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Neuroplasticità	
•  E’	la	capacità	delle	cellule	del	Sistema	Nervoso	(NEURONI)	di	
andare	incontro	a	modificazioni	strutturali	e	funzionali	in	
risposta:	
•  ad	eventi	fisiologici	(ad	es.	durante	lo	sviluppo)		
•  a	stimoli	ambientali	(ad	es.	l’apprendimento)		
•  ad	eventi	patologici	(ad	es.	lesioni	cerebrali)	



LE	CONNESSIONI	TRA	I	
NEURONI	POSSONO	
ESSERE	MODIFICATE,	

MODULATE,	
AGGIUSTATE	SE	NON	
FUNZIONANTI	CON	LA	
NEUROMODULAZIONE?		



Neuromodulazione	

•  La	neuromodulazione	è	"l'alterazione	della	attività	nervosa	
attraverso	la	somministrazione	mirata	di	uno	stimolo,	
quali	stimoli	elettrici,	a	specifici	siti	neurologici	nel	corpo".		

	
•  Viene	effettuata	per	normalizzare	-	o	modulare	-	tessuto	

nervoso	funzione.		







Stimolazione	Magnetica	Transcranica	
ripetitiva	

Correnti	indotte	
nell’encefalo	da	campi	
magnetici	transitori	
con	intensità	(1.5–2.5	
Tesla)	e	direzione	di	

flusso	variabile	



A	seconda	della	frequenza	del	treno	di	stimoli	magnetici	(	numero	di	
stimoli	magnetici	in	1	secondo)	

ALTA	FREQUENZA	
Più	di	5	stimoli	al	secondo:	ECCITATORIA	

BASSA	FREQUENZA	
1	stimolo	al	secondo:	INIBITORIA	

Stimolazione	Magnetica	Transcranica	
ripetitiva	
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TRANSCRANIAL DIRECT CURRENT STIMULATION 

(tDCS)

Correnti continue (DC) a bassa 

intensità(<2mA) applicate sullo 

scalpo, al di sopra dell’area che 
viene modulata

Sparing R., Mottaghy FM., Methods 44: 329-337, 2008 

Stimolazione	Transcranica	a	corrente	
diretta	



Stimolazione	Transcranica	a	corrente	
diretta	

A	seconda	del	posizionamento	degli	elettrodi	(polo	positivo	e	polo	negativo)		

ANODICA:	ECCITATORIA	 CATODICA:	INIBITORIA	
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LA NEUROMODULAZIONE TERAPEUTICA: EFFETTI 
NEL TEMPO

Baseline

Effetto durante 
l’applicazione Æ

Applicazione cronica

Modificazioni 
postume indotte Æ
applicazione ciclica

DBS
VNS

EMCS
ESCS

tDCS
rTMS
tsDCS
ECT

Post 5’ Post 1 mese



•  Dura	fino	a	ore	
•  Buona	risoluzione	spaziale	e	

temporale	
•  Protocolli	ben	consolidati	
•  Costoso	
•  Rischio	di	convulsioni	
•  Limitato	alle	aree	cerebrali	

superficiali	
•  Può	provocare	mal	di	testa	

transitorio	
•  Nessuna	buona	condizione	di	

controllo	

rTMS	vs	tDCS	

•  Dura	fino	a	ore	
•  In	generale	a	basso	costo	
•  Basso	rischio	di	eventi	avversi	
•  Condizioni	di	controllo	affidabili	
•  Scarsa	risoluzione	spaziale	e	

temporale	
•  Limitato	alle	aree	cerebrali	

superficiali	
•  Modulazione	simultanea	dell'area	

sotto	l'elettrodo	di	riferimento	
•  Può	provocare	mal	di	testa	

transitorio	



Neuromodulazione	contemporanea	all'esecuzione	di	un	compito	o	
alla	riabilitazione	

Vantaggio	tDCS	



Neuromodulazione	non	invasiva:	perché	
nella	malattia	di	Parkinson?	
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nella	malattia	di	Parkinson?	



Neuromodulazione	non	invasiva:	
creazione	di	un	intervento	

Il razionale dell’uso della neuromodulazione non invasiva come strumento 
terapeutico è di fornire ulteriori benefici al trattamento convenzionale, in 

particolare per i sintomi refrattari o nei pazienti in cui gli approcci chirurgici 
sono controindicati

rTMS/ tDCS somministrata 
quando i pazienti sono 

seduti e rilassati

rTMS somministrata prima 
dell’intervento, tDCS 
somministrata prima/

durante dell’intervento

COME



Neuromodulazione	non	invasiva:	effetti	
sulla	malattia	di	Parkinson	

Sintomi		motori	
	
Sintomi	non	motori		



Stimolazione	magnetica	transcranica:	
effetto	sui	sintomi	motori	



22	studi	clinici,	per	lo	più	somministrata	su	aree	che	controllano	il	
movimento		GIALLO	/VERDE	



