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Supplementary data: Detailed methods 

 

Subjects 

   We respectively reviewed the electronic medical records of 60 patients with advanced PD who 

received bilateral GPi DBS between January 2015 and February 2019 at the Departments of Neurology 

and Neurosurgery at Asan Medical Center, Seoul, Korea. Diagnosis of PD was based on the UK Brain 

Bank criteria. All patients underwent DBS surgery based on the institutional guideline for DBS surgery. 

The GPi DBS surgery procedures have been described in detail previously.1 Stereotactic implantation 

of DBS electrodes 3387 (Medtronics, Minnepolis, Minnesota, USA) was performed under local 

anesthesia with microelectrode recording (MER) guidance.  

The exclusion criteria were brain hemorrhage, and lead revision or removal after DBS surgery. Eight 

patients who developed stimulation-induced dyskinesia (SID) at the first post-operative programming 

session were identified. For comparisons, 15 patients with PD who received bilateral GPi DBS and did 

not develop SID during programming were selected by random assignment using a computer-generated 

randomization sequence, with matching for age at DBS surgery, sex, and duration of PD. This study 

was approved by the Institutional Review Board of Asan Medical Center. The board waived the 

requirement for patient consent due to the retrospective and observational nature of the study.  

 

Clinical assessment 

All subjects were evaluated using the Unified Parkinson’s Disease Rating Scale (UPDRS) at 

preoperative baseline and 12 months follow-up after surgery. After DBS surgery, all patients were 

assessed by an experienced movement disorder specialist under four conditions: 1) off stimulation-off 

medication, 2) on stimulation-off medication, 3) off-stimulation-on medication, and 4) on stimulation-

on medication. The levodopa equivalent daily dose (LEDD) was calculated according to the previously 
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established conversion formula.2  

 

DBS programming  

All patients had their initial programming session 4 weeks after DBS surgery, and DBS parameters 

were optimized according to clinical evaluation. The setting of stimulation parameters was defined 

according to expert consensus of a previous study,1 3 and was performed by an experienced movement 

disorder specialist. All stimulation contacts were assessed in the overnight off medication washout, and 

each of the four contacts of each lead was tested as monopolar cathode. Stimulation was set at 60 

microseconds (μs) pulse width, and 130 Hertz (Hz) frequency. The amplitude threshold of each 

electrode contact for inducing clinical response and side effects was determined by a gradual increase 

in voltage. The contact with the largest therapeutic window, the lowest threshold for maximal 

improvement of motor signs, and the highest thresholds for side effect was chosen. If the clinical 

improvement was unsatisfactory after the first programming session, the stimulation parameters were 

modified in a follow-up programming session, including an increase in pulse width duration, and a 

different frequency and configuration, such as bipolar or interleaving settings, was selected. Clinical 

evaluation and DBS programming were also conducted 12 months after surgery. 

 

Postoperative electrode localization and Volume of tissue activated (VTA) estimation 

The Lead-DBS MATLAB toolbox was employed to visualize the location of the contacts in the 

globus pallidus (www.lead-dbs.org, version 2.1.6). The detailed processing pipeline has been described 

elsewhere.4-7 Preoperative and postoperative MRI were co-registered using ANTs (advanced 

normalization tools) and SPM12 (Statistical Parametric Mapping 12; Wellcome Trust Centre for 

Neuroimaging UCL, London, UK) and normalized into the Montreal Neurological Institute (MNI) 152 

2009b space. A brain shift correction step was applied in Lead-DBS. DBS contacts were automatically 
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pre-constructed using the TRAC/CORE approach and manually adjusted, if needed. The VTA 

estimation was conducted using a finite element method (FEM) approach,6 based on each patient’s 

optimized stimulation parameters at the initial DBS programming session.  

 

Statistical analysis  

The baseline demographic and clinical data were analyzed using Student’s t-test or Mann–Whitney 

U test for continuous variables and Fisher’s exact test for categorical variables. Wilcoxon signed rank 

test was used to compare the preoperative and postoperative UPDRS III scores. Intersections between 

VTA and the GPi motor nucleus volume were correlated with the stimulation effect by conducting 

Spearman’s rank correlation using the Lead-DBS toolbox. With the exception of the correlation of VTA 

and the stimulation effect, all data were analyzed using SPSS version 22.0 (IBM Corp., Armonk, NY, 

USA), and the significance level was set at p < 0.05. 
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