
09 April 2024

AperTO - Archivio Istituzionale Open Access dell'Università di Torino

Original Citation:

Stimulation of the subthalamic area modulating movement and behavior

Published version:

DOI:10.1016/j.parkreldis.2014.07.013

Terms of use:

Open Access

(Article begins on next page)

Anyone can freely access the full text of works made available as "Open Access". Works made available
under a Creative Commons license can be used according to the terms and conditions of said license. Use
of all other works requires consent of the right holder (author or publisher) if not exempted from copyright
protection by the applicable law.

Availability:

This is the author's manuscript

This version is available http://hdl.handle.net/2318/149489 since 2015-07-03T13:51:21Z



This Accepted Author Manuscript (AAM) is copyrighted and published by Elsevier. It is
posted here by agreement between Elsevier and the University of Turin. Changes resulting
from the publishing process - such as editing, corrections, structural formatting, and other
quality control mechanisms - may not be reflected in this version of the text. The definitive
version of the text was subsequently published in PARKINSONISM & RELATED
DISORDERS, 20, 2014, 10.1016/j.parkreldis.2014.07.013.

You may download, copy and otherwise use the AAM for non-commercial purposes
provided that your license is limited by the following restrictions:

(1) You may use this AAM for non-commercial purposes only under the terms of the
CC-BY-NC-ND license.

(2) The integrity of the work and identification of the author, copyright owner, and
publisher must be preserved in any copy.

(3) You must attribute this AAM in the following format: Creative Commons BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/deed.en),
10.1016/j.parkreldis.2014.07.013

The definitive version is available at:
http://linkinghub.elsevier.com/retrieve/pii/S1353802014002946

http://linkinghub.elsevier.com/retrieve/pii/S1353802014002946


 

Stimula
behavio
L. Ricciard

1 Department 
2 Department 
3 Department 
4 Department 

Keywords 

Apathy; Park

Abbreviati

AES: apathy
Field; ICD: i
STN: subtha

Apa
the sub tha
matter of d
of the fiber

A 5
(ICD) (com
STN–DBS.
depressant.
and pramip
surgery thin
electrodes 
incerta (ZI)

 

 
Fig. 1: Posto
the most do
subthalamic

tion of t
r 

di1, L. Morg

of Clinical an
of Neuroscien
of Neuroscien
of Clinical an

kinson's dise

ions 

y evaluation
impulse con
alamic nucleu

athy has bee
alamic nucle
debate[1]. He
s surroundin

55-year-old 
mpulsive sh
. At that tim
 Before 

pexole (0.75
n slice MRI
within the

)/Forel Field

operative sag
orsal contact
c nucleus; SN

he subth

ante2, A. Ep

nd Experiment
nce, Universit
nces, Universi
nd Experiment

ease; Subthal

n scale; BDI
ntrol disord
us; ZI: zona 

en reported
eus (STN) i
ere we repor
ng the STN
man, with 
opping and

me, he did n
surgery, 

5 mg/day) an
I scan merg

e STN regi
d (FF) area 

gittal T1-we
t of electrod

N: substantia

halamic a

pifanio2, M.

tal Medicine, 
ty of Messina,
ity of Torino, 
tal Medicine, 

lamic nucleu

I: Beck Dep
ders; LEDD:
incerta. 

as a freque
in patients w
rt a PD pati

N. 
a 15-year h

d hypersexua
not show any

he w
nd his levod
ged with pr
ion, with t
(Fig. 1). 

ighted MRI w
de lying into 

nigra. 

area mo

. Zibetti3, M

University of
, Messina, Ital
Italy. 
University of

us; Zona ince

pression Inv
levodopa e

ent symptom
with Parkin
ient in whom

history of P
ality) and s
y sign of de

was treate
dopa equiva

re-Op MRI 
the most d

with Schalte
the ZI/FF a

odulating

M. Lanotte3,

f Messina, Me
ly. 

f Messina, Me

erta; Hemibal

ventory; DB
equivalent d

m following
nson's diseas
m apathy w

PD complic
severe moto
epression or
ed with l
alent daily 
showed cor

dorsal cont

enbrand and 
area. ZI: zon

g movem

L. Lopiano

ssina, Italy. 

ssina, Italy. 

llism; Deep b

S: deep brai
daily dose; P

g deep brain
se (PD) but 

was acutely 

ated by imp
or fluctuatio
r apathy and
evodopa/ca
dose (LEDD
rrect anatom
act lying b

 

Wahren atla
na incerta; F

ment and

o3, F. Morga

brain stimula

in stimulati
PD: Parkinso

n stimulatio
t the mecha
induced by

pulse contr
ons underw
d did not ta

arbidopa (11
D) was 120
mical place
bilaterally 

as superimpo
FF: Forel's 

2

d 

ante4. 

