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What is Neuromodulation?
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History of Neuromodulation

Claudius (Tiberius Claudius
Nero Germanicus): 10 B.C.E.
-54CE.

Roman Emperor: 41 C.E. -
54 C.E.

Invaded and annexed Britain
-51CE.

In his entourage - the

physician Scribonius Largus
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The book from antiquity (reprinted in January of 1645

History of Neuromodulation
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“For any type of gout a live black torpedo should, when the pain begins, be placed under
the feet. The patient must stand on a moist shore washed by the sea and he should stay
like this until his whole foot and leg up to the knee is numb. This takes away present pain
and prevents pain from coming on if it has not already arisen. In this way Anteros, a
freedman of Tiberius, was cured.”

Scribonius Largus, Rome, 1st century C.E.

History of Neuromodulation
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1967 — Spinal Cord Stimulation

ANESTHESIA and ANALGESIA . . . Current Researches Vou. 48, No. 4, JuLy-Aucust. 1967

Electrical Inhibition of Pain
by Stimulation of the Dorsal Columns:

REPORT OF A CASE Preliminary Clinical Report

A 70-year-old man was admitted to Luth- -
eran Hospital in early March because of C. NORMAN SHEALY, M.D.
severe diffuse pain in the right lower part J. THOMAS MORTIMER, M.S.t
of the chest and the upper part of the ab- JAMES B. RESWICK, D.Sc.f
domen. He had previously been demon-

strated to have ir i
cinoma and was suspected of hay ‘metas-
tasis to the pleura and liver. He ran a low-
srade fover considerable and ABOUT THE AUTHORS
vomiting but was thought to have a life | o .
of 1 or 2 months. We explained | fumiecy T oo, St MR
in detail to him and his family the experi- rmor o Newrtes Unvety < W
‘mental nature of dorsal column stimulation. | iy Meiear s B, Mo s it
A nurse anesthetist daughter was of great | i Dks Ui end vt e it 3 Wores L
aid in gaining their accept of this treat- T -3 "horwors achieved by Dr. Shealy include the First
ment. On March 24, 1967,  thoracic lam. | s Haria & o M1 Avark oo 5 e Avard o ok Uk

inectomy (D2-3) was P Ce

tallium electrode measuring 3 by 4 mm. was | .4, Mo M 6 3 s o Tos T Coles

approximated to the dorsal columns at D3 Cleveland, Ohio, and is currently a candidate for 3 PhD. at Case. His interests
o et e

um with Dow Corning | % Jun B Reece, D g Picye o Fegiyin ot g oy it

Medical Grade Adhesive and Silastic. Spe- | Faciering Deien Center 1 Case It "

L cial subcutaneous jacks were placed inferior

Neuromodulation Today

1) Significant Pain Reduction

2) Non-Opioid Pain Management

3) Customizable and Adjustable Pain Relief!
4) Minimally Invasive Procedure

5) Reversible Treatment Option

6) Long-Term Pain Relief

7) Improved Quality of Life

8) Enhanced Mobility and Functionality

9) Minimal Side Effects Compared to Medications
10) Effective for Multiple Chronic Pain Conditions

Neuromodulation Devices
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Electrodes: 4 contacts -> 8 contacts -> 16 contacts -
-> 20 (16) contacts -> 32 contacts

Neuromodulation Today

Neuromodulation Today
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Neuromodulation Today

Tripl

Neuromodulation Today

Triple column paddle

New in Neuromodulation

DRG stimulation

A Prospective Study of Dorsal Root Ganglion
Stimulation for the Relief of Chronic Pain

Timothy R. Deer, MD?, Eric Grigsby, MD', Richard L. Weiner, MDY,
Bernard Wilcosky, MD?, Jeffery M. Kramer,

2013166772

New in Neuromodulation

High frequency stimulation

SCS in kilohertz range
“Frequency - 10,000 Hz
+Amplitude — sub-perception
*Pulse width - 30 microseconds
*Bi-phasic pulse

High-Frequency Spinal Cord Stimulation for the
Treatment of Chronic Back Pain Patients: Results

ofa P!
Clinical Study Neuromodulation 2013; 16: 59-66

Jean-Pierre Van Buyten, MD'*, Adnan Al-Kaisy, MD", Iris Smet, MD",
Stefano Palmisani, MD', Thomas Smith, MD™

New in Neuromodulation

Burst mode

N
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3
Burst SCS
Intra-burst frequency - 500 Hz
Burst frequency Hz
—sub-perception
*Pulse width - 1000 microseconds
B o pareshesi free spinal cord TR e T
Dk Do iddr", Mk P, ol Kwrin, TomasManovsy’, Sven Vonmest

Medi Jude Medical, Zavetem]
Surgical Neurology 71 (2009) 134142

New in Neuromodulation
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New in Neuromodulation New in Neuromodulation

Sub-perception SCS:
paresthesia-free

i 1
DTM (“differential H i stimulation paradigm
| £ [PU—

N . Outy f a Multicenter, P ective,
target multiplexed”) } Crossover, Randomized Contralied Trial
i ion — Evaluating Subperception Spinal Cord
stimulation s e wiea Stimulation at 1.2 Kz in Previously

