Updates on DBS Programming: * 4
Image-guided programmlng and LFP ased programming

——

Department of Neg,rology, Yokohama City University Medical Center
Yokohama, Japaf/ o

YOKOHAMA DBS team for DBS, Neuromodulation, Neuroscience

|

] - e ,' ) \ \\
Katsuo Kimura o S

School for Device-Aided Therapies in

Parkinson’s Disease
Bangkok, Thailand | May 6-7, 2026

@

International Parkin ind
\1 nt D 1 5 ety
Q Oce Secnon




School for Device-Aided Therapies in

Parkinson’s Disease
Bangkok, Thailand | May 6-7, 2026

* Concept of DBS Programming
—Where to stimulate?
—What to stimulate?
—When to stimulate?

* Image-guided Programming
—Sweet spot analysis
— Avoiding adverse effects
—Clinical applications

* LFP-based Programming

—Beta oscillations in Parkinson’s disease
—Sensing-based programming
— Adaptive / closed-loop DBS

. Anatomy, tracts, and

®
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How can we
stimulate better?
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Deep Brain Stimulation ® Modulation of dysfunctional neural network by

suppressing abnormal neural.
v'’circuitopathies”

® Multiple, time-dependent effects
v'Cellular — local circuits — large neural networks

® Modification of "electrical" neurotransmission

Lozano et al. Nat Rev Neurol, 2019
Okun et al. N Engl J Med 2012
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What is ideal DBS stimulation program?

Wh v stimulating small target volume
e re v directional settings

should we stimulate?

» Image guided or Sensing based assistance

What
should we stimulate? Wh e n

: : : . . I ?
v" stimulating axons which delivers benefit should we stimulate

v" avoid current spreading to fibers or structures
adverse effects

avoid overstimulation

. _ _ . v Covering symptom fluctuations related to Levodopa
v eliminate the signals causing dysfunctions (oscillopat _ , ,
» Adaptive settings / Closed loop settings
v minimal effect for normal networks

» Image guided or Sensing based assistance
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Where to stimulate? Why stimulation-induced symptoms appear?

STN

Small volume, 1.3mm in diameter

about the size of adzuki bean 1.5mm length of contacts
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Nat. Rev. Neurol. 2017
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Where to stimulate?

What Determines the Volume of Tissue Activation?— Size and Shape

® size: volume of activated
» Amplitude  (mMA)
> Pulse width (msec.)
> frequency (pps / Hz)

Amplitude

A

«— Pulse Width (ex; 60 msec.)

* Freq. (ex; 130Hz)

Scheme of stimulation

® shape

» electrode configuration
v 0.5mm gap
v 1.5mm gap
\/ D|rec t|ona| |ea d Unipolar  Bipolar Int:rl;z\l/ing

» polarity

-

o @

Hickey et al. Front Neurosci 2016, Krauss et al. Nat Rev Neurol. 2020
Steigerwald et al. Mov Disord 2016, Anderson et al. J Neural Eng. 2018
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What to stimulate? to prevent adverse events

i 7/ | ¥ & —
i Fibers with “effects” ‘

I »Pallido-subthalamic connections
' »Pallido-thalamic connections
' »>Hyperdirect passway

From Cortex

Striatum /

To/From Cortex

! »Internal capsule

» Cerebello-thalaic tract

Devergnas et al. Front Syst Neurosci. 2011 ‘— A
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and surrounding structures

lateral : internal capsule
= twitching, dysarthria

medial : Medial Forebrain Bundle

= Psychiatric,

autonomic symptoms
anterior : internal capsule

= twitching, dysarthria
posterior : Vc, Medial Lemniscus

s> nuMbness

superior : H2, Zi

inferior : Substantia Nigra RS . KR el -
—> Psychiatric symptom - s W R A
acute depression 4. - L f

axial Pathology by Dr. Kawasaki ~ coronal
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v’ |dentify the optimal stimulation site and develop a long-term treatment strategy

