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Cerebellar transcranial direct current stimulation
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Parazzini et al. Clin Neurophysiol. 2014; Van Dun et al. Front Hum Neurosci. 2016; Fernandez et al. Cerebellum 2020
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Cerebellar anodal tDCS in degenerative ataxias

N=20 Treatment 2 I

SARA score
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= EXTAS (1) v’ 2mA, 20 min 2 2
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Important issues
» Etiological heterogeneity
» Duration of effects?
> Effects on cerebellar non-motor functions? Benussi et al. Brain Stimul. 2017
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SCA3-tDCS study

Baseline Day 12 3 months 6 months 12 months
TO T1 TZ T3 T4
AV WY . , ,
| | | | |
Inclusion criteria Exclusion criteria
— Age 2 16 years — Epilepsy
— ATXN3 gene mutation — History of brain surgery
— 3 <SARA score <20 — Metallic implants in or near the skull
— Pacemaker
— Pregnancy

— Severe skin disease affecting electrode location
— Significant comorbidities that interfere with ADL




Protocol

Randomization and blinding

* Block randomization (1:1) with randomly selected variable block sizes
* SARA score as stratification variable

e Patients and investigators blinded

Intervention

* NeuroConn constant current stimulator h A

e Two 7 x5 cm rubber electrodes |

e 30 s ramp-up, 20 min stimulation at 2 mA, 30 s ramp-down |
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Outcome measures

Motor Patient-reported

* SARA score * Patient Global Impression of Change Scale
« 8 mwalk test * EQ-5D-5L

* 9-hole peg test * Patient Health Questionnaire-9

* PATA repetition rate * Profile of Mood States

* Friedreich Ataxia Rating Scale ADL score

Cognitive Neurophysiological
* Cerebellar cognitive affective syndrome scale | « Cerebellar brain inhibition
= Total score * Static posturography
" Number of failed tests » Delay eyeblink conditioning




Baseline clinical and demographic characteristics

] Sham tDCS (n = 10) Real tDCS (n = 10)
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Baseline clinical and demographic characteristics

T shamtncs(n=10) Real 0CS (n = 10)

Age (y) 51.4+9.8 52.4+10.8
Age of onset (y) 42.6+8.8 45.2+9.9
Disease duration (y) 8.8+6.2 7.2+4.7
CAG repeat length 67.3+£3.1 67.8+3.8
Sex (% male) 5 (50) 7 (70)
SARA score 12.5+4.7 11.3+3.2
SMWT (s) 6.8+2.8 5.7+0.9
9HPT dominant hand (s) 31.1+£9.5 321+7.4
9HPT non-dominant hand (s) 339+7.8 33.3+5.0
FARS ADL score 11.9+3.5 126+4.1
CCAS-S score 83.4+11.2 80.3+7.0



SARA score

Primary endpoint — SARA score

Real tDCS

SARA score

Sham tDCS
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SARA subscores

B TO BT ET2 BT BT BT BT BT BT T4 T T T2 a7 T4

SARA axlal

SARA appendicular
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Real tDCS Sham tDCS Real tDCS Sham tDCS Real tDCS Sham tDCS

SARA axial = gait + stance + sitting
SARA appendicular = finger chase + nose-finger test + diadochokinesis + heel-shin slide




Patient-reported outcome measures
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Cognitive outcomes — CCAS-S
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Neurophysiological outcome measures — cerebellar brain inhibition (CBI)

Corticospinal neurons

Test stimulus (TS) Ventrolateral

thalamic nucleus
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Dentatothalamic tract Purkinje cells

Dentate nucleus -

Inhibitory ~ @—— \ {
Excitatory @——< -

CS TS

Conditioning stimulus (CS)

Il Bascline
Bl 2 weeks

<> TS = test stimulus
5-7 ms CS = conditioning stimulus

Conditioned / unconditioned
MEP amplitude

Benussi et al. Brain Stimul. 2019; Maas et al. Mov Disord. 2020
Real tDCS Sham tDCS
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Discrepancies between trials: Patient-related factors?

Age (y) 51.9+10.0 453+ 14.6

Disease duration 8.0+54 16.0+9.4 0.008
SARA score 11.9+3.9 17.9+6.5 0.006
SMWT 6.3+2.1 10.8 +6.7 0.011
9HPT dominant hand (s) 31.6+8.3 50.9 + 23.1 0.003

9HPT non-dominant hand (s) 33.6+6.4 55.0+21.9 <0.001




Discrepancies between trials: SCA3-related factors?

Control

Fahl et al. Cerebellum 2015; Seidel et al. Acta Neuropathol. 2012



Discrepancies between trials: tDCS-related factors?

Factors determining variability of
neurcphysiclogical and behavioral effects in NIBS research

Factors applying to all . NIBS-specific
life-science interventions - “\\ factors
/ Extemalor .,
oy SN /' methodological factors . M mmmmmT
Participants: Sample size £ /f_..-_.ﬁ Spmula?m
Age and gender . . i y intensity
L 9 Experimental Yy \\ —
environment S / '\..\ L Electrode/coil
Participants: S / Intrinsic factors | ZIEIII T
Healthy or pafients ‘ strategies f ' | Electrode/coil montage
] | | or positioning
I -
[
—_ | |
| |
. 1 II I Il —
Arousal level Aﬂ;g?::al \ | Genetic
f polymorphisms:
L J e.g. BODNF
Physiclogical state, e.g.: - - .
in vivo, in vitro, ex vivo, CEII:;}?;;SI‘IOW R Individual cortical
anesthetized / (gyrus) geometry
// —

Polania et al. Nat Neurosci. 2018




Conclusion

* First cerebellar tDCS study in an etiologically homogeneous group of ataxia patients

* Overall, no motor or cognitive improvement following 10 cerebellar tDCS sessions and
no significant modulation of cerebellum-M1 connectivity in SCA3 patients

* Individual predictors of treatment response?
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