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Neural NETWORKS underlie ALL neurological function
=> Neural NETWORKS underlie ALL neurc_)IoEicaI DYS-
function (not a motor cortex stroke that is the
problem...but connection to MNs and muscle...)

-> Must Modulate the Neural Network to ameliorate
neurological dysfunction

= Neuromodulation

Tools:
* Pharmacological (e.g., ASMs, L-dopa, NSAID, baclofen, etc.)
* Electrical (e.g., DBS, VNS, SCS, RNS, TDCS, etc.)
* Magnetic (TMS)
* Ultrasound (FUS)
* Gene-based (opto-genetics)

Susan Haber et al.

Electrical neuromodulation
in neurosurgery: 2026
* M ovement disorders

Approved Indications/Targets « DBS for Tourettes

Investigational Indications/Targets

* DBS for HD, secondary dystonia

* DBS for freezing of gait
Epilepsy

* DBS other targets for focal

epilepsy

* DBS/RNS for generalized epilepsy
Pain

* DBS

* Trigeminal stimulation
Psychiatric disorders other than OCD
DBS for Alzheimers disease
Neuro-inflammation

* VNS

SCS* (510k, 1989; PMAs 1990s)

VNS for focal epilepsy

DBS (Vim thalamus) for ET

DBS (STN, globus pallidus) for PD

DBS (GP) for primary dystonia* (HDE, )
RNS for focal epilepsy (2014)

DBS (ANT) for focal epilepsy (2018)
DBS (ALIC) for OCD* (HDE, )
Occipital nerve stimulation for pain
VNS for stroke rehabilitation (
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Movement disorders: Evolution from cortical to subcortical
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Drawing by Bona Kim, Emory

* Implanted pulse generator sends
continuous, brief electrical pulses
into brain areas responsible for
various functions

* Mechanism(s)?
* Inhibits? (functional lesion)
* Activates?
* Inhibits by activating?
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Patient programmer

Basic DBS equipment

Brain electrode

IPG/Battery

Clinician programmer

+ extension cable

R | RUTGERS

STN DBS is effective treatment for advanced PD

Subthalamic deep brain stimulation with a constant-current
device in Parkinson’s disease: an open-label randomised
controlledtrial  |ancet Neurol 2012

Michael S Olun, Bruna V Galla, George Mandybur, Jonathan Jagid, Kelly D Foote, Fredy | Revilla, Ron Alterman, Joseph Jankowic, Richard Simpson,

Fred june, Leo Veshagen, JeffE Arle, Bleir Ford, Robert R Govdman, R Malcolm Stewart, Stacy Horn, Gordon H Balftuch, Brien H Kopell,
Frederick Marshall, Delea Peichel, Rajesh Patwa, Kelly £ Lyans, Alexander | Tréster, Jerold L Vitek, Michele Tagliati, for the )M DS Study Group®

2003

A uration of “Goed meality o time”

B UPDRS M off medscation, on stimwlation

-8

Time (h)
L

Subthalamic nucleus deep brain stimulation with a multiple
independent constant current-controlled device in
Parkinson'’s disease (INTREPID): a multicentre, double-blind,

R | RUTGERS
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DBS history

Lawrence Pool

performs first Benabid et al.
chronic DBS First fully report successful
intervention using | | implantable treatment of
asilver electrode cardiac DBS5 is mainly tremor with DBS,
connected to an pacemaker used for the ushering in the
induction coil introduced treatment of pain madern era of DBS

Rechargeable
DBS batteries

available

DBS device
capable of
simultaneous
stimulation
and recording
introduced

Availability of
DBS system
with wireless
recording
capability and
3T compatibility

1948 1970s

1980s

1958 1963 1987

1947

1999

2002

2009

2013

2015

2020

Spiegel and Delgado uses a ‘External’ DBS First fully Dual channel Quadripolar Closed-loop Directional
colleagues develop ‘stimoceiver to systems in use, || internalized DBS | | IPG, allowing electrode responsive DBS electrode
their stereotactic wirelessly inhibit | | with handheld || systems available. | | two electrodes | | commercially || DBS system commercially
frame™, followed aggressive radiofrequency | | Lithium batteries | | to be powered available introduced to || available
in 1949 by the behaviour in transmitter greatly extend by one battery treat epilepsy
arc-based Leksell a bull' implant life
frame ‘
AT o —1.27mm | |
| b 1 K%
ey | \I ; !97%,{’
S ||I I| J0.5mm | | | a
= | »ﬁl 3
é é X\--_'__—}- ] 1.5mm \5@