POSTURA	E	EQUILIBRIO	
	

TREMORE	 VELOCITA’/AMPIEZZA		
MOVIMENTI	

RIGIDITA’	

PERDITA	
AUTOMATISMI	

LINGUAGGIO	 SCRITTURA	

SCALA	DI	VALUTAZIONE	UPDRS	



•  Miglioramento	sintomi	motori	(	valutati	con	la	scala	clinica	
UPDRS	III:	rigidità	e	lentezza	nei	movimenti	…	efficacia	scarsa	sul	
tremore)	

	
•  Più	efficace	quando	somministrata	sull’area	motoria	primaria	
	
•  Più	efficace	un	ciclo	di	sessioni	ripetute	rispetto	alla	singola	
sessione		

Neuromodulazione	non	invasiva:	effetti	
sulla	malattia	di	Parkinson	



Stimolazione	Magnetica	Transcranica	
ripetitiva:	sintomi	non	motori	



Depressione:	area	prefrontale	(BLU)	



Disturbi	cognitivi	(attenzione	etc.):	area	prefrontale	



•  La	corteccia	dorsolaterale	prefrontale	dell’emisfero	sinistro	è,	
sulla	base	degli	studi	effettuati	finora,	l'obiettivo	di	stimolazione	
più	favorevole	in	cui	è	possibile	ottenere	una	moderata	
riduzione	della	depressione,	anche	con	alcuni	effetti	benefici	sui	
sintomi	cognitivi	

•  La	maggior	parte	degli	studi	disponibili	sono	stati	condotti	
utilizzando	rTMS	ad	alta	frequenza	(uguale	o	superiore	a	5	
stimoli/secondo)	nell'emisfero	sinistro	

Neuromodulazione	non	invasiva:	effetti	
sulla	malattia	di	Parkinson	
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Table 1
Comparison and effectiveness of tDCS protocols in patients with Parkinson’s disease.

Reference PD patients
characteristics

Stimulation Study design Description Outcomes Effect size (Cohen’s d)

Intensity
(mA)/Current
density
(mA/cm2)

Duration
(min)/sessions

Site
(anode/cathode)

tDCS Sham Follow-up

tDCS Sham

Benninger
et al.
(2010)

N = 25; mean
age 63.9 yr;
mean disease
duration 9.9 yr;
H&Y II-III

2.0/0.021 20/8 M1  + PMC  (L) or
PFC (L)
(1 target area
per session,
each area
4×)/mastoids
(L + R)

Randomized;
double-blind;
sham

Stimulation
during ON-
phase;
during rest; 1
and 3 months
follow-up

UPDRS-IIIa

UL performancea

Gait a

ON: −0.2
OFF: −0.3
ON: −1.4*,!

OFF: −1.8*,!

ON: −0.8*

OFF: −0.9*,!

ON: −0.2
OFF: 0.2
ON: −0.6*

OFF: −0.8*

ON: −0.5*

OFF: 0.1

1 month:
ON: 0.1
OFF: -0.3
3 months:
ON: 0.1
OFF: 0.0
1 month:
ON: −1.2*,!

OFF: -1.6*,!

3 months:
ON: −1.2*,!

OFF: −1.5*,!

1 month:
ON: −0.9*

OFF: −0.8
3 months:
ON: −0.8
OFF: −0.2

1 month:
ON: 0.1
OFF: 0.3
3 months:
ON: 0.0
OFF: 0.1
1 month:
ON: −0.6*

OFF: -0.6*

3 months:
ON: −0.6*

OFF: −0.6*

1 month:
ON: 0.0
OFF: 0.2
3 months:
ON: 0.1
OFF: 0.0

Boggio
et al.
(2006)

N = 18; mean
age 61.1 yr;
mean disease
duration
13.2 yr; H&Y
II-III

1.0 vs.
2.0/0.029
vs. 0.057

20/1 M1  (L) vs.
DLPFC (L)/SOA
(R)

Randomized;
single-blind;
cross-over; sham

OFF-phase;
during task
performance

WM correct
responses
WM reaction
timea

1 mA
M1:  0.2
DLPFC: 0.5
2 mA
M1:  0.3
DLPFC: 1.6*,!

1 mA
M1:  −0.5
DLPFC: −0.2
2 mA
M1:  −0.5
DLPFC: −0.3

1 mA: −0.1
2 mA: −0.1
1 mA: 0.3
2  mA: 4.3

N.A.
N.A.

