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Learning Objectives

•Review history of analgesia

•Discuss the impact of chronic pain

•Describe the evolution of opioid therapy

•Highlight current and future application of technology in 
treating chronic pain

•Review supporting evidence



Outline
•Chronic pain 
•History of analgesia
• Evolution of pain opioid therapy
• Technologies in treating chronic pain
• Neuromodulation
• Peripheral nerve stimulation
• Vagal nerve stimulation
• Minimally invasive spinal interventions

• Evidence review in opioid reduction
• Explore the latest clinical trials



Pain
§“An unpleasant sensory and emotional experience associated with, or 

resembling that associated with, actual or potential tissue damage...”

Raja, S. el al. IASP Task Force on Taxonomy; Pain, 2020



Auricular acupuncture depicted during Han 
dynasty, 200 BC

Ancient Pain Management

Cauterizing the external ear to treat 
migraine, 12th century Persian surgery text



Analgesia

• Sumerians, 3000 B.C. who first cultivated 
the poppy plant for its opium 

• Homer in 300 B.C. Helen of Troy to treat 
her grief over the absence of Odysseus



• 1849, Mrs. Charlotte Winslow, Bangor, Maine

• 65 mg morphine per ounce

• “sooth any human or animal…effectively 
quieted restless infants and small children, 
especially for teething”

https://en.wikipedia.org/wiki/Mrs._Winslow%27s_Soothing_Syrup

Opioid Problem is Not New



Center for Disease Control (CDC): http://www.cdc.gov



Evolution of Opioid therapy

• Lack of long-term efficacy for treating chronic pain

•Risk for tolerance, dependency, and abuse

•National opioid crisis

•New CDC opioid prescribing guidelines



CDC Guidelines for Chronic Opioids

https://stacks.cdc.gov/view/cdc/38025

https://stacks.cdc.gov/view/cdc/38025


Chronic Pain in America
• 1 in 5 Americans suffer from chronic pain
• Large economic impact: ~$600 billion/year
• Loss of productivity: ~$300 billion/year
• Opioid epidemic: #1 health crisis in America
• National health survey by NIH 2012
– 50 million adults experience pain every day
– Painà worse overall health status
– Female, elderly, non-Hispanics (Asians less likely)

A Controlled Trial to Improve Care for Seriously Ill Hospitalized Patients.
http://jama.ama-assn.org/cgi/content/abstract/274/20/1591

http://jama.ama-assn.org/cgi/content/abstract/274/20/1591


Emergence of Electroceuticals
•Bioelectronics
•Therapeutic devices
•External or implanted 
•Delivering electricity
•Neuromodulation
•Alter disease states
•Market prediction of $35.5 billion global market by 20252

1. Kristoffer Framm, Nature, 2013
2. https://www.grandviewresearch.com/press-release/global-electroceuticals-bioelectric-medicine-market



Innovations in Neuromodulation 

• Adaptive stimulation

• MRI compatibility

• Novel wave forms and targets of stimulation

• Closed loop technology (not FDA approved)

• High frequency spinal cord stimulation

• Peripheral nerve stimulation

• Vagal nerve stimulation

• Microdose intrathecal drug delivery



Indications for Neuromodulation Therapy
§SCS: Chronic refractory neuropathic pain of the trunk and limb
§PNS: Focal refractory neuropathic pain

§Examples:
–FBSS
–CRPS
–Peripheral mononeuropathy
–Post-amputation pain
–DPN
–Non-surgical back pain
–Headache



Emerging Treatment Options in IPM
• Closed loop stimulation (not FDA approved)
• Non-invasive vagal nerve stimulation
• Peripheral nerve stimulation
• Minimally invasive lumbar decompression
• Interspinous decompression
• Sacroiliac joint fusion
• Endoscopic discectomy 
• Basovertebral nerve ablation
• Regenerative medicine



#1 Reason for SCS Failure: Loss of Therapeutic Effect

• 352, explanted, 2011-
2016

• 18 centers
• 43.9% (152/346) for 

lack/loss of efficacy

1. Pope et al. Neuromodulation. 2017;20(6):543-552.  
2. Van Buyten et al. Neuromodulation. 2017;20(7):642-649. 
3. Dupre et al. Pain Pract. 2018;18(4):500-504.