E@ m]TGERS Krauss et al. 2020, Nature Reviews

RWJIBarnabas
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FDA approved segmented leads

¢ All 3 U.S. manufacturers

* 8 contacts in 1-3-3-1
configuration

* 3 segments can be
simultaneously activated to
simulate ring contact

R | RUTGERS
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Directional (segmented) leads
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* Programming can be limited
by ring contacts with
symmetric distribution of
electrical field

R | RUTGERS

Contarino et al, Neurology 2014

11
Directional DBS study: Increased therapeutic
window _
Ant /
e
¥
o2
A) Ranking of conditions B) Therapeutic window C) Side-effect threshold
6 6
10 H 1 T . -
EES' 1 ‘é4 —_ T qE:4 :
:  m s ; s B
== B i . Q T
$85 { o2 B 37~
z=
TR S
PM Cir Ant PL ? Circular Direcltiunal . Circular Directional
Dembek et al 2017, Movement Disorders
R|RUTGERS
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Network mechanisms: Recording LFP beta power
elevated in PD in basal ganglia and motor ctx

* Exaggerated beta band (13-30Hz) power in basal ganglia
nuclei in PD (Silberstein et al 2003; Brown et al 2005)

* Proportional to akinesia/rigidity severity (kuhn etal 2006)
* Reduced by levodopa and DBS (kuhn et al 2006, 2008; Giannicola2010)

. Batora DBS Durng DBS
250

e Wng )
o s

D

150

J

De Hemptinne et al. 2015, Nature Neurosci

% Beta Power reduction with L-dopa

Jrow

R | RUTGERS % Clinical improvement
Silberstein et al. Brain 2003 Kuhn et al, 2006

13

DBS reduces elevated beta power

Eusebio et al. J NNP 2011

R | RUTGERS

14
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Chronic brain recordings

* Medtronic Percept

* Inactive DBS contacts can be
used to record local field
otentials (LFP) chronically
F’sensing' mode)

* Pathway to adaptive (true
closed-loop) DBS

0
FREQ DOMAIN

4 8 13 20 30 60

’;j 0. p|.|| F i 1
: 1|\i'ﬁ & ﬂL”‘LL"I‘LAJI.

TIME DOMAIN

200 ms

Stim on Stim off
2000 .
e Parcept 20-30 Hz :
1000 |
o4
0 5 10 15
Time [ min |

Freq[Hz]
R |RUTGERS Koeglsperger et al 2021, Acta Neurochirurgica
15
LFP beta power — Adaptive DBS pilot study
I S L T T
::::esns"fy ' .__—_- No aDBS cDBS Random

Adapted from Little et al. Ann Neuro 2013

* Many pilot trials
* Early Adapter 1 study (Japan)

R | RUTGERS

* ADAPT-PD study (N. America & Europe)

 Challenges:
« control signal (LFP,
ECoG...)
+ control algorithm
« clinical adoption
* implementation

16



7/19/26

DBS for PD: Limitations

*Itis notacure
* Hardware; requires battery change or recharging
* It does not replace dopaminergic medications

* Will not treat non-motor symptoms (cognition, depression,
lightheadedness, constipation, sleep)

* May not improve balance, freezing when walking, speech
and swallowing

R | RUTGERS
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Movement disorders: Evolution from cortical to subcortical destructive
targets... to circuit neuromodulation...and back!
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What’s the FUS?

19

MOVEMENT DISORDERS TOTAL ADDRESSABLE MARKET (U.S.)

20

97%

Untreated

>3500 Jerseyans

ET population 7.4M 1M | PD population?
Diagnosed 1.5M 800K | Actively treated
Drug Refractory 750K 280K | LID Patients®
Adv Therapy Eligible 75K 42K | Adv Therapy Elig

10
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RCT (Elias et al. 2016)

209 W FUS thalamotomy B Sham
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76.5%

tremor improvement
at three-year follow-up®

What are patients telling us?