Doruk et al.
(2014)

N = 18; mean
age 61 yr

2.0/0.057 20/10 DLPFC (R) vs.
DLPFC (L)/SOA
(L vs. R)

Double-blind;
multicenter;
sham

ON-phase;
during rest; 1
month follow-up

UPDRS-III
UL performance
Gait
Executive
function

ns
ns
ns
ns

ns
ns
ns
!

Fregni et al.
(2006)

N = 17; mean
age 61.7 yr;
mean disease
duration
12.3 yr; H&Y II

1.0/0.029 20/1 M1  (L) vs.
DLPFC (L) and
SOA (R)/M1 (L)
and SOA (R)

Pseudo-
randomized;
double-blind;
sham

OFF-phase;
during rest

MEP amplitude
AUC
UPDRS-III
UL performance

atDCS!
ctDCS!
atDCS!
ctDCS!
atDCS! ,b

ctDCS: ns
atDCS: ns
ctDCS: ns

ns
ns
ns
ns

N.A.
N.A.
N.A
N.A

Kaski et al.
(2014a)

N = 1; age 79 yr;
disease
duration 7 yr;
H&Y III

2.0/0.050 2 × 3.45
during
dancing;
5 during
gait/1

M1  (bihemi-
spheric)/inion

Case study; sham ON-phase;
during task
performance

Gait velocity
Tinetti gait index

ns
!

N.A
N.A

110

 

S.

 Broeder

 et

 al.

 /

 N
euroscience

 and

 Biobehavioral

 Review
s

 57

 (2015)

 105–117

Table 1 (Continued)

Reference PD patients
characteristics

Stimulation Study design Description Outcomes Effect size (Cohen’s d)

Intensity
(mA)/Current
density
(mA/cm2)

Duration
(min)/sessions

Site
(anode/cathode)

tDCS Sham Follow-up

tDCS Sham

Kaski et al.
(2014b)

N = 16 2.0/0.050 15/1 M1  (bihemi-
spheric)/inion

Randomized;
double-blind;
cross-over;
sham; pilot study

ON-phase;
during PT vs.
during rest

Gait velocity
Stride length
6-MWa

TUGa

PT: 1.2c,d

No PT: 0.8
PT: 2.0*,c ,d

No PT: 0.3
PT: −0.9 c ,d

No PT: −0.2
PT: −0.6c

No PT: 0.0

1.1
0.1
1.3
0.1
−0.3
0.2
−0.8
0.0

N.A.
N.A.
N.A
N.A

Manenti
et al.
(2014)

N = 10; mean
age 67.1 yr;
mean disease
duration 8.1 yr;
H&Y I-II

2.0/0.057 7/1 DLPFC (R vs.
L)/SOA (L vs. R)

Pseudorandomized;
cross-over; pilot
study; sham

ON-phase;
during rest

TUGa DLPFC (R):
−3.1!
DLPFC (L):
−0.2

0.0 N.A

Pereira
et al.
(2013)

N = 16; mean
age 61.5 yr;
H&Y I-II

2.0/0.057 20/1 DLPFC (L) vs.
TPC (L)
/SOA (R)

Cross-over ON-phase;
during rest

Functional brain
connectivity
UL performance
Phonemic verbal
fluency
Semantic verbal
fluency

e

ns
e

ns

N.A
N.A
N.A
N.A

N.A
N.A
N.A
N.A

Valentino
et al.
(2014)

N = 10; mean
age 72.3 yr;
mean disease
duration 11 yr;
H&Y II-IV

2.0/0.057 20/5 M1
(corresponding
to starting leg
after
FOG)/orbitofrontal
cortex

Randomized;
double-blind;
cross-over; sham

Stimulation in
ON and during
rest; 2 days, 2
weeks and 4
weeks follow-up

UPDRS-III
SWS
FOG-Q

!
!
!

2 days, 2
weeks and 4
weeks!
2 days, 2
weeks and 4
weeks!
2 days, 2
weeks and 4
weeks!

Verheyden
et al.
(2013)

N = 20; mean
age 71 yr;
mean disease
duration 9  yr;
H&Y I-IV

1.0/0.029  15/1 M1  (dominant
hemi-
sphere)/supraorbital
area

Randomized;
double-blind;
cross-over; sham

ON-phase;
during task
performance

STS
SS180
TUG
10-MW

ns
ns
ns
!

