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Updates in DBS

• Electrodes
• Implatable Pulse Generator (IPG) or battery
• Programmers
• Surgery



Frey J et al. 2022

Updates in Electrodes



Anderson DN et al. 2018



• To avoid side effects from the stimulation, clinical evaluation might be 
enough to decide the direction of stimulation

• However, to maximize the benefits, understanding the right spot in the target 
is important

Steigerwald F et al. 2019



Combined with Nigral Stimulation

Weiss D et al. 2013



Additional GPe stimulation

10

Di Luca D et al. 2023



More Available in the Near Future



Bipolar directional stimulation (Anodic block)

Steffen JK et al. 2020



Anodic stimulation

Kirsch AD et al. 2018



Updates in DBS

• Electrodes
• Implatable Pulse Generator (IPG) or battery
• Programmers
• Surgery



Updates in IPG

Sarica C et al. 2021
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Updates in IPG

Sarica C et al. 2021



Updates in IPG

Sarica C et al. 2021
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Local Field Potentials in Movement Disorders

Sirica D et al. 2021



Targets and Local Field Potential

Aspect STN LFPs GPi LFPs

Dominant PD band
Prominent low beta (∼13–30 Hz) 
peaks, tightly linked to akinetic-
rigid features.

Alpha–beta peaks present; 
oscillatory signatures somewhat 
similar to STN but less extensively 
characterized.

Modulation by therapy
Beta power reduced by levodopa 
and STN-DBS; reduction scales 
with motor benefit.

Alpha/beta activity modulated by 
GPi-DBS; ERNA features relate to 
effective stimulation sites.



Pallidal LFP in PD and dystonia

Silberstein P et al. 2003



MRI compatibility

Frey J et al. 2022



Illustrative Case. F/74 with bilateral STN DBS

• Her motor symptoms were well-controlled with bilateral STN DBS, 
but her cognition and balance were getting worse slowly

• Visited ER with right hemiparesis and aphasia due to hyperacute 
stroke in left MCA territory

• Took 3T MRI for revascularization and performed IA thrombolysis, 
but failed 

• Her IPG was depleted after taking MRI → considered changing IPG 
but caregivers denied



Device Interaction
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Ha J et al. 2024



More Chance for Improvement

29

Manuscript in submission



Image-guided Programming

Pavese N et al. 2019, Waldthaler J et al. 2021



Lange F et al. 2021

Image-guided Programming



Middlebrooks EH et al. 2020

Sweet Spot in Parkinson’s disease



Malekmohammadi M et al. 2022



Local Field Potentials (LFP)

• LFPs represent the summed electrical activity 
from local neuronal transmembrane currents 
around an electrode

• Important factors that contribute to the LFP 
include the cellular and synaptic cellular 
architecture and the synchrony of the current 
sources

• LFPs have been characterized into frequency 
bands (approximate range, Hz)

Hanslmayr S et al. 2012



LFPs base Programming

Binder T et al. 2023



Synchronous Telemedicine in DBS

Merola A et al. 2021





Robotic Surgery in DBS

Ma FZ et al. 2022, Vakharia VN et al. 2021



Awake vs. Asleep DBS

Chen W et al. 2023



Anesthesia and Neurophysiology

Bos MJ et al. 2021



Age limits for DBS

Kim M et al. 2018



Inclusion 

1. clinically idiopathic PD 

2. significant improvement with regard to 
dopaminergic medication (>30%) 

3. refractory motor fluctuations or tremor 

4. only minor symptoms during ON-state 

Exclusion (relative) 

1. biological age over 75 years

2. severe/malignant comorbidity with 
considerably reduced life-expectancy

3. chronic immunosuppression 

4. distinct brain atrophy 

5. severe psychiatric disorder (cognitve 
deficits/dementia, frontal-dysexecutive 
syndrome, manifest psychosis, depression, 
substance abuse, personality disorder) 



a) presence of motor fluctuations including levodopa-sensitive off symptoms or treatment-
induced dyskinesia

b) tremor, which cannot be satisfactorily treated with medication

c) a levodopa-induced reduction of motor symptoms by >33% of the Unified Parkinson Disease 
Rating Scale (UPDRS), where tremor may be disregarded from the calculation as it may be 
refractory to levodopa treatment while still responding well to DBS

d) exclusion of dementia, relevant psychiatric or somatic comorbidity, or general contraindication 
to undergo neurosurgical interventions. 

e) Even more restrictive inclusion criteria are recommended for patients not older than 60 years 
and the presence of motor fluctuations for not longer than 3 years