Tremor relief

Psychosocial benefit

Physical perception

Return to work and financial position

Enjoyment from hobbies + leisure

6. Pre-Market Approval (PMA) P150038

73.1%

tremor improvement
at five-year follow-upé

What are patients telling us?

Tremor relief

Psychosocial benefit

Physical perception

Return to work and financial position

Enjoyment from hobbies + leisure

6. Pre-Market Approval (PMA) P150038

After treatment, the most common adverse
events

(AEs) included:

= imbalance/gait disturbance (26% of study subjects)

® numbness/tingling (33% of study subjects)

® headache/head pain (51% of study subjects)

Of all AEs, 48% resolved within 30 days. Additional

infrequent events include dizziness, taste disturbance,
jlutte‘d-sp—egC'hf—fatlg—ug—an‘demulm' iti -'l

At three-years, persistent AEs included¢:
= imbalance (4% of study subjects)

® unsteadiness (4% of study subjects)

= gait disturbance (2% of study subjects)

= musculoskeletal weakness (2% of study subjects)
® numbness/tingling (9% of study subjects)

23

After treatment, the most common adverse
events

(AEs) included:

® imbalance/gait disturbance (26% of study subjects)

® numbness/tingling (33% of study subjects)

® headache/head pain (51% of study subjects)

Of all AEs, 48% resolved within 30 days. Additional

infrequent events include dizziness, taste disturbance,
slurred speech, fatigue and vomiting

At three-years, persistent AEs included¢:
= imbalance (4% of study subjects)

® unsteadiness (4% of study subjects)

® gait disturbance (2% of study subjects)

® musculoskeletal weakness (2% of study subjects)
® numbness/tingling (9% of study subjects)

Data is from Insightec-sponsored clinical subjects of 40 subjects at 5-year time point.

12


https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?id=P150038
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?id=P150038
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?id=P150038
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?id=P150038
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?id=P150038
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?id=P150038
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1,132%

growth in commercial focused
ultrasound treatments for
essential tremor from 2017 to
2021 in the Americas>®

= Average treatment time of 2.5 hours

= 39 commercial Exablate Neuro systems
treating essential tremor patients in
20213

= Qver 5,900 commercial treatments
performed globally from 2017 to 20215

4. Data provided by Insightec as of December 31, 2021

Number of Treatments

1600
1500
1400
1300
1200
1100
1000
900
800
700
600
500
400
300
200

100 —

1,478
866 [
479
231 77
1260 —
2017 2018 2019 2020 2021
Commercial Treatments in Americas
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* Coordinated reset

» Opto-genetics
* Magneto-genetics
» Chemo-genetics

» Back to the future

* Cell based neuromodulation
» Ongoing trials with hES and iPS-derived DA neurons

* MR-guided Focused Ultrasound

» Gene-based neuromodulation

Neuromodulation for movement disorders:
Other coming advances

* Novel and modifiable stimulation patterns
» Opto-DBS: DBS informed by gene-based optogenetic neuromodulation

26
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DBS for epileptic disorders: Circuit-based targets

Indirect neuromodulation relies on network - level
interactions affecting excitability of connected structures

Anterior thalamic &/or Hippocampus
~ Limbic circuit (Papez’ circuit)
Centromedian ~ Intralaminar circuit
Pulvinar ~ parietal/occip circuits

Subthalamic nucleus/Vim ~ motor
circuits

Other targets

Electrical brain stimulation for epilepsy

Robert S, Fisher and Ana Luisa Velasco

aﬁ RUTGERS R\%.RTaJnabas

27

Circuit-based targets

Indirect neuromodulation relies on network - level
interactions affecting excitability of connected structures

[ cumnent ranoers

@un Qo

Piper et al., Towards network-guided Electrical brain stimulation for epilepsy
neuromodulation for epilepsy. Brain 2022 (145) Robert 5. Fisher and Ana Luisa Velasco
, RW.JBarnabas
Eﬁ IQ]TGFRS HEALTH

28
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TABLE 1 Device regulatory approvals in the United States and European Union

