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DBS use 1993-2017 (USA)

Sarica et al., 2023



Indications and distribution of DBS
• Parkinson’s Disease
• Essential Tremor
• Dystonia
• Epilepsy*
• Obsessive Compulsive 

Disorder*
*: in some countries

(Jan 2020)



Thalamus 
• Essential Tremor
• Other tremors

Subthalamus
• PD tremor
• PD rigidity
• PD bradykinesia
• PD fluctuations
• Dyskinesias (in PD due to medication 

reduction)
• Dystonia?

Globus pallidus pars interna
• Dystonia
• PD tremor (less than STN?)
• PD rigidity
• PD bradykinesia (less than STN?)
• PD fluctuations
• Dyskinesias
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Fasano, 2018
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% of FND among DBS referrals at TWH
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FND after MRgFUS thalamotomy

Before MRgFUS thalamotomy 3 months after MRgFUS 18 months after MRgFUS

AlShimemeri et al. 2022

1 day and 6 months after MRgFUS



Multichannel surface EMG and 
accelerometer in a tremor DBS candidate

Boogers & Fasano, 2024

Coherence analysis exhibiting a high coherence value to 0.75/1 between the extensor muscles 
(graphic representation on the right side)



Boogers & Fasano, 2024

Significant increase in amplitude (right of the dotted line) compared with baseline (left of the 
dotted line) upon weight-bearing on the left wrist

Multichannel surface EMG and 
accelerometer in a tremor DBS candidate



Multichannel surface EMG and 
accelerometer in a tremor DBS candidate

Boogers & Fasano, 2024

Significant reduction in amplitude (right of the dotted line) compared with the baseline (left of 
the dotted line) during cognitive task of serial 7 subtraction





Dystonia as complication of 
thalamic neurosurgery

Picillo et al., 2019

ET – before Vim DBS (ET plus?) Dystonia – after Vim DBS +Gpi DBS



Insights from temporal discrimination

Tinazzi, Fasano et al., 2013
Tinazzi, Morgante et al.,2016 

Tactile Movement
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Surgical techniques
• Targeting

– Indirect
– Direct

• Intra-OP MRI
• Anesthetic techniques

– Local (awake) followed 
by GA

– Asleep-Awake-Asleep
– Asleep

• Intra-OP recording, y/n
• Intra-OP testing, y/n

Fundamentals and Clinics of DBS, 2020 ed. Temel, Leentjens, de Bie, Chabardes, Fasano
Schulder et al., 2023



Albe-Fessard et al., 1966

Micro-electrode recording (MER)

Electrophysiologically 
defined VIM



Globus pallidum
Striatum popcorn cell

Border cell (also between other layers)

GPe pauser cell

GPe burster cell

X cell (in every region)

GPi tremor cell

GPi HF cell

Optic tract.

Mod from Tagliati et al., 2002



GPi recordings in different states

Shils et al., 2022



Subthalamus

Mod from Tagliati et al., 2002

Anterior thalamic burster cell

Ant. Thal. low frequency cell

Zi cell

STN tremor cell

STN cell

Substantia nigra pars 

reticulata



Asleep MER

Izzo et al 2024



Additional testing

Taha et al., 1996; Vitek et al.,1998
Guridi et al., 1999; Trenado et al 2024

• Detection of kinesthetic cells (tactile/proprioceptive 
stimuli)
– Gpi: face,arm: ventrolateral; leg: central/dorsomedial
– STN: not clear distinction

• Detection of other phenomena (e.g. OT firing increases 
after flashing a light)

• MEP correlates with distance from the IC
• SEP/VEP
• (Clinical assessment)



Is MER safe? 
The role of n of traces and center volume

Rasiah et al., 2023



MER vs Local Field Potentials (LFPs)

Mailing et al., 2018

MER: LFP recording:
• Single or multi-unit recordings

• Provides detailed information about 
neuronal characteristics

• Does not provide a broad picture  of 
how neuronal populations are 
communicating within a nucleus

