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Apathy has been reported as a frequent symptom following deep brain stimulation (DBS) of
the sub thalamic nucleus (STN) in patients with Parkinson's disease (PD) but the mechanism is still
matter of debate™. Here we report a PD patient in whom apathy was acutely induced by stimulation
of the fibers surrounding the STN.

A 55-year-old man, with a 15-year history of PD complicated by impulse control disorders
(ICD) (compulsive shopping and hypersexuality) and severe motor fluctuations underwent bilateral
STN-DBS. At that time, he did not show any sign of depression or apathy and did not take any anti-
depressant.  Before  surgery, he was treated with levodopa/carbidopa (1125 mg/day)
and pramipexole (0.75 mg/day) and his levodopa equivalent daily dose (LEDD) was 1200 mg. Post-
surgery thin slice MRI scan merged with pre-Op MRI showed correct anatomical placement of the
electrodes within the STN region, with the most dorsal contact lying bilaterally in the zona
incerta (ZI)/Forel Field (FF) area (Fig. 1).

MR #4 (Axial Oblique
Sagittal (AC/PC aligned

Fig. 1: Postoperative sagittal T1-weighted MRI with Schaltenbrand and Wahren atlas superimposed showing
the most dorsal contact of electrode lying into the ZI/FF area. ZI: zona incerta; FF: Forel's Field; STN:
subthalamic nucleus; SN: substantia nigra.



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-,
2.7V). 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withdrawn) but significantly decreased with gait improvement, when switching the stimulation to the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- (3.1V) 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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Fig. 2: Pre- and post-operative motor, affective and behavioral data in the ON medication state.
After surgery, involuntary movements were present in all stimulation condition (A, C, E) and when
turning off STN-DBS (D), but there was no evidence of apathy. Only bilateral activation of the most
dorsal contacts (B) or stimulation of the dorsal contact of right STN (F) determined resolution of
involuntary movements, improvement of gait disturbance and occurrence of severe apathy by AES
increase. UPDRS-1II = Unified Parkinson's disease rating scale, motor section; BDI = Beck
Depression Inventory; LEDD = levodopa equivalent daily dose; AIMS = abnormal involuntary
movement scale; AES = apathy evaluation scale; GF-Q = gait and falls questionnaire.

This PD patient with post-surgical ballism showed stimulation-locked apathy occurring when
switching on the most dorsal contact on the right STN, which was also the one capable to reduce left
lower limb ballism. Post-surgical hemiballism is a rare adverse effect of stereotactic surgery and has
been also described after lesions involving the ZI and partially the STN'?. Stimulation of the most
dorsal contact located within the ZI/FF lead to a significant reduction of post-surgical hemiballism,
likely by stimulating the pallidofugal fiber tracts. Interestingly, activation of the same contact was
also associated to quick occurrence of severe apathy. Apathy has been defined as a lack of feeling,
emotion or interest leading to reduction of goal-directed behaviors and has been described as a
feature of PD, independent from depression. Neuroimaging studies suggested that it might be
produced by a dysfunction in the mesial frontal/anterior cingulate cortex—ventral tegmental
connections. Apathy has been reported to occur in PD after STN-DBS and it has been considered as
complication due to dopamine-agonists withdrawal. However, longitudinal studies showed no
correlation between post-DBS apathy and decrease of dopaminergic drugstY!, suggesting that
dopaminergic denervation in the mesolimbic pathways or modulation of limbic networks by STN
stimulation™ might be causative. Our case supports the hypothesis that apathy might partially
depend on stimulation of fibers adjacent to STN and functionally involved in the mesocorticolimbic
pathways. Two other cases with post-DBS apathy were described where the stimulating contact was
lying in the ZI/FF Bl Functional MRI during stimulation of right electrode on the ZI/FF producing
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apathy was performed in one of these cases™ and showed increased activity in many cortical and
sub-cortical areas, including the superior prefrontal cortex and anterior cingulate area®.

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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