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Background

▪ Cerebellar ataxias are a very heterogenous group of
degenerative disorders for which we currently lack
effective and disease-modifying interventions.

▪ Non-invasive cerebellar stimulation has been
demonstrated to modulate cerebellar excitability and
improve motor symptoms.



Background

Cerebellar 
tDCS

Safe and non-invasive

Increased the 
excitability of the 
cerebellar cortex and 
thus CBI

Signifcant impact on 
motricity, cognition and 
quality of life

Cerebellar 
tACS

Safe and non-invasive

Gamma frequency 
band (30-80 Hz)

Modulation of cortical 
cerebellar oscillations 
has shown to induce 
cerebellar plasticity



Cerebellar tDCS



tDCS - Flowchart



tDCS – Study Design



tDCS - Results 



tDCS - Results 



tDCS - Results 



tDCS vs tACS



Objectives

Primary endpoints

▪ Assessment and Rating of Ataxia (SARA)

Secondary endpoint

▪ State-of-the-art wearable sensors

▪ International Cooperative Ataxia Rating Scale (ICARS)

▪ Cerebello-cerebral connectivity (CBI)

In this randomized, double-blind, sham-controlled, triple-crossover trial, we aimed at 
assessing which technique is superior in improving motor outcome in neurodegenerative 

ataxias.



Methods
Demographic characteristics



Methods
Study design



Results
Changes of wearable sensors scores and clinical scales after stimulations



Results
Changes in A wearable sensors parameters and B clinical scores compared to baseline



Results
Cerebellar inhibition (CBI) 



Results
Correlation analyses between sensor-based measures and CBI scores after intervention



Post tDCSBasale



Basale Post tACS



Conclusions

Significant improvement of motor symptoms with both approaches. 

Cerebellar tDCS as the best therapeutic intervention candidate in 
neurodegenerative ataxias.

Restoration of neurophysiological measures of motor cortex excitability and 
cerebellar-cerebral connectivity. 

Digital motor biomarkers as outcome measures for future treatments trials.



Limitations and future perspectives

tDCS

efficacy in at-home 

settings?

Heterogenous groups 

Relatively small sample

Multicenter studies

Long-term effects



tDCS at home

• helmet customization for each 

patient

• first 3-5 sessions in hospital under 

supervision of dedicated staff and 

training of the caregivers on 

the use of the device

• videocalls during first home 

sessions and daily telephone 

contact availability with 

dedicated staff

• remote verification of the 

number of sessions carried out via 

daily code



tDCS at home - Objectives

Primary endpoints

To assess safety, tolerability and clinical efficacy of multisessions cerebellar tDCS in at-

home setting.

▪ State-of-the-art wearable sensors

▪ Assessment and Rating of Ataxia (SARA)

▪ International Cooperative Ataxia Rating Scale (ICARS)

▪ CCASS

Randomized, double-blind, sham-controlled trial.



tDCS at home - Objectives

Secondary endpoints

To assess the biological effects of multiple sessions of anodal cerebellar tDCS. 

▪ Neurofilament light (NfL) and glial fibrillary acidic protein (GFAP)

▪ FDG-PET

Tertiary endpoints

Dissemination and impact. 



tDCS at home - Method

Patients were randomized in two groups for the first controlled phase. 

At baseline (T0), Group 1 received placebo stimulation (sham tDCS) while Group 2 received real tDCS

for 5 days/week for 4 weeks (T1), with 12-week (T2) follow-up (randomized, double-blind, sham 

controlled phase). 

At the 12-week follow-up (T2), all patients (Group 1 and Group 2) received a second treatment of real 

tDCS for 5 days/week for 4 weeks, with a 16-week (T3), 28-week (T4), 40-week (T5) 

(open-label phase).



tDCS at home – Statistical Analyses
 

To assess the effect of tDCS treatment on clinical scores and neurophysiological measures over time, we used a

two-way mixed analysis of covariance (ANCOVA) with TIME as within-subject factors and TREATMENT

(real/real stimulation vs sham/real stimulation) as between-subject factors.

Baseline values of each score were used as covariates, to reduce possible effects of baseline characteristics on

clinical score changes over time.

Moreover, we separately evaluated effects of TIME and TREATMENT in the randomized, double-blind phase

and in the open-label phase.



tDCS at home – Results
 

In progress..
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