Neurostimulation in Epilepsy (DBS+Vagus)
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| Background for neurostimulation Tx for DRE

Electrical Brain Stimulation
Invasive Methods
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+ Not all DRE patients can be candidates for resective surgery - Thalfmu’
* lctal foci — not Iocalized, bilateral or multifocal DBS Centromedian  Angerior
» Seizures may originate from functionaily eloguent areas [!l( Momr Open loop
cortex or language area) = result in Hypothilamis Caudate
* Unavoidable loss of Ily functioning brain tissues by 1pe
surgical resection —.
* |nevitable perioperative surgical risks: ex. blaeding, Infaction, pain ... Subthalamic nucleus / / - d Direct seizure
5 8 s hm
. . 0 1, thnad
=> Need for less & much simy Hippocampus RNS
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‘*Vagus nerve stimulation (VNS)
. ) Vagus nerve
=Deep brain stimulation (DBS)
*Responsive neurostimulation (RNS) VNS
Theadore WH and Fisher BS, Loncet Neurnl 2004;3: ) 18
o
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Vagus Nerve Stimulation (VNS)
for intractable Epilepsy
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Neurostimulation in Epilepsy (DBS+Vagus)

Vagus Nerve Stimulation (VNS)

Intermittent programmed electrical stimulation
of left vagus nerve that sends signals to the brain

* Option of magnet activated stimulation

Adverse effects local, related to stimulation of
vagus nerve (hoarsencss, throat discomfort, dyspnea)

= Mechanism of action - unknown
= Early clinical trials show that 35% of patients

have a 50% reduction in seizure frequency and
20% experience a 75% reduction after 18 month=

of therapy, “ s ame
L~
*  May improve mood and allow AEDS reduction ‘ﬁ' =

= FDA approved for refractory partial anset
seizures{1997) and refractory depression|2005)

available in Korea since 2010 e |

VNS: Mechanisms of action

| VNS Therapy® |
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Long-term efficacy & tolerability in SMC data

muiation

Recent long-term data of VNS in adult PWE in SMC

2001 ~ 2019

b

+ Total 54 patients (1-9 yu i
* Mean seizure reduction: 15.2% 1y FU}
Responder rate (totall 23/54 (42.4%)
Responder rate (Sy F/Uj B/24 (33.3%)
Responder rate {1y FAUE 20/54 (373%)
+ Seizure free
6/54 (11.1%}; 1y FAU
3/24 (12.5%): 5y F/U

Evolving pattern of seizure frequency reduction
during the follow-up period (v =38} {childhood & adolscents)

Presontad at KEC 2017
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MNon-responder : seizure frequency reduction < 50%
B Responder : seizure frequency reduction = 50
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Meta-analysis of long-term VNS prognosis

Rates and Predictors of Seizure Freedom With
Vagus Nerve Stimulation for Intractable Epilepsy
mc + Pediatric patients > adult patients

™%« The shorter duration of epilepsy, the more effect

[ observed

_mz; * Generalized epilepsy > focal epilepsy

i+ SPS orastatic seizure > CPS Engat 2011
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Side effects from VNS
Morris, 1999
% . T
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Hoarseness Coughing Paresthesia Dyspnea

Most side effects occur only during stimulation,
and usually decrease over time

Unmet issues in VNS

+ What causes the difference between
treatment effects in children and adults? 2 yNs AlE & He

* What's the optimal stimulation modality in
the individual patient? VNS vs. DBS

* What's the optimal stimulation

parameter? F
— Frequency / pulse width / intensity S
— On/off duration 2
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DBS (Deep Brain Stimulation) I

DBS on anterior thalamic
nucleus (ATN)
for Intractable Epilepsy

&1

" DBS on ant. Thalamic nucleus (ATN DBS) |
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SANTE trial (the 17 psren)
Results during Double-Blind Phase
Fisher, 2010
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Neurostimulation in Epilepsy (DBS+Vagus)

Long-term efficacy and safery of thalamic
stimulation for drug-resistant partial

Cp[lcpsy Neurology® 2015;84:1-8
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Lessions from SANTE trial (ATN DBS)

* Median sz reduction in TLE: significantly better than that of
neocortical epilepsy

+ Complex partial seizure, severe (disabling) seizure: most
effective

Recently, ATN DBS was approved by FDA. jmay, 2018)

