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What is Neuromodulation?
Essential Tremor

Parkinson’s
Dystonia

OCD
Depression

Tinnitus
Epilepsy

Stroke
Pain

Headaches
Migraine
Fibromyalgia

Epilepsy
Depression
Post-stroke recovery

Incontinence
Pelvic Pain
Sexual 
Dysfunction

Obesity
Gastroparesis
Irritable Bowel 

Syndrome

Chronic Pain
Malignant Pain

Spasticity
ALS

Huntington’s

Epilepsy
Parkinson's
Alzheimer’s

Angina Pain
PVD Pain

Chronic Pain

Pump

Pump

IPG

IPG
IPG

IPG

IPG

IPG

Chronic PainIPG

Profound 
Deafness

Respiratory 
Support IPG

4/13/2025

History of Neuromodulation
Claudius (Tiberius Claudius 
Nero Germanicus): 10 B.C.E. 
- 54 C.E.

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

Invaded and annexed Britain 
- 51 C.E.

In his entourage - the 
physician Scribonius Largus

The book from antiquity (reprinted in January of 1645)
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History of Neuromodulation

“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. 4/13/2025

History of Neuromodulation

Early 20th century
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1967 – Spinal Cord Stimulation
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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
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Neuromodulation Devices

Current iteration of 
implantable pulse generators 
for neuromodulation of pain

(approved in the US)

Intellis / Vanta
(Medtronic)

Wavewriter Alpha
(Boston Scientific)

Algovita
(Nuvectra)

Omnia / HFX iQ
(Nevro)

Proclaim DRG / Proclaim XR 
/ Eterna (Abbott)

Evoke
(Saluda)

ReActiv8
(Mainstay)

Prospera
(Biotronik) 4/13/2025

1981 1999 2004 2005 2006 2009 20111988 2013

Electrodes: 4 contacts → 8 contacts → 16 contacts → 
→ 20 (16) contacts → 32 contacts

Neuromodulation Devices
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Single column

Neuromodulation Today
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Double column

Neuromodulation Today
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Triple column

Neuromodulation Today
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Triple column paddle

Neuromodulation Today
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DRG stimulation

New in Neuromodulation
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High frequency stimulation

SCS in kilohertz range
•Frequency  - 10,000 Hz
•Amplitude – sub-perception
•Pulse width - 30 microseconds
•Bi-phasic pulse

New in Neuromodulation
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Burst mode

Burst SCS
Intra-burst frequency – 500 Hz

Burst frequency – 40 Hz

Amplitude –sub-perception

•Pulse width - 1000 microseconds

New in Neuromodulation

4/13/2025 Burst mode

PAIN
Latheral pathway

SUFFERING
Medial pathway

New in Neuromodulation
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DTM (“differential 
target multiplexed”) 
stimulation –
proprietary “innovative 
programming strategy”

New in Neuromodulation
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Sub-perception SCS: 
paresthesia-free 
stimulation paradigm

New in Neuromodulation
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Closed loop 
approach

Real time therapy 
adjustment based 
on evoked 
compound action 
potentials

New in Neuromodulation
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Extraspinal
stimulation 

“restoration of dynamic stability”

New in Neuromodulation
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Extraspinal
stimulation 

New in Neuromodulation
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Prospective (*) controlled (#) randomized (^) multi-center (!) studies:
1. Accurate (Spinal Modulation / Abbott) *#^!

DRG stimulation – compared to conventional SCS
2. SENZA (Nevro) *#^!

High-frequency SCS – compared to conventional SCS
3. SUNBURST (St. Jude Medical / Abbott) *#^!

Burst SCS – compared to conventional SCS
4. HD SCS (Medtronic) *

High-density SCS (after failed conventional SCS)
5. SubPSCS (Boston Scientific) *!

Sub-perception SCS (in successful conventional SCS)
6. PROCO (Boston Scientific) *#^

Comparative assessment of different high frequencies
7. EVOKE (Saluda) *#^!

Comparative analysis of closed loop vs. open loop SCS
8. AVALON (Saluda) *!

Closed-loop stimulation – open label study
9. DTM (Medtronic) *#^!

Differential target multiplexed vs. conventional SCS
10.BENEFIT 1-2-3 (Biotronik) *!

Multi-phase evaluation of new system
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Future of neuromodulation for pain

Future of 
neuromodulation for pain

Long-distance programming?

Telemedicine programming

Future of 
neuromodulation for pain

Non-invasive neuromodulation?

FDA-approved devices
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Future of 
neuromodulation for pain

Ultra-low frequency?

<0.1Hz

Future of 
neuromodulation for pain

Ultra-high frequency?

500 000 Hz

Future of 
neuromodulation for pain

Endovascular stimulation

Endovascular 
stimulation
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Future of 
neuromodulation for pain

Magnetic guidance?

Robotics?

Future of 
neuromodulation for pain

Super-miniaturization

Super-miniaturized 
autonomous devices

Future of 
neuromodulation for pain

No need in recharging!

Body-heat powered 
devices
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Future of 
neuromodulation for pain

Optic fibers instead of metal wires?

Photovoltaic electrical 
neurostimulation

Future of 
neuromodulation for pain

Non-electrical modulation?

Focused ultrasound 

applied to the brain

Focused ultrasound 

applied to the nerves

Thermal 

neuromodulation