Approved Year Year

Manufacturer(s) ages FDA approval approved CE mark approved
VNS Cyberonics/ =4 years Focal® epilepsy 2017 (latest), Focal and 2018 (latest), .
LivaNova 1997 generalized 1994 Invasive Brain Stimulation
(original) epilepsy (original)
DES-ANT  Medtronic >18 Focal® epilepsy, =6 seizures/ 2018 Focal epilepsy 2010
maonth
RNS Neuropace =18 Focal® epilepsy with one or two 2013 N/A N/A

foci®, >3 seizures/ month

s
[P

NS
Ventro psierior medal
stews of the thalares

ke e
Fypothaers

e
Periacepeductal ey maltee

Simpson et al., Epilepsia, 2022
Ryvlin P, et al., Lancet Neurol. 2021

29
The Epilepsy Surgery/Modulation Tr N RESECTION
ABLATION
RNS
(Neo/Allo-cortical)
+ Thalamus
(ANT, CM,
Pulvinar) _ < VNS
Geller 2025
30

15
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The Epilepsy Surgery/Modulation Tr%eeﬂ 0n.80 @
.2\ 0 Qmﬂ?g

Geller 2025
31
Surgical Considerations: Direct targeting vs ACPC
TRANS\I’ENTICULAR
Broad range of
ACPC coordinates’
X = 5-6 mm lateral
Y = 0-2 mm anterior
Z = 10-12 mm superior
1Medtronic SANTE Study
; ba
P RUTGERS % RWJBarnabas
32

16
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ACCURATE TARGETING VERIFICATION IS CRITICAL
Fidicials = Trust --- “Trust, But Verify” px

From Lehtimaki and also Jiltsova et al. Imaging of anterior nucleus of thalamus using 1.5T MRI for deep brain
stimulation targeting in refractory epilepsy. Neuromodulation: Tech at Interface. 2016;19: 812-817.

UC202210812EN DBS AES Fisher FY22

33

ANT-DBS is GOOD (not great)

Neither is GREAT
» ~70% of 50% reduction

* 10-20% seizure freedom

Fisher et al., Epilepsia, 2010

+| Epile

Epileptic Disorders. 2026,00:1-17.

tiC.—

isorders

poral of Seizure

9 Thalamic DBS

Hedian Selzure Frequency Reduction (%)

¥

Salanova et al., Epilepsia, 2021

10 years open-label results

P RUTGERS

L ———

£ Regetey
o 202

e
a

HE

Years After Implantation

SEIZURE FREEDOM LOW

18% Seizure free for at

Rorish least 6 months
8% Seizure free for at
A least 2 years

9% Seizure free for 6
(CUEN  months prior to year 7

RWJIBarnabas

HEALTH

34
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The Epilepsy Surgery/Modulation Tr o
X SN2 4 ABLATION

Geller 2025
35
Responsive Neurostimulation
(RNS)
S S
b L
m:f%.‘:f..IF[.: ey
e 5‘-*
N ' o
36
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RNS pivotal trial outcomes (N=191) =~ T
Long-term outcomes Il o s
Post-approval outcomes (N=271) | """ | -

A
i ’ \‘\ i
T « 3 month blinded: 39% -
i W improvement
i,

* Long-term unblinded (7
years): 75%

B
improvement g
° Post_approval é 50 1 E5% 118672001 250% reduction
* 66% >50% decrease m
* 41% >90% decrease
Morrell et al, Neurology 2011 * 24% SF x 6mo at end LA —
g9 RUTGERS .

37

RNS benefits over seizure reduction

* Long term invasive monitoring
» E.g. change laterality in 20%
 Can identify surgical candidates

» Circadian and ultradian patterns revealed

» Useful for medication titratation

Detections per day

Year

g RUTGERS RW.Barnabas

38

7/19/26
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Centromedian region thalamic responsive
neurostimulation mitigates idiopathic generalized and
multifocal epilepsy with focal to bilateral tonic—clonic

seizures

Pranav Nanda'?© | Nathaniel Sisterson™ | Ashley Walton'' | Catherine J. Chu'c | (EABLRGL S Rttt St oo Wt e £

Sydney 8. Cash® | Lidia M. V. R. Moura®® | Joel M. Oster’® | Alexandra Urban® |

Robert Mark Richardson®*' B T

Nanda, Epilepsia, 2024 N . o ILAE
Patier " ¥ 5 class
1 - ' 1
T i

2 — | 1 3
3 - ul 4
4 4 [——E s
5 yoth o v r 4
» e A e e
9 18 FBTC Multifocal MCD 3.5 66.7% a 4
10 m FBTC Multifocal ~ Postencephalitic 256 95.8% h 2
1 4
= Effective for IGE and multifocal onset )
" FBTC seizures s
15 4
16 Mean seizure frequency reduction of s
; 82.6% (SD = 19.0%, median = 91.7%) ‘
2 Seizure types respond variably :
21 25 Absence IGE Presum g"l\l‘ll\' & Cplanted afl Smonths

s from Fatients 14 have been reparted previously™ ths report extends these outcomes to a mean folbow-up duration of 1157 days afic