100~

» Clinically optimal stimulation point

* Fine therapeutic effect at the lower current value fw S .
3 | DBS Adverse Effects
* No adverse effects up to the higher current value 1 =
» Anatomically / physiologivally optimal stimulation site Ampitude (ma)

*Image guided analysis or Sensing-based

Al Awadhi et al. Neuroimage Clin. 2022, Koeglsperger et al. Front Neurol. 2019, Ewert et al. Neuroimage. 2018
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Anterior View Lateral View
Searching best stimulating point by images b = 0.009 b = 0.66

21 PD patients with STN-DBS
449 stimulation settings analyzed

Overall Motor
e
Tremor Clinical

v' Symptom-specific sweet spot analysis

» Sweet spot for akinesia located more
posterior than rigidity

» No significant voxels for tremor due to
limited sample size

Rigidity
Y

Any Side-Effect

v" Implemented in the Lead-DBS toolbox

STN Sweetspots (Dembek 2019)

A set of probabilistic sweetspots based on 449 DBS settings in 21 PD patients which showed utility to predict
variance in clinical outcomes following STN-DBS in out-of-sample data.

p=0.017

How to obtain the atlas:

* You can find more information about this atlas here.

s The atlas is preinstalled within Lead-DBS.

Related citations:

* Dembek, T.A., Roediger, J., Horn, A., Reker, P., Oehrn, C,, Dafsari, H.S., Li,
M., Kihn, AA., Fink, G.R., Visser-Vandewalle, V., Barbe, M.T,,
Timmermann, L., 2019. Probabilistic Sweetspots Predict Motor

Dembek et al., Ann Neurol. 2019
https://www.lead-dbs.org/

Akinesia Clinical
Y

Outcome for DBS in Parkinson's Disease. Ann Neurol ana.25567-35.

Lead-DBS
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Searching best stimulating point by images

»
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Avoiding adverse effect by images FOG and Stimulation

e 47 patients with PD who had freezing of gait

e |dentified electrode locations and the VTA using Lead-DBS

* |dentified nerve fibers connected to the stimulation site
using the BG-IC connectome

* Assessed freezing of gait during a dual-task using video
analysis and questionnaires

International Parkinson and
Movement Disorder Society
Asian & Oceanian Section

v’ Stimulation of the hyperdirect pathway connecting to the
motor cortex, premotor cortex, supplementary motor area,
and dorsolateral prefrontal cortex (dIPFC) correlated with
improved freezing of gait.

Nof¢esponde;

= v" Stimulation of the right lenticular fasciculus was associated
NG with worsening of freezing of gait.

\\\\Responder
SiliN

Strelow et al. J Parkinsons Dis. 2022



School for Device-Aided Therapies in @

Pa rki n SO n ’S D isea S e Intr:rnaticmal_Parkinson gnd
BangkOk, Thaila nd | May 6_7, 2026 Movement Disorder Society

Asian & Oceanian Section
Avoiding adverse effect by images FOG and Stimulation

76 PD with FOG who underwent STN-DBS ( >90 Hz )

Sweet spot:

Dorsolateral two-thirds of the STN

Significant correlation between stimulation site and FOG
improvement was observed only in the right hemisphere.

It was suggested that the right STN may play a dominant role
in “inhibitory control” and “postural control” in coordination
with the supplementary motor area (SMA), prefrontal cortex,
and walking centers.

I”

-50
Probablistic mapping Score

B Loction of centroia. @ CM0 of sweetspor B Zeorimot 3N Right hemisphere: Ventro-central portion of the STN
& Centroid of sour spot g Limbic STN . .
Left hemisphere: Internal capsule surrounding the central

portion of the STN

SEOEme $  Sour spots:

Fan et al., Brain Communication, 2023
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STN programming by images

® “sweet spot” is often estimated to be located near the boundary between the
motor and associative areas, while the limbic system is frequently identified as an
area must to be avoided.