PD Genetics and Deep Brain Stimulation

• Although DBS shows good outcome initially, long-term outcomes are not 
well-known in many genotypes and selection bias should be considered

• In terms of motor fluctuation, DBS may demonstrate good long-term 
outcomes, but other symptoms (axial symptoms, cognition or psychiatric 
symptoms) can be more problematic in long-term follow-up (SNCA, GBA)

• Especially in GBA-related PD, STN DBS should be decided carefully due to 
the ‘cognitive frailty’ and it seems reasonable to consider the ‘cognitively 
safer’ GPi-DBS instead of STN-DBS, but still controversial



Cognitive and Psychiatric Symptoms

• Dementia is absolute contraindication for deep brain stimulation, but no 
consensus about mild cognitive impairment

• DBS is usually not considered in unstable psychiatric conditions until the 
symptoms have been managed adequately, although ongoing severe 
depression with suicidal ideation should be considered an absolute 
contraindication

• Limited evidence suggests that GPi may be safer than STN for patients with 
cognitive, or behavioral issues

• Caregiver is important, especially in patients with cognitive or behavioral 
problems

• Also, there can be other options, especially MRgFUS?
Munhoz RP et al, 2016



Adaptive DBS & Cognitive/Psychiatric Complications 

• No evidence yet, but…



DBS Indications in PD, can be widened?

• Basic indication

• Motor fluctuation responsive to levodopa or/and dyskinesia

• Medication-refractory tremor

• Contraindication
• Dementia/Severe psychiatric symptoms

• Poor general conditions and severe comorbidities

• Should also consider
• Age

• Genetic backgrounds

• Mild cognitive decline, psychiatric comorbidities



Targets for Deep Brain Stimulation

• GPi DBS, safer but less reduction of medication
• Elderly PD patients
• Severe dyskinesia
• Patients with psychiatric problems

• STN DBS, more reduction of medication
• Younger PD patients
• Normal cognition, psychiatric profile 

Gpi stimulation STN stimulation

Direct effect on dyskinesia Easy to Approach
Decrease medication

Gait and posture problem Depression/ICD?
Cognition

Liu Y et al. 2015



From: Subthalamic Nucleus vs Globus Pallidus Interna Deep Brain Stimulation, the Rematch: Will Pallidal Deep 
Brain Stimulation Make a Triumphant Return?

Arch Neurol. 2005;62(4):533-536. doi:10.1001/archneur.62.4.533



Adaptive DBS can kill GPi DBS?



Target symptoms of DBS

• Classically levodopa-responsive symptoms in Parkinson’s disease 
except tremor

• Motor fluctuation and some non-motor fluctuation

• However, with disease progression, PD presents with more and 
more axial symptoms
• Advanced program options such as lower frequency stimulation
• But also new targets: pallidothalamic tract, ZI, substantia nigra, etc.



Stimulating Multiple Targets

Weiss D et al. 2013



a) presence of motor fluctuations including levodopa-sensitive off symptoms or treatment-
induced dyskinesia

b) tremor, which cannot be satisfactorily treated with medication

c) a levodopa-induced reduction of motor symptoms by >33% of the Unified Parkinson Disease 
Rating Scale (UPDRS), where tremor may be disregarded from the calculation as it may be 
refractory to levodopa treatment while still responding well to DBS

d) exclusion of dementia, relevant psychiatric or somatic comorbidity, or general contraindication 
to undergo neurosurgical interventions. 

e) Even more restrictive inclusion criteria are recommended for patients not older than 60 years 
and the presence of motor fluctuations for not longer than 3 years



Medication-refractory PD tremor

• Medication-refractory tremor was reported in 30-40% in PD patients
• Tremor-specific medications, such as anticholinergics, can be associated 

with cognitive decline, especially in elderly patients

• We also have options: Lesioning including MRgFUS and DBS
• If we choose DBS, consider targets: Vim vs. STN DBS vs. PSA

Zach H et al. 2020



Peters J et al. 2024



Peters J et al. 2024



Change in Surgical Strategy?

Masuda H et al. 2021



Take Home Message
Indication
• Age
• Genetic
• Phenotype
• Target

Surgery
• Robot surgery
• Asleep or awake 

surgery
• Lead depth

Programming
• Image-guided 

programming
• AI based programming
• Local field potential

Neurologists’
Prospective

Neurosurgeons’
Prospective

Troubleshooting

More DBS 
candidates

More programming 
options for maximal 

benefits and axial 
symptoms with 

disease progression

Personalized surgery 
based on patients’ 
symptoms and risk
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