• Recordings from a much larger 
population of neurons

• Reveals the presence of neural 
rhythms or synchronised 
oscillatory activity



Local Field Potentials

Fourier 
transform 

Band name: delta theta alpha beta      gamma

Hz: (0-3 ) (4-7)  (8-12)(13-30) (31-200)

Raw signal

Video by Simon Little, MD, PhD, UCSF



STN β-LFP: what do we know

LFP power centered at 19.53 Hz integrated across a 5 Hz band and averaged in 3-s intervals

Blumenfeld et al., 2017
Arlotti et al., 2018

Cummins et al, 2021
Feldmann et al., 2021

Correlates with 
contralateral PD 
severity
(no tremor)
[Medtronic 
PerceptTM PC]

Reduces with 
L-dopa

[Newronika 
AlphaDBS]

Reduces with stimulation amplitude [Medtronic 
PerceptTM PC]

Reduces with DBS [Medtronic externalized lead]

UC202217863aEN Fasano FY22 

Signal may not be present or measurable in all patients.  
Clinical benefits of brain sensing have not been established.



Evoked resonant neural activity (ERNA)
• Evoked potential characterized by 

high-frequency (200–500 Hz), begins 
~4 ms after the DBS pulse for at least 
10 ms

• In STN and GPI, in PD, dystonia, MSA
– Not in VIM in ET
– Signal might arise from the reciprocal 

connection between STN and Gpe
• Candidate biomarker for lead 

placement and DBS programming
– contacts with larger ERNA with better 

therapeutic effect
– Preserved under GA
– Modulated by sleep stages

Sinclair et al, 2019; Wiest et al, 2020, 2022
Xu et al 2022; Johnson et al, 2023



Thalamus in n=1 functional dystonia
• Firing rates and thalamic reorganization 

– functional = ’organic’ dystonia
• Signal-to-noise ratio in Vop 

– ’organic’ dystonia > functional > pain patients
• Cells responding to movements in Vim 

– functional > ‘organic’ dystonia
• Thalamic neuronal activity ‘may drive movement for both, 

whether it is a consequence of dystonic movements or a risk 
factor for the development of these movements’

Kobayashi et al., 2011



GPi in functional dystonia versus DYT-1

Ramos et al., 2015



Nothing new…

• BP: Bereitschaftspotential (amplitude of the 
premovement cortical potential)

• RI-(1-3): inhibitory phases (1-3) of the 
reciprocal inhibition of the H reflex

Espay et al., 2006
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Stimulating parameters
• Amplitude (Volt) | Pulse width (mcsec) |Frequency (Hz)

• Configurations:

Paff et al, 2020
Gorodetsky & Fasano, 2021



DBS programming approaches
Current standard of care
• Pure clinical algorithms (e.g., monopolar review)
• Clinical algorithms informed by hierarchical contact selection imbedded in the DBS programming 

software
Based on biomarkers
• Kinematics (e.g., accelerometers)
• Metabolic brain changes measured with functional MRI
• LFP-based programming (including supervised closed-loop DBS)
Algorithm-driven online optimization
• Closed-loop based on kinematics (e.g., tremor)
Based on neuroimaging
• Qualitative VTA-based
• Quantitative algorithm-based

DBS=deep brain stimulation. LFP=local field potential. VTA=volume of tissue activated.

Bonizzato & Fasano, 2023
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BrainSense™ Streaming BrainSense™ Survey

Visualize patient LFP signal changes in real-time

Observe real-time physiologic response 
during stimulation parameter adjustments
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BrainSense™ Timeline BrainSense™ Events

Purpose

Clinical value

Display events and chronically-recorded 
LFP data in calendar format

Observe what your patient actually 
experiences outside of the clinic

Capture patient-triggered, customizable events stored on device

Generate a Timeline diary of events with corresponding LFP data

LFP of interest, 5Hz window (Set-up) LFP agnostic, ~0-100Hz window
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LFP and electrode’s placement

Courtesy of Dr. A. Boogers



Same patient, misplaced side

Darcy et al. 2022



LFPs to inform programming?

