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Introduction

Deep brain stimulation (DBS) is
effective in improving motor
symptoms for patients with
advanced Parkinson’s disease
(PD) through high-frequency
stimulation to the subthalamic
nucleus (STN) and globus pallidus
interna (GPi) [1,2]. The purpose
of this study is to (1) evaluate
and compare pathways and
associated STN and GPi
generated by two different
diffusion tensor tractography
methods: a tensor-based
deterministic method, and an
advanced probabilistic method
and (2) determine a reliable
tractography method for use in
high-precision stereotactic
surgery.

Results

Deterministic and probabilistic
cortico-subthalamic and cortic-
globus pallidus tracts were
successfully reconstructed for all
subjects across all STNs (left and
right) and GPis (left and right)
(figures 1 and 2). The variability
between proposed techniques
was shown using center of mass
coordinates across all patients for
both GPi and STN.

As shown in table 1, the distance
between the center-of-gravity
coordinates of the two methods
ranged from 0.16-13.85 mm
(mean 1.71 mm, Std 2.56 mm).

Methods

A total of 7 patients selected for
DBS aged 69-78 years were
included and scanned in a 3.0T
Philips Achieva MR scanner. DTI
images were acquired axially in
the same anatomical location
prescribed for the T1-weighted
images. DTI images initially were
corrected for eddy current
distortion and motion induced
artifacts. To generate STN and
GPi pathways the brain cortical
surface was segmented based on
Tl-weighted images using
Freesurfer. The anterior and
posterior primary motor areas
and pre-motor area were selected
as cortical seeds. GPi and STN
were segmented manually and
then co-registered to the DTI
space. Fiber assignment of
probabilistic and deterministic
tractography was performed
using the combined motor areas
as initiation seeds and the STN
and GPi as the inclusion mask.
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Table 1: Difference in target
regions center-of-gravity
coordinates between
tractography methods.

Figure 1. Cross sectional view of
probabilistic and deterministic
tract density maps of direct
cortico-GPi pathways within GPi
segment (left and right).
Condensed cortico-GPi pathways
have been shown in the medial
posterior portion of the GPi.

Conclusions

Our results revealed a higher
condensed pathway in the
dorsolateral portion of the STN
and medial posterior side of the
GPi. The averaged distance
between center of mass
coordinates of the two techniques
showed bigger divergence in GPi
than in the STN. These
differences indicate probabilistic
tractography as a more robust
method for accurate DBS
electrode placement, where
better targeting will lead to better
patient treatment and outcomes.

Learning Objectives

To delineate three pathways
involved in the mediation of DBS
treatment effects: the
hyperdirect, direct and indirect
pathways. As our knowledge, this
is first study not only
reconstructed cortico-STN
hyperdirect pathways but also
direct and indirect cortico-GPi
pathways with the feasibility in
clinical applications.
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Figure 2

Figure 2. Cross sectional view of
probabilistic and deterministic
tract density maps of hyperdirect
cortico-subthalamic pathways
within STN segment (left and
right). Condensed cortico-STN
pathways have been shown in
the dorsolateral portion of the
STN.