• 595 paddle implants

• 1997-2014

• 165 were explanted

• 73% (121/165) for 
inadequate pain relief

• 2010-2013

• 955 patients implanted

• 180 were explanted

• 52% (94/180) explanted for 
inadequate pain relief



What is an ECAP?
• Evoked Compound Action Potentials (ECAPs) are the sum of the 

electrophysiological response from multiple nerve fibers

• ECAPs provide insight into the type of fibers stimulated and are a measure of 
spinal cord (SC) activation
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Closed-Loop Stimulation

Calculate new 
stimulation 

current

Compare 
with the    
target ECAP

Capture
ECAP and measure

System generates 
a stimulus

Closed-Loop SCS results in millions of stimulation output changes per day
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Evoke Study: Double-Blinded RCT
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KEY STUDY POINTS

• Multicenter, parallel arm, double-blinded
• 1st double blind approval study in SCS

• Blinding has been maintained.
• Blinding out to 36 months

• Overall back and leg pain reduction (vs. just a region such 
as back, or foot)

• Difficult patient population in terms of pain chronicity:
• >11 years of chronic pain

5 remaining 24-month visits

94% Trial 
Success

85% Trial 
Success



89.1%
of Evoke Study closed-loop subjects were 
responders in overall back and leg pain in 

the permanent implant set (PIS) at 12 
months and superior to open-loop



Closed-loop patients sleep 1.3 hours 
more per day

50% more closed-loop patients 
reduced or eliminated opioids 

compared Senza

74% improvement in closed-loop 
disability compared to Senza

24

Beyond the VAS Score: Secondary Outcomes
Comparison to Recent Literature at 12 Months



Patients who were on high doses of opioids at baseline 
reduced their MEUs by half and increased pain relief

68%

77%
118
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Avalon 24-month Study Results, Neurosurgery, 2020



Closed-Loop Stimulation

Courtesy of Saluda Medical



Challenges and Unmet Needs for PPN/PDN Patients

• Current treatment options often provide insufficient pain relief
• Medications for neuropathic pain can have significant side effects
• Chronic opioid therapy (oral, transdermal, and intrathecal)
• Low frequency spinal cord stimulation presents challenges for patients

• Suboptimal pain relief
• Need to adjust stimulation based on posture/movement
• Inability to target feet without uncomfortable stimulation
• Inability to report changes in dysesthesias due to confounding 

presence of paresthesia



Diabetes is a  
National Epidemic
• 30.2 million people with diabetes

= 9.3% of the population
• Another 86 million people  

are pre-diabetic (more than  
1 in 3 people)

• Costs: $245 billion
• Direct medical costs = $176 billion
• Indirect costs = $69 billion

Painful Diabetic Neuropathy is Common
• 20% to 26% of those with diabetes have PDN

7MILLION
Patients With PDN

CDC National Diabetes Statistics Report, 2014; Davies M et al. Diabetes Care 2006; Schmader KE. Clin J Pain 2002

30+
MILLION
Patients With Diabetes

Disease Prevalence and Cost



• Painful diabetic neuropathy (PDN) of the lower limbs in patients refractory to 
conservative treatments

• ≥ 5 of 10 cm on pain VAS, HbA1c < 10%, BMI < 45
• 18 US centers
• Independent Medical Monitors reviewed all subjects
• 216 subjects randomized 1:1 to CMM alone vs. CMM + 10 kHz SCS (Nevro Corp.)
• SCS subjects: At least 50% pain relief during trial stimulation required for implant
• 3-month follow-up assessing 