N.A
N.A
N.A
N.A

6-MW = 6-min walk test; 10-MW = 10-m walk test; atDCS = anodal transcranial direct current stimulation; AUC = area under the curve (TMS); ctDCS = cathodal transcranial direct current stimulation; DLPFC = dorsolateral prefrontal
cortex;  fMRI = functional magnetic resonance imaging; FOG = freezing of gait; FOG-Q = freezing of gait questionnaire H&Y = Hoehn and Yahr stage; L = left; M1 = primary motor cortex; MEP = motor evoked potential; N = number
of  participants; N.A. = information not available; ns = no significant effects; PD = Parkinson’s disease; PFC = prefrontal cortex; PMC  = premotor cortex; PT = physical training; R = right; SOA = supraorbital area; STS = sit-to-stand;
SS180  = standing-start 180 degrees turning; SWS  = Stand Walk Sit test; TMS  = transcranial magnetic stimulation; TPC = temporoparietal cortex; TUG = timed up and go test; UL = upper limb; UPDRS-III = Unified Parkinson’s Disease
Rating  Scale part 3; WM = working memory; yr = year.

* Significant difference from baseline (p < 0.05).
! Active tDCS significantly greater effect than sham (p < 0.05).
a A negative effect size (Cohen’s d) indicates an improvement.
b Significant difference between atDCS M1  and atDCS DLPFC (p < 0.05).
c atDCS + PT significantly greater effect than atDCS alone (p < 0.05).
d Significant isolated effect of PT (p < 0.05).
e atDCS DLPFC (L) significantly greater effect than atDCS TPC (p < 0.05).
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Table 1
Comparison and effectiveness of tDCS protocols in patients with Parkinson’s disease.

Reference PD patients
characteristics

Stimulation Study design Description Outcomes Effect size (Cohen’s d)

Intensity
(mA)/Current
density
(mA/cm2)

Duration
(min)/sessions

Site
(anode/cathode)

tDCS Sham Follow-up

tDCS Sham

Benninger
et al.
(2010)

N = 25; mean
age 63.9 yr;
mean disease
duration 9.9 yr;
H&Y II-III

2.0/0.021 20/8 M1  + PMC  (L) or
PFC (L)
(1 target area
per session,
each area
4×)/mastoids
(L + R)

Randomized;
double-blind;
sham

Stimulation
during ON-
phase;
during rest; 1
and 3 months
follow-up

UPDRS-IIIa

UL performancea

Gait a

ON: −0.2
OFF: −0.3
ON: −1.4*,!

OFF: −1.8*,!

ON: −0.8*

OFF: −0.9*,!

ON: −0.2
OFF: 0.2
ON: −0.6*

OFF: −0.8*

ON: −0.5*

OFF: 0.1

1 month:
ON: 0.1
OFF: -0.3
3 months:
ON: 0.1
OFF: 0.0
1 month:
ON: −1.2*,!

OFF: -1.6*,!

3 months:
ON: −1.2*,!

OFF: −1.5*,!

1 month:
ON: −0.9*

OFF: −0.8
3 months:
ON: −0.8
OFF: −0.2

1 month:
ON: 0.1
OFF: 0.3
3 months:
ON: 0.0
OFF: 0.1
1 month:
ON: −0.6*

OFF: -0.6*

3 months:
ON: −0.6*

OFF: −0.6*

1 month:
ON: 0.0
OFF: 0.2
3 months:
ON: 0.1
OFF: 0.0

Boggio
et al.
(2006)

N = 18; mean
age 61.1 yr;
mean disease
duration
13.2 yr; H&Y
II-III

1.0 vs.
2.0/0.029
vs. 0.057

20/1 M1  (L) vs.
DLPFC (L)/SOA
(R)

Randomized;
single-blind;
cross-over; sham

OFF-phase;
during task
performance

WM correct
responses
WM reaction
timea

1 mA
M1:  0.2
DLPFC: 0.5
2 mA
M1:  0.3
DLPFC: 1.6*,!

1 mA
M1:  −0.5
DLPFC: −0.2
2 mA
M1:  −0.5
DLPFC: −0.3

1 mA: −0.1
2 mA: −0.1
1 mA: 0.3
2  mA: 4.3

N.A.
N.A.

Doruk et al.
(2014)

N = 18; mean
age 61 yr

2.0/0.057 20/10 DLPFC (R) vs.
DLPFC (L)/SOA
(L vs. R)

Double-blind;
multicenter;
sham

ON-phase;
during rest; 1
month follow-up

UPDRS-III
UL performance
Gait
Executive
function

ns
ns
ns
ns

ns
ns
ns
!

Fregni et al.
(2006)

N = 17; mean
age 61.7 yr;
mean disease
duration
12.3 yr; H&Y II

1.0/0.029 20/1 M1  (L) vs.
DLPFC (L) and
SOA (R)/M1 (L)
and SOA (R)

Pseudo-
randomized;
double-blind;
sham

OFF-phase;
during rest

MEP amplitude
AUC
UPDRS-III
UL performance

atDCS!
ctDCS!
atDCS!
ctDCS!
atDCS! ,b

ctDCS: ns
atDCS: ns
ctDCS: ns

ns
ns
ns
ns

N.A.
N.A.
N.A
N.A

Kaski et al.
(2014a)

N = 1; age 79 yr;
disease
duration 7 yr;
H&Y III

2.0/0.050 2 × 3.45
during
dancing;
5 during
gait/1

M1  (bihemi-
spheric)/inion

Case study; sham ON-phase;
during task
performance

Gait velocity
Tinetti gait index

ns
!