Seizures from Fronto-Temporal Origin (e.g. bilateral
hippocampal sclerosis), not suitable for resective
surgery = Good Candidate for ATN DBS

Leng-term follow-up of anterier thalamic deep brain stimulation in

epilepsy; A 11-vear, single center experience

Seong Hoo Kim*, Sung Chil Lint"", Jiyeon Kim', Byung-Chul Sen', Kyung Jin Lee',

Young-Min Shon S BRI
= 1l-year median selzure reduction was 70%: 13.8% seizure-free for at least 1 year,
= Temporal onset (3], frontal onset (8], & multifecal or generafized onset (12 pts),
= Mo difference of clinkcal outcome among their epilepsy syndromes

| o v W Respaacens

M.

Results from CMC data: 2005 ~ 2016

Long-term follow-up of anterior thalamic deep brain stimulation in
epilepsy: A 11-year, single center experience

Setz Hoon K, Sureg Chail Lin*, Jiyean Kim", Byang-Chul Son, Kyung Jin Lee',
‘oung-Min Shan™”

e A

S L
Interim Results at SMC (since 2016. 04) : ATN DBS

* 31 cases (28 cases; /U >1yr)
= Dx:BTLE 12/F-TLE 9/ MFE 11
= Responder rate (>50% sz reduction): 18 /27 (66.7%)
— 52 free for mare than 1 year: 2 patients [7.4%)
— Median sz reduction: 66.7% [t least >33 F/U only, the st 3 Mon)
- Complication:
*+ Wound infection: 1 (3.2%]
* Lack of efficacy: 2 (6.4%)
* Remaoval of devices: 3 [9.6%)
* Minar complaints:
— Chronic pein 3

— depression 2 [iransient),
= peythosi 2 {improved by antipsychotic medication)

The effects ATN stimulation in epileptic brain

: How does it work? Still unk , but some hyp

1. Changes in neuronal excitability
2. Alteration of network architecture sy, 2010

h

3. Increase of itter or

4. Changes in Neurogenesis
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Clues from fMRI studies

= M sapsion: wrilsteral bipolss stimultion [0-1+} appied in a block parsdigm (5 canssrutiee hlecky of & me
0N, 1 min OF

* ATH DS mmulted in activation withis terparel, profroetal snd sensarimater cortm, An ssplitude
dependect increase in cluster velume was observed a1 60 Hz and 145 Ha stimulation

High-frequency stimulation of anterior nucleus

of thal desynck i pileptic network
in humans et 3acn o 1A
Taa T, i

g, Yacgle L, Gacun Thang,' Grigary Wi,
Pairich Chassal Duusayu 9, Linng Gias,' Chiasg Lis Liping L1 Lisrkosn flen® ané
Tuping Warg'

Desynchronization of temporal lobe theta-band activity d:mng rl’fcctlw
anterior thalamus deep brain stimulation in epilepsy s o

Crtagn el bt rratel sy AMCTHA: o bt Differerces in corticsl iheta-actity groun level

espender s contra
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him Y “n ] =
maln effects of st - =
condition ware faund for the responder 1 - =

sub-group only & present in both the o —a
theta and alpha frequency bands
-IBolhONudtﬂnmaheﬂ!ﬂwai =
s 5 Shaiuta-traguency hard. =Group level differences in temporal theta activity
betwaen non-responders, respondars, and
healthy control subjocts

+ sigrificantly greater levels of theta-band actiity m
nmmpe?m. husting stimmilation ON and
compared to P respandars and healthy contrals

Desymehronizstion of tenpon

nctlvity duing effoctive
antestor thebasass doep bds sl o

+ Time-domain analysis of theta
desynchronization effects
* Mon-responders did not show a
sustained ANT-DBS related
reduction in cortical theta-
activity.
* Responders had an overall lower
Wi | lavel of theta activity.
1k u L 5 Those with TLE may be
L | preferved candidates for ANT-
i I palil [ [ | OBS procedures
. ) o * Theta desynchranization may be a
potential predictor of therapeutic

* Reducing burden or resources
during long-term F/U for
measuring their autcome after ATN
Des

i 1M | Sy 1

[l Rasan i) wem aloslar pomilaantalyeis
&nnconvu]sanr serotonergic and deep brain stimulation in anterior thalarnus