- Pain
- Quality of life
- Neurological function

• Including diabetic foot exam w/ Semmes-Weinstein 
10g monofilament and 40g pinprick tests

T8

SENZA-DPN Study

Mekhail et al. Trials 2020



10 kHz SCS
+ CMM

Conventional Medical 
Management

(CMM)

Assessed for eligibility 
n=430

1 Month
n=90

3 Month
n=88

(1 pending visit)

Trial
n=104

Implant
n=90

1 Month
n=90

(11 missed visits)

3 Month
n=96

(2 missed visits)

Randomized 
n=216

113103

Did not meet I/E (n=146)
Declined to participate (n=65)
Randomization complete (n=3)

Lost to follow-up (n=1)

Secondary to AE (n=1)

Lost to follow-up (n=2)
Secondary to AE (n=1)

Lost to follow-up (n=6)
Secondary to AE (n=3)

Trial failures (n=6)
IPG declined (n=5)
Lost to follow-up (n=2)
Secondary to AE (n=1)

Secondary to AE (n=1)

Per-protocol (PP) population

Intent-to-treat 
(ITT) population

Subject Disposition



10 kHz SCS + CMM
(n=88)

CMM
(n=96)

p < 0.001
• Primary endpoint is a composite 

of safety & effectiveness at 3 months

‒ compare responders (≥ 50% pain relief) 
without a worsening neurological deficit 
from baseline

• ITT analysis consistent with PP analysis, 
significant difference between groups

Primary Endpoint Analysis: Per-Protocol Population

• Study follow-up will continue for 24 months 
total with evaluation of health economics and 
pain medication usage



Peripheral Nerve Stimulation

• Form of neuromodulation 

• Therapeutic modulation of peripheral 

nervous system via electricity

• Direct PNS

• Peripheral nerve field stim (PNFS)

• Teaching “old dog” new tricks



PNS: Commercially Available Systems



PNS: Described Indications

• Post-herpetic neuralgia
• Post-traumatic or surgical neuralgia
• Migraine headache
• Occipital neuralgia
• Complex regional pain syndrome (CRPS)
• Cluster headache
• Post-herniorrhaphy pain
• Coccydynia
• Fibromyalgia?

Neurotherapeutics. 2008;5:100-106



PNS for Chronic Low Back Pain



CN X: the great wandering protector

Silberstein et al. Headache, 2015



nVNS for Treating Headache

• Migraine HA, 3rd most common disease

• 14.7% prevalence, 2% world affected in the world

• 28 million Americans

• 3:1 female to male ratio

• Cluster HA, 9.8 per 100,000, 1/25 of migraine

• 4:1 male to female ratio

• 2017 FDA approved: episodic cluster HA

• 2018 FDA approved: migraine HA



Vagal Nerve Stimulation
• Non-invasive
• Inhibits cortical spreading depressions

• Suppresses the increase in inflammatory cytokines

• Metered dose device
• FDA approved for cluster and migraine HA

Headache. 2016;56(8):1317-1332.



• July 10, 2020
• FDA approved nVNS for emergency use authorization
• COVID-19 related dyspnea and reduced respiratory flow
• Hypothesis: nVNS may suppress the “cytokine storm”



Lumbar Spinal Stenosis (LSS)
§Degenerative condition, 50% with lower back pain
§First described by Sachs and Frankel, 1900
§Clinically description by Henk Verbiest, 1954
§U.S. Social Security Act: LSS as disabling condition

“pseudoclaudication, established by acceptable 
imaging, manifested by chronic nonradicular 
pain and weakness, and resulting in inability to 
ambulate”

§Over $100 billion/year due to reduced productivity



LSS: Prevalence
§Common degenerative spine disorder that affect QOL
§14 million Americans with symptomatic LSS
§109,000 diagnosed with LSS per year
§6% prevalence from 850 myelograms, by De Villiers and Booysen
§Framingham Study, for age 60-69, prevalence up to 47.2%
§Often lead to surgical intervention
§136 per 100,000 Medicare patients underwent surgery 2002-2007



80K
Patients/Yr3

420K
Patients/Yr4

Interventional
ESI procedures are  
the most common.

