecollis, retrocaput and limitation of range of motion. 
She had mirror movements and overflow while performing tasks with both upper limbs, dystonic 
posture and postural tremor of the upper limbs. Her gait was characterized by normal stride length 
and reduced velocity, with no arm swing on the righthand side. She had positive family history for 
Parkinson’s disease (two of her mother’s siblings, one of her father’s and 5 of her own). Her sister 
was a 83-year old lady, who had been diagnosed with Parkinson’s disease 8 years previously. Her 
major complaints were related to her non-motor fluctuations: her OFF phases were characterized by 
severe anxiety, pain and crying crisis. We run genetic testing for both patients and found the CD one 
to be a heterozygotic carrier of G2019S mutation and the PD sister to be a homozygotic carrier of the 
same mutation. We added safinamide and duloxetine to the treatment of the PD sister, with a major 
impact on non-motor fluctuations and QoL, and decided to treat the CD sister with 
levodopa/carbidopa, with considerable clinical improvement. 
 
Conclusions: Our cases show that LRRK2 G2019S may have variable clinical presentation, including 
CD, and it can show prominent non-motor fluctuations. Our data may contribute to expanding 
LRRK2 phenotype and providing insights on its clinical course and treatment. 
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Introduction: Neurosteroids are pleiotropic molecules produced by neurons and glial cells which play 
an important role in modulating several central nervous system functions including neuronal growth, 
brain development, synapse formation, neural transmission, myelination, neurogenesis, dendritic 
growth, neuronal survival, and neuroinflammation. 
 
Objectives: To assess and compare levels of serum neurosteroids in a cohort of consecutive 
Parkinson’s Disease (PD) patients with heterozygous glucocerebrosidase (GBA) mutation (GBA-PD) 
compared with an age, sex, disease stage, and comorbidity-matched cohort of consecutive idiopathic 
(I) PD patients (I-PD). 

 
Methods: A consecutive cohort of GBA-PD patients has been paired for age, sex, disease duration, 
Hoehn & Yahr stage, and comorbidities (Charlson Comorbidity Index) with a cohort of consecutive 
I-PD patients. Clinical assessment included the MDS-UPDRS scale and the Montreal Cognitive 
Assessment (MoCA). Serum samples were processed to remove endogenous phospholipids and 
eluates were analyzed by liquid chromatography coupled with triple quadrupole mass spectrometry. 
Clinical scores and neurosteroid levels were compared by the Fisher’sexact test and the Student’s t-
test. Correlation analyses were performed by calculating the respective Spearman's ρ values and their 
significance level. 
 
Results: Twenty-two GBA-PD (age: 63.68 years; MDS-UPDRS III: 35.41; MoCA: 22.73) and 22 I-
PD (age: 63.05 years; MDS-UPDRS III: 29.68; MoCA: 21.82) patients were included. Compared to 
I-PD, GBA-PD patients showed more hallucinations and psychosis (p<0.05), higher MDS-UPDRS 
part II score (p<0.05), and higher PIGD subscores (p<0.05). Levels of almost all the evaluated 
neurosteroids were significantly higher in the GBA-PD cohort when compared to I-PD (p<0.05 t-
test). This finding was associated with a statistically significant correlation between disease duration 
and allopregnanolone (p<0.05, ρ=0.38) and pregnanolone (p<0.01, ρ=0.58) levels in GBA-PD. 
 
Conclusions: This pilot study shows for the first time the presence of significantly higher 
neurosteroids peripheral levels in the GBA-PD cohort. Their possible involvement in the psychiatric 
symptoms deserves further attention. 
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Introduction: There is scattered evidence that Parkinson’s disease (PD) patients carrying variants in 
the GBA gene (GBA-PD) have an increased risk of autonomic disturbances [1-4]. 
 
Objectives: To objectively assess cardiovascular autonomic function in GBA-PD patients compared 
to patients with no variants in any PD-related gene (I-PD). 
 
Methods: All patients underwent a battery of autonomic tests including head-up tilt test, deep 
breathing, and Valsalva maneuver. The occurrence and the severity of dysautonomia were graded 
using the cardiovascular section of the Composite Autonomic Severity Score (cv-CASS) [5]. 123I-
MIBG was retrospectively assessed. The analysis of Heart Rate Variability was performed on ECG 
recordings [6]. Sympathetic noradrenergic and parasympathetic indexes were compared in the two 
groups. 
 
Results: The parasympathetic autonomic scores from the autonomic battery were more impaired in 
the GBA-PD group. Heart rate variability indexes confirmed these results. 
 
Conclusions: This study confirms that GBA-PD patients have a higher incidence of cardiovascular 
autonomic involvement compared to I-PD patients and specifically points to impairment of the 
parasympathetic branch. 
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Introduction: DLG4 -related synaptopathy is a rare autosomal dominant brain disorder associated 
with pathogenic variants of the DLG4 gene [1]. The clinical phenotype encompasses epilepsy, 
developmental delay, intellectual disability, behavioral problems, autism, dysmorphic and marfanoid 
features [2]. Dystonia has been described as occurring in this condition, but not well characterized. 
 
Objectives: To describe the clinical features associated with a novel DLG4 -variant. 
 
Case presentation: A 31-year-old male, born at term to healthy no-consanguineous parents, presented 
symptoms onset in early infancy, when delayed language emergence and poor school performances 
were noticed. At age eight generalized tonic-clonic seizures occurred. At age 27 generalized dystonia 
emerged, mainly affecting the trunk and leading to walking-induced opisthotonus. 
Neuropsychological assessment revealed mild cognitive impairment and obsessive-compulsive traits. 
Brain MRI was unremarkable. The following genetic analyses were not diagnostic: array-CGH for 
chromosomal abnormalities, NGS-based panel assessing genes related to dystonia and NBIA, and 
PCR of the FMR gene. A multigene development delay panel revealed a de novo heterozygous variant 
(c.1435delC) of the DLG4 gene. 
 
Conclusions: Dystonic features of DLG4- related synaptopathy may include adultonset dystonic 
opisthotonus. 
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Introduction: Heterozygous loss-of-function variants in GRN (Progranulin) are the second most 
common monogenic cause of frontotemporal dementia [1–3] Extrapyramidal symptoms often follow 
cognitive disturbances. Lewy body pathology may be present in combination with classical TDP-43 
pathology [4–6]. Recent evidence linked pathogenic GRN variants to Lewy body dementia and other 
atypical parkinsonisms. In addition, levodopa-responsive parkinsonism resembling idiopathic PD has 
been reported as an atypical presentation of pathogenic GRN variants [7–10]. 
 
Objectives: To integrate the clinical, genetic, and biochemical features of two patients with PD 
carrying pathogenic GRN variants. 
 
Methods: Two patients with PD underwent complete neurological and neuroradiological assessment, 
genetic testing (whole-exome sequencing [WES] and multiplex ligation-dependent amplification), 
and plasmatic progranulin dosage. 
 
Results: Patient 1 is a 64-year-old woman with PD onset at 57 years. After an optimal response to 
dopaminergic therapy, she developed motor fluctuation and levodopa-induced dyskinesias. Brain 
MRI resulted normal while DAT-SPECT was positive at onset. After six years and an unremarkable 
neuropsychological evaluation, bilateral subthalamic nucleus deep brain stimulation was successfully 
started. WES revealed the heterozygous pathogenic c.813_816del p.Thr272SerfsTer [10] GRN 
variant [11]. Patient 2 is a 30-year-old man with a levodopa-responsive parkinsonism accompanied 
by mild cervical dystonia and action upper limbs’ tremor since adolescence, and familiarity for PD 
(maternal grandmother). Brain MRI showed mild fronto-parietal atrophy, DATSPECT was positive, 
brain PET-FDG and neuropsychological testing resulted normal. WES revealed the heterozygous 
likely pathogenic c.415T>C p.Cys139Arg GRN variant [12–16]. Plasma progranulin resulted 52 
ng/ml (threshold 71) highlighting a mild functional haploinsufficiency for the p.Cys139Arg variant 
[14]. No other pathogenic variants in PD genes were detected in both patients [17]. 
 
Conclusions: Pathogenic G R N variants may represent a monogenic cause of a phenotype strikingly 
similar to PD and should be investigated in patients with a high suspect of genetic parkinsonism even 
in absence of cognitive decline, considering the relevant prognostic impact and the ongoing 
therapeutic advancements on progranulin. 
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Introduction: Pain is a common disabling non-motor symptom affecting patients with Functional 
Motor Disorders (FMD) [1,2]. 
 
Objectives: We aimed to study ascending and descending nociceptive pathways with Laser evoked 
potentials (LEPs) in FMD. 
 
Methods: We applied a conditioned pain modulation (CPM) protocol [2,3] and recorded N2/P2 
amplitude in 21 FMD and 20 controls following stimulation of both right arm and leg at baseline 
(BS), during heterotopic noxious conditioning stimulation (HNCS) with ice test and post-HNCS. 
 
Results: We found a normal ascending pathway but reduced CPM response (lower reduction of the 
N2/P2 amplitude) in FMD patients, by stimulating both upper and lower limbs. The N2/P2 amplitude 
ratio*100 (between the HNCS and BS) was significantly higher in patients with FMD than HC. 
 
Conclusions: Our results suggest that pain in FMD possibly reflects a descending pain inhibitory 
control impairment, thus providing a novel venue to explore the pathophysiology of pain in FMD. 
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Introduction: Transcranial magnetic stimulation (TMS) is a noninvasive brain stimulation technique 
able to detect the impairment of specific neurotransmitter circuits in vivo. The use of mobile health 
technologies (MHT) has become increasingly effective in detecting and quantifying gait alteration in 
early PD phases. The aim of this study was to evaluate the correlations between cortical glutamatergic 
profile in de Novo PD (NAIVE) Parkinson’s disease patients and motor severity. 
 
Backgrounds: Several studies found changes of glutamatergic circuitries in patients with PD [1-2]. 
To date, no studies evaluated the relationship between TMS-cortical changes and clinical phenotype, 
as well as motor, cognitive and gait performances in drug-naïve PD patients. [3] 
 
Methods: The study included 45 de novo patients with PD without dopaminergic treatment (68.9+7.8 
years). Each subject underwent an extensive motor and cognitive assessment, and MHT assessment 
in supervised condition in which patients perform a 20mt straight walk in selected pace, fast pace and 
during dual tasking. A TMS pairedpulse protocol evaluating glutamatergic circuits (ICF) was 
performed in all subjects and in a group of 25 Healthy control subjects. 
 
Results: TMS assessment showed different glutamatergic profiles in PD vs HC. In PD, ICF values 
correlated with total UPDRS-III (r=0.412, p=0.018), rigidity (r=0.483, p=0.006) and bradykinesia 
subscore (r=0.433, p=0.011) but not with tremor and Step time variability correlates with ICF peak 
and ICF mean values (r=0.529; r=0=534, both p<0.02) in both normal and fast pace. 
 
Conclusion: Glutamatergic alterations assessed by TMS in PD drug naïve patients correlated with the 
severity of symptoms and gait alterations, suggesting an ongoing compensations mechanisms. 
Ongoing longitudinal studies including advanced imaging and TMS techniques are necessary to 
evaluate the complex relationship between glutamatergic and dopaminergic changes and their 
relevance for progression and response to treatment in PD patients. 
 
References: 
[1] Leon-Sarmiento FE, et al. Novel mechanisms underlying inhibitory and facilitatory transcranial magnetic stimulation 
abnormalities in Parkinson’s disease. Arch Med Res. 2013;44(3):221–228.  
[2] Lefaucheur JP. Motor cortex dysfunction revealed by cortical excitability studies in Parkinson’s disease: influence of 
antiparkinsonian treatment and cortical stimulation. Clin Neurophysiol. 2005;116(2):244–253. 
[3] Nardone R, et al. Functional evaluation of central cholinergic circuits in patients with Parkinson’s disease and REM 
sleep behavior disorder: a TMS study. J Neural Transm (Vienna). 2013;120(3):413–422. 
  



P165 
 
Tremor during walking in Parkinson’s disease: a neurophysiological assessment 
 
Francesco Marchet1, M. Costanzo2, C. Cutrona1, G. Leodori1,2, M.I. De Bartolo2, G. Vivacqua3,4,  
M. Mancuso1, A. Conte1,2, G. Fabbrini1,2, A. Berardelli1,2, D. Belvisi1,2 
 
1Department of Human Neurosciences, Sapienza University of Rome, Rome, Italy  
2IRCCS Neuromed, Pozzilli, Italy  
3Deparment of Experimental Morphology and Microscopy, Integrated Research Center (PRAAB), 
Campus Biomedico University of Rome, Rome, Italy 
4Department of Anatomical, Histological, Forensic Medicine and Orthopedics Sciences, Sapienza 
University of Rome, Rome, Italy 
 
Introduction: Distal upper limb tremor during walking (TW) is frequently observed in Parkinson’ 
disease (PD) [1]. Recent evidence has shown that TW displays similar clinical features of resting 
(RT) and reemergent tremor (RET), suggesting that these tremors share common pathophysiological 
mechanisms [2,3]. 
 
Objectives: To delineate the neurophysiological features of TW and to compare with those of RT and 
RET. To test the hypothesis that TW, like RT and RET, is a “stability” tremor whose appearance is 
related to reduced automatic arm movements during walking. 
 
Methods: Twenty-five tremulous PD patients were studied using a wearable wireless gyroscope to 
measure hand tremor frequency during resting, wrist extension posture holding, and walking. 
Pendular movement amplitude was evaluated through an angular sensor attached to the proximal arm 
region. Tremor frequency and pendular movements angular displacement magnitude were measured 
using a Fourier transform. 
 
Results: TW, RT and RET frequencies were similar (TW:4.26 ± 0.61 Hz. RT: 4.13 Hz ± 0.55; RET: 
4.30 ± 0.54 Hz; p values > 0.05). A significant positive correlation existed between RT, RET, and 
TW frequency on the same body side. TW was bilateral in 36% of patients and shared a similar 
distribution with RT in 92% and RET in 68% of the cases. In cases of unilateral TW, it manifested 
on the side with lesser pendular movements in 28% of the cases and on the other side in 36%. 
 
Conclusions: The observation that TW has a similar frequency and body distribution of RT and RET 
confirms the hypothesis that similar pathophysiological mechanisms underlie these parkinsonian 
tremors. The lack of relationship between TW and reduced arm swing challenges the hypothesis that 
TW arises from decreased automatic arm movements. TW may emerge due to the absence of ongoing 
voluntary hand movements during automatic arm swing. 
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Introduction: Gait relies on higher-order cognitive control, particularly during complex walking 
conditions. Individuals with Parkinson’s Disease (PD) commonly experience motor and cognitive 
deficits, that can lead to additional challenges in walking performance, increasing fall risk [1]. 
Understanding the neurophysiological mechanisms of gait has become crucial and motor imagery 
(MI), which consists in mentally simulating an action, is frequently used given the neural overlap 
between simulated and executed movements [2].  
 
Objective: Our aim was to assess gait imagery related activations in a population of PD patients and 
age-matched healthy controls. 
 
Methods: A total of 14 patients with early-stage PD (Hoehn and Yahr stage: 1-2.5) and 13 elderly 
were recruited. During high-density electroencephalography registration, they were asked to visually 
imagine walking on a straight pathway (UW MI) and on a straight pathway while crossing a hurdle 
in the middle (DT MI). We selected regions of interest from a large cortical-subcortical network, and 
we registered and analyzed q, a, and β bands Event Related Desynchronizations (ERDs). 
 
Results: The right superior frontal, precentral and supplementary areas were always active during MI 
(i.e., in both groups, in all bands and tasks). In both populations, a greater range of frontal regions 
were engaged during DT MI in respect to UW task. Regarding PD population only, bilateral insula 
and various frontal, parietal, temporal and occipital regions were never recruited during UW MI, but 
were then activated during DT MI. These results were particularly evident in low frequency bands. 
 
Conclusions: By uncovering disparities in gait imagery related activations between the two groups, 
this protocol could potentially help in better understanding walking pathophysiological mechanisms 
in the early stages of PD. 
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Introduction: Visual hallucinations are prevalent, potentially disabling symptoms of Parkinson’s 
Disease (PD). Multiple impairments in bottom-up sensory processing and top-down perceptual 
modulation are implicated in hallucinations’ pathophysiology. In healthy individuals, visual illusions 
are elicited by illusory figures through parametric manipulations of geometrical configurations, 
contrast, color, or spatial relationships between stimuli. These illusory percepts provide insight on the 
physiologic processes subserving perception. 
 
Objectives: To investigate the perceptual performance of both hallucinating (PD_Hal) and non-
hallucinating PD patients (PD_NonHal) on illusory figures and to compare it with that of age-matched 
healthy individuals (HC).   
 
Materials and Methods: In this exploratory, cross-sectional, controlled study, the Delboeuf illusion 
and the size shrinkage due to amodal completion were used to assess perceptual performance of 11 
PD_Hal, 10 PD_NonHal, and 10 HC. 
Clinical assessments were performed on PD patients by means of MDS-UPDRS. Patients’ brain 
metabolic patterns on 18FDG-PET were analyzed to characterize potential neural substrates of 
perceptual performances.  
 
Results: On the size estimation task of the Delboeuf illusion, PD_NonHal performed significantly 
better than healthy controls. Perceptual performance on the amodal completion illusion was 
significantly worse in PD_Hal patients as compared to HC.  
General motor impairment was comparable between PD groups, but a trend towards a worse axial 
involvement was found in PD_Hal. Hallucinating PD patients showed a relative hypermetabolism at 
the level of left medial prefrontal cortex compared to a mild hypometabolism of non-hallucinating 
patients. 
 
Conclusions: The impairment of high order visuoperceptual functions occurring in PD is linked to 
different profiles of vulnerability to illusory biases. Illusions relying on attentional modulation and 
global perception were attenuated in PD_NonHal. Conversely, illusory effects normally counteracted 
by figure to background segregation and overlapping figures recognition were enhanced in PD_Hal. 
18FDG-PET findings further suggest that perceptual differences between PD patients might be linked 
to abnormal top-down perceptual modulation. 
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Introduction: Parkinson’s disease (PD) is characterized by motor and nonmotor symptoms such as 
cognitive decline, apathy, social withdrawal and mood disturbances. Albeit pharmacological therapy 
is the main choice when treating PD symptoms, it becomes less effective with time. Moreover, 
nonmotor symptoms like cognitive impairment do not effectively respond to medication [1-3]. 
Therefore, PD patients require new therapeutic approaches capable of providing them a better quality 
of life. Among non-pharmacological interventions, a combination of transcranial direct current 
stimulation (tDCS), that modulates cortical excitability, and computerized cognitive training (CCT) 
could be able to improve the non-motor symptoms of PD. 
 
Objectives: The main aim is to investigate the effects of active tDCS combined with CCT on cognition 
and mood disturbances in early PD patients. 
 
Methods: 10 early PD patients were randomly assigned to 2 groups: a control group (5) and an 
experimental group (5), the latter being treated with a combination of CCT and tDCS with anodal 
stimulation in F3. The treatments were administered twice a week for 30 minutes over a period of 8 
weeks. Each participant underwent a neuropsychological assessment and an evaluation for motor and 
non-motor PD feature at baseline (T0) and at the end of the trial (T1). 
 
Results: The two PD groups didn’t differ at T0 for demographic, clinical, cognitive and behavioral 
features. The experimental group showed a significant improvement (p < .05) in the phonemic fluency 
test at T1. 
 
Conclusions: This study provides preliminary evidence for a non-pharmacological treatment able to 
improve cognitive performance in early PD patients. The anodal stimulation of the left DLPFC in 
combination with a CCT led to an improvement in a cognitive flexibility task. These results are in 
line with previous evidence showing positive effect of tDCS and CCT on the deficit in verbal fluency 
attributed to frontal lobe dysfunctions in PD [4,5] and suggest a new protocol to improve cognitive 
function in early PD patients. 
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Introduction: Lipids are key signaling mediators, modulating immune regulation, inflammation, and 
maintenance of homeostasis as “bioactive lipids”. There is a bidirectional relationship between the 
immune and nervous systems, and lipids interact with the aggregation and propagation of pathogenic 
proteins in neurodegenerative disorders as PD. The possibility of modulating cell lipidomic is 
therefore an interesting approach for neuroprotection in PD. While evidence indicates electric field 
modulation of alpha-synuclein in neuroblastoma cells, the impact on lipidomic changes remains 
unexplored. 
 
Objectives: To evaluate possible lipid-related neuroprotective effect of static electric field in a 
dopaminergic cellular model by assessing the DCS-induced neuroblastoma cell lipidomic changes in 
vitro. 
 
Methods: A neuroblastoma dopaminergic cell line, SHSY5Y, was cultured and exposed to single 
(sDCS) or repeated (n=3) DCS (rDCS) sessions (0.5mA; 0.6 C; electrode size: 0.25 cm^2; 20 mins 
/5x10^5 cells). rDCS sessions were delivered with 24 hours – interval. Lipid profile was assessed by 
mass spectrometry. Results in cells exposed to DCS were compared to findings in non-DCS-exposed 
cells at the same time intervals. 
 
Results: Overall after DCS there were complex changes in neuroblastoma cell lipidomic: sDCS 
changed cellular lipidome after 24 h and rDCS reverted these changes for several species. rDCS 
modulated the igher number of lipid species. Overall sDCS reduced the total amount of cellular lipids 
(including the energy reserve of triglicerides by 28.5%; p < 0.05), decreased free fatty acids (66.6; p 
< 0.05) and increased the fatty acid transporter (23%; p < 0.05) in the mitochondria. rDCS reduced 
inflammatory lipid species (ceramides and lysoglycerol lipids by 33.3 % and 44,4 % respectively all 
p< 0.05). 
 