Marek A Mirski #*, Wendy €. 2541 *%, Jasan Chiang®. Mebvin Hinich®, David Sherman©
S Grpervar f v et T W, . WL L5
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Role of adenosine in the antiepileptic sffects of desp brain
stimulation

P ol raicmscs

i
Covalant
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* Hypothesis: ATN DBS increasad ATP release & induced accumulation in adenagine (ADD) e, 100
* ATN DBS signifi increased Hi | |
- By microdialysts, 5 day ADD release was found ¥ increased at Pik i than
that of 19 &)

+ Hippocampal ADD release after ATN DBS may activate A1 receptor
(1] Hippocampal exciabity L abserved after TN DES & was reversed in slices ywn M antagonists |DPCRK|
(21 Alagonists [R-Pia) to potentated thy

= An evidence of the antiepileptic effects of DBS may be modiated WADO.
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Neurostimulation in Epilepsy (DBS+Vagus)

Hippocampal DBS for
Intractable Epilepsy

Seizure outcome after hippocampal deep brain stimulation
in patients with refractory temporal lobe epilepsy:
A prospective, controlled, randomized, double-blind study
*HArsiir Cobdet, it Mall Cldert foes Amgusks Brascn, PecoPacka Haranl | eptepsi. 2017

» Stimulation: 2V, 130Hz, 300 us / cathode — anterior g
two, anode - far posteriar one, electrode 3351 S

* Hip-DBS was effective in reducing FAS and FIAS
frequency in patients with refractory TLE (B7% sz
reduction after M)

* There was no short-term major morbidity or mortality

oo

Hippocampal DBS cases in Korea

* 1% Case: 52/F, szonset: 36Y.0.

* 5z Type
1) dialeptic 57 only or 2 dialeptic + automaotor s7 (2-3 fwk)
3) rare GTCs (< 1yr)

+ Brain MRI: definite B HS

* Associated memary impairment/depression

HP-DBS (2015.12.28) = Sz free for 60days without IPG-on
= Turn on IPG postop. 3M & sz disappeared again
+ Long-term outcome
* 5z frequency during last 6M : 0.5 /month (95% sz reduction)

* Improved mood & resumption of social activities {that have not bean possible)
= Last visit (2020.09): & 1.EV/L 1.5V, 300usac, 130Hz (0/-1/-2 on), continuous

= Subsequent 2 cases |F/U > lyr}
+ Male 50v0/ female 29v0; 75% sz reduction, respectively
* No disabling seizures detected

Unresolved queries

* Are there clinical or anatomical biomarkers for predicting the
outcome of DBS therapy?

= What can we target more accurately? What is the best
method for targeting?

* What is the optimal therapeutic parameters
= High frequency vs. low frequency
= Conti il vs. cyclic

* For whom does it work?
= Focal vs. Generalized epilepsy
= Temporal vs. Frontal or posterior epilepsy

* When can we detect the optimal therapeutic effect after DBS?

| Defining the optimal target for anterior thalamic deep
(brzin stimulation in patients with drog-refractory epilepsy
|"Wendy Gen. Bang Bon Koo, PRO. Jue-Hun Kim, PR Ratesqee A Bvacela, ND©

s, )
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Factors ensuring successful
DBS for DRE in the future

zation of patient-specific therapy

= Txintervention should be correlated with patient-specific EEG pattern
Need to find better bi kers of i s & epil

Treati g_large & chronic electrophysiological dm;a

IMake a centralized and long-term storage solution for the deposit & management
of large physiologic signal database

Use powerful machine learning tools designed for processing huge raw EEG data
[big data; e.g. 'Meural dust’ }

Delivering innovative, less invasive electronics

Smaller, soft & safe materials should be proferred.

‘Conventional electrodes - more rigid with a large mismatch in bending stiffness &
resulting in relative sheer motion, ghal scarring and neuron depletion at the
probe & aggravation of immune response to a foreign body
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Take home message

Future of therapy in drug-refractory epilepsy

More precise, evidence-based methods are mandatory
VNS & DBS: promising tool for treat DRE
— Closed-loop system will overcome the pasition of open loop system in
medical market soon.
Need for robust & accurate sz detection & prediction devices
- Self reporting by patients: usually incorrect

~ Innovative devices & algorithms will be introduced & translated into
clinical use with enormous speed globally
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