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Surgery for Pain

20221967



1967 – Microvascular decompression 
for treatment of trigeminal neuralgia



1967 – Clinical verification of the Gate 
Control Theory of Pain Processing

Patrick 
Wall, PhD
1925-2001

William H. 
Sweet, 

MD,D.Sc
1910-2001



1967 – Spinal Cord Stimulation



55 (?) years of clinical 
neuromodulation for pain (1967-2022)



• First SCS implant
• March 24, 1967
• Norman Shealy

55 (?) years of clinical 
neuromodulation for pain (1967-2022)



55 (?) years of clinical 
neuromodulation for pain (1967-2022)



60 (!) years of clinical 
neuromodulation for pain (1962-2022)

C. Hunter 
Shelden, 
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Hardware

Procedural details

Indications

Paradigms

60 years of clinical neuromodulation 
for pain (1962-2022)



Evolution of neuromodulation for pain
Hardware

Power sources

Electrodes

Accessories

Patient programmers

Physician programmers

Procedural details
Indications
Paradigms



Neuromodulation Devices

RF receivers



Neuromodulation Devices

RF receivers → Implantable generators
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Neuromodulation Devices

Generators: 4 contacts → 8 contacts
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Neuromodulation Devices

Generators: 8 contacts → 16 contacts



Neuromodulation Devices

Generators: Prime cell → Rechargeable



Neuromodulation Devices

Generators: Large → Compact
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Neuromodulation Devices

Generators: 16 contacts → 32 contacts
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Neuromodulation Devices

Generators: Standard → Adaptive



Neuromodulation Devices

Generators: Standard → MRI compatible



Neuromodulation Devices

Generators:  Rechargeable → “recharge-free”
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Neuromodulation Devices

Most recently 
introduced devices

Intellis
(Medtronic)

Proclaim DRG
(Abbott)

Wavewriter Alpha
(Boston Scientific)

Omnia 
(Nevro)

Algovita
(Nuvectra)Evoke

(Saluda)
ReActiv8

(Mainstay)



Neuromodulation Devices

1981 1999 2004 2005 2006 2009 20111988 2013

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



Neuromodulation Devices

Percutaneous electrodes: 
4 cotnacts → 8 contacts → 16 contacts



Neuromodulation Devices

Paddle electrodes: 4 contacts → 8 contacts → 
→ 16 contacts → 20 (16) contacts → 32 contacts



Neuromodulation Devices

Electrodes: 1 column → 2 columns → 3 columns →
→ 4 columns → 5 columns



Neuromodulation Devices

Electrodes: Wide choice



Neuromodulation Devices

Anchors
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Neuromodulation Devices

Anchors



Neuromodulation Devices

Patient remote controls
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Neuromodulation Devices

Patient remote controls
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Neuromodulation Devices

Charging systems
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Neuromodulation Devices

Clinician programmers



Neuromodulation Devices

Clinician programmers



Neuromodulation Devices

Consumer technology-based 
(Apple/IOS, android)



Neuromodulation Devices

Remote programming!



Hardware
Procedural details:

Open vs. Percutaneous
Intradural vs. Extradural
Posterior vs. Anterior / Lateral 
placement

Indications
Paradigms

Evolution of neuromodulation for pain



Evolution of spinal stimulation

Percutaneous vs. paddle



Evolution of spinal stimulation

vs. Percutaneous paddle
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Hardware
Procedural details
Indications

FBSS

CRPS

Neuropathy

Ischemia

....

Paradigms

Evolution of neuromodulation for pain



SCS – Only For Pain?

Motor symptoms

GU symptoms

Vascular symptoms

Other indications

Posterior columns

Autonomic tracts

Descending 
reticulospinal tract

Pyramidal tract



SCS for motor disorders
Motor function 
recovery



SCS for motor disorders
Parkinson disease



Hardware
Procedural details
Indications
Paradigms
• constant current vs. constant voltage

• extraspinal stimulation

• stimulation frequency

• stimulation waveform

• …

Evolution of neuromodulation for pain



Evolution of spinal stimulation

Voltage or current?



Peripheral nerve / field 
(regional stimulation)

Ganglia

Nerve roots

Evolution of neuromodulation for pain



Hybrid neurostimulation
(spinal and peripheral)

Innovation in SCS



DRG stimulation

Innovation in SCS



High frequency 
stimulation

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

Innovation in SCS



Burst mode

Innovation in SCS



Burst SCS
• Intra-burst frequency – 500 Hz
• Burst frequency – 40 Hzц
• Amplitude –sub-perception
• Pulse width - 1000 microseconds

Innovation in SCS



Burst mode

Innovation in SCS
PAIN
Latheral pathway

SUFFERING
Medial pathway



Innovation in SCS

“High-density” – stimulation with 
conventional devices with higher 
frequency and longer pulse 
widths



From Yearwood T, et al. 
PNS; 2015

Wireless device

Nanotechnology 
in action

Innovation in SCS



Closed loop 
approach

Real time therapy 
adjustment based 
on evoked 
compound action 
potentials

Innovation in SCS






Comparative analysis of spinal 
neurostimulation for pain



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 Stim (Medtronic) *
High-density SCS (after failed conventional SCS)

5. SubPSCS (Boston Scientific) *!
Subperception 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



The Future…



The Future of Neuromodulation 
for Pain…

is bright!



Future of neuromodulation for 
pain



Future of neuromodulation for 
pain

Extra-spinal stimulation?



Medial branch stimulation – multifidus 
activation – “restoration of dynamic stability”



Medial Branch Stimulation with Implanted 
Electrodes



Future of neuromodulation for 
pain

Non-invasive neuromodulation?



FDA-approved devices





Future of neuromodulation for 
pain

Augmented reality for 
simulation?





Future of neuromodulation for 
pain

Virtual reality for surgical 
planning?





Future of neuromodulation for 
pain

Out-of-box thinking!



Out-of-box thinking

super-miniaturized 

autonomous devices



Out-of-box thinking

body-heat 

powered devices



Out-of-box thinking

dissolvable 

hardware



Out-of-box thinking

dissolvable 

hardware



THANK YOU FOR YOUR ATTENTION!

kslavin@uic.edu
+1-800-597-5970
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