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Introduction

Deep brain stimulation (DBS) of the subthalamic
nucleus (STN) for Parkinson’s disease (PD)
reduces motor symptoms & improves quality of
life. However, some individuals develop
postoperative neuropsychiatric symptoms such
as impulsivity & mood elevation. This is may
arise from the central role of the STN in
cognitive & affective, as well as motor,
inhibition (1). Primate & human studies suggest
that the STN is topologically organized into
motor, associative & limbic subregions in a
dorsolateral to ventromedial gradient (2), such
that the locus of subthalamic stimulation could
preference involvement of non-motor regions.
Case reports support this hypothesis (3), but
this matter has not been systematically
examined.

Aims

We studied whether the locus of subthalamic
stimulation moderated the longitudinal evolution
of postoperative neuropsychiatric symptoms, in
a cohort of persons with PD evaluated
repeatedly up to 6-months post-DBS. We
employed a tractographic parcellation of the
STN into motor, associative & limbic subregions
(4) & identified the position of each electrode
contact relative to these subregions. We
simulated a volume of activated tissue (VAT) for
each hemisphere, for each participant, at each
follow up. This enabled us to estimate the
dispersion of charge within each STN subregion
at a given time, & to evaluate the contribution
of stimulation parameters to emergent
symptoms during titration. Finally, we applied
these data to delineate STN regions significantly
associated with neuropsychiatric impairment (5)
& tested the predictive validity of our data.

Methods

Sixty-four non-demented participants (18
females, mean age 61.7, mean UPDRS III score
37.0) underwent STN-DBS between 2013-2017.
A preoperative T1-weighted MPRAGE & a T2-
weighted FLAIR sequence were acquired.
Bilateral implantation of Medtronic 3389 (n =
48) or Boston Vercise (n = 16) electrodes took
place in a single-stage procedure.
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Timeline

Neuropsychiatric assessment took place prior to
DBS & subsequently at 2-weeks, 6-weeks, 13-
weeks & 26-weeks postoperatively, with a focus
on quantitative assessments of mood,
compulsivity & impulsivity. A neuropsychiatrist
classified clinically-significant, stimulation-
related ‘cases’ based on a structured psychiatric
assessment & response of these symptoms to
DBS device manipulation. All participants were
ON stimulation & medication.

Subthalamic Electrodes were

Accurately Targeted

i

Stimulation predominates in the dorsolateral
aspect of the STN across the cohort.
Hemispheric VATs for each participant were
concatenated & thresholded to identify the
highest frequency of overlapping voxels at 6-
weeks (A and B) & 13-weeks (C and D).

Processing Pipeline

Preoperative MPRAGE & FLAIR images were co-
registered with the postoperative CT scan using
FSL (FLIRT version 6.0) & spatially normalized
into ICBM_2009b nonlinear asymmetric space
using DARTEL as implemented in SPM12.
Electrodes were manually localised & corrected
for brainshift using the Lead-DBS toolbox
(version 1.6.4.2) (6). The dispersion of
electrical charge in neural tissue was estimated
based upon individualised stimulation
parameters.

Disinhibition Associated with Right
Associative STN Stimulation

hibitory Errors at
13-weeks

Greater inhibitory errors (Rule Violations) at
follow-up assessments were predicted by the
extent to which the VAT occupied the right
associative STN subregion at both 6- (t = 2.35,
p = 0.023) and 13-weeks (t = 3.3, p = 0.0017)
post-DBS. Clusters of FWE-corrected
subthalamic voxels were identified in the right
associative and motor subregions.

Caseness Associated with Right
Associative STN Stimulation

Developing clinically-significant, stimulation-
dependent psychiatric symptoms at 6-weeks was
predicted by the distance of the active contact to
the right associative STN subregion (z = -3.0, p
= 0.0026), as well as with greater VAT overlap
within this subregion (z = 3.31, p = 0.0009). At
13-weeks, caseness was significantly associated
with stimulation at a closer distance to the right
(z=-3.0, p =0.0027) & left (z = -2.63, p =
0.0084) associative STN subregions, as well as
with greater occupation of the right associative
subregion by the simulated VAT (z = 3.0, p =
0.0026). Distinct clusters of FWE-corrected
voxels were identified in the dorsolateral STN
corresponding to the highest likelihood of being a
‘non-case’, with clusters of voxels in the
ventromedial STN corresponding with the highest
likelihood of being a ‘case’. When a classifier was
trained on these data, clinically-significant
symptoms were predicted with an accuracy of
79%.

Conclusions

These data underscore the importance of
accurate electrode targeting, contact selection &
device programming to reduce postoperative
neuropsychiatric impairment. The ability to
predict neuropsychiatric symptoms based on
subthalamic data may permit anticipation &
prevention of these occurrences, improving
safety & tolerability.
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