® Possible lateral differences:
Is there a sweet spot in the right STN for the PDQ-39 and for the “FOG” symptom?
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Image Guided Programming
BRAINLAB ELEMENTS / BostonScientific GUIDE XT / StimView XT

P Boston

Scientific

Advancing science for life™

Guide XT" allows
YOU to correlate
stimulation location to
clinical outcomes and
programming efficiency

NM-1100203-AA
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Can Image Guided Programming simplify and shorten the task?

N

programming

Identification of the 2
best electrode levels
and contact
parameters within the
STN

5to 10 min

3D anatomical
visualization
process

30 to 40 min

eurosurgeon/ Neuroanatomist: image quided

Inline Parperoicular

Example of multic
oolacmode

-E1:50%
- E2/3/4: 50%

International Parkinson and
Movement Disorder Society
Asian & Oceanian Section

New strategy in routine clinical use:
combining clinical and image guided

Neurologist/ DBS specialist: clinical programmin

Monopolar review of each electrode levels

6 Directional {"! 2 Annular 2
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Selection of the best
contact(s) with optimized
therapeutic benefit and
side effect

4 h to 2 days

rogrammin

At 3months for all patients

Monopolar review of the
two imaged guided
electrode levels

1 to 3 hours

For clinical refinement

Fine tuning with imaged
guided stimulation mode

1 to 3 hours

Rolland et al.

J Parkinsons Dis. 2024
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One-year post-surgery

PANEL A PANEL B

Image Guided Programming, longterm outcome

CP/IGP vertical contact level CP/IGP directionality
concordance concordance
Leads, % Leads, %
19,5%
0,
51,7% R
80,5%
@ Concordant B Discordant @ Concordant Discordant
Subjects, n Subjects, n
Concordant 48 | Concordant 9 |
Discordant 8 Discordant 13
0 10 20 30 40 50 60 0 5 10 15

agree disagree

v’ No significant difference in motor outcomes was found between IGP/CP concordant and discordant patients for contact level
activation

v’ Patients with concordant IGP/CP active directional stimulation (c-Direction) showed superior motor outcomes at one-year
follow-up than those discordant (d-Direction)

> It is important not to rely solely on IGP, but to make fine adjustments. Rigon et al., 2025, Journal of Parkinson’s Disease
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Image Guided Programming, re-programming

31 PD with STN-DBS and suboptimal responses
refractory to clinical programming.

Programming settings were adjusted by IGP (StimView
XT software).

After IGP, 83.9% experienced motor and QoL
improvements, with 25.8% feeling much better and
38.7% feeling moderately better according to the
patient global impression scale.

IGP optimizes STN-DBS therapy for PD patients who are
experiencing suboptimal clinical outcomes.

Using IGP as a standard tool in clinical practice, which
could save programming time and improve patients’

Qol.

Tores et al., NPJ Parkinsons Dis. 2024
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3D Split View

FEQIRCRIES . |

CLINICAL EFFECTS MAP

O

IPG14202 @« S2E 11:54AM 3 ~

e 3D Split View

(S, Create lllumina 3D™ Simulation

-~ -
-

« SelectaTarget (STN, GPi or Vim) per Approved Indications

For Use (IFU). Opticnally select Avoidance Region(s)

Select Target Region
Capsula Interna Left
Nucleus Ruber Left
STN Left Posterior
Substantia Nigra Left
Subthalamic Nucleus Left

Zona Incerta Left

Fill/Spill Weighting

Target Avoidance

Select Avoid Region(s)

Capsula Interna Left

Nucleus Ruber Left

Substantia Nigra Left
Subthalamic Nucleus Left

Zona Incena Left

Target/Avoidance Weighting

CLINICAL EFFECTS MAP

Humina 3D™ Estimated Amplitude: 2.1 mA

Calculate

Select target regions and avoid regions

>>

PROGRAM

PROGRAM

Program 1 >

AREAS

Left STN
® 1.2mA

v

Right STN
® 00mA

A4

+ Area

+ Area

Q Check

International Parkinson and
Movement Disorder Society
Asian & Oceanian Section

IPG15547 @ = 1138AM 8

PROGRAMMING MODE

Steering v 2

STIMULATION
ON ll 0.1 step

+
1.2
mA

o0

60 Hs 1 30 Hz
:‘@': lllumina 3D™\/
STEERING

v 3 »

