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Subthalamic Deep Brain Stimulation for Parkinson’s Disease

Chul Hyoung Lyoo, MD., Jn Woo Chang, MD., PhD.?2, Myung Sk Lee, MD., PhD.

Departments of Neurology, Neurosurgery®, Yonsei University College of Medicine, Seoul, Korea

The recent progress in the basic knowledge of basal ganglia pathways and advances in the techniques of the
neuroimaging studies enabled subthalamic deep brain stimulation (STN DBS). In Korea, more than three hundreds
and fifty patients with PD have been treated with STN DBS since the first trial at March 2000. STN DBS
effectively improves all parkinsonian deficits occurring especially during levodopa ‘off’” period and decreases the

daily “off’ time. The daily requirement of levodopa dosage can be reduced to about half of the preoperative one.
The favorable responses to the STN DBS can be maintained even after five years. However, parkinsonian deficits
during levodopa ‘on’” period can not be controlled as effectively as those during the levodopa ‘off’ period. The
axial symptoms including gait disturbance and postural instability during the levodopa ‘on’ period cannot be

improved or even are worsen by STN DBS. Patients aged over 70 frequently show less remarkable improvement
of parkinsonian deficits than the younger ones. Therefore, selection of appropriate candidate for STN DBS is the

most important factor deciding the outcome of the STN DBS.
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Figure 1. Basal ganglia pathways in normal and parkinsonian conditions. In Parkinson’s disease, the inhibitory striato-GPe (external

globus pallidus) pathway is enhanced and the activity of inhibitory signal from GPe to GPi (internal globus pallidus) is decreased.

The subthalamic (STN) activity is increased with the progressive degeneration of nigral dopaminergic neurons. With the

pathologically overactive STN and decreased inhibitory signal from GPe, the neurons in the GPi are over activated and consequently

thalamic output to the cerebral cortex is inhibited. The activating and inhibitory pathways are represented by black and gray arrows,

respectively. The activity of each pathway is expressed as the thickness of the arrow.
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Figure 2. Serial section of coronal magnetic resonance
imaging (MRI) with fluid-attenuated inversion recovery
(FLAIR) sequence visualizing the subthalamic nucleus (STN).
The STN can be visualized by T2-weighted and FLAIR MRI
as the low signal intensity structure. The red nucleus is
located posteromedial to the STN. The substantia nigra
constitutes the inferior border of STN. The serial section of
coronal MRI around the STN from the point 20mm (top)
posterior to the anterior commissure (AC). The arrows indicate
outer margin of STN.
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Figure 3. Postoperative radiological studies after a subthalamic deep brain stimulation (STN DBS). (A) A plain X-ray shows

components of STN DBS. The arrow heads indicate the connector between the electrode lead and extension wire. (B and C) The

axial T2 and T1-weighted MRI show the tips of the electrodes which are visualized as the signal void structures located at the

midbrain. (D and E) The reconstructed coronal and sagittal T1-weighted MRI studies show electrode leads passing through the brain

parenchyme.
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Table 2. Summary of the results of direct comparison between the efficacy of STN and GPi DBS

author stud selection duration number UPDRS I UPDRS 1V
! d of of target of (motor) (dyskinesia) LED
(year) design .

target follow-up patients OFF ON ON
Rodriguez- Open label  Clinician Mean STN 49 -50 -11 -59 -34
Oroz (2005) multicenter 3.8y GPi 20 39 5 7 432
Minguez- Open label  Clinician ly STN 10 -39 +14 -42 -24
Castellanos retrospective GPi 10 35 11 56 +9
(2005)
Anderson Double blind Random ly STN 10 -48 0 -62 -38
(2005) GPi 10 -39 -6 -89 3
DBS for PD Open label  Clinician 6 m STN 96 -54 -25 -50 -37
study group GPi 38 33 32 -67 +4
(2001)
Krause Open label  Clinician ly STN 6 -48 -20 -58 -19
(2001) GPi 12 14 5 58 +103
Burchiel Open label Random ly STN -44 -15 -67 -51
(1999) GPi 4 -39 -40 47 +6
Krack Open label  Clinician 6 m STN 8 =71 -19 -83 -56
(1998) GPi 5 -39 +14 -87 +28

STN; subthalamic nucleus, GPi; globus pallidus pars interna, LED; levodopa equivalent dose, y; years, m; months
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