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Introduction:
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• Parkinson’s disease (PD) is one of the most 
common neurological disorders.

• It is a progressive disease that affects 1% of 
people over 60 years of age. Over 100,000 
Canadians are living with PD today and 
approximately 6,600 new cases of PD are 
diagnosed each year in Canada.

• Motor features of PD result from the death of 
dopamine neurons in the substantia nigra pars 
compacta of the Basal Ganglia.

• PD causes motor and non-motor symptoms such 
as tremor, rigidity, bradykinesia, shuffling of gait, 
depression and apathy.



Deep Brain Stimulation:

• Oral pharmacotherapy and surgical intervention are both accepted as 
treatments. 

• Deep Brain Stimulation (DBS) surgery is used especially in those that 
have advanced PD to alleviate some of the symptoms such as tremor.

• DBS surgery involves implantation of a permanent electrode inside the 
STN to deliver electrical current.
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Existing Challenges:
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• The surgical outcomes of DBS highly depend on the accuracy of the 
placement of the electrode inside the STN.

• STN is a very small region (5-7 mm) of the basal ganglia; accurate 
placement of the stimulating electrode is a challenging task for the 
surgical team.

• Sub-optimal positioning of DBS electrodes accounts for about 40% of 
the cases in which inadequate post-operative efficacy of stimulation is 
reported.

• A common technique to target the STN is through the use of 
preoperative MR images; however, the exact location of the STN 
cannot always be identified precisely from MR images.



Micro-Electrode Recording (MER)

Inserting the electrodes inside of STN 
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• Intraoperative MERs have been used for 
localizing the STN; they are observed 
visually by the surgical team during the 
operation.

• For most patients, up to five 
microelectrodes are inserted through a 
burr hole in the skull on each side of the 
brain. The microelectrodes record the 
electrophysiological activities of the 
neurons along the insertion trajectory.



Deep Brain Stimulation:

Localization of STN during DBS with 

Machine Learning Algorithms 

• Electrophysiological activities vary 
along the insertion trajectory when the 
electrode passes through different 
structures of the brain.



Data Acquisition  & Feature 
Extraction 
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Data Base:
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• For this study, we used MER signals from 100 
individuals with PD obtained during their DBS 
implantation (in total, 713 microelectrode tracks); 
the data was collected at University Hospital in 
London, Ontario.

• The data consisted of the motion of the 
microelectrodes in 1.0 mm increments from 10.0 
mm to 5.0 mm above the target, and then in 0.5 
mm increments to the end of the trajectory.



Microelectrode Recordings; The green line indicates the dorsal border of the STN and the 

red line indicates the ventral border of the STN, as decided by the neurosurgeon. 
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Feature Extraction:
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1. Number of spikes per the 10-second interval;
2. Standard deviation of time differences between the spikes of the 10-

second interval; 
3. Pause index: the ratio between the number of spikes greater than 50 ms

to the number of spikes less than 50 ms; 
4. Pause ratio: the ratio between the total time of inter spike intervals 

greater than 50ms to the total time of those less than 50ms; 
5. Root Mean Square (RMS) value of the signal amplitude in the 10-second 

interval; 



Feature Extraction:
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6. Spiking rate: number of spikes per unit time (one second).
7. Teager Energy, which can be calculated as follows: 

where,                        and N is the number of samples in each 
signal; 
8. Zero crossing: the number of zero crossings in each 10-second 
interval; 
9. Curve length: the sum of consecutive distances between points in the 
10-second interval, as calculated below: 
10. Threshold:



Feature Extraction:

FFT-based feature space can provide valuable information about the location of the 
microelectrodes since they encode the frequency context of neural activities.
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• Conventional Post-Operative Features: 
Number of Spikes, Pause Index, Pause Ratio, Root Mean Square (RMS), 
Spiking Rate, Teager Energy, Zero Crossings, Curve Length, and Threshold.

• Fast Fourier Transformation Features:



Feature Extraction
When the microelectrode is within the STN, there is a shift in 
frequency domain of the MER signal.
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Supervised Classifiers:
Logistic Regression
Support Vector Machine
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Labels for the Data:
Labeled as 
outside of 
STN        0

Labeled as 
outside of 
STN        0

Labeled as 
inside of 
STN        1
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Support Vector Machine:

How do we separate these two 
groups with one line? 

SVM algorithm finds this line! 
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Kernels:

• What if our data points were not linearly 
separable. 
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Linear ,Quadratic and Cubic

Types of Kernels:



Kernels:
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Results with Supervised 
Algorithms 
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Train and Test Data:
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427 tracks 142 tracks 142 tracks



Results:

Localization of STN during DBS with 

Machine Learning Algorithms 



Conclusion & Future Work
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Conclusion:
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• This study presented a new technique that can be used to assist the 
neurosurgeon during the DBS procedure by providing an objective 
assessment of the STN location.

• Based on the conducted study, a combination of FFT-based features and a 
Cubic kernel SVM algorithm was suggested as a high performance 
approach that can localize STN during surgery.
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A recent published review paper on previous works:
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The most recent and the state-of-the-art work:

• Only detect the ventral border
• Uses Normalized RMS
• Results based on 131 Microelectrode 



Thank you for listening

Any Questions?
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For more information, please contact:
mkhosra5@uwo.ca