. e . e 0 — Implanted Subjects
proprietary “innovative audormil, MD' Al Les, WO's

programming strategy”

Newromoduation 2020; 23 102-108

Harod Conoce M | RafatJtis M
Chrtopber Merel MD' | i S MD* | ol Narasp MDY’
ooy MD® | Jothan Carhon MY | Rchard B VD'
1| Vipo Mangal MD'S | Ricrd Valkjo MD PAD”

Pain Pracice. 2021:21:912-923

EE*E University of Winois at Chicagn

New in Neuromodulation New in Neuromodulation

~

Extraspinal

Closed loo . :
P stimulation

approach

Real time therapy
adjustment based
on evoked

compound action

potentials

Chronic Low Back Pain: Restoration of

Dynamic Stability Neuromoduiaton 2015; 16:476-485
. WO

ittt W% S Ecae R Gulve, W' Ganesan Barandaran.

0'Fhor; s Gl Kristen Jaax, D,
o bite Hearmts M eter Croto:

“restoration of dynamic stability”

. . Prospective (*) controlled (#) randomized (*) multi-center (!) studies:
New in Neuromodulation P ) #) " 0

1. Accurate (Spinal Modulation / Abbott) *#/!
DRG stil ion — to i SCs
2. SENZA (Nevro) *#71
High SCS— pi to c( ional SCS
Extraspinal 3. SUNBURST (St. Jude Medical / Abbott) *#A!
stimulation Burst SCS — compared to conventional SCS

4. HD SCS (Medtronic) *
High-density SCS (after failed conventional SCS)

5. SubPSCS (Boston Scientific) *!
Sub- ion SCS (in ional SCS)
6. PROCO (Boston Scientific) *#/
Comparative assessment of different high frequencies
7. EVOKE (Saluda) *#A!
New Therapy for Refractory Chronic Mechanical Comparative analysis of closed loop vs. open loop SCS
Low Back Pain—Restorative Neurostimulation 8. AVALON (Saluda) *!
:‘z s‘}lcl:lsv:;ea‘?fo:uzlcl::lre %"J:;Iﬁc::ze’one Year Closed-loop stimulation — open label study
e 9. DTM (Medtronic) *#A!

ical Trial Neuromodultion 2018; 21: 48-55
o

De Smedt, MD"; Bruce Mitchs
o MDY Peter Georglus i
hn Viecel, am €

e van suyen s Smet, MO

Di ial target i vs. i SCS
10.BENEFIT 1-2-3 (Biotronik) *!
Multi-phase evaluation of new system

T Doranil
James Rathmel, MD:

MO, Richard $ul|lvlr| MDY; Robert Gassin, MO";
; Chis Gilligan, MD**
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Future of neuromodulation for pain

It is exceedingly difficult to make predictions
particularly about the future.
Niels Bohr (1885-1962)

Future of
neuromodulation for pain

Long-distance programming?

e L T

ANl

Telemedicine programming

Future of
neuromodulation for pain

Non-invasive neuromodulation?

r—

N |
"’% FDA-approved devices

At-Home Cortical Stimulation for Neuropathic Pain: a Feasibility
Study with Initial Clinical Results Neurotherapeutics (2019) 16:1198-1209

Luis Garcia-Larrea 2 - Caroline Perchet - Koichi Hagiwara - Nathalie André-Obadia*
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Future of
neuromodulation for pain

Ultra-low frequency?

<0.1Hz

Future of
neuromodulation for pain

Ultra-high frequency?

500000 Hz

Future of
neuromodulation for pain

Endovascular stimulation

Endovascular
stimulation

Trctnows¥ . The First Commercial Brain Computer
Interface Is Entering Human Trials

Elon Musk's Neuralink is overtaken by arival in a race to regulatory review.




4/13/2025

Tz,
Future of N \
neuromodulation for pain = -
Magnetic guidance? S e«
Robotics?
Future of
neuromodulation for pain Super-miniaturized

autonomous devices

Super-miniaturization

Future of
neuromodulation for pain

Pacemakers charging using body energy
e

Body-heat powered
devices

No need in recharging!
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Future of > .
neuromodulation for pain

Flexible and stretchable polymer optical
fibers for chronic brain and vagus nerve
optogenetic stimulations in free-behaving
animals

=

Photovoltaic electrical
neurostimulation

Optic fibers instead of metal wires?

Future of
neuromodulation for pain Focused ultrasound

applied to the brain

Non-electrical modulation?

Distupting nociceptive Information processing flaw through transeranial
facused ultrasound neuromodulation of thalamic muclel
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Transcranial focused ultrasound (GFUS): a promising

i deep brain stimulation approach for pain

a aZ1) 142014 W W 3 e Kb P Published cnline: 10 August 2023

Focused ultrasound-induced inhibition of peripheral
nerve fibers in an animal model of acute pain

Focused ultrasound spneah s e e Thermal
applied to the nerves o T PP ” " neuromodulation
Dose-dependent effects of high intensity focused
on P action p in an ex TIBALNERVE  THERMALCOUPLE
vivo rodent peripheral nerve model: comparison to =
local anesthetics s
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