'C, generalized tonic-clonic; IGE. idiopathic generalized epilepsy: ILAE, International League Again
MRFU, mest recent follow-up: RNS, responsive neurostinulation.

39

Where? ... Approved and investigational (?)
targets in epilepsy

Any focal epilepsy

HipC
Limbic circuit ANT
Pulvinar? See Drs. Fisher
and
Lundstrom’s
talks

Pulvinar?
LGN??

Parietal/Occipital

Generalized

40

7/19/26
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How to Choose b/w VNS, DBS, RNS
_RNS | DBS |

Increased NS ng-term \/
surgery risk /
posterior focus %
Drug-resistant Non-responder dlng \/
focal epilepsy: I
ages 4-17 years
lfke neck 1 /
Frontotemporal
focus [ at home  ——— DBS
PrOgramming
>2 foci or poorly || e B i
’—. Eeibipo jpn’t mind \/
Drug-resistant
focal epilepsy: \/ \/
age z 18 years
No -target) \/
Resective / n
1-2 Foel ablative r i U A F H
P | I | timulation is \/
Yes -
| Resection /
ablation e results are 1 /
1SS \/
FIGURE 2 Sugge
maddalities are include \/ \/

Simpson et al., Practical considerations in epilepsy neurostimulation, Epilepsia. 2022;63:2445-2460

41

PULVINAR

- The “prototypic association nucleus”, corticothalamocortical connections
- The largest thalamic nucleus (30% by volume)
- “Cushion”

e o

("4 Subnuclei @ L =)
1. Anterior (PuA) ) NS
2. Medial (PuM) o oo\ [ >
3. Lateral (PuL) - vl, dm Ontocna

\4. Inferior (Pul) bl ™\,
- Increased synchrony between PuM, lat e N
temp neocortex, Ectx, Hc during MTL e Y e
seizures (Rosenberg 2006 & 2009) Benarroch. Pulinar: Associatve rol i corialfuncton and clinical corelations. Neurology 2015,

- 80% of TL seizures recorded in PuM (imbalance in reciprocal PULV-Hc)

g RUTGERS RW.Barnabas

42
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PULVINAR

Right pulvinar contact 1

2019: Burdette et al. (RNS)

- N=3 patients with PQE-DRE

- 1-2 RNS systems (all with PULV stim, one with neo+PULV)
- 10-15 mo follow-up, no clear adverse effects

- 190% in 2 patients, 62% in 3'9; 100% responder rate

43

PULVINAR

2019: Filipescu et al. (Bartolomei)

- N=8 patients

- Acute pulvinar stimulation during hippocampal
stimulation-induced seizures

- ‘Less severe', shorter tonic phase B2 e

2021: Deutschova et al. (Bartolomei)

N=9 patients
- Acute pulvinar stimulation LR ——
- Improved awareness associated with decrease in Chinked setzurs bresy

global synchrony due to pulvinar stim

Epileptic Disorders. 2026;00:1-17.

44
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- Broad connectivity:

- Basal ganglia (dorsal
striatum, caudal
sensorimotor putamen, also
STN, SN, GP to lesser
extent)

Sagittal Axial
A ia
- Ventral thalamus (+/-82) (+0.9)

- Cortex (premotor, motor,
somatosensory, ACC*)

- Brainstem (reticular
formation, vestibular, solitary PCP
nuclei, nucleus ambiguus)

- Functional: Sensorimotor
coordination, cognition, pain

MCP

llyas et al. The centromedian nucleus: Anatomy, physiology, and clinical implications. J
Clin Neurosci 2019; 63.

Warsi et al. The anterior and centromedian thalamus: Anatomy, function,
and dysfunction in epilepsy. Epilepsy Research 2022: 182.