ation. 

on; FF: Fore
on's disease

on (DBS) o
anism is stil
y stimulation

ol disorders
ent bilatera

ake any anti
125 mg/day
00 mg. Post
ement of the
in the zona

osed showing
Field; STN

2 

el 
e; 

f 
ll 
n 

s 
al 
-
) 
-
e 
a 

g 
N: 



3 
 

 

One month after surgery, he had improvement of motor fluctuations and increase in daily ON 
time with monopolar stimulation at 130 Hz and 60 mcs stimulus duration (contacts: 5-, 2.9 V; 1-, 
2.7 V). However, gait was severely impaired because of ballism in the left lower limb, which had 
started immediately after surgery and worsened progressively. Ballism was not modified by turning 
OFF the stimulator or by levodopa administration (LEDD = 750 mg; pramipexole had been 
withdrawn) but significantly decreased with gait improvement, when switching the stimulation to the 
dorsal contacts. However, with this stimulating setting the patient developed apathy. He explained 
that he felt no emotional involvement neither for positive nor for negative stimuli, he did not have 
pleasure in going out, meeting people, doing his favorite activities, such as swimming, eating or 
having sex. He did not feel depressed, he just did not feel any drive in doing anything. He did not 
show any ICD. Apathy persisted despite increasing the LEDD up to 950 mg and reintroducing 
0.75 mg/day of pramipexole. 

Six months after DBS, we performed an acute stimulation challenge in the ON medication 
condition with different DBS settings and we probed motor, affective and behavioral outcomes. A 
signed written consent for using the video for publication was obtained by the patient, who was 
blinded to DBS conditions. Due to the lack of a validated scale able to detect acute changes in mood 
and motivation, we used the Apathy evaluation scale (AES) and Beck's Depression Inventory (BDI) 
instructing the patient to refer the questions to that particular moment. The following conditions were 
applied: A) bilateral monopolar stimulation of contacts 1- and 5- (previously found be the best 
contacts for parkinsonian signs); B) bilateral monopolar stimulation of the two most dorsal contacts 
(3-, 7-); C) bilateral monopolar stimulation of contacts 1- and 5-; D) unilateral monopolar 
stimulation of left STN at contact 3-; E) bilateral turning OFF of STN–DBS for 5 days; F) unilateral 
monopolar stimulation of right STN at contact 7-. For each stimulation condition, frequency and 
stimulus duration were kept constant at 130 Hz and 60 mcs, respectively. Conditions A to D were 
applied on the same day for 2 h each; condition F was applied for 2 h on the sixth day after bilateral 
turning OFF of STN–DBS. Voltage was gradually increased in each contact and chosen according to 
the best medical benefit obtained on motor symptoms and/or ballism. Bilateral stimulation of 
contacts 1- and 5- improved parkinsonism, did not produce apathy, but was associated to severe 
ballism of the left lower limb. Ballism was present in all stimulation conditions, including 
stimulation of the dorsal contact on left STN and when turning off STN–DBS, but there was no 
evidence of apathy. Only bilateral activation of the most dorsal contacts or stimulation of the dorsal 
contact on right STN determined resolution of ballism, improvement of gait disturbance and 
occurrence of severe apathy within 5 min (Fig. 2 and Video). The results of the acute stimulation 
challenge allowed us to conclude that stimulation of the most dorsal contact on right STN was 
capable to treat ballism, at expense of determining significant apathy. At latest follow-up (4 years 
after surgery), stimulating parameters were contact 1- (3.1 V) on left STN and contact 7-/5- 
(interleaving stimulation, 3.2/2.9 V) on right STN (both 60 mcs, 125 Hz). This setting allowed to 
control left lower limb ballism with mild apathy (AES = 10). 
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apathy was performed in one of these cases[5] and showed increased activity in many cortical and 
sub-cortical areas, including the superior prefrontal cortex and anterior cingulate area[5]. 
We acknowledge among the limitations of our study, the use of assessment scales such as AES and 
BDI to evaluate acute changes in mood and motivation. However, due to the lack of a validated scale 
able to detect acute changes in these domains, we used AES and BDI instructing the patient to refer 
the questions to that particular moment. Moreover, to achieve resolution of left side ballism and 
optimal control parkinsonian signs, stimulation with the most dorsal contacts was delivered using a 
slight higher voltage; however, it is unlikely that a 0.1 V difference would account for the behavioral 
changes we described. 

In conclusion, we suggest that apathy associated to STN-DBS is a multi-factorial 
phenomenon, not simply due to dopamine-agonist withdrawal syndrome but partly linked to the 
spreading of stimulation to the white matter tracts adjacent to the STN, a crucial crossway integrating 
motor and non-motor pathways. 
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