N.A
N.A

Broeder,	2015	

tDCS:	Funzioni	motorie	

Motilità	arto	superiore	
Cammino	

Freezing		
Cammino	e	passaggi	posturali	



•  22	pazienti	con	MP	
•  11	pazienti	trattamento	con	tDCS	

eccitatoria	area	a	funzione	motoria	
•  11	pazienti	tDCS	finta	
•  Test	del	cammino	

Subito	dopo	20	minuti	tDCS,	riabilitazione		
10	sessioni	

tDCS	+	riabilitazione:	Funzioni	motorie	



TUG	 ULM	

In	termini	di	mobilità	funzionale,	la	tDCS	non	ha	aumentato	l'entità	
dell'effetto	dell'allenamento	dell'andatura,	ma	ha	reso	il	suo	effetto	
più	veloce	(dalla	seconda	sessione)	e	più	duraturo	(fino	al	follow-up	

di	1	mese)	



tDCS	:	sintomi	motori	

•  Stimolazione	eccitatoria	area	motoria	(controlaterale	verso	il	
lato	più	colpito,	bilaterale,	dominante)	

	
•  Dati	incoraggianti	su	cammino,	freezing,	movimenti	arto	
superiore	

•  Dati	preliminari	sull'effetto	di	riabilitazione	+	tDCS		



tDCS	:	sintomi	non	motori	

Letters to the Editor

Double-blind Randomized
Trial of t-DCS Versus Sham in
Parkinson Patients With Mild
Cognitive Impairment Receiving
Cognitive Training

To the Editor,

The effect of computer-based cognitive training (CT) alone or in
association with non-invasive brain stimulation (t-DCS) over the
left dorsolateral prefrontal cortex (l-DLPFC) in Parkinson disease
patients with Mild Cognitive Impairments (PD-MCI) is debated.
The efficacy of acute t-DCS has been confirmed in AD and PD
[1,2]. By contrast, randomized t-DCS controlled trials in AD and
PD have reported variable effects on cognition, possibly due to pro-
tocol heterogeneity (hemisphere side, electrode montage, duration
of stimulation, number of session per day etc.). Recently a double-
blind randomized study, reported the beneficial effect of 2-week
t-DCS over the DLPFC on executive functions but the follow-up
was only one month [3]. To our knowledge, a blinded intervention
trial of CT in PD patients comparing repeated (over 4-week) real vs.
sham t-DCS with long-term follow-up (12-week post-treatment
completion) has never been conducted. Given the characteristics
of cognitive abnormalities in PD-MCI and the critical role of DLPFC
in fronto-striatal networks, in this pilot study we tested the hypoth-
esis that repeated anodal t-DCS over l-DLPFC, administered during
the execution of cognitive task, might enhance and extend the ef-
fect of computer-based CT on specific cognitive functions.

Methods

Patients

We recruited PD-MCI patients among those admitted for
rehabilitation at our Parkinson and Movement Disorders Unit in
Venice, (Italy) from 2013 to 2014. All patients underwent an exten-
sive clinical and neuropsychological examination [4] to allow
MCI and dementia status categorization according to MDS-Task
Force published criteria [5,6]. We excluded PD with dementia.
Drug therapy for patients enrolled in the study was maintained
stable during the treatment. All patients signed written consent.
Approval from the Local Research Ethics Committee was obtained
(N: 2011.05).

Study design

Twenty-four PD-MCI were randomly allocated to receive 4-week
CT plus real t-DCS (N ¼ 12, 6 men and 1 female, age 69.1 " 7.6 and

education 9 " 3.4) or sham t-DCS (N ¼ 12, 8 men and 1 female, age
72.3 " 4.1 and education 8.8 " 4.1), and 16 patients completed the
16-week follow-up session. The study was double-blinded and con-
sisted of 30 min CT plus real or sham t-DCS, 4 days a week for
4 weeks. T-DCS was delivered between 10 am and 12 am.

t-DCS and cognitive training protocol

The direct current was initially increased over several seconds
(0e10 s) until reaching 2 mA, 20 min/session. Anodal electrode was
placed over the left DLPFC, cathodal over the contralateral
supraorbital region. We identified DLPFC using a infrared-guided
neuro-navigation system. In the sham stimulation group, the elec-
trodes were placed in the same position as the real t-DCS stimula-
tions. We used the Rehacom! software, a computer-based CT
which provides objective advantages compared with pen and pencil
CT (http://www.hasomed.de). Clinical and cognitive assessment at
baseline, after 4-week treatment and at 16-week follow-up was
made by blinded experts. To avoid learning effect we used the two
parallel versions of the Repeatable Battery Assessment of Neuropsy-
chological Status (RBANS) (http://www.rbans.com/testcontent.html).