Conclusions: DCS significantly alters dopaminergic neuroblastoma cell lipidomics. Electric field 
exposure boosts oxidative metabolism, energy production, and reduces inflammatory lipids. The in 
vitro lipidomic changes induced by DCS suggest potential neuroprotection through non-invasive 
neuromodulation in PD.  
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Introduction: BS, a marine colonial tunicate ascidian, has been recently proposed as model for human 
neurodegenerative diseases with the expression of relevant genes [1,2,3]. Transcranial direct current 
stimulation (tDCS) may induce some benefit in patients with Parkinson’s disease and direct current 
stimulation (DCS) decreases alpha-synuclein in neuroblastoma cell models. 
 
Objectives: To assess DCS-induced changes in BS through behavioral and transcriptomic approaches. 
 
Methods: In this study, five BS genotypes (Stage: 9/8/3) were divided into stimulated ("A") and 
control ("C"). Heart rate and behavioral responses to micromechanical stimulation before and after 
DCS at 0.5 mA for 20 minutes, were measured in five zooids per subclone. Genotypes were assessed 
before and 3, 24, and 48 hours after DCS. 
 
Results: In comparison with control group, DCS (A group) significantly decreased the heartbeat by 
10% in the A group after DCS and in the following 3 hours (t = 3.686; p = 0.001). Also, DCS 
significantly reduced the response to micromechanical simulation (t = -8.032, p < 0.001). In 
comparison with Control group of animals, DCS (A group) also significantly modulated gene 
expression at different time points: LRP2 (x = 25.88, p < 0.001) and TUBB2_A (x = 7.65, p = 0.005) 
exhibited higher expression after 3 hours, whereas VPS35 displayed lower expression after 48 hours 
(x = 122.50, p < 0.001). 
 
Conclusions: DCS induces behavioral and genetic changes in BS. DCS modulates expression of 
LRP2, TUBB2_A, and VPS35. Because these genes are implicated in the pathogenesis of PD, the 
DCS-induced changes in their expression may have implications for developing novel 
neuroprotective approaches for neurodegenerative disease. 
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Introduction: Freezing of gait (FOG) is a common motor symptom in Parkinson’s disease (PD) 
defined as an episodic absence or marked reduction in forward progression of the feet despite the 
intention to walk [1]. The clear underlying mechanisms and effective treatments are still to be defined 
[1]. Several studies have applied transcranial Direct Current Stimulation (tDCS) over motor cortices 
with alternating results [2]. However, none have used monopolar montage, which has shown to 
influence selectively those deep brain structure that might be implied in the development of FOG3. 
 
Objectives: To investigate the effect of monopolar tDCS on FOG in a patient with PD. 
 
Methods: In this case-study report, a subject diagnosed with Parkinson’s disease (M, 70yo, disease 
duration: 13yy, LEDD = 776 mg) underwent bilateral motor cortex anodal tDCS with cathode over 
right deltoid (2 mA for 20 min, once a day for 5 days a week, 2 weeks). Timed 10-Meter Walk Test 
(10MWT), Berg Balance Scale (BBS), Timed Up & Go (TUG), Falls Efficacy Scale-International 
(FES-I), and Freezing of Gait Questionnaire (FOGQ) were used to assess balance, gait performance 
and FOG (Levodopa ON phase). A personalized finite element method (FEM) head model based on 
the patient’s RMN was developed to describe tDCS-induced electric field distribution. 
 
Results: Objective assessments (i.e., 10MWT and TUG) revealed a worsening of balance, functional 
mobility and gait performance (ΔTUG = 9.82s; Δ10MWT – self-selected velocity = 6.44s, Δ10MWT 
– fast velocity = 4.41s), although BBS remained unchanged (Δ BBS = 0) However, subjective scales 
disclosed an improvement in selfperceived fear of falling (ΔFES-I = -17) and FOG (Δ FOGQ = -5). 
FEM model confirmed a concentration of electric fields in deep brain structures. 
 
Conclusions: Monopolar tDCS might improve the subjective perception of the gait impairments 
related to FOG, but not objective evaluation. 
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Introduction: Recent work proposed a predictive coding perspective for functional neurological 
disorder (FND), positing that expectations-driven processes could be involved in the generation of 
symptoms [1]. Anticipatory mechanisms can be studied recording event-related potentials (ERPs) 
before movement onset, which can reflect the predictive nature of cognitive and motor preparation 
processes. Further investigations are required to test if the manipulation of top-down expectations, 
which are the key mechanisms of placebo/nocebo effects, can act on the preparatory phase of 
movement, thus supporting the predictive coding framework [2, 3]. 
 
Objectives: In a study on healthy adults, we will explore whether a placebo procedure optimizes 
preparatory processes by decreasing reaction time (RT) and modulating event-related potentials 
(ERPs) before movement onset. 
 
Methods: We plan to enroll 45 healthy participants who will perform a simple RT task at baseline 
and test sessions, interleaved by an intervention or a 5-minutes interval depending on the group 
assigned. In a placebo group (N = 15), a 10Hz inert stimulation (TENS) will be applied on the right 
forearm along with verbal suggestions of its efficacy in speeding up RT; one control group (N = 15) 
will receive the same device with overt information about its inert nature; a second control group (N 
= 15) will serve as natural history. As behavioral outcome, we will analyze RT, defined as the latency 
between the presentation of a visual cue and the onset of electromyographic (EMG) activity. The 
amplitude of the Contingent Negative Variation (CNV) and the Readiness Potential (RP), two cortical 
waves associated with preparatory processes [3, 4], will be recorded. 
 
Results: We expect to induce a motor placebo effect, with faster RT in the placebo group compared 
to the control groups. We hypothesize an increase in the amplitude of ERPs components in the 
placebo group, suggesting that the top-down manipulation of expectations modulates cortical 
processes during the preparation of movement and supporting the predictive coding perspective of 
motor placebo effect. 
 
Conclusions: The proposed methodological approach will provide a comprehensive, predictions-
based framework for understanding motor placebo effect. Subsequent studies could extend this 
procedure to FND patients, testing future interventions focused on the reversion of nocebo-like 
mechanisms in this clinical population. 
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Background: Parkinson's disease (PD) is clinically defined by motor symptoms and the underlying 
mechanism is determined by loss of dopaminergic neurons in the substantia nigra, leading to 
dopamine depletion in the basal ganglia circuit. Despite this, the MDS-UPDRS-III, the standard 
motor assessment, does not correlate with the dopaminergic deficit. The aim of this study was to 
investigate the relationship between dopamine uptake and motor changes using inertial sensors. 
 
Methods: Forty de novo PD patients were enrolled. They underwent a comprehensive motor 
assessment including MDS-UPDRS-III and digital assessment of gait parameters in normal, fast and 
dual-task conditions using mobile health technologies (MHT) in a supervised setting. All patients 
underwent 123I-FP-CIT-SPECT imaging to quantify dopaminergic uptake. The relationship between 
motor parameters and dopamine binding was assessed using partial correlations corrected for age, sex 
and height. 
 
Results: No correlation was observed between MDS-UPDRS-III and dopamine uptake in the striatal 
circuit. Step length in single and dual task conditions correlates directly with MDS-UPDRS-III (p: 
0.001 R: 0.376), while reduced step length in dual task conditions is associated with reduced DAT 
availability in both putamen and pallidum (p: 0.022 and 0.013 with R: 0.417 and R: 0.428). 
 
Conclusions: Dopamine depletion is known to be the pathological mechanism underlying motor 
changes in PD. Our study suggests that the use of more sensitive parameters, specifically spatial 
parameters in dual task conditions, can identify this relationship. 
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Introduction: The ‘swallow tail’ sign (STS) consists in the normal appearance of the dorsolateral 
substantia nigra in T2*-weighted MRI images, due to the presence of a hyperintense ovoid area [1]. 
This aspect is lost in Parkinson’s disease (PD) due the degeneration of nigrosome-1, the first zone of 
the substantia nigra to degenerate in the disease course [2]. STS absence has showed a consistent 
accuracy as a biomarker of PD [3]. Data are lacking on its validity in early-PD. 
 
Objectives: To measure the diagnostic performance of STS absence in a cohort of patient with early 
stages PD. 
 
Methods: A set of patients with diagnosis of PD and motor symptoms’ onset in the lasts 24 months 
and a group of controls with no sign of parkinsonism were selected and underwent a 3T Brain MRI 
scan with SWI sequences, slice thickness <1 mm. Images were reviewed independently by two 
neurologists, blind to the diagnosis, followed by consensus reading. 
 
Results: 23 PD patients and 25 controls underwent the MRI. 2 MRI were excluded from the analysis 
because of low quality. The sensitivity of the STS absence was 77.3%, specificity 83.3%, positive 
predictive value 81%, negative predictive value 80% and accuracy 80.4%, in the diagnosis of early-
PD vs control. Kappa coefficient was 0.735 (p <0.001) for inter-rater agreement, supporting a 
substantial reproducibility for the detection of the sign. 
 
Conclusions: STS absence appears to be a reliable biomarker, suitable for clinical practice 
implementation to detect PD even at the first visit with the movement disorder specialist. Of note, 2 
patients diagnosed with PD, with a suggestive clinical syndrome and a positive 123I-Ioflupane 
SPECT, had preserved STS and no αSynuclein at the skin biopsy, thus having probable vascular 
parkinsonisms. Recategorizing those 2 cases, diagnostic performances improve (sens. 85%, spec 
84.6%). STS could 
then be precious to differentiate vascular parkinsonisms from idiopathic ones, even when 123I-
Ioflupane SPECT fails. 
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Introduction: Autonomic symptoms (AS) in Parkinson’s Disease (PD) are critical manifestations 
including urinary problems, constipation, orthostatic hypotension, swallowing and sweating problems 
due to the involvement of multiple autonomic nervous system domains and significantly contributing 
to the disease burden [1]. Despite the recent increase of interest in AS in PD, many aspects remain 
open questions. The study of functional connectivity (FC) through different techniques allows us 
improving the understanding of the PD pathophysiology [2]. 
 
Objective: To investigate the association between AS and cortical FC in de novo PD, by means of 
high-density EEG (HD-EEG). 
  
Methods: 44 de novo PD patients (30/14 male/female) were included in the study. Motor impairment 
was assessed using MDS-UPDRS part III, while AS were evaluated using SCOPA-AUT score. Data 
were recorded with a 64-channels EEG system. Source reconstruction method based on personal MRI 
was used to identify brain regions activity. We analysed cortico-cortical FC, based on weighted 
phaselag index (wPLI) [3], in three bands (θ-α-β). Network-based statistic (NBS) was used to perform 
linear regression between SCOPA-AUT score and FC in PD patients. Age, sex, disease duration and 
UPDRS-III were considered as covariates. 
 
Results: We observed significant positive relations between total SCOPA-AUT score and FC in α (τ 
= 2.8, p = 0.046) and in β bands (τ = 2.9, p = 0.019). Brain regions with high number of degrees were 
bilateral insula and limbic lobe, especially bilateral anterior cingulate. 
 
Conclusion: Our results revealed abnormal FC in specific areas in PD patients with greater AS burden 
since the early stages of the disease. Insula and limbic areas are known to play a significant role in 
the regulation of the autonomic system. Increased FC in these regions might represent a central 
compensatory mechanism of a peripheral autonomic dysfunction or reflect a central co-pathology in 
early stages of PD. 
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Introduction: Parkinson’s Disease (PD) body first subtype is characterized by the prodromal 
development of REM sleep behavior disorder (RBD), followed by the development of motor 
symptoms. Body first patients usually display a higher burden of non-motor symptoms and a more 
symmetrical motor phenotype. Whereas brain first subtype displays a more asymmetrical clinical 
presentation. Semiquantitative analysis of 123I-FP-CIT DAT SPECT imaging can be used to evaluate 
the degree of dopaminergic dysfunction. 
 
Objectives: To investigate 123I-FP-CIT DAT SPECT differences between brain-first and body-first 
PD patients. 
 
Methods: PD patients with an available routinely performed 123I-FP-CIT DAT SPECT were 
retrospectively selected. Diagnosis of probable RBD was made using the RBD screening 
questionnaire (cutoff ≥ 6). Patients without RBD were defined as PD-RBD-, whereas patients with 
RBD were classified into PD-RBDpre (“body first”) if RBD onset preceded motor symptoms onset 
or PD-RBDpost (“brain first”) if RBD was developed after motor symptoms onset. Mean caudate and 
putamen binding values were computed. The asymmetry index of both caudate and putamen binding 
values was also calculated. 
 
Results: A total of 56 PD patients were recruited. Twenty-seven were PD-RBD-, 10 PD-RBDpre and 
19 PD-RBDpost. Comparing SPECT 123I-FP-CIT DAT SPECT semiquantitative analysis values 
within the three groups, we found a significant difference for mean caudate binding with lower values 
in PD-RBDpre group compared to PD-RBD post and PD-RBDpatients (p=0.02). A significant 
difference was also found for the putamen asymmetry index with lower values in PD-RBDpre group 
(p=0.03). No differences were found comparing caudate asymmetry index. 
 
Conclusions: PD-RBDpre patients display a more symmetrical putaminal involvement compared to 
PD patients without RBD or when RBD follows motor symptoms onset. Consequently, SPECT 123I-
FP-CIT DAT SPECT semiquantitative analysis could be used as a biomarker in the differentiation of 
PD subtypes. 
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Introduction: Managing Parkinson's Disease (PD) presents a considerable challenge due to the 
prevalence of non-motor symptoms (NMS), including cognitive impairment (CI). While the impact 
of Lewy-Body and Amyloid pathology on PD-related CI is known, the role of vascular co-pathology, 
especially cerebral small vessel disease (cSVD), remains uncertain. This study explores potential 
links between white matter damage in specific brain regions and NMS prevalence in PD, including 
cognitive impairment. 
 
Methods: A cohort of 66 PD patients underwent comprehensive assessments, including clinical motor 
evaluations, NMS scale (NMSS) and neuropsychological testing. Magnetic Resonance Imaging 
(MRI) visually rated cSVD burden, emphasizing white matter hyperintensities (WMH) total burden 
and their impact on specific brain regions assessed using Fazekas and Scheltens scales. 
 
Results: PD subjects showed diverse demographics and clinical characteristics. Visual rating of 
WMH burden revealed associations with cognitive decline, executive dysfunction, and language 
impairment. Associations between NMS, particularly urinary dysfunction, and WHM were observed, 
particularly in the frontal and parietal lobes. 
 
Conclusions: Our findings underscore white matter pathology's impact on cognitive and non-motor 
domains in PD. The association between deep lobar WMH and urinary dysfunction suggests a 
vascular contribution to the dopaminergic fronto-striatal pathway. 
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Introduction: Cognitive decline is one of the most common and disabling non-motor symptoms in 
Parkinson disease (PD) [1,2]. The dorsolateral prefrontal cortex (DLPC) and the Precuneus (PCun) 
represent two central hubs in networks underlying respectively fronto-executive [3] and visuospatial 
functions [4].  
 
Objective: Here, we aimed to investigate whether early functional connectivity changes in the DLPC 
and the PCun can predict cognitive phenotypes in cognitively intact de novo PD patients using a data-
driven approach.  
 
Methods: Resting-state functional connectivity (rsFC) of the DLPC and the PCun has been assessed 
in 68 de novo PD patients and 31 healthy controls (HC). Mean values of altered rsFC have been used 
to perform a non-hierarchical cluster analysis, which assigned PD patients to 3 different clusters. 
Differences in neuropsychological, motor and non-motor scales among the 3 clusters have been 
investigated  at T0 and after a 3.5 year follow-up (T1).  
 
Results: Patients displayed reduced rsFC of both DLPC (right and left) and PCun with several cortical 
and subcortical areas in comparison to HC. Patients assigned to cluster 1 showed extended lower 
values of rsFC in comparison to patients assigned to cluster 2 and 3, which respectively exhibited 
extended higher and intermediate values of rsFC in all investigated ROIs. Furthermore, cluster 1 was 
characterized by older age and lower performance in global cognition, fronto-executive and memory 
domains in comparison to cluster 2 and 3 at T0.  At T1, a more evident worsening in global cognition, 
fronto-executive and visuo-spatial functions and non-motor symptoms was observed in cluster 1 and 
3 in comparison to cluster 2. 
 
Conclusions: Early rsFC alterations of the DLPC and the PCun can predict cognitive phenotypes in 
cognitively intact de novo PD patients. Our study opens to potential disease-modifying therapies, as 
neuromodulation protocols, to limit the development of dementia in PD.  
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Objectives: To determine the relationship between intravoxel incoherent motion (IVIM) MRI 
parameters and clinical changes post-tap test (TT) in idiopathic normal-pressure hydrocephalus 
(iNPH) patients. 
 
Methods: 44 probable iNPH patients underwent 3T MRI before and after TT. IVIM parameters were 
calculated from eight different bilateral regions of interest in basal ganglia, centrum semiovale, and 
corona radiata. Patients were categorized based on TT response into positive (group 1) and negative 
(group 2) groups. A Welch Two Sample t-test was used to compare differences in D, D*, f, and ADC 
between the two groups, while a paired t-test was employed to assess the changes within each group 
before and after TT. These parameters were then correlated with clinical results. 
 
Results: In the lenticular and thalamic nuclei, the D value was significantly lower in the group 1 
compared to group 2 both pre- and post-TT (p=0.002 and p=0.007 respectively). Post-TT, the positive 
response group exhibited a notably reduced D* value (p=0.012) and significantly higher f values 
(p=0.028). In the corona radiata and centrum semiovale, a significant post-TT reduction in D* was 
observed in the positive response group (p=0.017). Within groups, the positive response cohort 
showed a significant post-TT increase in ADC (p<0.001) and a decrease in D* (p=0.007). 
 
Conclusions: IVIM permits the acquisition of important non-invasive information about tissue and 
vascularization in iNPH patients. Enhanced perfusion in the basal ganglia region may suggest the role 
of re-established microvascular and glymphatic pathways, potentially elucidating the functional 
improvement in motor function after TT in iNPH patients. 
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Introduction: Valence (positive and negative) and content (embodied vs. non-embodied) 
characteristics of visual stimuli have been shown to influence motor readiness, as tested with response 
time paradigms. Both embodiment and emotional processing are affected in Parkinson’s disease (PD) 
due to basal ganglia dysfunction.  
 
Objective: Here we aimed to investigate, using a two-choice response time paradigm, motor readiness 
when processing embodied (emotional body language [EBL] and emotional facial expressions 
[FACS]) vs non-embodied (emotional scenes [IAPS]) stimuli with neutral, happy, and fearful content. 
 
Methods: We enrolled twenty-five patients with early-stage PD and 25 age matched healthy 
participants. Motor response during emotional processing was assessed by measuring response times 
(RTs) in a home-based, forced two-choice discrimination task where participants were asked to 
discriminate the emotional stimulus from the neutral one. Rating of valence and arousal was also 
performed. A clinical and neuropsychological evaluation was performed on PD patients. 
 
Results: Results showed that RTs for PD patients were longer for all conditions compared to HC and 
that RTs were generally longer in both groups for EBL compared to FACS and IAPS, with the sole 
exception retrieved for PD, where in discriminating fearful stimuli, RTs for EBL were longer 
compared to FACS but not to IAPS. Furthermore, in PD only, when discriminating fearful respect to 
neutral stimuli, RTs were shorter when discriminating FACS compared to IAPS. 
 
Conclusions: This study shows that PD patients were faster in discriminating fearful embodied 
stimuli, allowing us to speculate on mechanisms involving an alternative, compensatory, emotional 
motor pathway for PD patients undergoing fear processing. 
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Introduction: Menopause might increase the risk for Parkinson’s disease (PD) [1]. In this regard, there 
are compelling findings from animal models [2]; conversely, human-based evidence is still scarce. 
 
Objective: To deepen into menopause-related vulnerability to PD by analyzing the relationships 
between reproductive life factors, sex hormones, clinical features, and CSF biomarkers in a cohort of 
postmenopausal PD patients. 
 
Methods: The study involved 35 patients with post-menopausal PD onset afferent to the Neurology 
Unit of Tor Vergata University Hospital (Rome - Italy) and 38 post-menopausal controls (CTLs). A 
complete clinical evaluation, including motor, non-motor and cognitive scores, was coupled to CSF 
biomarkers assay and blood sex hormone levels measurement. CSF levels of total α-synuclein (αSyn), 
amyloid-β-42 (Aβ42), amyloid-β-40 (Aβ40), total tau (t-tau), and phosphorylated- 181-p tau (p-tau) 
were quantified in PD patients and CTLs. Aβ42/Aβ40 ratio was also calculated. Serum sex hormone 
levels, including total testosterone, estradiol, follicle-stimulating hormone (FSH), and luteinizing 
hormone (LH) were determined in each subject. 
 
Results: PD patients had lower estradiol levels than CTLs, and the residual estradiol production was 
associated with milder motor disturbances and lower dopaminergic requirements. In PD but not in 
controls, FSH and LH levels correlated with worse cognitive scores and CSF markers of 
amyloidopathy and neuronal loss. In PD patients, a longer fertile life span correlated with less severe 
motor impairment in terms of the H&Y stage. On the other hand, greater length and higher number 
of pregnancies were associated with worse global clinical impairment. 
 