45

htromedian nUCIeus Centromedian Nuclei

- Broad connectivity:

- Basal ganglia (dorsal
striatum, caudal
sensorimotor putamen, also i 3
STN, SN, GP to lesser - - T~
extent)

- Ventral thalamus

- Cortex (premotor, motor,
somatosensory, ACC*)

- Brainstem (reticular
formation, vestibular, solitary
nuclei, nucleus ambiguus)

- Functional: Sensorimotor
coordination, cognition, pain

Warsi et al. The anterior and centromedian
thalamus: Anatomy, function, and dysfunction in
epilepsy. Epilepsy Research 2022: 182.

Warren, (2020). Journal of Neurology, Neurosurgery &
Psychiatry,

Warren et al., Journal of Neurology, Neurosurgery & Psychiatry,-2019

46
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Original research R,

L

ResponSive neu rOStimU|ati0n Of the thalan Electrical Stimulation of the Centromedian Thalamic

improves seizure control in idiopathic gene N e e o oy e Seizures:
epilepsy: initial case series

Nathaniel D Sisterson,' Vasileios Kokkinos © " Alexandra Urban,” !
R Mark Richardson @

Epterny

J Neurol Neurosurg Psychiatry 2022

There is a lot of variability in
CM targeting

Could be role for VB
complex

Doesn’t mean we don’t aim

for CM!
S

Nanda, Epilepsia, 2024

47
Median SR

C M D B S DBS of Thalamic Centromedian Nucleus Responder Rate:
for Lennox-Gastaut Syndrome % with 2 50% SR

(ESTEL Trial)

2017-2022: ESTEL trial e i, S ek . it o o o
Jehn S, Archer, FhD'34
19 patients with LGS (= 3 failed AEDs)

Prospective, randomized, double-blinded design ANN NEUROL 2022:91:253-267
B PHASE: BASELINE PRE-STIMULATION  BLINDED UNBLINDED A Moan sdge- B, KrauthHorel

Months: | 3,21’ A T

MPIRAGE (n=19) ehalamic atlay

Stimulation
ON

n=if

] ] ] 1-25V
. [ | : 90 ps,
{m::;w I I : 145 Hz
1o surgery) 12 ] 12 1min ON/5min OFF
DESSRGTY e g, 3o T
=) .
E& —
Stimulation
24 ON 6

) X

[ Eeranal viaw fgemm ane. o PC)] [ Aumiat view (3mm sup. 10 PC) |

48
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Median SR
CM DBS - ESTEL TRIAL
% with = 50% SR
A st B o
—— Le i Blinded Unblinded —— Lay entew Blinded Unblinded
& 0 g w0
i 10 ﬁ 15
Diary o \ i
T
% 30 /\/’\/\ g 15
g g
B 40 5 30
; 50 i A5
:e i ol
Baseies 2 3 a4 5 6 7 8 9 P 3 & 9
Manth post surgery Month post surgery
[+ D
Elaee.| NER |
2 40 a 40
P i |
# 40 Median raducion = 46-7% # 0 Median reduckon » 538%
100 - 00l
Individual participants Individual participants
Caregivers: 74% “better”,
16% “same”, 5% “worse” Sk *k
Increased alertness in 95% ON LY 6 MONTHS REPORTED

49

NAUTILUS trial: IGE/PGE

RNS System Pivotal Study of Responsive Bilateral Thalamic Stimulation for
Idiopathic Generalized Seizures (NAUTILUS) Study

« The study is a prospective, multicenter, single-blind,
randomized, sham stimulation controlled pivotal study and
participants will be followed for two years after placement
of the RNS System.

* The study will enroll a maximum of 100 participants within
the United States to ensure that at least 80 participants are
implanted with the RNS System

50
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Can patients have multiple devices?

Yes, but it can present
challenges:

* Skin incisions

* Proprietary imaging protocols

* Indications for transmit receive
coils differ

* Programming strategies

* One one —> the other?
* Which one first?

* Turn both on at same time?