Results

At the end of 4-week treatment, we observed a significant
decrement performance for the real t-DCS compared to sham
group in attention/executive skills [Written coding test: #4.6
(5.2) vs. 1.6 (2.5) difference change for real vs. sham t-DCS,
P < 0.01, Cohen’s d ¼ 1.52]. At week 16, we observed a strong trend
for better performance in the real t-DCS compared with sham
stimulation arm in the story learning test [3.7 (5.7) vs. #0.4 (3.4)
difference change for real vs. sham t-DCS, P < 0.07, Cohen’s
d ¼ 0.9] and immediate memory index [12.6 (20) vs. 0.3 (13.17)
difference change for real vs. sham t-DCS, P < 0.07, Cohen’s
d ¼ 0.7]. No significant increment was found for the sham
compared to real arm in any of the administered tests. It is worth
to underlie that the significant increment in the delayed memory
index initially observed for the sham group during the treatment
period returned to baseline at follow up. No significant UPDRS-III
motor changes were observed between groups at 4 and 16-week
follow-up (see Table 1).

Discussion

Our study is the first to use a double-blind randomized design
to test the effect of repeated t-DCS against sham in PD-MCI under-
going CT and to evaluate its long-term effectiveness. We found a
strong trend (P ¼ 0.07) for increased performance in immediate
memory skills (story learning test) with a moderate effect size
(d0 > 0.7) in the real t-DCS cohort only at 16-week follow-up.
No increased performance was observed during the treatment
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Letters to the Editor

Double-blind Randomized
Trial of t-DCS Versus Sham in
Parkinson Patients With Mild
Cognitive Impairment Receiving
Cognitive Training

To the Editor,

The effect of computer-based cognitive training (CT) alone or in
association with non-invasive brain stimulation (t-DCS) over the
left dorsolateral prefrontal cortex (l-DLPFC) in Parkinson disease
patients with Mild Cognitive Impairments (PD-MCI) is debated.
The efficacy of acute t-DCS has been confirmed in AD and PD
[1,2]. By contrast, randomized t-DCS controlled trials in AD and
PD have reported variable effects on cognition, possibly due to pro-
tocol heterogeneity (hemisphere side, electrode montage, duration
of stimulation, number of session per day etc.). Recently a double-
blind randomized study, reported the beneficial effect of 2-week
t-DCS over the DLPFC on executive functions but the follow-up
was only one month [3]. To our knowledge, a blinded intervention
trial of CT in PD patients comparing repeated (over 4-week) real vs.
sham t-DCS with long-term follow-up (12-week post-treatment
completion) has never been conducted. Given the characteristics
of cognitive abnormalities in PD-MCI and the critical role of DLPFC
in fronto-striatal networks, in this pilot study we tested the hypoth-
esis that repeated anodal t-DCS over l-DLPFC, administered during
the execution of cognitive task, might enhance and extend the ef-
fect of computer-based CT on specific cognitive functions.

Methods

Patients

We recruited PD-MCI patients among those admitted for
rehabilitation at our Parkinson and Movement Disorders Unit in
Venice, (Italy) from 2013 to 2014. All patients underwent an exten-
sive clinical and neuropsychological examination [4] to allow
MCI and dementia status categorization according to MDS-Task
Force published criteria [5,6]. We excluded PD with dementia.
Drug therapy for patients enrolled in the study was maintained
stable during the treatment. All patients signed written consent.
Approval from the Local Research Ethics Committee was obtained
(N: 2011.05).

Study design

Twenty-four PD-MCI were randomly allocated to receive 4-week
CT plus real t-DCS (N ¼ 12, 6 men and 1 female, age 69.1 " 7.6 and

education 9 " 3.4) or sham t-DCS (N ¼ 12, 8 men and 1 female, age
72.3 " 4.1 and education 8.8 " 4.1), and 16 patients completed the
16-week follow-up session. The study was double-blinded and con-
sisted of 30 min CT plus real or sham t-DCS, 4 days a week for
4 weeks. T-DCS was delivered between 10 am and 12 am.

t-DCS and cognitive training protocol

The direct current was initially increased over several seconds
(0e10 s) until reaching 2 mA, 20 min/session. Anodal electrode was
placed over the left DLPFC, cathodal over the contralateral
supraorbital region. We identified DLPFC using a infrared-guided
neuro-navigation system. In the sham stimulation group, the elec-
trodes were placed in the same position as the real t-DCS stimula-
tions. We used the Rehacom! software, a computer-based CT
which provides objective advantages compared with pen and pencil
CT (http://www.hasomed.de). Clinical and cognitive assessment at
baseline, after 4-week treatment and at 16-week follow-up was
made by blinded experts. To avoid learning effect we used the two
parallel versions of the Repeatable Battery Assessment of Neuropsy-
chological Status (RBANS) (http://www.rbans.com/testcontent.html).