Strelow et al., 2022, 2023

DETEC algorithm Low-beta suppression



Brain sense: rest vs action tremor



Activating 2 contacts
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Right STN streaming @7.81 Hz



Left STN streaming @13.67 Hz



Not just beta: tremor recording in Vim

Buijink et al., 2022



Streaming during a seizure
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Beta after lesional effect is gone



Alpha (tremor) in PD

UC202217863aEN Fasano FY22 



Timeline in ET (VIM)

Sleep

Tremor



LFP in status dystonicus

Fasano et al, 2021



LFP-based programming (epilepsy)

Fasano et al, 2021



Timeline in SUDEP
57-year-old man with intractable multifocal 
epilepsy secondary to cortical dysplasia and 
encephalomalacia resulting from severe
traumatic brain injury
Left Pulvinar/Left CM DBS with Percept

Suresh et al., 2024
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Utility of events recording in epilepsy



222 events in 12 ANT/2 CM DBS
• LFPs present during 

seizures in all 14 
patients (in 91.2 
±3.5% of events)

• Peaks occurred 
unilaterally in 74.2± 
8.1% events

• In generalized 
epilepsy treated 
with CM: bilateral in 
66.7±4.2%

Yang et al., 2023



Clinical, sensing or neuroimaging?

MR

AN

BS

Patient’s Preference:
BS: 5
MR: 2
AN: 1

Binder et al., 2023



SEP in thalamic DBS for pain
• No correlation with atlas-based anatomical position and fiber-

tracking of the medial lemniscus.
• Correlated with the segment of lowest threshold for paraesthesia

Nowacki et al., 2023



Integrating sensing and imaging

+ imaging + imaging

Shah et al 2023

CE: clinical efficacy, ST: side-effect threshold, TW: Therapeutic window



Cortical beta with directional DBS 
L           
R

Courtesy of Irene E. Harmsen 



Gpi DBS in a CP patient

Baseline
BFMDRS severity/disability scores: 24.5/8

1 year after DBS
BFMDRS severity/disability scores: 11.5/5



New signs after 2 years



GPI DBS failure in ‘isolated’ dystonia
22 patients with <30% improvement at 6 months

Pauls et al., 2017



FND after DBS

Marsili et al. 2023 
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Conclusions
• DBS is being increasingly used and technology is 

getting complex
• Neurophysiology before DBS is mainly used to rule out 

functional cases and/or predict the outcome of surgery
• Neurophysiology during DBS is less utilized (still useful 

in research) as direct targeting is getting better
• Neurophysiology after DBS is being used more and has 

immediate new applications, e.g. adaptive DBS.



cDBS vs aDBS (single threshold)

Piña-Fuentes et al., 2020



Single- vs. Dual-threshold



ADAPT-PD: motor diaries
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Primary endpoint: On time w/o troublesome 
dyskinesia > performance goal of 50%
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(N=35)
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*statistically significant, P<0.0125 
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Inverse Single Threshold: db RCT

Oehrn, Cernera, Hammer et al., 2024



The issue of nocturnal biomarkers
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  Precision Recall F1-score Accuracy 
PD

 
ɑ 

+ β
 

Max 0.93 0.88 0.89 0.88 

Total 

(N=4) 
0.84 0.84 0.84 0.85 

ɑ 

Max 0.92 0.92 0.91 0.92 

Total 

(N=5) 
0.86 0.86 0.86 0.86 

β 

Max 0.95 0.93 0.93 0.93 

Total 

(N=4) 
0.86 0.85 0.86 0.85 

 
Balachandar et al., 2024

LFPs and machine learning (ML) to 
predict sleep
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