Conclusions: Menopause-related hormonal changes might differentially contribute to clinical-
pathological trajectories of PD, accounting for the peculiar vulnerability to the disease. While the 
lowering of estradiol levels might be critical in the pathophysiology of motor disturbances, the 
increase in gonadotropins could contribute to the complex neurodegenerative pathways underlying 
PD-related cognitive deterioration. 
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Introduction: There are clear gender-related differences in the clinical features and response to 
pharmacological therapies in Parkinson Disease (PD). Most reports suggest that there is a PD 
symptoms’ worsening and related need to increase L-Dopa during menstruation, when blood 
estrogens levels are lower. Estrogens may have a symptomatic benefit modulating dopaminergic 
transmission via prepost and perisynaptic mechanisms, modulating dopamine (DA) synthesis and 
release, stimulating dopaminergic synaptic contacts and decreasing COMT gene transcription and 
COMT and MAO activity. 
 
Objectives: We present the case of a 46-years old parkinsonian woman who has a worsening of 
extrapyramidal symptoms during her premenstrual phase, when estrogens levels decrease. 
 
Methods: Patient underwent MRI and SPET scans, gene screening and regular neurological 
evaluations. 
 
Results: The patient has been suffering from PD since the age of 37, when she started to have tremor 
and bradykinesia in her right upper limb. L-Dopa and Pramipexole therapy was started with benefit, 
but she was complaining OFF periods always during premenstrual phase, characterized by more 
severe tremor and bradykinesia, early morning dystonia and anxiety. Melevodopa therapy was not 
tolerated: despite resolving OFF periods, it caused disturbing dyskinesias. Opicapone was then started 
with a good clinical response in the motor fluctuations control. Therapy with progestin-only pill was 
attempted, but this strategy worsened the extrapyramidal symptoms apart from the phase of her 
period, leading her to stop it. 
 
Conclusions: This is an explicative example of how fluctuating estrogens levels may have effects on 
the dopaminergic pathways, severity of symptoms and therapeutical response. Further understanding 
of the role of sex hormones may lead to novel therapeutic strategies, combining L-Dopa with other 
molecules, in order to give a tailored therapy which could control these hormone and symptom 
fluctuations. 
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Introduction: The current COVID-19 pandemic has revealed how fragile is the territorial care system 
dedicated to Parkinson's disease (PD). Thus, telemonitoring and telerehabilitation techniques are 
significant approaches for these people to improve their clinical health status. However, a greater 
integration of the existing systems is warranted. In the RAPIDO (teleRehabilitation for pAtient with 
ParkInson’s Disease at any mOment) project, a remote monitoring system for physical exercises is 
proposed to enhance patients’ rehabilitation [1].  At the same time, wearable devices collect health 
parameters throughout the day. These parameters are then stored on a remote server, facilitating 
subsequent analysis [2]. 
 
Objectives: The main objective of this study is to assess the acceptability and feasibility of an 
integrated telerehabilitation and telemonitoring system in patients with PD at any stage of the disease. 
Secondary objectives include evaluating the impact of the telerehabilitation and telemonitoring 
system on both motor and non-motor symptoms, the patient’s quality of life, and the caregiver's 
burden. 
 
Methods: Sixteen adults with PD at any stage of the disease were enrolled and equipped with 
smartwatches and tablets to independently perform an increasingly complex exercise program 
tailored to their motor profile for 12 weeks. Three evaluations were performed: at study entry (T0), 
after 3 months (T1), and after six months (T2). Wearable devices were used to collect 24-hour health 
parameters that were successively stored on a remote server and then analyzed. 
 
Results: Sixteen PD patients were recruited in this study (37.5% women, age 70.19 ± 8.48) with an 
average Hoehn & Yahr Scale of 2.19 ± 0.36). Regarding system feasibility, patients completed an 
average of 92.00% of the expected sessions. System usability and subjective perception reported 
promising results. No statistically significant differences in health quality measures and motor and 
non-motor symptoms existed between T0 and the subsequent evaluations. 
 
Conclusions: The treatment of PD patients through an integrated telerehabilitation system brought 
benefits in terms of patient satisfaction and improved quality of life and symptoms, in absence of any 
significant change in motor function and disease severity. Further information is expected at the 
completion of follow-up for the whole study sample. 
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Introduction: In Parkinson's disease (PD), facial movements alterations stand out as prominent 
features of the disease [1]. Interestingly, the lack of the whistle-smile reflex in PD has been 
anecdotally described in two reports [2,3] (Hanes 1943 and Monteiro et al., 2022). However, no 
experimental studies have investigated the whistle-smile reflex in a relatively large sample of PD 
patients to determine whether it constitutes a clinically useful sign. 
 
Objectives: To assess whether the absence of whistle-smile reflex differentiates PD patients compared 
to age- and gender-matched healthy controls (HC). 
 
Methods: We enrolled twenty-one PD patients (ON medication) and twenty-one HC. We recorded 
participants while they whistled and during neutral facial expressions for 30 seconds. Four raters, 
blinded to participants' status, evaluated the videos and identified whether subjects smiled or not after 
whistling. Raters also scored facial expressions using the MDS-UPDRS-III (item 3.2). We calculated 
inter-rater agreement using Fleiss’ K and compared PD and HC data with non-parametric tests. 
 
Results: We found substantial agreement among raters in video evaluation (Fleiss’ K=0.66). As 
expected, MDS-UPDRS 3.2 scores were higher in PD than in HC (P=0.01 by Mann-Whitney U test). 
Eleven out of 21 PD patients (52.4%) did not smile after whistling and only 2 HC (9.5%) did not 
smile after the whistle according to all raters (P=0.0027 by Chisquare). Four patients (19.0%) were 
recognized to smile after whistling and 11 out of 21 HC (52.4%) smiled after the whistle according 
to all four raters (P=0.024 by Chisquare). Sensitivity, specificity, a n d positive and negative 
predictive values of t h e whistle-smile reflex absence in differentiating PD from HC were 0.73%, 
0.85%, 0.85%, and 0.73%, respectively. 
 
Conclusions: We demonstrate the substantial reduction of thewhistle-smile reflex in PD. Further 
investigations will be necessary to delineate the clinical correlates and utility of this alteration in 
clinical practice. 
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Background: In the medical and rehabilitative field, it is essential to employ tools such as evaluation 
scales and performance tests to assess the impact of Parkinson's disease on QoL of affected 
individuals. The Short Parkinson’s Evaluation Scale (SPES) is a reliable and valid tool, applicable 
both in research and clinical practices (26), useful in assessing motor damage, activities of daily 
living, and motor complications in patients with Parkinson's disease. The aim of the study is to 
investigate the psychometric properties of the Italian version of the SPES-SCOPA scale. 
 
Methods: Translation and cultural adaptation were performed. Included patients had diagnosis of 
Parkinson's disease, no concurrent pathologies, MiniMental test score above 2 and signed informed 
consent; they were recruited at the Department of Human Neurosciences in Sapienza University of 
Rome, from February 2023 to November 2023. Test-retest reliability was evaluated through Intraclass 
Correlation Coefficient (ICC), internal consistency was assessed using Cronbach's Alpha and 
construct validity using Pearson's correlation between SPES-SCOPA and the gold standard PDQ-39. 
 
Results: 101 patients were recruited. Inter-rater evaluation was conducted on 62 patients, while 39 
underwent an intra-rater assessment. The analysis showed statistically significant data with a 
Cronbach's Alpha value of 0.89 for the entire scale; test-retest reliability results are statistically 
significant for all subscales. Correlation between PDQ-39 domains and SPES/SCOPA subscales were 
statistically significant for most measurements. 
 
Conclusion: This research shows that the Italian version of SPESSCOPA scale has excellent 
psychometric properties. 
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Introduction: Opicapone is a single-dose, potent COMT inhibitor used as add-on to levodopa to 
improve motor fluctuations in Parkinson's disease (PD) [1,2]. 
 
Objectives: To analyze long-term, real-life use of opicapone. 
 
Methods: Retrospective observational study on data from PD patients followed by four movement 
disorder experts of the Cittádella- Salute-e-della-Scienza-di-Torino starting opicapone since October 
2018. We analyzed: changes in dopaminergic therapy at opicapone prescription and at the following 
visit; timing and causes of opicapone interruptions. 
 
Results: We included 69 patients (males 66.7%; age 61.2±9 years; disease duration 10.1±5.1 years, 
levodopa-Levodopa Equivalent Daily Dose (LEDD) 718.8 mg). The visit before opicapone 
prescription was not available for 14 patients. Dopaminergic therapy was modified in 58.2% 
(n=32/55) of patients at opicapone start, with a mean reduction of levodopa-LEDD of 15.6% (795.5 
mg vs. 671.8 mg); 37.5% of these patients made a further minimal levodopa-LEDD reduction at the 
successive visit (637.5 mg vs. 632.6 mg). 30.4% (n=21/69) of patients interrupted opicapone after a 
mean of 24.3±17.3 months (42.9% for dyskinesia, 28.6% for transition to device-aided therapies, 
23.8% for behavioral changes, 9.5% for persistent wearing-off, 4.8% for hallucinations). Among 
patients interrupting opicapone for dyskinesia for which we have available baseline data (n=6), 50% 
did not receive change of levodopa-LEDD at opicapone start, and 50% had minimal increase in 
levodopa-LEDD (419.2 mg vs. 441.7 mg). 57.1% (n=12/21) of patients interrupting opicapone 
resumed opicapone for worsening in motor fluctuations after a mean withdrawal of 9.6±11.9 months. 
At the last available visit (follow-up 34±18 months), 87% of patients had opicapone ongoing. 
 
Conclusions: In real life, opicapone showed high rate of maintenance over a mean follow-up of 3 
years. Data suggest the need for a reduction of levodopa-LEDD in most patients, being dyskinesia 
the main cause of interruption. Interestingly, >50% of patients interrupting opicapone resumed it later 
in the disease course. 
 
References:  

[1] Ferreira JJ, Lees A, Rocha JF, Poewe W, Rascol O, Soares-da-Silva P; Bi-Park 1 investigators. Opicapone as an 
adjunct to levodopa in patients with Parkinson's disease and end-of-dose motor fluctuations: a randomised, double-blind, 
controlled trial. Lancet Neurol. 2016 Feb;15(2):154-165. doi: 10.1016/S1474-4422(15)00336-1. Epub 2015 Dec 23. 
PMID: 26725544.  
[2] Lees AJ, Ferreira J, Rascol O, Poewe W, Rocha JF, McCrory M, Soares-da-Silva P; BIPARK-2 Study Investigators. 
Opicapone as Adjunct to Levodopa Therapy in Patients With Parkinson Disease and Motor Fluctuations: A Randomized 
Clinical Trial. JAMA Neurol. 2017 Feb 1;74(2):197-206. doi: 10.1001/jamaneurol.2016.4703. PMID: 28027332. 
  



P187 
 
Mediterranean diet adherence in patients with Parkinson disease and glucocerebrosidase 
mutations 
 
Luca Gallo1, M. Avenali1,2, P. Mitrotti1, I. Palmieri1, G. Cuconato4, R. Calabrese2, C. Galandra1,  
C. Pasquini1, R. Zangaglia1, F. Valentino1, E.M. Valente3,4, F. Blandini1,6, C. Tassorelli1,2  
 
1Department of Brain and Behavioral Sciences, University of Pavia, Pavia, Italy 
2IRCCS Mondino Foundation, Pavia, Italy 
3Neurogenetics Research Centre, IRCCS Mondino Foundation, Pavia, Italy 
4Department of Molecular Medicine, University of Pavia, Pavia, Italy 
5Parkinson’s Disease and Movement Disorders Unit, IRCCS Mondino Foundation, Pavia, Italy 
6Ca' Granda IRCCS Foundation, Ospedale Maggiore Policlinico, Milan, Italy 
 
Introduction: In recent years, Mediterranean diet (MD) has been widely studied for its potential 
protective effects against several chronic diseases [1], including Parkinson Disease (PD)[2]. 
However, the relationship between PD, GBA mutations and the adherence to Mediterranean diet has 
still not been explored. 
 
Objectives: To investigate a possible correlation between PD clinical features and MD adherence in 
a group of GBA-related PD (GBA-PD) patients compared to non mutated (NM-PD). 
 
Methods: We analyzed clinical motor and non-motor features (UPDRS part I-IV; SCOPA-AUT, BDI-
II, HADS-D, HADS-A, RBDSQ, UPSIT, MoCA and LEDD) and dietary habits (MEDAS 
questionnaire) in 52 GBA-PD and 84 NMPD patients. PD groups were also stratified by low/high 
adherence to the MD using the MEDAS cut-off score of 8. Within group analyses according to 
low/high diet adherence and between PD groups comparison were also performed. 
 
Results: GBA-PDs showed an earlier age of disease onset and higher scores at UPDRS part I, BDI-
II, HADS-D, HADS-A, compared to NM-PDs. No significant differences were found in MEDAS 
scores as well as UPDRS (part II, III and IV), MoCA, SCOPA-AUT, RBDSQ, LEDD and UPSIT 
scores between the two groups. GBA-PD patients with low diet adherence showed higher BDI-II and 
HADS-A scores as compared to GBA-PD patients with high diet adherence, while no difference was 
detected when comparing low diet adherence vs high diet adherence in the NM-PD group. We also 
report a significant correlation between a low MD adherence and higher scores in BDI-II (p=0.0312) 
in the GBA-PD group. 
 
Conclusions: These findings show an interesting association between adherence to the Mediterranean 
diet and mood disorders in PD-GBAs. Further studies are needed to confirm these results and to 
investigate the underlying mechanisms of this association. If confirmed, these findings may have 
important implications for the development of personalized dietary interventions for PD patients with 
genetic mutations. 
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Background: Parkinson’s disease (PD) significantly affects Quality of Life (QoL), since it is 
responsible for cognitive impairment, non-motor, and motor symptoms. The outcome measures are 
fundamental for evaluating treatment’s effect on QoL over time 
 
Objective: This systematic review aimed to identify the psychometric properties of the PDQ-39 and 
the PDQ-8 in the different populations in which they were validated. 
 
Methods: The electronic databases that were systematically searched are: MEDLINE (via PubMed), 
CINAHL, SCOPUS, and Web of Science; the research was conducted in July 2023. The psychometric 
properties considered were those of the COnsensus-based Standards for the selection of health 
Measurement Instruments (COSMIN) study design checklist. Risk of bias was assessed using the 
COSMIN checklist. 
 
Results: The search identified 1306 articles. 398 duplicates were eliminated; 908 articles were 
analyzed reading title and abstract; 799 were finally excluded because were studies using the PDQ-
39 and the PDQ-8 as outcome measures or were not dealing with psychometric properties; 66 articles 
were excluded after reading the full text. At the end, 43 articles were included in the review. 
 
Conclusion: PDQ-39 demonstrated to be a specific HRQoL questionnaire that is correlated with 
generic HRQoL questionnaires, in fact in many studies included in the review, correlations with SF-
36 were found. In the last studies about psychometric properties of PDQ- 8 emerged that it is a 
practical and informative instrument that can be easily used in clinical settings, especially in busy 
ones, but also in large-scale studies in which a brief instrument would be preferred. 
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Introduction: Gastrointestinal dysfunctions (GIDs) are a critical issue in Parkinson’s disease (PD), 
occurring in any phase of the disease course, from the premotor to the advanced ones. Recently, GIDs 
have also been considered a marker for specific clinical-pathological trajectories suitable for targeted 
interventions. In this regard, the novel Movement Disorders Society (MDS)-sponsored 
Gastrointestinal Dysfunction Scale for Parkinson’s Disease (GIDS-PD) [1] allows for an accurate 
assessment of GIDs in PD patients.  
 
Objective: To assess GIDs in a heterogenous PD cohort through the GIDS-PD and examine 
correlations with CSF biomarkers of neurodegeneration, blood-brain barrier (BBB) permeability, and 
clinical parameters.  
 
Methods: We recruited 116 PD patients, including 57 de novo (DN) and 59 middle-advanced (MA) 
patients assessed with GIDS-PD, MDS-UPDRS III, Non-Motor Symptoms Scale (NMSS), MoCA, 
and levodopa equivalent daily dose (LEDD). For each patient we collected CSF amyloid-β42 (Aβ42), 
Aβ42/Aβ40 ratio, total-tau, phosphorylated-181-tau, total α-synuclein, CSF/serum albumin ratio. 
Clinical parameters and biomarkers were correlated, adjusting for main covariates separately in DN 
and MA groups. 
 
Results: GIDS-PD inversely correlated with CSF amyloid-β42, and directly correlated with total-tau 
and CSF/serum albumin ratio in both DN and MA groups. GIDS-PD also inversely correlated with 
Aβ42/Aβ40 ratio, and directly correlated with phosphorylated-181-tau and α-synuclein only in the 
DN group. Finally, GIDS-PD directly correlated with MDS-UPDRS III and NMSS in both groups. 
No correlations resulted with MoCA and LEDD instead. 
 
Conclusions: In both DN and MA PD patients, GIDs were proportionally associated with clinical 
burden and, from the biological perspective, with brain amyloidopathy, neural injury and blood-brain-
barrier impairment. In DN group, patients with worse GIDs had higher CSF α-synuclein levels 
suggesting a minor load of central synucleinopathy, as described for the “body first” PD subtype [2]. 
Overall, we found that comorbid GIDs can precipitate the clinical-pathological profile of PD patients 
independently from the disease stage, identifying a frailer phenotype.  
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Introduction: Parkinson's Disease (PD) phenotypes have been generally based on motor symptoms 
[1], despite a clinical heterogeneity in non-motor symptoms since early stage [2]. Cluster analysis is 
a method of unsupervised Machine Learning (ML) algorithms, which do not require labelled dataset 
[3]. 
 
Objective: The aim was identifying different phenotypes in de novo PD patients through a clustering 
method based on gait parameters. 
 
Methods: Thirty-six de novo PD patients were consecutively enrolled before starting dopaminergic 
therapy and clinically assessed. In addition, they were evaluated by Gait Analysis, using an 
optoelectronic system (BTS Bioengineering). An unsupervised approach of ML was implemented on 
spatial-temporal parameters through k-means clustering algorithm. After obtaining the clustered data, 
a statistical analysis was performed on the achieved groups to find the clinical profile associated with 
each cluster. 
 
Results: K-means algorithm clustered the data into two groups: Cluster 1 and Cluster 2 including 15 
and 21 patients, respectively. When comparing the two clusters, Cluster 1 versus Cluster 2 showed 
increase in mean cycle duration, mean support duration, mean swing duration, mean support phase 
(p-value <0,001) and reduction in mean swing phase, mean single support phase, mean velocity, 
cadence, mean cycle duration (p-value <0,001). When comparing demographical and clinical 
variables of the two groups, Cluster 1 versus Cluster 2 showed worse scores on the Part I and Part II 
of the MDS-UPDRS scale (p-value 0,02, 0,013, respectively). The two Clusters were comparable on 
age, H&Y scale and Part III of the MDS-UPDRS scale. 
 
Conclusions: Cluster Analysis was able to identify two discrete PD phenotypes in newly diagnosed 
patients, based on a data-driven approach implemented with gait parameters. Therefore, subclinical 
gait impairment could identify a worse PD phenotype characterized by more severe non-motor 
symptoms, despite apparently similar motor impairment, since the onset of the disease. 
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Introduction: Parkinson's disease (PD) is a neurodegenerative disease with heterogeneous clinical 
manifestation and progression. 
 
Objectives: To identify clinical factors at disease onset that may influence the type of PD course. 
 
Methods: We enrolled a cohort of patients with PD, followed at Policlinico di Milano Fondazione 
IRCCS Ca' Granda. Selection criteria were 1) a follow-up of at least 10 years and 2) genetic 
investigation assessed. We collected clinical data, genetic tests, and levodopa equivalent daily dose 
(LEDD) at onset, 5 years and 10 years follow-up. Patients were classified according to the 
interquartiles of the percentage variation in LEDD between 10 and 5 years as “slow” (first 
interquartile), “intermediate” (second and third interquartiles), and “fast” in the fourth interquartile. 
Then we compared the three groups in terms of prevalence of different motor and non-motor clinical 
symptoms at onset and distribution of the associated genetic findings. 
 
Results: The total population included in the study was 93 PD patients, of which 24 were fast 
progressors, 46 intermediate progressors and 23 slow progressors. The fast progressor patients had a 
higher prevalence of dysautonomia (8.33%) and cognitive impairment (8.33%) at onset than slow and 
intermediate progressor patients. In terms of motor symptoms, the prevalence of tremor and dystonia 
was higher in the intermediate group, 56.52% and 23.9% respectively. Finally, we observed an 
association between that genetic status and the disease progression. 
 
Conclusions: Fast progressor PD patients have a higher prevalence of dysautonomia and cognitive 
impairment at onset. The elucidation of clinical and genetic factors that predict the disease 
progression will be useful to better stratify, manage and treat patients with PD. 
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Introduction: Parkinson’s disease (PD) displays clinical heterogeneity, presenting with motor 
symptoms and non-motor symptoms originating in the central nervous system or in periphery, which 
may reflect distinct clinical phenotypes. The immune system plays a prominent role in both central 
and peripheral pathology, reacting to misfolded α‐synuclein (αSyn) with dysregulated inflammatory 
responses [1-2]. 
 
Objectives: To characterize the inflammatory profile and immunephenotype of peripheral blood 
mononuclear cells (PBMCs) in PD, after exposure to αSyn monomer (αSynM) or oligomer (αSynO) 
[3], and to investigate correlations with clinical scores. 
 