51

b/l Hc RNS b/l ANT DBS: Emory Experience

Emory experience:
1. LR: L Hc RNS (5 yr) =2 b/IANT DBS (2 yr);
* 75%, 0% reduction FIA, GTCs

2. AB: ANT DBS (5 yr) = b/l Hc RNS (3 vyr)
* No reduction in seizures

3. JW: b/l Hc RNS (3.5) = b/I ANT DBS (2 yr); Both being stimulated.
* 100% reduction in GTCs (99% long episodes R Hc)

4. LJ: b/l ANT + L Hc RNS (5 yr each); Being stimulated through L ANT & L Hc
(s/p RATL):

0% recretions .
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Rationale for 4 electrodes/4 channel IPG:
Generalized epilepsy

* When its straightforward symptomatic generalized epilepsy (LGS, LGS-
like with drop attacks = CM DBS

* What about prominent GTCs? = ANT?
* = DO BOTH: CM + ANT

* What about prominent myoclonic features? =» STN?
« = DO BOTH: CM + STN

53

J Neurosurg July 14, 2023

ANT
MTT

TAELE 3. Indications for thalamic nuclei

MD
Pulvinar

Case N, ANT =] Pulvinar MO S5TH
1 Focal onset Multifocal nonlimbic

2 Some 523 of focal LGS-ike Alonic 523, SCCEP
onset

3 Focalonset  Multfocal nonlimbic  PQE
K Focal onset Head dropitill, SCOER TABLE 5. Programming settings and seizure outcomes at last follow-up*
5 Focal onset PQE Case FUDuraion  ABTargel  Stimulated Taget Parameters, Sz Reduction Convusive 5z Pre-DBS Convulsive
(] Generalized onset Myoclonic 525 Mo, imaos) Nuchei Muced at Last FUU Configuration mAt %) Reduction (%) 5z Freq {per yr)
L . Genwraltzed cnset Myoclonic Ses 1 2 ANT,CM ANT D-moncpolar 6 625 100 5
8 Foc daet SMEonow: Sns 2 1 ANTMD,CM  ANT+CM Monopolar 4 (ANT),25(CM) 455 100 15

3 12 ANT, CM-pulvinar Puhinar D-menopolar 55 60 86

4 12 ANT, MD ANT+MD  Monopolar (I}, 2(ANT),57(MD) 375 100 2

D-manapolar (rt)
5 T ANT, pulvinar Pulvinar D-monopolar 10 608 NA A
(), bapodar (i}
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Stimulation for Drug-Resistant Epilepsy
Neurosurgery 89:686—694, 2021

Veronica Parisl, MD ©*
Brian Nils Lundstrom, MD,
PhD*

Panagiotis Kerezoudis, MD*
Juan Luis Alcala Zermeno,
mp*

Gregory A. Worrell, MD, PhD*
Jamie J. Van Gompel, MD %

MSeizure reduction
percentage was not
S|gn|flca ly different amoncg

* ~50% of subjects who didn’t
benefit from S:

e ~75% of those who did
benefit from VNS:

- Achieved a seizure reduction
>50% after ANT-DBS surgery.

‘Department  of Neurcsurgery  and
Gamma Knife Radiosurgery, IRCCS San
Raffacke Scientific Institute, Vita-Sakute
University, Milan, ltaly; *Department
af Neuralagy, Mayo Chinkc, Rochester,
Minnesota,  USA:  Department  of
Newosurgery, Maye Clinic, Rochester,
Minnesota, USA

J Clin Neurophysiol 2021;00: 1-5

Suggests that VNS and RNS are |

Electrocorticography Analysis in Patients With Dual Neurostimulators
Supports Desynch ion as a Mect of Action for Acute Vagal
Nerve Stimulator Stimulation

Lia . Emat,* Paul 1. Steffan,*? Priya Srikanth,# lack Wiedrick,3 Danid € Spencer,” Proleta Datta,§
Mavys M. Joseph,§ Magda Wernovsky, | and Danielle A, Becker

Oregon, LS.k et o Meusoscience, Linsenity of rngan, fugess,
L Porelzna Onagon, U .4 Daparuncin of Murologs. Unicessiey of
gty of Ponevspads, Misdeighia, Peveshrana, U 5.4

Ormgon, 1450 "Douarmant of Bomeaeris, Ormgom ek & Sciance.
Webtaoka Misdcsl Cavtis, Drmsha, Sbrssks, U3 sndl Daparmint

Journal of Clinical Neurophysiology Volume 40, Number 1, January 2023

Conclusions:

+ ECoGs recorded by the RNS device in
patients with dual (VNS and RNS)
neurostimulators