Results

At the end of 4-week treatment, we observed a significant
decrement performance for the real t-DCS compared to sham
group in attention/executive skills [Written coding test: #4.6
(5.2) vs. 1.6 (2.5) difference change for real vs. sham t-DCS,
P < 0.01, Cohen’s d ¼ 1.52]. At week 16, we observed a strong trend
for better performance in the real t-DCS compared with sham
stimulation arm in the story learning test [3.7 (5.7) vs. #0.4 (3.4)
difference change for real vs. sham t-DCS, P < 0.07, Cohen’s
d ¼ 0.9] and immediate memory index [12.6 (20) vs. 0.3 (13.17)
difference change for real vs. sham t-DCS, P < 0.07, Cohen’s
d ¼ 0.7]. No significant increment was found for the sham
compared to real arm in any of the administered tests. It is worth
to underlie that the significant increment in the delayed memory
index initially observed for the sham group during the treatment
period returned to baseline at follow up. No significant UPDRS-III
motor changes were observed between groups at 4 and 16-week
follow-up (see Table 1).
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memory skills (story learning test) with a moderate effect size
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•  24	pazienti	con	MP	e	iniziale	deficit	cognitivo	
•  Allenamento	cognitivo	di	4	settimane	+	tDCS	reale	(n	=	

12)	vs	allenamento	cognitivo	di	4	settimane	+	tDCS	
finta(n	=	12)	

•  Eccitatoria/	2mA	/	20	min	/	corteccia	prefrontale	
•  Valutazione	a	4	settimane	e	a	16	settimane	

•  Batteria	neuropsicologica	
Anodal              Cathodal

DC#Stimulator
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(0e4 weeks) for the same PD subgroup in any of the abilities inves-
tigated. These findings of delayed effect of t-DCS over the DLPFC on
learning processes corroborate recent data from literature in
healthy subject [7] and in PD [3], and support studies showing
the impact of anodal t-DCS over the prefrontal cortex on enhanced
declarative and long term memory consolidation [8]. By contrast,
“real t-DCS plus CT” strategy seems to temporary affect perfor-
mance in specific abilities during the active treatment period
(0e4 weeks). Namely we observed a significant decrement in
writing coding test score for the real t-DCS group. These scores
showed a trend to decrease transiently during the treatment period
and to return to baseline levels at the end of follow-up. Reasons
explaining these results could be various. Firstly, although task
specific effects of t-DCS have been shown, its mechanistic substrate
remains poorly explained. Electric field induced by conventional
t-DCS montage is widespread and heterogeneous making very
hard to predict the behavioral impact of t-DCS. Secondly, it is
reasonable that stimulation of multi-tasking complex brain region
(such as the DLPFC) may produce unspecific functional changes.
Thirdly, it has been supposed that altered network function second-
ary to a brain neurodegenerative or vascular diseases may alter the
susceptibility to t-DCS [9]. It may be that in the context of altered
cognitive networks (PD-MCI) repeated left anodal DLPFC and cath-
odal orbitofrontal cortex stimulation temporarily perturb cognitive
networks, breaking down PD “vulnerable” cognitive abilities in
brain areas functional to these tasks [10].

Finally our study will provide useful data to design future
studies evaluating the role of t-DCS in extending the benefit of
cognitive treatment, possibly using different protocol design
t-DCS stimulation paradigms.
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Table 1
Within group mean delta changes (d0) differences (SD) of each single corrected score and between groups delta changes comparison (P value) at 4-week and after 16-week
follow up.