Methods: 18 healthy subjects (HS) and 21 patients with Parkinson (PWP) were enrolled and PWP 
evaluated by motor (HY and UPDRS) and non-motor (NMSS and MoCA) scales. PBMCs were 
exposed to PBS, αSynO or αSynM, cytokines/chemokines release was measured by Multiplex Elisa, 
immune-phenotype was studied by FACS-flow cytometry. The inflammatory and immune profiles 
of PWP were correlated with clinical scores. 
 
Results: PWP exhibited a dysregulated PBMCs-cytokine profile, which remained unaltered after 
exposure to αSynO or αSynM, and correlated with UPDRS, HY and the NMSS score. Both αSyn 
species significantly increased the cytokine/chemokine release by PBMCs from HS, leveling them 
up to PWP values. PWP and HS exhibited distinct PBMCs immune phenotypes, which were 
unaffected by exposure to αSyn species. Within the monocytes (Mos) subpopulations, frequency of 
classical Mos negatively correlated with disease duration and the non-motor item olfactory deficit. 
NKs from PWP showed a decrease in the CD56Dim/CD16+ mature fraction, and an increase in the 
unconventional CD56-/CD16+ fraction, which correlated with the non-motor item constipation. 
Stratification of PWP for olfactory deficits or constipation confirmed significant differences 
respectively in Mos and NKs subpopulations between the two groups of patients. 
 
Conclusions: The inflammatory profile and immune phenotype was dysregulated in PBMCs from 
PWP. NK and Mos showed substantial correlations with peripheral or CNS-related PD symptoms 
respectively, suggesting that alterations in specific PBMCs fractions may support the diagnosis of 
different clinical phenotypes of PD. 
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Introduction: The rapid identification and the differential diagnosis of subjects with Parkinson's 
disease (PD) and atypical parkinsonism is still an unmet clinical need. The identification of 
measurable, easily accessible biomarkers would allow to promptly identify the optimal 
pharmacological and rehabilitative therapy for each subject, leading to a significant improvement in 
the quality of life for the patient and, in the future, an increased probability slowing the progression 
of the disease. 
 
Objectives: The objective of this project is the validation of Raman spectroscopy as diagnostic tool 
for the discrimination of people with PD from those with atypical parkinsonism through the analysis 
of a non invasive biological fluid, saliva. The main aim is the evaluation of the diagnostic potential 
of the Raman molecular signature of saliva and salivary extracellular vesicles (EVs). 
 
Methods: Saliva collection and Raman analysis of whole saliva was performed following a previously 
published protocol [1]. Saliva samples were used for the isolation of salivary EVs as previously 
described [2]. Raman spectra were acquired from saliva and salivary EVs using an Aramis Raman 
microscope (Horiba). Data analysis included the correlation between the clinical profiling of people 
with PD and the spectral modification of salivary content and salivary EVs. 
 
Results: Preliminary data obtained on the characterization of saliva and salivary EVs from people 
with PD and with atypical Parkinsonism support the use of Raman spectroscopy as a valuable tool 
for PD differential diagnosis. Besides, the proposed operating procedure was demonstrated to be 
feasible in a clinical scenario, thanks to the limited time requested for sample collection, the easy 
storage of salivary samples and the minimal invasiveness of collection. 
 
Conclusions: The Raman spectrum of saliva and salivary EVs represents a promising biomarker for 
PD, that can fill the current lack of a measurable biomarker for rapid differential diagnosis and for 
monitoring the evolution of the diseases. Besides, it would help to personalize the pharmacological 
and rehabilitation intervention identifying the optimal pharmacological and rehabilitative therapy for 
each subject.  
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Introduction: Around 14% of patients with Parkinson's disease (PD) suffer from an impulse control 
disorder (ICD), which consists of a loss of voluntary control that leads to repetitive and excessive 
behaviors. The exposure to dopamine agonists is known as the main risk factor of ICD in PD patients. 
A few studies have compared cognitive and behavioral features of patients with and without ICD, 
suggesting that their development is related to the presence of deficits in executive functions, such as 
set shifting and working memory. However, no study has investigated the effect of ICD reversion on 
cognitive and behavioral features in PD patients. 
 
Objectives: To investigate the cognitive and behavioural changes occurring in PD patients before and 
after ICD reversion following dopamine agonists dose reduction or discontinuation. 
 
Methods: Ten patients with PD (10% male; age 62±5.67 years) with ICD were consecutively enrolled. 
The ICD was screened by means of the Questionnaire for Impulsive-Compulsive Disorders in 
Parkinson’s Disease (QUIP) (cut off≥1). Patients were assessed at baseline, when ICD were actively 
present. Dopamine-agonists regimen was modified after clinical assessment which was re-acquired 
after complete ICD reversion (follow-up duration 2.66±1.5 months). We assessed changes in 
cognitive functioning in by using the two parallel versions of Montreal Cognitive Assessment 
(MoCA) and we evaluated changes in sleepiness, fatigue, depression, anxiety, and apathy. We used 
the Wilcoxon test to evaluate these changes. 
 
Results: Compared to baseline, we found that the performance of the MoCA total score (Cohen’s d= 
0.74, p=0.011) and its memory domain (Cohen’s d= 0.76, p=0.041) improved after ICD reversion. 
 
Conclusions: We provided preliminary evidence that in PD patients the shift from ICD presence to 
recovery is associated with improved cognitive functioning, especially global cognition and memory. 
Our findings may foster the development of early combined therapeutic approaches for cognitive and 
behavioural disturbances. 
  



P195 
 
The role of T lymphocytes subtypes as possible poor outcome predictors in Parkinson’s disease 
 
Federico Colombatto1, F. Vignaroli1, S. Gallo1, E. Contaldi1, R. Cantello1, L. Magistrelli1, C. Comi2 
 
1Neurology Unit, Department of Traslational Medicine, University of Piemonte Orientale, Novara, 
Italy 
2Neurology Unit, S. Andrea Hospital, Department of Translational Medicine, University of Piemonte 
Orientale, Vercelli, Italy 
 
Introduction: Peripheral immune system plays a key role in the pathophysiology of PD. In fact, 
patients display a pro-inflammatory phenotype characterized by increased Th1 and Th17 cells, 
decreased Th2 cells and dysregulation of Treg compartment. Whether it may be considered a 
predictor of clinical outcome has not yet been investigated. 
 
Objectives: To evaluate, in a cohort of Parkinson’s disease (PD) naïve patients, whether peripheral 
immunological parameters may correlate with long-term disease outcome. 
 
Methods: 8 idiopathic PD patients were evaluated with UPDRS part III scale and a semantic fluency 
test, (the animal fluency test). Based upon the prognostic model proposed and validated by Velseboer 
at al [1], we calculated the probability of an unfavorable outcome, intended as the development of 
dementia or postural instability (Hoehn and Yahr ≥ 3) at 5 years from disease onset. Furthermore, we 
correlated this probability with lymphocyte count, cytofluorimetric T cell subsets and the expression 
of transcription factors involved in lymphopoiesis (such as STAT1, STAT3, STAT4, STAT6, RORC, 
TBX21, GATA3, NR4A2 and FOXP3). Statistical analyses were conducted using Pearson correlation 
coefficient (r) and t-student test. 
 
Results: Positive correlation was found between a poor outcome and CD4+ T cells absolute count 
(r=0.62, p<0.05), while no correlation was found with CD3+ nor with CD8+. Subsequently, we 
evaluated CD4+ T cell subsets: T helper (Th)1 were positively correlated with a poorer outcome 
(r=0.60, p<0.05), while a negative correlation was found between Th2 and an unfavourable outcome 
(r=-0.41, p<0.05). No correlation was found with Treg nor Th17, even if RORC expression had a 
significant correlation with the poor outcome (r=0.67, p<0.05). No additional correlation was found 
with the transcription factors analysed. 
 
Conclusions: Even considering the small sample size, in the present study we identified a possible 
correlation between Th1 cells and poor outcome, suggesting that a greater pro-inflammatory state 
from the beginning may influence disease course. 
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Introduction: Olfactory dysfunction is one of the earliest and most frequent non-motor symptoms 
(prevalence >90%) in PD. However, hyposmia correlation with motor or other non-motor symptoms 
still lacks a full characterization [1]. 
 
Objectives: To characterize olfaction in a cohort of PD patients and to investigate the relationship 
between olfactory impairment with both motor and non-motor features and other clinical 
characteristics (duration, stage and severity). 
 
Methods: One-hundred fifty-four patients with idiopathic PD without dementia (Mini-Mental State 
Examination score >25) were included. Odor identification ability was tested using the validated 
Italian Olfactory Identification Test (33-testers), specifically designed for the Italian population [2]. 
A comprehensive spectrum of motor (tremor, bradykinesia, rigidity, postural stability, gait, masked 
face, speech, voice, posture) and non-motor features (urinary symptoms, depression, sleep disorders, 
constipation) was assessed. Patients were divided into 3 clinical phenotypes: tremor-dominant type 
(TDT), akinetic-rigid type (ART) and mixed type (MXT) [3]. 
 
Results: Hyposmia was found in 141/154 (93%) patients (mean H&Y:1.99±0.6, mean UPDRS-partIII 
score:23.4±11.56, mean age 66.96±9.2 years, mean disease duration 5.57±4.9 years). Hyposmic 
patients were older than those with normal olfaction (p=0.012). H&Y score≥2 was associated with a 
higher probability of being hyposmic (OR=1.18, p=0.01). IOIT score did not significantly differ 
between TDT, ART and MXT PD patients. IOIT score directly correlated with patients’ age 
(p<0.001), disease duration (p=0.01) and H&Y score≥2(p<0.05). Clinical features associated with 
higher IOIT score were freezing of gait (FOG) (+2.38, p=0.027) and camptocormia (+2.31, p=0.022). 
 
Conclusions: Assessing olfactory dysfunction through IOIT may help identify PD patients at higher 
risk of developing severe motor features (camptocormia and FOG). Overall, IOIT may be a useful 
tool not only for supporting PD diagnosis but also for providing prognostic information about motor 
function. Follow-up studies are warranted to confirm IOIT's ability to predict more sever motor 
symptoms in PD patients. 
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Introduction: Parkinson’s disease (PD) patients are frequently exposed to antidepressant medications 
(ADMs), acting on the norepinephrine (NE) and serotonin (5HT) systems. Both these ADMs, 
according to the preclinical evidence, have a role in the pathophysiology of levodopa induced 
dyskinesias (LID) [1,2,3]. 
 
Objectives: To evaluate the role of ADMs on dyskinesia development. 
 
Methods: We evaluated the longitudinal data of the PPMI cohort, including patients naïve to 
dopamine replacement therapies (DRTs), who are progressively exposed to DRT and L-DOPA. The 
main outcome was the development of LID within the fourth year of follow-up and the association 
with ADMs.  
 
Results: 251 subjects with full available longitudinal data were selected. The prevalence of LID at 4 
years of treatment was 16% (42/251). Patients who developed LID were more likely women (26 vs 
45%, p=0.01), had higher motor scores at baseline (20.3 ± 8.7 vs 24.1 ± 8.6, p<0.001), geriatric 
depression scores at baseline (2 ± 1.9 vs 3.4 ± 2.7, p=0.01) and follow-up (2.7 ± 2.8 vs 3.9 ± 3.6, 
p=0.03) and putaminal DAT binding ratio at baseline (0.80 ± 0.26 vs 0.70 ± 0.24, p=0.04) and follow-
up (0.53 ± 0.19 vs 0.44 ± 0.19, p=0.01). The presence of LID was associated with the exposure time 
to L-DOPA (2.2 ± 1.07 vs 2.6 ± 0.9, p=0.02) and the exposure to ADMs, in particular to SNRI (4.8% 
vs 21.4%, p<0.001) and NDRI (5.2% vs 16.7 %, p<0.01). Univariate and multivariate analysis 
confirmed the association between SNRI and LID, and that such an association occurred 
independently by other known factors able to influence the LID risk (sex, disease duration, cognitive 
status, motor impairment, 123I-I-FP-CIT data). 
 
Conclusions: This study supports the presence of an effect of SNRI on LID priming in patients with 
early PD. Independent cohorts are under recruiting to replicate such finding. 
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Introduction: Recent evidence indicates a link between the serum lipid profile and Parkinson's disease 
(PD). In particular, the lower serum high-density lipoprotein levels increase the risk to develop the 
disease. However, the biological bases of such association have not been clarified yet [1]. 
 
Objectives: To analyze the correlations between serum lipid profile and CSF biomarkers of 
neurodegeneration in a well characterized cohort of PD patients. 
 
Methods: We conducted a cross-sectional study including 84 PD patients and 71 sex/age-matched 
controls (CTRLs). Serum levels of HDL (HDL-C), low-density lipoprotein (LDLC), total cholesterol 
(TC-C) and triglycerides (TG-C) were measured and correlated with CSF levels of total α-synuclein 
(α-syn), amyloid-β-42 (Aβ42), total and phosphorylated tau separately in each group by using 
appropriate covariates. In patients, lipids were correlated with MDS-UPDRS part III, H&Y scale, 
Non-Motor Symptom Scale (NMSS), MMSE, and MoCA scores. 
 
Results: Compared to controls, PD patients had lower CSF α-syn and lower serum TR-C. In PD, but 
not in controls, lipids had significant associations with CSF biomarkers and clinical parameters. In 
particular, HDL-C directly correlated with α-syn and Aβ42; TG-C inversely correlated with Aβ42. In 
addition, HDL-C was inversely correlated with NMSS and and directly correlated with MMSE scores. 
 
Conclusions: This study provided evidence for the association between serum lipid profile and central 
neurodegeneration in PD. Specifically, we found that lower HDL-C levels may account either for 
greater brain synucleinopathy and amyloidopathy, or widespread neurotransmitter impairment, as the 
higher non-motor symptoms burden and cognitive impairment suggest. These data are consistent with 
the antioxidant and anti-inflammatory functions of HDL or the anti- α-synuclein aggregation 
properties of the apolipoproteins constituting the HDL complex, providing the biological substrate of 
the greater vulnerability to PD of people with lower HDL-C. 
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Introduction: Parkinson’s disease is a neurodegenerative disease that affects about 1-2% of people 
over 65 and about 4% of people over 80 years old. People with Parkinson’s disease may have motor 
and non-motor symptoms that worsen as disease progresses, causing a reduction in their autonomy. 
Nowadays there are no specific guide lines about Parkinson’s for nurses. In order to improve care in 
Parkinson’s, in several countries such as German and United Kingdom, it has been introduced a 
trained nurse with advanced skills: the Parkinson’s Disease Nurse Specialist. 
 
Objectives: The Objective of this study is to define and measure the advanced skills of the specialist 
in neuroscience nursing and Evaluate the impact of the nurse specialist in the care pathway. 
 
Methods: The review of national and international literature was conducted by examining 23 articles 
found in the following databases: Pubmed, Cinahl and Cochrane Library. 
 
Results: The competences of the Parkinson’s Disease Nurse Specialist (P.D.N.S.): providing 
information, education and education for the patient and his caregiver; supporting the caregiver and 
caregiver during the promotion of self-care activities; providing psychological support; implement 
actions aimed at prevention; provide specialized diagnostic strategies and nursing therapeutic 
interventions; collaborate within a multidisciplinary team. The treatments provided by the Parkinson 
Disease Nurse Specialist show a significant improvement in the well-being of the patients and their 
caregivers without increasing health costs. In addition, this figure is the first point of reference for 
people suffering from this pathology and relieves the work pressure that weighs on neurologists and 
geriatricians. 
 
Conclusions: The Parkinson’s Disease Nurse Specialist has proven to be a valuable resource in 
assisting people with Parkinson’s disease. 
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Introduction: People with Parkinson's disease (PD) often have reduced dexterity and they may 
experience difficulty in getting dressed or with personal hygiene. Little is known about the changes 
in the way people with PD dress and what adjustments they adopt in their style to overcome the 
difficulties they face due to their disease.  
 
Objectives: Aim of the present study was to explore the way people with PD perceive their image in 
the mirror and the challenges they face with clothes and accessories. 
 
Methods: A online survey (26 questions) was sent via email; questions were focused on quantifying 
the difficulties in wearing clothes or accessories. In 54% of the questions, the answer was based on a 
Likert scale (0=no difficulty, 4=not able to do it without help). 33% of the questions required an open 
answer and the remaining were multiple choice options. 
 
Results: 99 people with PD completed the survey (63 female and 36 male; mean disease 
duration=10.3 yrs ds=10.1, mean age= 58.9 yrs ds=8.4). Prevalent motor symptoms reported were 
walking difficulties, tremor, bradykinesia. 88% of the participants defined themselves as interested 
in fashion, 59.6% reported a change in the way they dress because of the disease. They all see 
themselves changed in the mirror (abnormal posture, facial expression, body shape). The 3 most 
difficult tasks detected were in order: back zip, buttons, shoelaces. 
 
Conclusions: People with neurodegenerative disorders face challenges with getting dressed and 
wearing accessories. They also experience changes in their self-image perception and their usual 
dressing habits because of the disease. Fashion should address these challenges and take action in 
order to be more inclusive and supportive. 
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Introduction: The concept of cognitive reserve was proposed to explain the differences among 
individuals in their ability to cope with physiological or pathological cognitive decline and suggests 
that the brain actively attempts to cope with damage by using pre-existing cognitive processes or 
using compensatory strategies. Several studies investigated cognitive reserve (CR) in people with 
Parkinson's disease (PwPD) [1]. 
 
Objectives: The aim of this study was to investigate the effects of CR and its subcomponents (CRI-
Education, CRI-WorkingActivity, CRI-LeisureTime) on cognitive functioning in PwPD. 
 
Methods: 73 PwPD (Age:69.97±6.49; H&Y:1.50-3; 39M/34F). Cognitive functioning was assessed 
through the administration of a global cognitive functioning test (MoCA Test) [2] and a complete 
neuropsychological battery while CR was investigated through the CRI-q [3]. 
 
Results: Regression analyses showed an effect of CR in the following test: MoCA Test and its 
domains (except visuo-spatial abilities and orientation), Attentive Matrices, Alternating Verbal 
Fluency, Phonemic Verbal Fluency, Raven’s Matrices, Copy and Recall of Rey’s Figure and 
Imitation Gesture Test. A significant effect of CRI-LeisureTime was found in TMT-B, TMT-B-A, 
Alternating Verbal Fluency, Phonemic Verbal Fluency, Raven’s Matrices and Copy of Rey’s Figure. 
Furthermore, a significant interaction effect was found between CRI-Education *Gender: females 
with higher- CR-Education, unlike men, show a better performance than females with lower- CRI-
Education in Recall of Rey’s Figure test. 
 
Conclusions: CR has a positive impact on global cognitive functioning and on several cognitive 
domains. In particular, CRI-q-LeisureTime seems to have a positive impact especially on attentional-
executive functions. Thus, high CR may help to cope with initial cognitive difficulties in PwPD. 
Furthermore, this could be important in preventive and rehabilitative perspective, as CRI-
LeisureTime can be enhanced by cognitively stimulating activities. Further studies are necessary to 
investigate how CR and its subcomponents modulate cognitive impairment in PwPD. 
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Introduction: Though dopaminergic therapy is the gold-standard treatment for PD, its effects on the 
swallowing function are still debated and both beneficial and detrimental effects have been described 
so far. The high variability of PD-related dysphagia response to levodopa suggests that swallowing 
abnormalities in PD are not solely related to dopamine deficiency. 
 
Objective: To assess the swallowing function through an electrokinesigraphic approach in a group of 
non-dysphagic PD patients with motor complications evaluated both in off- and ontherapy. 
 
Methods: The repeated swallowing (8 swallowing acts) of a liquid bolus (12 cc of water) was 
performed while recording the following parameters: i) surface electromyographic activity of the 
submentalsuprahyoid muscles (sh-EMG), involved both in the oral and pharyngeal phases of 
swallowing); ii) intraswallowing apneic pause (AP); iii) pharyngo-laryngeal mechanogram (PLM). 
Amplitude, duration and area of the recorded signals and time intervals were calculated using the 
Matlab platform. All patients were assessed twice, i.e. both in on- and off-medication state. 
 
Results: 11 patients (64 ±6.4, 4F/7M) were enrolled and completed the experimental assessments. A 
significant (p<.05) shortening of the interval between the inspiratory and expiratory peaks and the 
end of the AP was observed in the on- vs. off-medication state. Better but not statistically significant 
swallowing performances were also observed in patients when on-medication, in particular we 
observed a shorter oro-pharyngeal dealy (p=.11) and a larger area of the PLM (p=.017). 
 
Conclusion: Dopamine therapy can improve the synergy between breathing and swallowing in 
accordance to previous findings that dopaminergic treatment can improve pulmonary function tests. 
However, based on these preliminary results in a small group of nondysphagic PD patients, no 
significant changes in the other aspects of the oral and pharyngeal phases of swallowing were 
observed. 
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Introduction: PS consists of a lateral flexion on the spine and is a common dystonic posture in patients 
with PD. It is possibly due to muscle hyperactivity, ipsi- or contralateral to the bending side [1]. One 
of the possible therapies in dystonic issues, botulinum toxin (BoNT), acts in PS by blocking the 
presynaptic release of acetylcholine at the neuromuscular junction level [2]. 
 
Objective: The aim of our study was to evaluate the clinical and electromyographical effects of 
botulinum toxin injections in patients with Parkinsons’s disease (PD) suffering from Pisa syndrome 
(PS) after one and three months. 
 
