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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withdrawn) but significantly decreased with gait improvement, when switching the stimulation to the 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. 

Competing interests 

This study did not receive any industry, government, institutional sponsorship or funding. 
Lucia Ricciardi received honoraria for lectures and educational activities from Chiesi Farmaceutici. 
Antonio Epifanio and Letterio Morgante received honoraria for lectures and educational activities 
from GlaxoSmithkline, Lundbeck, UCB pharma, and Novartis. Francesca Morgante received 
honoraria for speaking engagements from Allergan, Lundbeck, Novartis, Chiesi Farmaceutici, UCB 
pharma. Maurizio Zibetti, Leonardo Lopiano and Michele Lanotte did not report any disclosures. 

 

References 

 
[1] S. Thobois, C. Ardouin, E. Lhommee, H. Klinger, C. Lagrange, J. Xie, et al. Non-motor dopamine 
withdrawal syndrome after surgery for Parkinson's disease: predictors and underlying mesolimbic 
denervation.« Brain», 2010, 133, pp. 1111-1127. 

[2] J. Guridi, J.A. Obeso.The subthalamic nucleus, hemiballismus and Parkinson's disease: reappraisal 
of a neurosurgical dogma. «Brain», 2001, 124, pp. 5-19. 

[3] D. Drapier, S. Drapier, P. Sauleau, C. Haegelen, S. Raoul, I. Biseul, et al. Does subthalamic 
nucleus stimulation induce apathy in Parkinson's disease? « J Neurol», 2006, 253 (8), pp. 1083-1091. 

[4] V. Czernecki, M. Schupbach, S. Yaici, R. Levy, E. Bardinet, J. Yelnik, et al. Apathy following 
subthalamic stimulation in Parkinson disease: a dopamine responsive symptom. « Mov Disord», 
2008, 23, pp. 964-969. 

[5] T. Stefurak, D. Mikulis, H. Mayberg, A.E. Lang, S. Hevenor, P. Pahapill, et al. Deep brain 
stimulation for Parkinson's disease dissociates mood and motor circuits: a functional MRI case study. 
«Mov Disord», 2003, 18, pp. 1508-1516. 