0e4 weeks 0e16 weeks

Real t-DCS
Mean d0 (SD)

Sham t-DCS
Mean d0 (SD)

P value# Cohen’s
effect size
d

Real t-DCS
Mean d0 (SD)

Sham t-DCS
Mean d0 (SD)

P value# Cohen’s
effect size
d

UPDRS-III !8.00 (9.57) !0.30 (24.25) 0.707 0.182 0.17 (11.44) 13.83 (14.20) 0.275 0.154
STAI-Y 7.56 (15.74) 0.09 (14.08) 0.636 0.5 5.44 (7.92) 0.40 (13.15) 0.513 0.464
PDQ-8 15.5 (8.35) 8.00 (7.62) 0.327 0.938 17.00 (9.85) 10.00 (8.58) 0.594 0.758
BDI-II !7.00 (8.44) !6.36 (7.13) 0.647 0.082 !4.22 (13.13) !3.4 (8.59) 0.932 0.074
MoCA 2.33 (2.24) 1.36 (1.36) 0.272 0.524 0.33 (2.45) 0.70 (1.7) 0.681 0.175
RBANS Tot. 3.11 (8.19) 2.46 (13.2) 0.890 0.05 4.29 (12.74) 0.00 (11) 0.251 0.36
List learning 0.33 (5.15) 2.36 (4.72) 0.488 0.411 1.71 (5.41) 0.56 (5.25) 0.794 0.216
Story learning 1.22 (4.49) !0.73 (3.93) 0.168 0.462 3.71 (5.74) !0.44 (3.4) 0.077 0.879

Immed. memory index 2.67 (16.55) 2.09 (12.49) 0.395 0.039 12.57 (19.96) 0.33 (13.17) 0.075 0.724
Complex figure copy 0.78 (2.44) 0.82 (2.82) 0.453 0.015 !0.71 (3.15) !0.44 (3.88) 0.583 0.076
Orientantion line 0.89 (4.04) !0.09 (2.88) 0.638 0.279 2.57 (2.82) !0.56 (3.91) 0.115 0.918

Visuo-spatial index 5.44 (18.28) 6.36 (20.22) 0.691 0.047 2.78 (17.25) 3.10 (15.81) 0.987 0.019
Naming 0.33 (0.71) 0.27 (0.47) 0.828 0.099 !0.29 (0.49) !0.22 (0.44) 0.636 0.15
Semantic fluency !5.11 (3.62) !3.73 (4.1) 0.871 0.357 !1.57 (3.99) 0.33 (2.5) 0.884 0.57

Language index !1.56 (9.84) !0.46 (6.82) 0.940 0.1299 !5.29 (5.59) !0.78 (6.63) 0.284 0.735
Digit span 1.33 (2.92) 0.09 (1.22) 0.150 0.5541 0.57 (3.6) !0.78 (1.56) 0.248 0.486
Written coding test !4.56 (5.2) 1.64 (2.46) 0.001 1.52 !2.00 (4.51) 2.11 (4.96) 0.383 0.867

Attention index 1.78 (9.44) 2.00 (6.48) 0.796 0.027 !0.86 (16.64) !1.56 (10.93) 0.342 0.049
List recall !1.33 (2.74) 1.00 (2.19) 0.040* 0.9394 0.57 (2.51) 0.89 (1.83) 0.396 0.146
List recognition !1.11 (2.37) 0.55 (3.14) 0.168 0.5967 0.29 (2.29) !0.56 (1.74) 0.641 0.418
Story recall 1.56 (2.74) !0.18 (1.72) 0.307 0.76 2.71 (3.5) !0.22 (2.17) 0.105 1.00
Figure recall 4.00 (3.28) 4.46 (2.58) 0.658 0.156 3.14 (3.63) 3.22 (2.99) 0.917 0.024

Delayed memory index 0.44 (11.13) 10.27 (11.65) 0.027* 0.863 6.86 (11.61) 6.22 (9.95) 0.447 0.059

* Uncorrected values; d0 ¼ difference between baseline and follow up at patient level; # ¼ Mann Whitney U-Test to evaluate between groups delta changes comparison with
exact significance (2*1-tailed Significance) P < 0.05 after 2-tailed Monte Carlo correction (10,000 simulation) in order to reduce false positive in statistical estimation. We
corrected for Bonferroni multiple comparisons. In the between group analyses, the effect sizes of changes between real vs. sham t-DCS treatment groups were assessed
with Cohen’s d, an index of the magnitude of treatment effect. We considered only large (d # 0.7) effect sizes.

Letters to the Editor / Brain Stimulation 8 (2015) 1223e12401224

Funzioni	esecutive	
Memoria	



Conclusioni	

•  Dati	sperimentali	supportano	l’utilizzo	della	neuromodulazione	
come	terapia	non	farmacologica	nella	malattia	di	Parkinson	

•  Ad	oggi,	però,	i	livelli	di	evidenza	di	efficacia	non	sono	ancora	
ottimali	

•  E’	ancora	necessario	ottenere	evidenze	attraverso	studi	clinici	
ben	pianificati	e	con	un	alto	numero	di	pazienti		ed	
implementare	i	protocolli	grazie	all’uso	delle	nuove	tecnologie	



Grazie	per	l’attenzione!	