Methods: This pilot study involved 16 patients with PD and PS, recruited from the Movement 
Disorders Unit of Trieste (Italy) between March 2021 and March 2023. Each patient was evaluated 
at baseline, 1 month and 3 months after BoNT injection, which was always ipsilateral to the bending 
site regardless of EMG activation. We recorded demographic, PD- and PS-related clinical variables, 
including measure of selfperceived health (PDQ-8 and PGIC scales), and back pain evaluation (VAS 
scale). Muscular hypo- and hyperactivity patterns were assessed using superficial EMG recording. 
Lateral bending angle of the spine was calculated on the planar view photographs as the angle between 
the vertical axis and a line connecting the fulcrum of the bent spine with the C7 spinous process. 
 
Results: Sixteen outpatients (44% females; aged 73±6; disease duration 6±3 years; 56% mixed-
phenotype PD; LEDD 572±346) showed an initial reduction in bending degrees followed by a 
reversion (6.5±3, 5±1.5, 6.7±6 degrees at baseline, 1 and 3 months respectively; there was a trend 
toward significance between baseline and 1 months with p .12316), a substantial stability in PDQ-8 
scores (4±3.2, 3.3±2.8, 4±3.9), and a reduction in back pain (3.9±3.2, 2.1±2.3, 2.9±3.4; the difference 
between baseline and 1 month resulted significant with p .004392, between baseline and 3 months p 
.447019). Accordingly to 91 and 100% of the patients at 1 and 3 months respectively, their condition 
globally improved (considering “improvement” as PGIC scores ≥3). Qualitative EMG signal analysis 
showed an almost uniform improvement in global paraspinal muscle activation. 
 
Conclusion: Our study shows an efficacy in bending angle reduction after 1 month from the treatment 
with a reversion after 3 months (as expected from BoNT pharmacodynamic), and a subjective clinical 
improvement extending also after this time limit. This may indicate a benefit deriving from ipsilateral 
injection regardless of EMG activity. 
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Introduction: Parkinson’s disease (PD) is a progressive neurodegenerative disease caused by the loss 
of nigrostriatal dopaminergic neurons, causing motor and non-motor symptoms [1]. Furthermore, PD 
patients can experience difficulties with linguistic production at basic and complex levels, particularly 
in tasks requiring action words or fluency. Given the evidence supporting the classification of patients 
with Alzheimer's disease, studies on the application of machine learning (ML) to linguistic data are 
becoming more popular. 
 
Objectives: We systematically reviewed the current literature regarding the application of ML and 
linguistic measures to classify PD patients. 
 
Methods: The protocol was designed according to the PRISMA statement. The literature search was 
conducted in MEDLINE, CINAHL, and PsycINFO databases considering only studies written in full-
text English in a peer-reviewed journal. Inclusion criteria were: patients with PD, linguistic measures, 
and ML performance metrics. A wide variety of information was extracted, including linguistic 
analysis methods, linguistic tasks, ML classifiers, classification performances, and optimal linguistic 
predictors. 
 
Results: Initially 102 papers were retrieved; following duplicate removal and verified inclusion 
criteria, 10 papers were included in the study. Tasks used to elicit language were connected or 
spontaneous speech, retelling tasks, or semi-structured interviews; only one study adopted a custom-
made task. Transcriptions were mostly analysed using Natural Language Processing (NLP) 
techniques. Support Vector Machine was the ML model most frequently used for classification. The 
classification accuracy (%) ranged from 43 to 94, sensitivity (%) from 8 to 95, specificity (%) from 
3 to 100, and AUC (%) from 32 to 97. The most frequent optimal linguistic measures were 
lexicosemantic (40%), followed by NLP-extracted features (40%) and morphosyntactic features 
(20%). 
 
Conclusions: Linguistic measures and ML algorithms can be useful tools for the automated 
classification of PD and to better investigate the clinical linguistic profile of patients. 
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Introduction: When compared to I-PD, GBA-PD patients might manifest a different PD phenotype, 
characterized by a relative earlier disease onset, a greater cognitive impairment and, overall, a more 
aggressive disease progression [1]. 
 
Objectives: To compare the clinical characteristics of a cohort of consecutive GBA-PD patients with 
an age, sex, disease stage, and comorbidity-matched cohort of consecutive idiopathic PD (I-PD) 
patients. 
 
Methods: A consecutive cohort of GBA-PD patients has been paired for age, sex, disease duration, 
Hoehn & Yahr stage, and comorbidities (Charlson Comorbidity Index [CCI]) with a cohort of 
consecutive I-PD patients. Clinical assessment included the four parts of the MDS-UPDRS scale, and 
the Montreal Cognitive Assessment (MoCA). Several subscores of the MDS-UPDRS were also 
calculated including tremor, bradykinesia, rigidity, speech, gait, freezing of gait [FOG] and axial 
subscores. The Mann–Whitney test and the Chi-square test were performed to compare the two 
cohorts for continuous and categorical variables.  
 
Results: 56 GBA-PD (males: 31; age: 64.48 years; disease duration: 7.46 years, MDSUPDRS III: 
35.29; MoCa: 21.77, CCI: 2.61) and 56 I-PD (age: 64.66 years; disease duration: 7.76 years, MDS-
UPDRS III: 28.80; MoCa: 22.73, CCI: 2.47) were included. Compared to I-PD, GBA-PD patients 
showed more hallucinations and psychosis (p<0.05), higher MDS-UPDRS part III score (p<0.05), 
higher rigidity (p<0.005) and FOG (p<0.05) subscores. 
 
Conclusions: This cohort study confirms the presence of significant differences in clinical 
characteristics between GBA-PD and I-PD. If compared with age, sex, disease stage, and 



comorbidity-matched I-PD, GBA-PD showed a more severe motor involvement characterized by 
higher rigidity and FOG, and increased psychiatric symptoms. 
 
References:  

[1] Petrucci S, Ginevrino M, Trezzi I, Monfrini E, Ricciardi L, Albanese A, Avenali M, Barone P, Bentivoglio AR, 
Bonifati V, Bove F, Bonanni L, Brusa L, Cereda C, Cossu G, Criscuolo C, Dati G, De Rosa A, Eleopra R, Fabbrini G, 
Fadda L, Garbellini M, Minafra B, Onofrj M, Pacchetti C, Palmieri I, Pellecchia MT, Petracca M, Picillo M, Pisani A, 
Vallelunga A, Zangaglia R, Di Fonzo A, Morgante F, Valente EM; ITA-GENE-PD Study Group. GBARelated 
Parkinson's Disease: Dissection of Genotype-Phenotype Correlates in a Large Italian Cohort. Mov Disord. 2020 
Nov;35(11):2106-2111. doi: 10.1002/mds.28195. 
  



P206 
 
Association between cognitive functions and supervised mobility parameters in people with 
Parkinson’s disease: the added value of backward walking assessment 
 
Pierre Pacilio1, E. Bianchini1,2, D. Rinaldi1, M. Alborghetti1, S. Galli1, L. De Carolis1, T. Milane2,3, 
C. Hansen3, F.E. Pontieri1, N. Vuillerme2,4,5 
 
1Department of Neuroscience, Mental Health and Sensory Organs (NESMOS), Sapienza University 
of Rome, Rome, Italy 
2Univ. Grenoble Alpes, AGEIS, Grenoble, France 
3Department of Neurology, Kiel University, Kiel, Germany 
4Institut Universitaire de France, Paris, France 
5LabCom Telecom4Health, Orange Labs & Université Grenoble Alpes, CNRS, Inria, Grenoble INP-
UGA, Grenoble, France 
 
Introduction: The co-existence of both cognitive and gait impairments are frequent in people with 
Parkinson’s disease (PwPD) [1-2]. However, while the association between cognitive deficit and 
impaired forward walking (FW) assessed under supervised condition is well established [3], less is 
known for more challenging mobility tasks, such as turning and backward walking (BW) [4]. 
 
Objectives: To evaluate the association between cognitive functions and supervised FW, turning and 
BW parameters, measured during standardized mobility tasks in PwPD. 
 
Methods: Seventy-two PwPD in ON condition [females: 22 (31%); age: 68.8±8.5; disease duration: 
5.7±3.9; LEDD: 522±266 mg; mHY: 2 (2-2.5; 1-3); MDS-UPDRS-III: 28 (22-33; 11-46)] performed 
three supervised standardized mobility tests: 1) an instrumented 20-meter FW task (iFW) at self-
selected speed and (2) an instrumented Timed-Up-and-Go (iTUG) test at self-selected speed during 
which they wore a lower-backmounted inertial motion unit (BTS G-WALK), and (3) the 3-meter 
backward walking test (3MBWT). The main outcome measures were: (1) speed for iFW, (2) mean 
angular velocity (MAV) of the intermediate 180° turn for iTUG, and (3) speed for BW. Patients 
further underwent a cognitive evaluation through the Montreal cognitive assessment (MoCA) and 
Word-Color Stroop Test (WCST). Univariate linear regressions were used to calculate how much 
variance of each supervised mobility test measure was explained by cognitive functions. 
 
Results: WCST time showed a positive correlation with FW speed (R=0.408; p&lt;0.001) and 
explained 15.4% of variance, with TUG MAV (R=0.405; p&lt;0.001) and explained 15.2% of 
variance, and with BW speed (R=0.428; p&lt;0.001) and explained 17.2% of variance. MoCA score 
showed a positive correlation only with BW speed (R=0.246; p=0.037) and explained 4.7% of 
variance. 
 
Conclusions: Executive functions explained a larger portion of variance of BW compared with FW 
and turning in PwPD. Global cognitive functions showed a minimal contribution only to BW. Taken 
together, these results support for the use of BW assessment considering the stronger association with 
cognitive functions in PwPD. 
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Introduction: Wearing-off (WO) is a common motor complication in people with Parkinson’s disease 
(PwPD) [1] and Wearing-Off Questionnaire 19 (WOQ-19) is a well-established and effective patient-
reported instrument to assess its presence [2]. Some evidence suggested that caregivers (CG) may 
notice symptoms of WO even before the patients [3], but the role of CG in the detection of WO has 
been poorly investigated. 
 
Objectives: To assess differences and associations in WOQ-19 score between PwPD and CG. 
 
Methods: Thirty-nine PwPD [females: 28 (32%); age: 68.7±8.4 years; disease duration: 6.4±3.6 
years; mHY: 2 (2-2.5; 1-3); MDS-UPDRS-III: 28 (22-32; 11-50)] and 39 CG were asked to 
independently complete a WOQ-19 questionnaire during scheduled outpatient visits. The total WOQ-
19 score was calculated as well as each sub-item. Mann-Whitney test was used to assess differences 
in total WOQ-19 score between PwPD and CG. Spearman’s correlation coefficient and Intraclass 
correlation coefficient (ICC) (2,1) were used to evaluate the association and the agreement between 
the two groups, respectively. Chi-square test was used to assess the differences in individual items 
between PwPD and CG. 
 
Results: No significant differences were found in WOQ-19 score between PwPD [2(0-4; 0-10)] and 
CG [2(0-6; 0-13)] (W=690.5; p=0.475). Spearman’s test showed a weak-to-moderate correlation 
between PwPD and CG in WOQ19 score (R=0.476; p=0.002). ICC (2,1) showed a poor agreement 
between PwPD and CG scores [0.428 (CI95% 0.142-0.650)]. Chi-square test showed no differences 
in any individual items between the two groups (all p>0.05). 
 
Conclusions: PwPD and CG reported similar scores at WOQ-19. However, the association and 
agreement between the two groups was poor. Our findings suggest that CG-reported WOQ-19 could 
not be a reliable and valid surrogate of patient-reported score. Since the role of CG is increasingly 
recognized in PwPD management, future studies are encouraged to further investigate this aspect and 
confirm our findings. 
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Case report: An 85-year-old man with unremarkable medical and family history presented to our 
Movement Disorders Clinic for a 6-month rest tremor in his right hand. He also reported hyposmia, 
stipsis and REM sleep Behavior Disorder (RBD)-like symptoms for several years. Brain CT and MRI 
showed mild global atrophy and chronic ischemia, while dopamine transporter SPECT imaging 
revealed a marked symmetric nigrostriatal degeneration. He received a diagnosis of Parkinson’s 
Disease (PD) and started L-DOPA with a good clinical response.  
Interestingly, one year before referral he had noticed unintentional weight loss, anxiety and 
depression; chest radiograph, colonoscopy and abdominal ultrasound were normal. These clinical 
signs were therefore considered secondary to PD until, 10 months after starting L-DOPA, he returned 
to our Clinic lamenting increasing fatigue, exertional dyspnea and hypophonia. On examination, 
extrapyramidal involvement was accompanied by proximal hyposthenia, atrophy, diffuse 
fasciculations, and bilateral Hoffmann sign. He did not have autonomic, cerebellar nor cognitive 
impairment. Diffuse Lower Motor Neuron involvement was confirmed by electroneurogram-
electromyogram examination, allowing a diagnosis of Amyotrophic Lateral Sclerosis (ALS) to be 
made according to the Gold Coast criteria. Riluzole was started. 
Lumbar puncture revealed high-titer anti-GM1 antibodies positivity: in the hypothesis of an 
autoimmune share of pathology he underwent human immunoglobulin infusion, without benefit. His 
clinical conditions deteriorated rapidly to the point to require respiratory and nutritional support. 
 
Discussion: There are a few syndromes in which parkinsonism and ALS share the same pathogenesis 
[1]. However, the isolated co-occurrence of the two (i.e., without any additional neurological signs), 
the temporal course with PD preceding ALS, the dopamine transporter SPECT imaging positivity 
and the good L-DOPA response – as in our patient - configure the diagnosis of Brait-Fahn-Schwartz 
disease. This condition’s pathology is still unclear and up to date fewer than 50 cases worldwide have 
been described [1,2,3]. Whole exome sequencing may help identify possible causative mutations. 
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Introduction: Pareidolia, the tendency to perceive a fictional image inside a nonspecific but evocative 
scenery, is reported to occur more frequently in alpha-synucleinopathies, in particular Lewy Body 
Dementia (LBD) and Parkinson’s disease-dementia (PD-D). Noise Pareidolia Task (NPT) is a 
neuropsychological test not yet validated in Italy to assess pareidolia. 
 
Objectives: To report two clinical cases where pareidolia was assessed with the NPT. 
 
Methods: Neuropsychological evaluation including NPT was administered in a 60-year-old woman 
with LBD, hallucinations and delusions, and in a 62-year-old man with PD-D. NPT consists of 20 
images, some including a face and others containing only noise patterns. The total score considers 
the number of correctly identified faces (maximum 7) and negative controls (maximum 13) and the 
pareidolic errors (maximum 13). 
 
Results: Neuropsychological evaluation showed impairment in executive, visuo-spatial and attentive 
functions in the LBD patient and in memory, attention, visuo-spatial, executive and semantic 
functions in the PD-D patient. NPT showed deficit in visual perception (respectively 3/7 and 6/7) and 
increased pareidolia (respectively 6/13 and 8/13) in both patients. 
 
Conclusions: NPT is a promising test in patients with alpha-synucleinopathies and visuo-spatial 
abnormalities. Future studies should explore its role in larger populations of patients, including early 
disease stages. 
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Introduction: SBD are frequent in MSA, mainly represented by inspiratory stridor, obstructive and 
central sleep apnea/hypopnea syndrome (SAS), impacting the quality of sleep. A treatment with 
CPAP can be proposed but its short-term effect on sleep architecture and breathing parameters 
remains unclear. 
 
Objectives: To evaluate the short-term effect of continuous positive airway pressure (CPAP) on sleep 
architecture and sleep disordered breathing (SDB) in a large retrospective series of patients with 
multiple system atrophy (MSA) with and without SDB based on two consecutive nights in video-
polysomnography (v-PSG). 
 
Methods: Consecutive MSA patients with available data (n = 67) recorded at the Sleep Unit of Pitié 
Salpêtrière Hospital, Paris, France, between April 2009 and July 2022 were included. SDB was 
defined by the presence of stridor and/or apnea-hypopnea index (AHI)≥15. We compared the clinical-
demographic data between patients with and without SDB and the change in sleep parameters 
between the 2 nights in three groups: 1) with SDB and CPAP on the 2nd night 2) with SDB without 
CPAP, 3) without SDB, using linear mixed models. Group 1 patients were classified as responders to 
CPAP if on the 2nd night AHI was ≤10 and stridor was absent. 
 
Results: SDB was present in 39/67 (58.2%) patients, 8 (20.5%) had isolated stridor, 16 (41.1%) SAS 
and 15 (38.4%) both. MSA-C patients were more often associated with SDB (64.1% vs 28.6%, 
p=0.006) compared to MSA-P patients. Patients with SDB had higher AHI (27.3 vs 2.5, p<0.001) 
and more fragmented sleep (median arousal index (AI) of 14.5 vs 7.5 (p=0.005)). After one night 
with CPAP, patients in group 1 had a decreased AHI (p<0.001), AI (p 0.024), and N2 stage duration 
(p=0.024) as well as an increased saturation in oxygen in all sleep stages (p<0.001) and REM sleep 
duration (p=0.020) compared to the other groups. Among them, 15/25 (60 %) were responders, 3 
(20%) with isolated stridor, 4 (26.7%) with SAS, 8 (53.3%) with both. 
 



Conclusions: SDB is more frequent in MSA-C patients. We found a short-term effect of CPAP on 
the sleep architecture with a better continuity in sleep and a rebound in REM sleep, as well as a good 
efficiency on SBD. Further studies exploring the value of this short-term response to predict the effect 
of CPAP over time are necessary. 
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Introduction: Idiopathic REM sleep disorder (iRBD) serves as a crucial early indicator of Parkinson’s 
disease (PD). However, limited research has investigated the mechanisms contributing to PD 
development in individuals with iRBD. 
 
Objectives: Considering the established link between mitochondrial dysfunctions and sleep 
disturbances in PD [1-2], our study aimed to assess mitochondrial alterations in fibroblasts obtained 
from iRBD subjects, with the objective of characterizing a predictive biochemical profile. 
 
Methods: The study involved 28 participants, divided into three groups: 10 individuals diagnosed 
with iRBD, 8 PD patients who evolved from iRBD (RBD-PD), and 10 healthy controls. We 
conducted an evaluation of mitochondrial function, including an assessment of mitochondrial 
morphology, analysis of mitochondrial protein expression levels via western blot, and measurement 
of mitochondrial respiration using a Seahorse XFe24 analyzer. 
 
Results: Under basal conditions, mitochondrial respiration exhibited no significant differences 
between iRBD and control fibroblasts. However, when subjected to an increased energy demand, 
iRBD fibroblasts displayed a significant (P = 0.006) decline in maximal and spare respiration 
compared to controls. Intriguingly, RBD-PD patients demonstrated similar alterations, with an 
additional significant reduction in oxygen consumption associated with ATP production (P = 0.032). 
Furthermore, RBD-PD patients manifested a significant decrease in protein levels of complexes III 
(P = 0.02) and V (P = 0.002) compared to controls, together with fragmentation of the mitochondrial 
network. iRBD patients exhibited comparable but milder alterations. 
 
Conclusions: All together, these findings suggest that mitochondrial dysfunctions in individuals with 
iRBD may predispose them to a deterioration in their bioenergetic profile, as we observed in RBD-
PD patients, highlighting these alterations as potential predictors of the phenoconversion to PD. 
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Introduction: Parkinson’s disease (PD) and multiple system atrophy (MSA) are neurodegenerative 
diseases that show similarities in their pathophysiological pathways and in their clinical course [1]. 
The identification of a specific respiratory chain defect (complex I deficiency) in PD patients 10 years 
ago stressed the relevance of mitochondrial dysfunction pathogenic role in neurodegenerative 
diseases, where coenzyme Q10 plays a key role in the transport of electrons from complex I 
(NADHubiquinone oxidoreductase) and complex II (succinate-ubiquinone oxidoreductase) to 
complex III (ubiquinol-cytochrome c reductase). [2, 3] Moreover, recent studies in Japan have 
associated MSA with variants in the COQ2 gene, which encodes para-hydroxybenzoate-polyprenyl 
transferase and whose mutations appear to be associated with a primary deficiency of coenzyme Q10 
[4]. Since not all the available evidence in literature are coherent to link such mutations to a clear 
MSA phenotype, we have questioned whether variants in the COQ2 gene are associated with a 
particular form of parkinsonian syndrome (PD or atypical parkinsonisms) [5, 6, 7]. 
 
Objectives: Here we report the case of a patient with a homozygous c.683 A>G variant (new 
nomenclature c.553 A>G) of COQ2 who was initially diagnosed as Clinically Probable PD but in a 
few years of disease progression met the criteria for Probable MSA. 
 
Methods: Comprehensive genetic, neurological and imaging assessments were conducted to clarify 
the aetiology of his disorder. Among these, RTQuIC on nasal brushing and MRI spectroscopy 
provided further information to support the diagnosis while a muscle biopsy highlighted the 
impairments resulting from the COQ2 mutation. 
 
Conclusions: Mitochondrial oxidative stress plays a key role in pathogenesis of different 
neurodegenerative disorders acting as an upstream factor, thus explaining why COQ2 mutations could 
be involved in development of parkinsonian syndromes with an atypical course. Understanding the 
pathogenetic role of these mutations could suggest new therapeutic approaches in addition to the 
standard of care. 
 
References:  

[1] Halliday GM, Holton JL, Revesz T, Dickson DW. (2011) Neuropathology underlying clinical variability in patients 
with synucleinopathies. Acta Neuropathol 122:187–204 10.1007/s00401-011-0852-9. 