* VNS stimulation results in desynchronization
of specific frequency bands (salient decrease
in theta and beta bands, smaller decrease in
alpha band)

» Support for desynchronization as a theorized
mechanism of action of VNS.

baﬁss
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“Closed-loop” VNS

Retrospective cohort study of
patients with drug-resistant
epilepsy at Children's Hospital of
Pittsburgh

Patients who underwent first
VNS implantation between Jan.
2009 and Dec. 2020 (n=373)

Group 1: Traditional
VNS patients (n=260)

p=0.64

Patients excluded if
epilepsy duration before
VNS implantation >21 years
(n=42)

Patientswho transitioned
from traditional to closed-
p VNS excluded (n=53)

p=0.10

Muthiah et al. (T. Abel), Seizure: European Journal of Epilepsy 94 (2022) 74-81
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Impact of Cardiac-Based Vagus Nerve

Stimulation Closed-Loop Stimulation on the

Seizure Outcome of Patients With Generalized

Epilepsy: A Prospective, Individual-Control

Study a
Arthur Cukiert, MD, PhD ©; Cristine Mella Cukiert, MD, MsC;

Pedro Paulo Mariani, MD; Jose Augusto Burattini, MD

Neuromodulation 2021; 24: 1018-1023 16

Baseline

mean seizure frequency
2

cbVNS

N=20 pts w/ GE (LGE or
LGE-like) 1

(syoam 7) Aanoday
(syaam g) dn-Juidwey

VNS to Baseline €bVNS to rVNS'

Baseline(imnnths]ll l FVNS (6 months) l FVNS + cbVNS (6 months) Activation of the cbVNS
feature did not add to rVNS

efficacy.
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* Targets: Limbic network

DBS for OCD + Cingulate cortex

» Anterior ventral internal capsule

« Ventral striatum/N. accumbens
« Subthalamic nucleus/MFG

Intersecting Circuits of Lesion and Stimulation Sites

The medial forebrain bundle as a target for deep brain
stimulation for obsessive-compulsive disorder
Viller AL Comoen,"* T £ Sclagr” Poter Codll ' Pt - Remicher.
Uik Vinkerbesoe.” L Tobusrt susn £t ” How Urtusch, s T ey’

Greenberg, Rauch and Haber; Neuropsychopharmacology Rev. (2010) 35, 317-336
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Molecular Psychiatry, 31(5), 2978-2989

Predictors of deep brain
stimula i i -
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DBS for TRD

(Treatment resistant MDD)

P RUTGERS

RWJIBarnabas
HEALTH
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DT ITT DS TOT e
Convergent Evidence for Critical Role of Subcallosal
Cingulate in TRD .

gttt [ vrte v

[ L Ta——

The relief she feels is too profound
for words. She tries to express it
the best she can in o drowing.

E-monih reap. (n=6]
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BROADEN Multi-center RCT
SCC DBS for TRD 2008-2012, published 2017
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rg —r Binded, actve'sham Open, Active al data on 76 Pasents remamning in LTF
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Study TE seTE SMD 95%~-Cl Weight
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Clinical Medticinie MDPI | Bergfeld et al. 2018 -1.16 0.3848 -116 [-1.84, -0.35] 8.8%
S Dougherty stal. 2015 0,09 03718 009 |-084; 0.82] 10.2%
Raymaskers etal 2017 -1.31 11380 -131 [-353% 082] 25%
Article Random effects model 5 [-1.56; 0.37] 22
Deep Brain Stimulation Is Effective for
Treatment-Resistant Depression: A Meta-Analysis Lotation = 1T
and Meta-Regression Raymaekers et al. 2017 -0.56 0.4521 =056 [-145; 0.33] 87%
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PBS for Depression: The TRANSCEND Pivotal Study |

TRANSCEND Study Overview

* 100 implanted patients, up to 25 sites in the US

Leveraging knowledge

B oo ] ofdelavedresponse
g b 2
s © s ) 12-month primary endpoint based on
: -> § > ] - : potential delayed effect of DBS for TRD
£ o 0§ <
° 3 El  Highly constrained programming and
— = medication algorithm post-
| g | randomization
Screening period #2-month blinded
2 evaluation
Evaluating symptomatic imprévement Examining durability of outcomes
g
19-Jul- —E
g RUTGERS ol e RW.Barnabas
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