(g =)

I~ Solution

‘@‘ 1.2 mA, 60 ps
PATIENT CONTROL

zH Disabled

CLINICAL EFFECT

Benefit Side Effect

Details

Automated programs generated by the software

Adapted from the Sales materials of BostonScientific
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Local Field Potential(LFP) : A measure of the summed electrical activity of neuronal populations

Beta Oscillations in Parkinson’s Disease Reflect Motor State (ON vs OFF)

1

<«——— Reference

. What is LFP?

(distant site)
LFP is the extracellular A .:/ \ /) 4
voltage fluctuation l‘ 'l‘
generated by the \of / ) Recording
summed synaptic and 1 contact

membrane activities NG~

of a large number of
T~ Neurons within
the volume of tissue
contribute to the LFP

neighboring neurons. 1 R

3. Power spectrum of the LFP

Power (uV2/Hz)

The power of specific

Power spectrum (example)
frequency bands in the

10° LFP is associated with
102 behavioral and clinical
states.
107 Examples in
Parkinson’s disease
10° (STN LFP):
107 * Beta power 1 in
OFF state
102 Delta  Theta Alpha Beta Gamma (more symptoms)
1-4Hz 4-8Hz 8-12Hz 13-30Hz 30-100 Hz * Beta power | in
ON state
1 10 100 (symptom improvement)
Frequency (Hz)

2. LFP contains oscillations across frequency bands

Filtered examples

Raw LFP signal

100 Delta(1-4Hz) ~— — ~_”
=5 Theta (4-8 Hz) ~ANAANAASV
=
Q
P » Alpha (8-12Hz)  AANVAAVVWWAWN
; Band-pass

filtering  Beta (13-30 Hz) MMV
-100 -

o6 N 2 B @ B
Time (s)

Gamma (30-100 Hz) W

4. Beta-band activity in Parkinson’s disease changes with motor state

In Parkinson's disease, beta (13-30 Hz) power in motor-related regions
(e.g., STN, motor cortex) is higher in the OFF state and suppressed in the ON state.

Ve

OFF state (worse symptoms) ON state (improved symptoms)

LFP (13-30 Hz) LFP (13-30 Hz)

WM&MWM AAAAVAAAAMA iy

‘ High beta power Low beta power
.« (3-30H7) ) (13-30 Hz2)

5 Beta power (13-30 Hz)

2 20- * p<0.01 Beta power decreases

8 15 4 i with medication or

2 10 _ DBS (ON state),

< 05 i paralleling improvement

o

of motor symptoms.
OFF ON

Figures by K.Kimura edited with GenAl

Brown et al. Brain. 2007

Kihn ei al. Lancet Neurology. 2008

Little S, Annals of Neurology. 2013

de Hemptinne et al., Neuron. 2015

Kihn et al., Clinical Neurophysiology. 2006
Brown et al. 2005, Hammond et al. 2007
Yin et al. Neurobiol Dis. 2021
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LFP surveyed from lead at “Med-Off and Stim-off” * Low beta (13-20Hz)

Medtronic Brainsense Survey e More dominant within the STN %)
- * regarded as a pathological oscillation 2)
46 Hz
B * sensitive to meds 23)

* higher in untreated #°)
* The power correlates with the disease severity %
e correlated with UPDRS-III scores ©7:8)

* High beta(21-35Hz)
* more related to long-distance (interregional) coupling?

* High B within the STN correlates with
cortical motor association areas?