[2] Mizuno Y, Ohta S, Tanaka M, Takamiya S, Suzuki K, Sato T, Oya H, Ozawa T, Kagawa Y. Deficiencies in complex 
I subunits of the respiratory chain in Parkinson's disease. Biochem Biophys Res Commun. 1989 Sep 29;163(3):1450-5. 
doi: 10.1016/0006-291x(89)91141-8. PMID: 2551290. 
[3] Turunen M, Olsson J, Dallner G (2004) Metabolism and function of coenzyme Q. Biochim Biophys Acta 1660:171–
199  
[4] Multiple-System Atrophy Research Collaboration. (2013) Mutations in COQ2 in familial and sporadic multiple-
system atrophy. N Engl J Med 369:233–44. 10.1056/NEJMoa1212115. 
[5] Mitsui J, Matsukawa T, Uemura Y, Kawahara T, Chikada A, Porto KJL, Naruse H, Tanaka M, Ishiura H, Toda T, 
Kuzuyama H, Hirano M, Wada I, Ga T, Moritoyo T, Takahashi Y, Mizusawa H, Ishikawa K, Yokota T, Kuwabara S, 
Sawamoto N, Takahashi R, Abe K, Ishihara T, Onodera O, Matsuse D, Yamasaki R, Kira JI, Katsuno M, Hanajima R, 
Ogata K, Takashima H, Matsushima M, Yabe I, Sasaki H, Tsuji S. High-dose ubiquinol supplementation in multiple-
system atrophy: a multicentre, randomised, double-blinded, placebo-controlled phase 2 trial. EClinicalMedicine. 2023 
Apr 14;59:101920. doi: 10.1016/j.eclinm.2023.101920. PMID: 37256098. 
[6] Mikasa M, Kanai K, Li Y, Yoshino H, Mogushi K, Hayashida A, Ikeda A, Kawajiri S, Okuma Y, Kashihara K, Sato 
T, Kondo H, Funayama M, Nishioka K, Hattori N. COQ2 variants in Parkinson's disease and multiple system atrophy. J 
Neural Transm (Vienna). 2018 Jun;125(6):937-944. doi: 10.1007/s00702-018-1885-1. Epub 2018 Apr 11. PMID: 
29644397. 
[7] Matsukawa T, Porto KJL, Mitsui J, Chikada A, Ishiura H, Takahashi Y, Nakamoto FK, Seki T, Shiio Y, Toda T, Tsuji 
S. Clinical and Genetic Features of Multiplex Families with Multiple System Atrophy and Parkinson's Disease. 
Cerebellum. 2022 Sep 13. doi: 10.1007/s12311-022-01426-z. Epub ahead of print. PMID: 36097244. 

  



P213 
 
Deep bran stimulation in Parkinson’s Disease: comparison between clinical-based and imaging-
based programming in a case series 
 
Ginevra Tecilla1, S. Sarubbo3, F. Corsini3, R. Bacchin2, B. Giometto2, M.C. Malaguti2 
 
1Department of Neurology, Santa Maria del Carmine Hospital, Azienda Provinciale per i Servizi 
Sanitari (APSS), Rovereto, Trento, Italy  
2Department of Neurology, Santa Chiara Hospital, Azienda Provinciale per i Servizi Sanitari (APSS), 
Trento, Italy 
3Department of Neurosurgery, Santa Chiara Hospital, Azienda Provinciale per i Servizi Sanitari 
(APSS), Trento, Italy 
 
Introduction: Clinical-based programming (CBP) in deep brain stimulation (DBS) for Parkinson’s 
Disease (PD) is a time consuming process. The imaging-based programming (IBP) reduces 
programming time and the clinical motor outcomes have been proven to be comparable to CBP [1,2]. 
However, available studies comparing these two techniques are few at the moment. 
 
Objectives: To compare CBP and IBP in terms of volume of the electrostatic field (VEsF) which 
overlaps with the DBS anatomical target (subthalamic nucleus-STN) and VEsF external to the STN; 
To evaluate the level of agreement in parameters of stimulation settings between CBP and IBP (lead 
selection, current intensity’s distribution); To confirm that IBP is a time-saving procedure compared 
to CBP. 
 
Methods: We selected PD patients with chronic STN-DBS who underwent DBS surgery at the Santa 
Chiara Hospital. We used GUIDE XT™, a software that generates the patient’s anatomy and the 
leads’ position using a preoperative magnetic resonance imaging (MRI) and a postoperative 
computed tomography (CT) scan. Through GUIDE XT™ we reproduced the CBP (retrieved from 
the standard-of-care clinical programming) and created the IBP for each patient. The IBP was 
generated with the purpose to stimulate the STN’s dorsolateral area and avoid neighbouring cerebral 
regions possibly related to side effects. For each stimulation (two per patient) we collected the 
following data: VEsF (percentage of VEsF overlapping with STN, VEsF not overlapping with STN), 
stimulation parameters (rings/contacts used, current’s splitting between the contacts) and time spent 
for generating CBP and IBP. In a subgroup of patients, who did not receive complete benefits from 
CBP, the IBP was set. 
 
Results: VEsF obtained through IBP overlapped more with STN than CBP and the amount of VEsF 
external to the STN was smaller with IBP than CBP. Concerning the comparison on the stimulation 
parameters, the highest level of agreement between CBP and IBP was observed for distal rings, 
whereas most variability was found for central rings. Moreover, our study confirmed that IBP is a 
time-saving procedure in DBS programming process. The clinical observation in the small cohort of 
patients who tested the IBP, showed the need to reduce medical treatment to avoid drug-induced 
hyperkinetic movements. 
 
Conclusions: IBP consists in a time-saving procedure compared to CBP in DBS for PD and our study 
suggests that this approach is more precise in targeting the VEsF. Therefore, IBP can help clinicians 
in choosing the most effective contacts for each patient. However, more studies on clinical outcomes 
of IBP and CBP are needed to clarify this issue. 
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Introduction: Turning whilst walking is a challenging component of locomotor ability especially for 
subjects with Parkinson’s disease (PD). Specifically, turnings in PD have been associated with an 
increased risk of falls which leads to diminished quality of life [1]. Deep brain stimulation of the 
subthalamic nucleus (STN-DBS) is a mainstay treatment for PD, but with limited efficacy in gait and 
balance impairments. Unveiling the subthalamic activity related to turnings in PD is an urgent and 
unmet need to optimize available neuromodulation protocols. 
 
Objectives: To investigate the neural activity of the STN during turning whilst walking in patients 
with PD. 
 
Methods: We recorded bilateral subthalamic local field potentials (LFPs) in seven patients with 
idiopathic PD (age 60±5 years; disease duration 11±4 years; UPDRS-III: 40±13; mean±standard 
deviation) implanted with the Percept PC device (Medtronic, PLC) in meds-off/stim-off condition, 
i.e., in the morning after overnight withdrawal of all dopaminergic medication and after pausing DBS 
for at least 30 min. The patients walked back and forth on a 10 m walkway with 180° turns at the end 
of each walking trial (n. 14-45 turnings, according to the clinical condition of the patient). The start 
and peak angular velocity of each turn was collected using an inertial measurement unit (Opal, 
APDM) placed on the sternum. For each turn, we classified the STN as contralateral or ipsilateral to 
the internal leg with respect to the turning direction. A time-frequency analysis of the LFPs during 
600 millisecond windows centred around the initiation of the turns was conducted. 
 
Results: During turning, the power in the beta-low band [13 20]Hz of the contralateral STN correlated 
positively with the peak angular velocity. 
 
Conclusions: Our findings suggest that subthalamic beta-low power modulation plays a role in the 
turning whilst walking task in patients with PD. We provide additional evidence of a lateralised 
contribution of frequency-specific subthalamic beta oscillatory activity in parkinsonian motor control 
[2][4]. 
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Introduction: Cognitive and neuropsychiatric symptoms are common non-motor complications of 
Parkinson’s disease (PD), yet their management remains a major unmet need [1]. Non-invasive brain 
stimulation (NIBS) may represent a viable nonpharmacological therapeutic tool for their treatment 
[2]. 
 
Objectives: To provide a comprehensive overview of studies using NIBS techniques for the treatment 
of cognitive and neuropsychiatric non-motor symptoms in PD. 
 
Methods: PubMed/MEDLINE, EMBASE and the Cochrane Library were searched from inception to 
December 19th, 2023 for randomized, sham-controlled trials evaluating the effects of repeated 
sessions of NIBS on PD-related cognitive (e.g., mild cognitive impairment, dementia) and 
neuropsychiatric (e.g., depression, apathy) non-motor complications [3]. Open-label trials, reports of 
single NIBS sessions, and studies with no therapeutic aim but only to assess neurophysiological 
measures were excluded. Studies were grouped according to the type of NIBS technique and the 
target nonmotor symptom. 
 
Results: 25 studies with a total of 998 PD patients (sample size: 9–106) fulfilled eligibility criteria 
and were therefore included; 4/25 studies had a cross-over design. Twenty studies used transcranial 
magnetic stimulation (TMS, 4 of which applied patterned protocols), while 5 studies used transcranial 
direct current stimulation (tDCS). Most trials applied NIBS for facilitatory purposes. The most 
targeted nonmotor symptoms were those related to cognition (15/25, 60%), depression (14/25, 56%), 
anxiety (2/25, 8%) and apathy (2/25, 8%). General measures of non-motor symptoms were included 
in 4 studies (16%). Results were consistent only for anxiety (significant improvement after active 
TMS protocols), and apathy (no significant changes between active and sham). Studies were highly 
variable in terms of stimulation target and parameters, outcome measures, treatment duration and 
follow-up. 
 
Conclusions: The methodological heterogeneity of the included studies did not allow firm 
conclusions on the efficacy of NIBS for treating cognitive and neuropsychiatric non-motor symptoms 
in PD. Future studies should offer further insight on this topic. 
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Introduction: Cerebral autosomal dominant arteriopathy with subcortical infarcts and 
leukoencephalopathy (CADASIL) is an increasingly recognized cause of inherited smallvessel 
disease. Its clinical presentation is heterogenous, comprising migraine, stroke, and progressive 
cognitive impairment [1]. In recent years, a growing number of cases of vascular parkinsonism in 
CADASIL patients has been reported, further expanding its phenotypic spectrum [2]. To date, 
however, there is only minor evidence of an existing correlation between degenerative movement 
disorders and CADASIL [3]. Here we describe a case of Parkinson’s disease in a CADASIL patient. 
 
Case description: A 66 year-old-woman was admitted to our neurology unit because of a 2-year-long 
history of progressive right-sided akineto-rigid parkinsonism. Her clinical history was remarkable for 
an episode of left-sided paresthesias at the age of 44, which had subsequently led to a diagnosis of 
CADASIL, confirmed through both genetic testing and skin biopsy. A brain MRI, performed to 
exclude a rightsided basal ganglia infarct, only showed mild vascular involvement of the basal 
ganglia. Therefore, she underwent a complete neurovascular workup, comprising Doppler 
ultrasonography of neck arteries, heart telemetry and blood metabolic panel, which was 
unremarkable. The subsequent 123I-Ioflupane SPECT brain imaging was consistent with bilateral 
leftpredominant pre-synaptic dopaminergic striatal denervation. Lastly, a L-DOPA challenge test was 
performed and showed a 60% improvement in the UPDRS III score (OFF score 20, ON score 8). 
Thus, a diagnosis of Parkinson’s disease was made. 
 
Conclusions: Our patient was diagnosed with CADASIL and subsequently developed Parkinson’s 
disease. We believe this to be coincidental. To our knowledge, however, no instances of L-DOPA-
responsive parkinsonism in CADASIL have previously been reported. Therefore, we believe that 
further studies are needed to investigate any existing association between these two entities. 
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Introduction: Progressive supranuclear palsy (PSP) is the most common form of atypical 
parkinsonism, characterized by vertical gaze palsy, akinesia, postural instability and cognitive 
impairment The syndrome is a neurodegenerative disease, however vascular, autoimmune, 
paraneoplastic and infectious causes are reported related to this disease. 
 
Objectives: We describe the case of a 79 years old man with atypical presentation of PSP. 
 
Methods: Patient underwent to serial neurological evaluations, brain magnetic resonance imaging 
(MRI), brain PET-FDG scan, audiological evaluation and blood tests. 
 
Results: We present the case of man who manifested at the age of 78, subacute onset of walking and 
balance problems with tendency to fall backward with rapid trend. Memory impairment and 
behavioural changes were also reported, indeed his family described him as more apathetic and 
irritable. Furthermore he had signs of autonomic dysfunction (urge incontinence and constipation) 
and sleep talking. The neurological evaluation highlighted vertical gaze palsy, loss of postural 
reflexes, mild bradykinesia and applause sign. Atrophy of temporo-insular and frontoparietal cortex, 
mild atrophy of the midbrain and vascular encephalopathy were evidenced at the brain MRI. The 
Brain PET-FDG scan showed hypometabolism in the midbrain. At the audiological evaluation 
bilateral hypoacusia and nystagmus in all positions were reported. Further investigations, as 
autoantibodies dosage (IgLON5) and markers of neurodegeneration are ongoing. 
 
Conclusions: This case displays a clinical feature compatible with a PSP-like syndrome. Atypical 
presentation of parkinsonism may be the manifestation of systemic pathologies such as autoimmune 
diseases (e.g. with anti igLON5 antibodies), for whose diagnosis is fundamental for possible timely 
therapies. 
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Introduction: Sleep disturbances, usually assessed with clinical questionnaires, are frequent in people 
with Parkinson’s disease (PwPD) [1]. Meanwhile, digital health technologies, such as smartwatches, 
are now used as non-invasive tools to monitor sleep and detect changes in sleep patterns [2,3]. 
However, only few studies investigated the association between questionnaires-based and 
smartwatch-based sleep parameters in PwPD [4]. 
 
Objectives: To evaluate the association between questionnaires-based and smartwatch-based sleep 
parameters in PwPD. 
 
Methods: Seventy-four PwPD [females: 25 (34%); age: 68.6±8.4 years; disease duration: 6.4±4.7 
years; LEDD: 554±312 mg; mHY: 2 (2-2.5; 1-3); MDS-UPDRS-III: 28 (22-32; 11-50)] worn a 
Garmin Vivosmart 4 smartwatch for 5 consecutive nights on the wrist least affected by the disease. 
Total sleep time (TST), REM, shallow and deep sleep time as well as wake after sleep onset (WASO) 
were computed via the smartwatch. Patients further underwent a clinical evaluation by means of the 
Parkinson’s disease sleep scale version 2 (PDDS2) and Epworth sleepiness scale (ESS). Spearman’s 
correlation coefficient was used to evaluate the association between questionnaires-based and 
smartwatch-based sleep parameters in PwPD. Mann-Whitney test was used to compare sleep 
parameters between patients with and without sleep problems (PDSS2 ≥15), with and without 
excessive daytime sleepiness (ESS≥10) and with and without nocturnal hypokinesia (item 2.9 of 
MDS-UPDRS-II≥1). 
 
Results: ESS score showed a weak negative correlation with TST (R=-0.275; p=0.018) and REM 
sleep time (R=-0.353; p=0.002). PDSS2 showed a weak positive correlation with WASO (R=0.379; 
p<0.001). No difference was found for any of the smartwatch-based parameters between PwPD with 
and without sleep problems [18 (24%) and 56 (76%), respectively], daytime sleepiness [12 (16%) 
and 62 (84%), respectively] and nocturnal hypokinesia [25 (34%) and 49 (66%), respectively]. 
 
Conclusions: Smartwatch-based data collected in real-world conditions in PwPD showed an 
association with self-reported sleep quality and daytime sleepiness measures. 
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Introduction: In one of the best-known Indian scripture (The Bhagavad Gita) yoga practice is referred 
as “skill in action”. 
 
Objectives: To report the experience of specifically designed Sivananda hatha yoga in Parkinson’s 
disease (PD) patients from Abruzzo Region, central Italy. 
 
Methods: 24 patients followed by the Movement Disorder Center of Vasto Hospital, Abruzzo, were 
enrolled in a three months yoga 80 minutes class once a week, structured as: meditation with breathing 
training (10 minutes), asana practice (60 minutes), deep relaxation through guided meditation (10 
minutes). At enrollement (T0) and end of the program (T1) patients were evaluated with Unified 
Parkinson’s Disease Rating Scale (UPDRS) I, II, III, IV, Freezing of Gate (FOG), PDQ39 and 
subitems. Dopaminergic treatments here reported as levodopa equivalent dose (LED) remained 
stable, but patients were allowed to take 1 extra L-dopa dose (ELD) per day. Thirteen patients 
matched for age, disease duration and Hoeh and Yahr stage (HY) not involved in any yoga practice 
were followed as control group. 
 
Results: The yoga group was composed by 10 males and 14 females, mean ±SD age 65,5±6,78 years 
(range 52-78 years); mean disease duration 6,8±3,67 (range2-18years); HY I-IV. At T0 the group 
showed: mean UPDRS I 12±4,59; mean UPDRS II 12,1±4,79; mean UPDRS III 27,5±7,66; mean 
UPDRS IV 1,8±3,7; mean FOG score 9,4±6,2; mean PDQ39 total score 57±17,6; PDQmobility score 
16,5±7.4; PDQ-ADL score 7,8±3,0; PDQ-emotional score 15,9±3,5; PDQ stigma score 10,9±1,02; 
PDQ-cognition score 0,9±0,99; PDQ-communication score 2±2,7; PDQ-body score 3,8±1,4. At T1 
the following scores improved: UPDRS I (p=0.025), FOG (p=0.013), PDQ39 (p=0.023), PDQ-
emotional (p<0.001) and PDQstigma (p=0.005). LED remained unchanged between T0 and T1; in 
the16 patients used to take ELD these decreased at T1 (mean ELD at T0=7,33±2,8; mean ELD at 
T1=1,33±0,98; p=0.043). All patients reported decreased OFF time at T1 (p=0.053). No difference 
were found in the control group, but 6 patients needed pharmacological adjustment due to worsening 
of rigidity and OFF time.  
 
Conclusions: Yoga practice trains the mind to be alert, aware and focused on physical sensations and 
movements and this may be a key strategy for patients to cope with the disease. 
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This research introduces NET, an innovative home-based rehabilitation application developed within 
the framework of the European Union "RAISE (Robotics and AI for Socio-economic 
Empowerment)" program. Targeting patients at risk of falls, NET offers a tailored rehabilitation 
protocol designed to enhance balance and strength through progressively challenging exercises, 
crafted by physiotherapists. 

NET addresses the escalating challenges in managing chronic fall-risk patients within the national 
healthcare system by providing a personalized rehabilitation approach. The application enables the 
creation of individualized rehabilitation protocols, allowing physiotherapists to monitor patient 
adherence to sessions. Moreover, utilizing the PC's camera, NET incorporates motion tracking, 
yielding an accuracy index for healthcare professionals. Applying the Action Observation concept, 
exercises are executed by an avatar, with the patient represented, via motion tracking, as a shadow 
when correctly framed by the camera. 

Preliminary data from a pilot feasibility and usability study across diverse target populations, 
including patients with Parkinson's disease, stroke survivors, and osteoporotic individuals, are 
presented. Participants underwent evaluations using balance tests (MiniBest test, Short Performance 
Physical Battery, Four Steps Square Test), fear of falling assessments (FES, ABC scale), endurance 
tests (2 Minutes Walking Test), and cognitive evaluations (Mini-Mental Examination Test). A 
simulation of a typical session with varied exercise proposals was offered, followed by participant 
feedback, via a 10-item questionnaire with ratings from 0 to 10, on the session's pleasantness, tool 
usability, and any less appreciated aspects.  

Preliminary findings indicate a favorable reception of the app and satisfactory ease of use. This study 
lays the foundation for further investigations, showcasing NET's potential as an effective tool in 
home-based rehabilitation for diverse patient groups. 
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Introduction: People with Parkinson’s disease (pwPD) present alterations of spatiotemporal gait 
parameters that impact on walking ability. Preliminary studies suggested that dual-task gait training 
improves walking parameters; however, if dual-task training can specifically improve dual-task gait 
performance when compared to single-task training is still unknown. 
 
Objective: We performed a systematic review and meta-analysis of randomized controlled trials 
(RCTs) to compare the effect of dual-task training relative to single-task training of gait on specific 
gait parameters during dual-task tests in pwPD. 
 
Methods: Three electronic databases were searched: two reviewers independently selected RCTs, 
extracted data, applied the Cochrane risk-of-bias tool for randomized trials (Version 2) and the 
GRADE framework for assessing certainty of evidence. Primary outcomes were dual-task gait speed, 
stride length and cadence. Secondary outcomes included dual-task cost on gait speed, balance 
confidence and quality of life. 
 
Results: We included 14 RCTs (548 patients). Meta-analyses showed effects favoring dual-task 
training over single-task training in improving dual-task gait speed (standardized mean difference 
[SMD]= 0.33, 95% confidence interval [CI]=0.16-0.51; 10 studies; low certainty evidence), stride 
length (mean difference [MD]=0.09 meters, 95% CI=0.04-0.14; 4 studies; moderate-certainty 
evidence) and cadence (MD=5.62 steps/min, 95% CI=4.08-7.15; 5 studies moderate-certainty 
evidence). We also found a significant effect of dual-task training over single-task training on dual-
task cost, balance confidence and quality of life. 
 
Conclusion: Our results support the use of dual-task training relative to single-task training to 
improve dual-task spatiotemporal gait parameters in pwPD. Further studies are encouraged to better 
define features of dual-task training and clinical characteristics of pwPD to identify better responders. 
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Introduction: One of the first aspects of daily life to be compromised due to Parkinson's disease (PD) 
is writing, often characterized by micrography, an “impairment of the fine motor skills of the hand 
which mainly occur with a progressive or stable reduction in the writing width” [1-2]. However, the 
evidence supporting the rehabilitation of this activity is still scarce with few significant results. 
 
Objectives: The study in question aims to investigate the efficacy of handwriting training and 
occupational therapy in people with PD and micrographia. 
 
Methods: The intervention was composed by ten sessions of handwriting training and occupational 
therapy for one month period with follow-up after two and three months. The outcome measures used 
for the assessment were the Parkinson’s Disease Questionnaire-39 (PDQ-39), the Disabilities Of The 
Arm, Shoulder and Hand (DASH) questionnaire, the Jebsen Taylor Hand Function Test (JTHFT) and 
a handwritten pangram. The results were then subjected to statistical analysis, using the non-
parametric Wilcoxon test to calculate statistical significance (p < 0.05). 
 
Results: 16 individuals with PD were enrolled in this study. According to the statistical analysis of 
the collected results between the first and second follow-up, statistically significant results were 
obtained in all the considered tools. However concerning the pangram, the statistical significance is 
reduced in subsequent follow-up (3 months without treatment). 
 
Conclusions: The study in question showed important results for the proposed treatment, reporting 
its effectiveness. However, after 3 months from the end of the treatment, improvements start to fade 
off; it is therefore imperative that the patient continues the treatment over time in order to maintain a 
good amplitude in handwriting. This study provides evidence to support the use of this treatment in 
the occupational therapy clinical practice and can be considered a starting point to improve research 
in this field. 
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Introduction: Patients with Parkinson's disease (PD) exhibit a variety of motor and non-motor 
symptoms such as fatigue, pain, constipation and urinary issues. 
 
Objectives: The primary objective of this study is to evaluate the effect of osteopathic manipulative 
treatment (OMT) in PD. 
 
Methods: This is a double blind sham-controlled cross-over study. The study involved 140 patients 
dived in sham group (65) and OMT group (75). The study consisted in the following visits: T0 
baseline/randomization, T1 after 4 weeks of omt/sham treatment, T2 after 4 weeks of rest (no 
treatment), T3 after 4 weeks of cross-over treatment and T4 after 4 weeks of rest (no treatment). 
Patient were evaluated at T0, T1,T2, T3 and T4 with the following: the revised MDSUnified 
Parkinson's Disease Rating Scale (MDS-UPDRS), the Hoehn and Yahr staging system (H&Y), the 
Visual analogue scale for pain (VAS), the Fatigue severity scale (FSS), and a questionnaire for urinary 
incontinence (ICIQ-FS); all patients were also questioned about the number of bowel movements per 
week. The dopaminergic treatments here reported as as levodopa equivalent dose (LED) remained 
stable over the study period, but patients were allowed to take 1 extra L-dopa dose per day if needed. 
 
Results: At baseline mean (standard deviation, SD) age of patients were 66.89 (2.85), H&Y stage 
ranged between 2 and 4, mean (SD) MDS-UPDRS total score was 60 (17.30), mean (SD) LED was 
690,44 (86.52) mean (SD) VAS was 5 (0.7), mean (SD) FFS was 42.44 (3.97[l1]). Compared to 
baseline OMT group improved at 4 weeks follow up in the following: VAS (p=0.001), constipation 
(p<0.0001), fatigue (p=0.07), UPDRS I (p=0.02), UPDRS III (p=0.05), tremor (p=0.01), rigidity 
(p=0.002). The sham group did not show any changes compared to baseline. 
 
Conclusions: The data presented suggest that osteopathic manipulation may be an effective physical 
complementary treatment in the management of several troublesome symptoms of PD which 
generally show poor response to traditional pharmacological interventions. 
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Introduction: Singing training (ST) in Parkinson’s Disease (PD) may improve lung capacity, voice’s 
volume, and mood. However, the evidence on the feasibility of ST is poor, and the efficacy on 
orofacial symptoms, voice quality and trunk posture is unknown [1,2]. 
 
Objective: Here, we evaluated the feasibility of ST in PD and tested its effect on voice quality, 
orofacial symptoms and posture. 
 
Methods: Eight people with PD (PwP) were enrolled in a 3-months ST, one lesson per week for two 
hours. The following variables were collected before (T0) and at the end of 3-months ST (T1): 1) 
vocal characteristics obtained from voice recordings of subjects holding the vowel sound /a/ as long 
as possible (analysed with PRAAT software) [4-6]; 2) angles of anterior trunk flexion and lateral 
trunk flexion quantified using the NeuroPostureApp [7]; 3) neuropsychiatric symptoms and quality 
of life by means of specific validated questionnaires [8-9]; 4) orofacial symptoms measured with the 
MDS-UPDRS item for hypomimia, the Radboud Oral Motor Inventory for Parkinson's Disease 
(ROMP) and the bedside swallowing test. Measures of feasibility (percentage of attendance and 
patients’ feedback) were collected. The Wilxocon test was employed for paired comparisons before 
and after the intervention. 
 
Results: All subjects (3 females, age 64.25 ± 4.43 years, disease duration 10.25 ± 4.50 years) 
completed the training. The attendance rate was 75% of the total number of lessons. All subjects 
would recommend ST to other PwP. The following voice characteristics improved at T1 compared to 
T0: volume (p=0.02), formant number 1 (p=0.03) and HNR (p=0.006), these last two items being 
metrics of speech and voice quality. Apathy (p=0.04); depression (p=0.02) and anxiety (p=0.01) also 
improved. Angles of the anterior and lateral trunk flexion were significantly reduced (respectively 
p=0.03; p=0.04). 
 
Conclusions: The ST intervention resulted feasible and impacted positively on patients’ voice and 
speech quality, mood, and posture [9-15]. 
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Introduction: Cervical dystonia is a movement disorder characterized by motor symptoms and pain. 
The role of somatosensory inputs in its pathophysiology is supported by clinical signs and by the 
literature [1].   
Rehabilitation is usually an adjunct therapy to botulinum neurotoxin injections and most patients 
never receive targeted treatment [2]. Patients tend to reduce social participation and to over-control 
the affected part. 
Cognitive multisensory rehabilitation [3], focus on somatosensory reorganization and subsequent 
motor improvement in the dystonic body part, incorporating somatosensory perception and motor 
imagery-guided exercise. 
 
Methods: Two patients with cervical dystonia received CMR for 20 total sessions.  Rehabilitative 
intervention was based on exercise in supine and seated position. To solve perceptual tasks, patients 
had to achieve relaxation of the neck and the whole body. Subsequently, the physiotherapist guided 
the patients’ movement to response to perceptual demands. Motor imagery was used to program the 
movement. 
Patients provided detailed information about symptoms in pain map before the treatments and after. 
Qualitative data were also collected regarding language used by patients to describe the way they 
program the movement to perform. 
 
Results: After treatment, patients reported higher level of autonomy, with a return to activities as 
walking, driving and socializing. Pain maps show a reduction in affected areas and greater precision 
in pain locations. Additionally, there is a change in the language used to describe movements. 
Patients report performing exercises at home daily and not needing manual therapy. Furthermore, the 
time between BoNT injections has increased. 
 
Conclusions: Studies available in literature suggest that treatment cannot disregard the perceptual 
aspect of movement. The strategies reported by patients who 'fight' dystonia are not effective and 
increase their disability level. 
A rehabilitation treatment aiming at recovering attention and perception to the affected area seems to 
allow patients to gain awareness and to manage dystonia more autonomously. 
 
References:  

[1] Avanzino, L. et al., 2014. Frontiers in human neuroscience, 8, 1000. 
[2] Prudente, C. et al., 2018. Movement disorders clinical practice, 5(3), 237-245. 
[3] Van de Winckel, A. et al., 2020. Scientific Reports, 10(1).1 
  



P226 
 
Constant and Intensive Rehabilitation Treatment (TRIC) in patients with Parkinson’s disease: 
a pilot study 
 
Christian Gelao1, F. Angeloro1, C. Palmirotta2, S. Tagliente2, G. Lagravinese2, S. Aresta1,2,  
P. Battista2,3, P. Fiore1,4, B. Minafra1 
 
1Istituti Clinici Scientifici Maugeri IRCCS, Neurorehabilitation Unit of Bari Institute, Bari, Italy 
2Istituti Clinici Scientifici Maugeri IRCCS, Laboratory of Neuropsychology, Bari Institute, Bari, Italy 
3Global Brain Health Institute (GBHI), University of California San Francisco, CA, USA 
4Department of Physical and Rehabilitation Medicine, University of Foggia, Foggia, Italy 
  
Introduction: Scientific literature largely supports the importance of physical activity as a lifestyle 
component for patients with Parkinson’s disease (PD). Performing exercises promotes a 
neuroprotective effect in patients with PD, enriches motor skills, and consequently improves the 
quality of life. Several studies showed that a structured approach based on therapeutic exercise 
improved patients’ motor performance. Still, this improvement was retained only for a limited period 
(e.g., after discharge from the hospital). 
 
Objectives: This pilot study aimed to investigate the effects of a tailored intensive exercises program, 
dedicated to patients with PD, at post-treatment and 3 months follow-up. 
 
Methods: We developed a new therapeutic program, namely TRIC (Constant and Intensive 
Rehabilitation Treatment) which focuses on therapeutic exercises and aerobic activities. N=20 
patients with idiopathic PD (age 75.55±8.99 years, H&Y 1.87±0.74; MDS-UPDRS-III 25.8±9.88) 
underwent n=36 training sessions, each lasting 60 minutes, according to a personalized and 
progression modulated program, for 12 consecutive weeks. Outcome measures on standardized test 
scores were collected. In particular, we measured the degree of motor impairment, mobility, balance, 
and gait. Comparison pre-post measures were calculated by paired samples t-test. 
 
Results: All patients completed all phases of this study. We found significant differences pre-post 
treatment in balance, as measured by the BERG BALANCE SCALE (p<.001), and in gait, as 
measured by the 6 MINUTE WALKING TEST (p<.001). These differences were still significant at 
the 3-month follow-up. 
 
Conclusions: Findings indicate that physical activity may result in a lasting improvement of impaired 
motor function in individuals with a neurodegenerative disease such as PD. 
  



P227 
 
Muscle-targeted nutritional support and rehabilitation (MIRT) to treat Parkinsonian patients 
with risk of fall: a multicentric, randomized, single-blind study 
 
Giampietro Gabrielli1, A. Perfetti2, P. Marcanti2, A. Accardo1, C. Iarlori3, O. Santilli4, A. Quaroni5, 
M. Girmegna5, A. Molino6, C. Bosio7, K. Molatore8, M. Grancagnolo8, M. Ferrario9, R. Frappoli9,  
T. Sogoian10, J. Mantini11, G. Frazzitta12 
 
1Fisioterapista, Studio Cure Integrate, Centro MIRT, Livorno, Italy  
2Fisioterapista, Studioerre, Centro MIRT, Brescia, Italy 
3Neurologo, Fondazione Papa Paolo Sesto, Centro MIRT, Pescara, Italy 
4Fisiatra, Fondazione Papa Paolo Sesto, Centro MIRT, Pescara, Italy 
5Fisioterapista, PV Care, Centro MIRT, Stradella (PV), Italy 
6Fisiatra, Istituto Riabilitazione RIBA, Centro MIRT, Torino, Italy 
7Fisioterapista, Istituto Riabilitazione RIBA, Centro MIRT, Torino, Italy 
8Fisioterapista, Centro Ri-abilita, Centro MIRT, Traona (SO), Italy 
9Fisioterapista, Centro Sim-patia, Centro MIRT, Valmorea (CO), Italy 
10Fisiatra, Fisiosport Terraglio, Centro MIRT, Venezia- Mestre, Italy 
11Fisioterapista, Fisiosport Terraglio, Centro MIRT, Venezia-Mestre, Italy 
12Neurologo, Presidente MIRTparkproject, Italy  
 
Introduction: Previous studies have shown how muscle-targeted nutritional support associated with 
intensive multidisciplinary treatment (MIRT) is able to improve the effects of rehabilitation [1]. 
 
Objectives: Evaluate whether MIRT associated to a muscle-targeted nutritional support in patients 
with Parkinson's disease and balance disorder (stage 2-4 Hoehn-Yahr) reduces the risk of falling. 
 
Methods: A multicentre, randomized (1:1), single blind study, where 40 patients with Parkinson's 
disease and a history of fear of falling are randomized in two groups: a group that will undergo MIRT 
for a month treated with a muscle-targeted nutritional support and a control group which will instead 
undergo only MIRT for a month. The study duration is 12 months. Patients will be assessed with the 
UPDRS, Berg Balance Scale, FES-I (Falls Efficacy Scale International) and will keep a Falls Diary. 
Each centre will enrol 6 patients: in each centre there will be a responsible for the randomisation, 
while the operators who will treat the patients will not be aware whether they are patients belonging 
to the experimental group or the control group. A blind operator will carry out the rating scales at the 
time of enrolment (T0), after 1 month (T1) and at the 3-month follow-up (T2). 
Inclusion criteria: Parkinson's disease stage 2-4, subjective fear of falling or history of falls, BERG 
Balance Scale ≤ 50.  
Exclusion criteria: Parkinsonism, Cognitive disorders, Polyneuropathies, Strokes, head trauma, 
cerebellar disorders, Myasthenia, Alcoholism 
 
Conclusions: All patients, at the end of the one-month intensive treatment, will continue, until the 
end of the study, to perform exercises, suggested by the physiotherapist, at home and which will be 
the same for the patients of both groups. 
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Introduction: Previous studies have shown how an intensive multidisciplinary treatment (MIRT) for 
hospitalized patients is able to reduce symptoms progression and improve the quality of life in 
Parkinsonian patients [1-2]. 
 
Objectives: To evaluate whether treatment of MIRT outpatient Parkinsonian patients (stage 2-4 
Hoehn-Yahr) may reduce symptoms progression and improve the quality of life. 
 
Methods: 400 patients with Parkinson's disease will be evaluated in a multicentre open-study for one 
year. All of them will undergo the same intensive rehabilitation treatment for a month and a 
maintening treatment with specific exercise for the following 11 months. 
The study duration will be 18 months. Patients will be assessed with the UPDRS, Berg Balance Scale, 
FES-I (Falls Efficacy Scale International, Timed up and go test, PDQ-39. Each centre will enrol 50 
patients. Inclusion criteria: Parkinson's disease stage 2-4. Exclusion criteria: Parkinsonism, cognitive 
and cerebellar disorders, polyneuropathies, strokes, head trauma. 
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Introduction: Functional Motor Disorders (FMDs) are part of the broader scope of Functional 
Neurological Disorders, including tremors, paresis, dystonia, and gait disorders. Functional gait 
disorders (FGDs) are among the most disabling symptoms affecting patients with FMDs [1], for 
which management and rehabilitation are crucial for functional recovery. Literature suggests how 
some technological tools, such as virtual reality (VR), could improve their management [2] and their 
walking disorders [3]. However, studies still need to be conducted to explore VR effects on FMDs. 
Moreover, clinical evidence observed an improvement in symptoms when patients are distracted, 
proving that a dual-task paradigm is a practical approach to investigating the mechanisms of high-
level gait control in these conditions [3]. 
 
Objectives: This study aimed to explore how an immersive VR protocol might impact spatiotemporal 
gait parameters in people with FMDs from healthy controls and Parkinson's patients (PDs) used as a 
neurological disease comparison group. We also investigated the relationship between dual-task 
effect gait measures and disease severity. 
 
Methods: A total of 109 subjects, including 43 HC, 46 FMDs, and 20 PDs, underwent spatiotemporal 
gait analysis during the free walk (ST), cognitive (cDT), and visualfixation (vDT) dual-task in both 
a real environment (RE) and two virtual environments (a city-like one, VRC, and a reproduction of 
RE), using Feetme wearables insoles for a total of eight tasks. Immersive virtual reality environments 
were specifically developed (Khymeia SRL, Italy). Gait speed, swing and stride time variability were 
assessed as spatiotemporal gait parameters sensitive to the effects of dual tasking in quantifying 
changes in low and high-level gait control markers. 
 
Results: A parametric statistic such as repeated measure ANOVA was employed with the application 
of Tukey test correction for post hoc analyses. Broadly, motor performance and automaticity were 
lower in PDs and FMDs than in HCs in almost all tasks. In all groups, compared to ST and vDT in 
the RE, gait speed decreased in all tasks (p<.001); instead, swing and stride time variability worsened 
mainly in the cDT in VRC and RE (p<.001). In particular, the gait speed of PDs worsened 
significantly during the cDT in RE and VRC. 
 
Conclusions: Even if still in the exploratory phase, our findings shed light on higher-level gait control 
mechanisms in FMDs and represent preliminary evidence for measures of dual-task effects for 
discriminating FMDs from HCs. FMDs showed behavior similar to HCs, suggesting that measures 
of gait automaticity might be a diagnostic and prognostic gait biomarker in FMDs. 
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Introduction: Diagnosis of Progressive Supranuclear Palsy (PSP) greatly affects the lives of both 
patients and caregivers. Family caregivers of individuals with neurodegenerative diseases face a 
higher risk of developing psycho-physical difficulties compared to the general population. 
Psychoeducational interventions are strongly recommended as non-pharmacological treatment to 
manage patient’s cognitive impairment, behavioral disturbances and caregiver burden for both 
dementia and PSP caregivers [1]. 
 
Objectives: This pilot-study explores the effectiveness of psychoeducational interventions for 
caregivers of patients with cognitive disorders. 
 
Methods: Psychoeducational interventions consist of a structured program of five sessions (2h each) 
every two weeks, aimed at providing information on motor and cognitive disorders, managing 
psycho-behavioral symptoms, effective communication (e.g., improving communication and 
involving others), and the caregiver's experience (e.g., reducing stress, learning to take time for self). 
The program was delivered in small groups of caregivers by psychologists and neurologists, and it 
included time for didactics and practice. For all participants we used visual-analogue scale (VAS; 
ranging from 0 to 100) evaluating: capacity to manage psycho-behavioral symptoms, disease 
knowledge, social support, leisure time, harmony with the patient and perceived stress. PSP 
caregivers also completed Parkinsonism Carers Quality of Life (PQoL-Carer). All measures were 
collected at the beginning and end of the program. 
 
Results: 39 caregivers of dementia patients (AD and FTD) and 18 PSP caregivers were enrolled at 
the Neurologic Unit of Santa Chiara Hospital, Pisa. Statistical analyses showed a significant 
improvement in all VAS measures for dementia caregivers. PSP caregivers showed an improvement 
on all variables except for "harmony with patients”, “perceived stress” and PQoL-carer total score 
(p<0.05). 
 
Conclusions: The findings of this pilot-study showed that psychoeducational interventions enhanced 
specific aspects of caregiving for both groups, highlighting the effectiveness also for PSP caregivers. 
In the future, expanding participant numbers and including a follow-up session for long-term efficacy 
assessment will be essential. 
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Introduction: Autonomic impairment plays a key role in idiopathic REM Behavior Disorder (iRBD) 
pathophysiology, associated with a high risk of synucleinopathy. We previously found that iRBD 
subjects, without clinical or imaging evidence of nigrostriatal degeneration, show signs of 
sympathetic nervous system (SNS) overactivity as a marker of early PD and predictor of 
phenoconversion. Carvedilol, an adrenergic blocker, can reduce abnormal SNS activity. 
 
Objectives: To investigate the effects of treatment with carvedilol on markers of sympathetic 
dysfunction in iRBD subjects at risk for Parkinson`s disease (PD). 
 
Methods: Four male iRBD subjects (age 65.5±6.7) with pre-motor PD symptoms and abnormal 
Iodine-123 meta-iodobenzylguanidine (123I-MIBG) were assessed for markers of sympathetic 
activity at baseline, 6 and 12 months after treatment with carvedilol (12.5mg or 25mg twice daily). 
Study variables included 123I-MIBG late H/M ratio and WR; Heart Rate Variability (HRV) low/high 
frequency ratio (LF/HF); Neuromelanin sensitive MRI (NM-MRI) contrast-to-noise ratio (CNR) 
between locus coeruleus (LC) and pons. MDSUPDRS part III and dopamine transporter scan 
(Ioflupane I123injection) quantitative analysis were used to exclude existing PD. 
 
Results: All subjects had baseline abnormalities consistent with SNS overactivity, resulting in 
reduced average late H/M (1.51±0.35), high WR (33.7±11.3), elevated LF/HF (4.9±1.7) and LC NM-
MRI hyperintensity (3.6±1.4). At baseline, average MDS-UPDRS III scores were 2.8±11.3 and 
average Ioflupane I123injection putamen/caudate ratio was 0.91±0.05. After treatment with carvedilol, 
MIBG WR was reduced on average both at 6 (18.1±6.7) and 12 months (18.5±14.4); LF/HF ratio was 
reduced on average at 6 (3.9±1.3) and 12 months (2.7±1.5); NM-MRI intensity showed reduced 
intensity after 6 (2.8±0.6) and 12 months of treatment (2.9±0.5). MDS-UPDRS III scores and 
Ioflupane I123 injection measures did not significantly change throughout the study. 
 
Conclusions: Treatment with carvedilol can reverse markers of SNS overactivity in iRBD subjects at 
risk for PD, suggesting that accepted markers of neurodegeneration may be reversible in the pre-
motor stages. 
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Introduction: Deep brain stimulation (DBS) is a well-established surgical procedure for treatment of 
motor complications in PD. Both the subthalamic nucleus (STN) and internal globus pallidus (GPi) 
are considered nearly equivalent targets for improving PD motor symptoms. However, GPi-DBS has 
been reported to determine a greater reduction of dyskinesias despite a minor postoperative reduction 
of dopaminergic therapy than STN-DBS. To date, few studies with small sample size investigated the 
long-term motor outcomes of GPI-DBS in PD patients. 
 