* the electrophysiological manifestation
of the hyperdirect pathway -2

LFPEEE(H2)

UTsiokos et al., 2017, 2 Neumann et al., 2016, 3) Priori et al., 2004, YLopez-Azcarate et al., 2010, > Oswal et al., 2016, ® Florin et al., 2013, 7) Steiner et al., 2017,
8) Storzer et al. 2017, ® Ozturk et al. 2019, 19 Florin et al. 2013, 1Y) Blumenfeld et al. 2017, 12 Ozturk et al. 2019
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BRAINSENSE SURVEYS stimulation (@

LEAD LOCATION

D Right STN o  Electrode Identifier

Results for the last Electrode Identification are shown. Results
may differ between both levels and segments.

. REFRESH
: ELECTRODE IDENTIFIER
e ®
10a 10c
&8 C X )
9a 9c

LFP Signal

The dots indicate the relative LFP magnitude strength. Electrode(s) with the
highest LFP magnitude(s) may provide a starting point for monopolar review.

® ® ® Most LFP Magnitude -
Alpha - Beta Signal Selected
® @®  Medium LFP Magnitude

® Least LFP Magnitude 4 195.63 Hz
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beta oscillation Sweet Spot
determined by Monopolar Review

d

[ 1vy31v10431S0d |

motor mm b
{VENTRAL Electrode trajectories

Horn et al., Hum Brain Mapp. 2017, Neuroimage, 2018 170, 271-282 Dembek et al., Ann. Neurol. 2019
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LK Feldmann et al. Eur J Neurol. 2021. PMID: 33675144
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LFP signals can be a Potential biomarker for programming: To compare three programming strategies:

LFP-guided (beta power)
Clinically guided (standard monopolar review)

Image-guided

k Evaluate:

LFP-Magnitude (uVp)

. o Clinical efficacy, Programming time, Stimulation parameters
ie=2c 8 PD with STN-DBS, 3 months after surgery

3| © 2 \FN Mb\WLK

2| af-,b N Beta  Gamma Results

1 & 0 ONya-za | 2, Programming time: Significantly shorter with

] M LFP-guided and Image-guided

-’ © vs clinical programming (p < 0.001)

s G No major differences in:
C Energy delivered, Stimulation parameters, Clinical Outcomes
LFP Magnitude of Beta Peak (uVp) .
~ Conclusion
” N asma [ LFP-guided programming is feasible and efficient

2 mA | . o o . o .
s om | / Provides similar symptom control with less programming time
0.5 mA__| Stimulation amplitude 0 mA

Time Binder et al., Brain Stimul. 2023
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When to stimulate?

RIGHT STN BRAINSENSE SETUP

> > » LFP Thresholds » >

After capturing
thresholds, stimulation
amplitude can now be

- SELECTED SIGNAL . - ® il O returned to a comfortable
gt ADJUST THRESHOLD : ey
- 794 .

i
| HL\JU ﬂf}ﬂﬁhﬂ
T NI T R A ]

Os 13s 26s Os 13s 26s

LFP Power

1%& 1.3mA [0
10b: 1.3 mA
T0c: 1.3 mA a

113

LOWER LFP THRESHOLD | A

g 500 v g 225 B 01

CAPTURED AT 2.5mA || cAPTURED AT 4.0 mA

UPPER LFP THRESHOLD | A

X Clear LFP Thresholds
EXIT WITH SENSING ONLY

A ALERTS: 1

PREVIOUS NEXT

« The DBS stimulator analyzes LFP signals and adjusts stimulation settings within a preset range.

« Compared to conventional DBS, adaptive DBS allows for adjustments to stimulation based on factors such as medication
effects (on-off phenomena) and the onset of dyskinesia.
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Updates on DBS Programming: Image-guided programming and LFP-based programming

Conclusion

* Initial programming after DBS implantation has traditionally relied on monopolar review.

* Conventional programming is effective but can be:
— Time-consuming
— Operator-dependent
* New technologies are now clinically available such as:
— Image-guided programming
— LFP sensing—based programming
 These approaches may:
— Improve programming efficiency
— Support objective contact selection
— Reduce patient and clinician burden
— Technology is not perfect; clinicians must always confirm the outcomes.

v" More options for individualizing DBS therapy will be available.
Questions & comments are welcome : katsuo@yokohama-cu.ac.jp
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