Objectives: To evaluate short- and long-term GPi-DBS efficacy on motor symptoms in PD. 
 
Methods: We evaluated a cohort of 30 PD patients who underwent GPi-DBS surgery with directional 
leads from 2018 to 2023 at our center. Patients were assessed before DBS (T0) and 1 (T1) and 5 years 
(T5) after surgery. Demographic, clinical and treatment data were collected at each timepoint. Motor 
performances were measured using the Unified Parkinson's Disease Rating Scale (MDS-UPDRS-III) 
in OFF medication at T0 and in OFF med/ON Stim at T1 and T5. 
 
Results: 30 PD patients (23 Male and 7 Female, mean age 61.3 ±9.6 years) were included, 12 subjects 
completed the 5-year follow-up assessment. At T1, all subjects showed a significant improvement in 
MDS-UPDRS-III (T0 OFF med: 34.6±13.8 and T1 20.5±8.5; p 0.0005) and dyskinesias, while there 
were no significant changes in dopaminergic therapy intake (LEDD; T0: 878.6±352.8; T1: 
823.8±441.5). At T5, the benefit on dyskinesias was confirmed (p 0,001) while both LEDD and MDS-
UPDRS III scores slightly increased, however not significantly, compared to T1 (LEDD: T0: 
878.6±352.8 and T5: 908±416). 
 
Conclusions: GPi-DBS in PD patients in this single-center cohort showed a sustained long-term 
reduction of dyskinesias as well as motor benefits, without the need for a significant increase in 
dopaminergic therapy even 5 years after surgery. 
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Introduction: Opicapone (OPC) proved to be safe and effective in reducing off-time in Parkinson’s 
disease (PD) in clinical trials. [1-5] 
 
Objectives: To provide the preliminary results of the ongoing realworld study Open-Park assessing 
the safety and the efficacy of OPC. 
 
Methods: This multicentre, observational study enrolled 191 PD patients (mean age 64.9 years) with 
motor fluctuations, who required OPC as adjunctive therapy. At baseline, PD duration was 9.7±5.1 
years, daily levodopa dose 588±253 mg. Data before (V1) and after the initiation of OPC (V2) was 
collected for 92 patients and assessed for the primary endpoint: change in total MDS-UPDRS I-II-III 
at V2 versus V1 with paired t-test. Secondary endpoint included adverse events (AEs). 
 
Results: Mean follow-up was 10,5±3,2 months (n=92). MDS-UPDRS parts I-III scores were 
significantly lower at V2 than V1 (Mean±SD Part I: 8.2±5.6 vs. 9.7±5.9, p=0.007; Part II: 11.2±7.0 
vs. 14.5±7.1, p<0.0001; Part III 24.8±13.7 vs. 29.4±14.8; p<0.001). Primary endpoint was reached: 
MDS-UPDRS I+II+III score was significant reduced at follow-up (44.2±23.4 vs. 53.5±24.2, 
p<0.0001). 
 
Motor fluctuations significantly improved at V2 (Part IV score 4.75±3.38 vs. 7.10±3.41; p<0.00001). 
MDS-UPDRS-IV OFF-state subscores were all significantly improved at V2 (item 4.3 time spent in 
off-state, p<0.0001; item 4.4 functional impact of fluctuations, p<0.0001; item 4.5 complexity of 
motor fluctuations, p<0.0001; item 4.6 painful off-state dystonia, p=0.03). The MDS-UPDRS-IV 
dyskinesias subscores and the Hoehn&Yahr stage didn’t change. Concerning safety, only 13 out of 
191 (7%) of patients experienced any AE, of whom 10/13 dropped-out. Total AEs recorded were 23. 
Psychiatric disorders (hallucinations, anxiety, agitation, insomnia) accounted for 35% of total AEs, 
followed by gastrointestinal disorders (30%), whereas motor-related issues (dyskinesias and 
dystonia) accounted for 22% of AEs. 
 
Conclusions: In a real-world setting, OPC was safe and effective in reducing off-state without 
increasing dyskinesia in PD with motor fluctuations. 
 
References:  
[1] Almeida et. al ., 2013. Clin Pharmacokinet ; 52: 139−151.  
[2] Kiss et al., 2010. J Med Chem ; 53: 3396−3411. 



[3] Ferreira et al., 2016. Lancet Neurol; 15: 154–65.  
[4] Lees et al ., 2017. JAMA Neurol; 74: 197–206.5.  
[5] Ferreira et al., 2022. Mov Disord; 37:2272−2283. 
  



P234 
 
The influence of muscle spindle afferent input on subthalamic Local Field Potentials (LFPs) in 
Parkinson’s disease 
 
Tommaso Bocci1,2, S. Coelli3, V. Levi4, R. Eleopra4, M. Egidi5, A.M.M. Bianchi3, A. Priori1,2 
 
1"Aldo Ravelli" Center for Neurotechnology and Experimental Brain Therapeutics, Department of 
Health Sciences, University of Milan, Milan, Italy 
2Clinical Neurology Unit, "Azienda Socio-Sanitaria Territoriale Santi Paolo e Carlo, Department of 
Health Sciences, University of Milan, Milan, Italy 
3Department of Electronics, Information and Bioengineering, Politecnico di Milano, Milan, Italy 
4Neurosurgery Department, Functional Neurosurgery, Fondazione Istituto Neurologico Carlo Besta, 
Milan, Italy 
5Neurosurgery Unit San Carlo Borromeo Hospital ASST Santi Paolo e Carlo Milan, Italy 
 
Introduction: Subthalamic local field potentials (STN-LFPs) arise from spontaneous and presynaptic 
input-dependent changes of electrical activity of large ensembles of neurons. Although motor and 
non-motor symptoms in patients with Parkinson’s disease (PD) correlate with STN-LFP, whether 
they are modulated by peripheral inputs from muscle spindles is unknown. Because adaptive Deep 
Brain Stimulation (DBS) is controlled by STN-LFPs signals, understanding their origin is crucial. 
 
Objectives: To assess the STN-LFP changes in PD following the muscle afferent spindle input block 
induced by curarization in patients undergoing surgery for Deep Brain Stimulation (DBS). 
 
Methods: The experimental protocol included STN-LFP recordings in three phases during: awake 
state (A), propofol sedation (P), curarization (C). Signals (8-80Hz) were analyzed by linear and 
nonlinear 
approaches. 
 
Results: Linear approaches showed that the absolute log signal power for the total spectrum (8-80Hz), 
the beta band (15-30Hz), the low gamma (31-55Hz) and the high gamma (56-80Hz) bands decreased 
during P and again eventually increased during C. Nonlinear approaches revealed that the power law 
1/f exponent for the 1- 45Hz band increased during C in comparison with A and P.  
 
Conclusions: Linear and non-linear computational analysis of STNLFP suggest that muscle spindle 
block induced by curarization may shape the STN-LFP pattern in PD, therefore supporting the 
hypothesis that reafference from muscle input can provide a deterministic contribution to electrical 
activity in the human subthalamic area. 
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Introduction: Gender differences exist in Parkinson's disease (PD). It is therefore important to 
evaluate gender-specific outcomes of DBS in PD in order to improve therapeutic counselling. 
 
Objectives: We investigated gender-differences in response to DBS of the STN or GPi in a group of 
patients with advanced PD. 
 
Methods: 123 patients with PD (30% F, 70% M) that underwent DBS targeting the STN or GPi were 
enrolled. Motor outcomes were compared at baseline and 1-year after DBS. In baseline, MDS-
UPDRS part III was collected in both OFF and ON state. Dopaminergic drug therapy was converted 
in Levodopa Equivalent Daily Dose (LEDD). At 1-year follow-up, MDS-UPDRS-III score was 
assessed in the ON state with the stimulator turned on. 
 
Results: 93 patients were treated with STN-DBS (32,2 % females) while the remaining 30 patients 
were treated with GPi-DBS (23.3% females). At baseline, there were no gender differences as regards 
disease duration, LEDD and MDS-UPDRS part III score. At 1-year follow-up, we found better MDS-
UPDRS III score for both GPi- and STNDBS and a significant LEDD reduction compared to baseline 
only after STN-DBS (p=.0001), with no gender-specific differences. The percentage of patients with 
dyskinesias decreased from 86% to 20% in females and from 91% to 50% in males after GPi-DBS. 
After STNDBS the decrease was from 93.3% to 66% in females, and from 73% to 34% in males. The 
percentage of patients with clinical fluctuations decreased from 86% to 14% in females and from 
39% to 13% in males after GPi-DBS, while after STN-DBS the decrease was from 56.6% to 27% in 
females, and from 44% to 28% in males. Overall, the effect of sex was not statistically significant.  
 
Conclusions: Bilateral STN- and GPi-DBS are equally effective in males and females as a treatment 
for motor complications of PD. 
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Introduction: In the advanced stages of Parkinson's disease (PD), the diminishing efficacy of 
levodopa [1] necessitates the exploration of alternatives, such as levodopa-carbidopa intestinal gel 
(LCIG) which ensures a controlled delivery mechanism, overcoming oral levodopa's limitations [2]. 
Acknowledging the diverse motor phenotypes responses to standard oral levodopa, an essential 
question emerges: does LCIG infusion exhibit a similar spectrum of heterogeneity in motor 
responses? Resolving this query is crucial for the formulation of individualized therapeutic strategies 
to optimize efficacy within the complex landscape of advanced PD. 
 
Objectives: This prospective observational study aims to examine, evaluate, and compare the motor 
responses at the 12-month postimplantation period following LCIG, considering the different motor 
phenotypes of PD. 
 
Methods: The study enrolled 20 patients in advanced stages of PD who underwent LCIG infusion. 
Stratification based on motor phenotypes (tremor-dominant, akinetic-rigid, mixed) allowed for a 
detailed analysis. Motor responses were evaluated at the 12-month follow-up using UPDRS-III scores 
in both ON and OFF phases. Statistical analyses were employed to identify patterns and variances 
within and across motor phenotype groups, ensuring a comprehensive investigation into the 
treatment's effectiveness. 
 
Results: Our analysis revealed a statistically significant motor response at the 12-month interval 
within each subgroup (p<0.05). The improvements in UPDRS-III scores emphasized the sustained 
therapeutic efficacy of LCIG across various motor phenotypes. Interestingly, despite distinct 
improvements within each subgroup, no noticeable differences in motor response were observed 
among the three groups, suggesting an uniform therapeutic impact. 
 
Conclusions: In conclusion, our study aligns with current literature, confirming the efficacy of LCIG 
in mitigating motor symptoms across diverse phenotypes in advanced PD [2,3]. The absence of 
noticeable differences in motor response among the three groups, while intriguing, warrants careful 
interpretation due to the small patient cohort and relatively short follow-up duration. Ongoing 
investigations with larger cohorts and extended follow-up periods are crucial to substantiate and 
refine our observations, advancing our comprehension of LCIG infusion's long-term impact in 
advanced PD. 
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Introduction: Deep Brain Stimulation (DBS) is a surgical therapy now commonly used to treat motor 
complication in Parkinson’s disease (PD). Subthalamic nucleus (STN) DBS can be associated with 
adverse effects, including a wide range of mood and behavioural changes. Weight gain is extremely 
frequent in PD patients after STN-DBS, however the mechanism underpinning this side effect is still 
unknown. GLP-1 agonists, a class of oral antidiabetic drugs, have garnered increasing interest in 
neurodegenerative diseases, including Parkinson's disease, due to their promising effects observed in 
both clinical and preclinical trials. 
 
Objectives: To investigate the effect of GLP-1 agonist in controlling weight gain after STN-DBS in 
Parkinson’s disease. 
 
Results: We describe the case of a 59-years-old man with PD and type 2 diabetes who developed 
weight gain (from 110 to 120kg) after STNDBS within 12 months from surgery, at least in partly due 
to a binge eating behaviour. The patients achieved an excellent response to semaglutide therapy (0,5 
mg), with loss of 7 kg within 3 months. 
 
Discussion: Weight gain after STN-DBS is common and could be related to several factors, varying 
from hyperdopaminergic drive and binge eating to the reduction in energy expenditure due to DBS 
effects on dyskinesias and tremor. Semaglutide, a GLP-1 agonist, carries out multiple actions, 
particularly in reducing blood glucose in a glucose-dependent manner and causing a slight delay in 
gastric emptying. Interestingly, it can lead to weight loss by reducing calorie intake due to a general 
decrease in appetite, particularly decreasing the preference for high-fat foods. 
 
Conclusion: To our knowledge, this is the first case of the use of a GLP-1 agonist in a PD patient 
which contrasts the weight gain after STN-DBS. We hypothesize that GLP-1 agonists could represent 
a possible therapeutic treatment in these patients, however further evidence are needed to confirm our 
data. 
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Introduction: Some patients with essential tremor (ET) experience severe, disabling and drug-esistant 
symptoms. In such cases, invasive treatments should be considered. Deep brain stimulation (DBS) 
and MR-guided focused ultrasound (MRgFUS) thalamotomy are state-of-the-art surgical procedures 
approved by FDA [1,2,3], but evidence suggests that gamma knife radiosurgery (GKS) is a viable 
option with a good functional outcome and favorable tolerability [4] despite not having FDA 
approval. 
 
Objective: We describe the case of a 76-year-old man affected by ET with disabling tremor, who 
experienced significant improvement following bilateral GKS thalamotomy. 
 
Methods: Our patient, with a 19-year history of ET, displayed a moderate-severe bilateral, left-
prevailing kinetic tremor of the upper limbs, with rest and postural components, and also head, jaw, 
tongue, and voice tremors. At the time of diagnosis, brain MRI revealed a cavernous angioma at the 
left temporal pole. Over the years, the tremor became disabling, causing dependency in several daily 
activities. Various drugs were discontinued due to ineffectiveness or adverse events. Thus, bilateral 
GKS thalamotomy was attempted. In February 2022, the left ventral intermediate nucleus (VIM) was 
targeted with a 130 Gy dose, followed by the right VIM treated in May 2023 with a 65 Gy dose. 
 
Results: Approximately 9 months after the left thalamotomy, the patient exhibited a significant 
reduction in right upper limb tremor amplitude, with a remarkable improvement in his autonomy. No 
adverse events were observed. Following the second treatment, a similar improvement occurred on 
the opposite side, with no reported adverse events as well. 
 
Conclusions: GKS is a second-line option for medical-resistant tremor syndromes. Bilateral GKS has 
the potential to safely improve ET patients with severe bilateral limb or axial involvement, if done in 
a staged manner after a unilateral procedure. Our case suggests the possibility to broaden its 
application in the symptomatic treatment of ET. 
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Introduction: Deep brain stimulation of the subthalamic nucleus (STN-DBS) is an effective treatment 
for Parkinson's disease (PD). However, despite motor improvement following STN-DBS may be 
maintained for over 5 years [1,2], it may not be necessarily related to long-term patient satisfaction 
[3]. 
 
Objectives: To evaluate the patients’ satisfaction undergoing STNDBS 5 years after surgery. 
 
Methods: Sixteen PD patients were enrolled in this study (8 female, mean [±SD]: age 57.5±8.1 years; 
disease duration: 11.2±3.8 years). To quantify the patients’ satisfaction in DBS treatment we 
administered a Visual Analogue Scale (VAS) 1 year (T1), and 5 years (T2) after surgery. Cognitive 
function, QoL, and mood were assessed respectively through the Montreal Cognitive Assessment 
(MoCA), the Parkinson's Disease Questionnaire-8 (PDQ-8), and the Beck Depression Inventory-II 
(BDI-II) before (T0) and after surgery (T1; T2). In addition, motor profile (MDS-UPDRS-III) and 
levodopa equivalent daily dose (LEDD) were acquired from each participant. 
 
Results: We found that patients’ satisfaction did not change significantly over time (VAS score: T1 
vs T2:7.7±0.9 vs 7.2±0.9, p=0.14). Nevertheless, QoL and mood improved from T0 to T1 (mean 
[±SD] PDQ-8: 37.1±17.9 vs 24.3±13.4, p=0.02; BDI-II: 10.9±7.1 vs 5.6±2.9, p=0.01), but their scores 
did not show differences between T0 and T2 (p>0.05). Cognitive function did not differ over time 
(p>0.05) while LEDD reduced from T0 to T2 (1106.7±329.8 mg vs 572.9±312 mg, p<0.001). 
 
Conclusions: Patients reported a great satisfaction at 5 years after surgical treatment, despite the QoL 
return almost to pre-DBS levels. This suggest that real changes that follow DBS may not be reflected 
in changes in the PDQ-8 score. More systematic studies are needed to explore the long-term benefits 
subjectively perceived by PD patients undergoing STN-DBS. 
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Introduction: The subjectively perceived outcome of deep brain stimulation (DBS) of the subthalamic 
nucleus (STN) in patients with Parkinson’s disease (PD) is usually reported as positive, particularly 
about motor symptoms and quality of life [1]. However, individual opinion may vary from patient to 
patient, and from the perception of their caregivers and neurologists. 
 
Objectives: The purpose of the present study was to evaluate how PD patients, caregivers, and 
neurologists perceived both psychological and physical improvements six months after STN-DBS. 
 
Methods: 25 patients [(mean ± SD) age 58.9 ± 8.0 years; 9 women] with PD who underwent bilateral 
STN-DBS, their caregivers and neurologists rated the degree of improvement in physical and 
psychological domains 6 months after surgery, using two visual analogue scales (VAS) ranging from 
0 to 10. Intraclass correlation coefficients (ICC [95% confidence interval]) were calculated to 
determine reliability between the three raters. 
 
Results: Six months after DBS, patients, caregivers, and neurologists reported an improvement of 
approximately 60% in the psychological domain and over 75% in the physical domain (p<0.001). No 
significant differences were found between raters in two domains (p>0.05). Concordance between 
the three raters was moderate to good (0.74 [0.41-0.90], p<0.001) for psychological improvement and 
moderate (0.69 [0.27–0.88], p=0.04) regarding physical improvement. 
 
Conclusions: PD patients generally report positive benefit six months after DBS, which is also 
confirmed by caregivers and neurologists. The use of patients and caregivers self-administered 
questionnaires as well as traditional physician assessments may provide a more comprehensive 
assessment of DBS outcomes. 
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Introduction: This study validates the Italian version of a questionnaire gauging the quality of life in 
Parkinson's disease patients undergoing therapeutic device implantation [3]. Addressing a literature 
gap, patients from AOU Maggiore della Carità in Novara, including 10 with Deep Brain Stimulation 
(DBS) and 3 with an apomorphine infusion pump, were selected for testing. 
 
Objectives: The objective is to assess the Italian-translated questionnaire's validity and explore the 
impact of DBS and infusion pump treatments on the quality of life of advanced-stage Parkinson's 
patients, with a focus on motor symptom improvement [2]. 
 
Methods: DBS involves inserting two electrodes into the brain, usually targeting the subthalamic 
nucleus or globus pallidus internus, connected to a subclavicular generator. The infusion pump entails 
placing a catheter into the small intestine for continuous apomorphine administration [1]. Patients 
received the Italian version of the Parkinson’s Disease QoL for Device-Aided Therapy (PDQ-DAT) 
questionnaire at T1 (one month) and T2 (three months) postimplantation. Results were compared 
with the original PDQ-DAT questionnaire, and inter-patient scores at T1 and T2 were analyzed. 
 
Results: Scores from the first 13 patients align with the original version, confirming translation 
validity. A significant improvement in quality of life across all areas was observed in the comparison 
of patient scores at T1 and T2. 
 
Conclusions: Preliminary findings suggest the Italian version's validity and highlight improved 
quality of life with DBS and infusion pump treatments. Further administrations will enrich these 
results, emphasizing potential benefits for Parkinson's patients undergoing these therapeutic 
interventions. 
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Introduction: Apomorphine is a short-acting D1- and D2-like receptor agonist used in the treatment 
of advanced Parkinson’s Disease (PD) with fluctuations. Apomorphine pump infusion is generally 
well tolerated, however rare side effects have been also reported [1]. Hemolytic anemia is the only 
hematological complications to be described so far [2,3]. 
 
Objectives: To report a rare acute complication during apomorphine pump infusion in a PD patient. 
 
Methods: Data were collected from medical records. Literature was reviewed for relevant content. 
 
Results: A 74 years-old man with PD and severe motor fluctuations started apomorphine infusion 
pump at 1 mg/h rate and gradually increased to 3,5 mg/h. Three days after the first drug administration 
the patient developed millimetric petechiae on the lower limbs, which extended to the trunk and arms. 
Moreover, he showed tongue hematoma and oral petechiae, followed by spontaneous gingival 
bleeding. His blood tests revealed severe thrombocytopenia (platelet count 12.000/ul). No major 
bleeding occurred. In the suspicion of a possible Apomorphine adverse event, the drug was 
immediately withdrawn and steroids were started after Hematology consult. Platelet count gradually 
increased within normal range and lesions were fully resolved. Diagnostic workup for other causes 
of thrombocytopenia was negative. 
 
Discussion: Drug-induced immune hemolytic anemia is a rare complication of numerous drugs, 
including levodopa and dopamine agonists, such as apomorphine. Our patient showed a rapid platelet 
decrease with normal hemoglobin values, after few days of continuous apomorphine infusion, which 
completely reversed with steroid therapy. To our knowledge, this is the first case reporting 
thrombocytopenia as side effect during apomorphine treatment. 
 
Conclusions: Apomorphine infusion pump is an effective and well tolerated treatment in patients with 
PD and motor fluctuations. Nevertheless, rare acute hematological side effects can also occur, and 
patients should be monitored with blood tests, especially in the first days of administration. 
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