1.5M
Patients/Yr5

Conservative
PT, exercise, or
in many cases, 
lack of activity.

Surgery
Fusion, decompression

Millions of Patients Seek LSS Treatment Annually

• Many are treated with opioids, physical 

therapy, serial ESIs or no treatment

• Minimally invasive procedures have 

expanded interventional pain treatment 

options

3Deyo, Richard A., et al. "Trends, major medical complications, and charges associated with surgery for lumbar spinal stenosis in older adults." Jama303.13 (2010): 1259-1265 & MTP Report for Vertos Medical 2013. 
4Laxmaiah, et al. "An updated assessment of utilization of interventional pain management techniques in the Medicare population: 2000–2013." Pain Physician 18.2 (2015): E115-E127 & MTP Report for Vertos Medical 2013.
5Estimate based on total LSS Diagnosis HMS and MTP Report for Vertos

LSS: Existing Treatment Paradigm 



LSS Treatment: Percutaneous Image-Guided 
Decompression (PILD)
§Debulk the dorsal ligamentum flavum
§ Image-guided percutaneous approach
§Key safety factor is the epidurogram
§Ligament greater than 2.5mm
§Outpatient procedure, mild sedation
§24 month data, MiDAS ENCORE Trial
§Re-Approved by Medicare, 2018



LSS Treatment: PILD Procedure

Leave 
healthy 
ventral 

fibers intact

Decompression of inferior and superior lamina



Staats PS, Chafin TB, Golovac S, et al. Long-term safety and efficacy of minimally invasive lumbar decompression procedure for the treatment of lumbar 
spinal stenosis with neurogenic claudication: 2-year results of MiDAS ENCORE. Reg Anesth Pain Med. 2018;43:789-794. 



Staats PS, Chafin TB, Golovac S, et al. Long-term safety and efficacy of minimally invasive lumbar decompression procedure for the treatment of lumbar spinal 
stenosis with neurogenic claudication: 2-year results of MiDAS ENCORE. Reg Anesth Pain Med. 2018;43:789-794. 



Staats PS, Chafin TB, Golovac S, et al. Long-term safety and efficacy of minimally invasive lumbar decompression procedure for the treatment of lumbar spinal 
stenosis with neurogenic claudication: 2-year results of MiDAS ENCORE. Reg Anesth Pain Med. 2018;43:789-794. 



LSS Treatment: 
Interspinous Process Decompression (IPD)
§Various spacers have been introduced
§5-year, level 1 evidence
§FDA approved, Medicare coverage
§Back stop preventing compression of the spinal canal 

and lateral recess during extension



LSS Treatment: IPD 5 Year IDE Study Results



• 85% reduction in the proportion of subjects using opioids at 5 years

• Interspinous process decompression is associated with decrease in 
the need for opioid medications

Nunely. PD et al. J Pain Research, 2018



Sacroiliac Joint Dysfunction: “The forgotten back pain”

1. Sembrano, J., et al., Current Orthopaedic Practice, 2011

2. Cummings, J., and Capobianco, R., Annals of Surgical Innovation and Research, 2013

• LBP most common reported pain complaint in 

adults, 25% Americans

• $200 billion/year in medical expenses, lost wages, 
and productivity

• 16-30% prevalence among LBP

• Post lumbar fusion: 61% prevalence of SI joint pain



SI Joint Treatment Continuum



SI Joint Fusion
§Open
– Invasive
–Lengthy recovery
–Rarely performed

§Minimally Invasive
–Small incision
–Low blood loss
–Short procedure (~ 1 hour)
–No need for bone grafting

53

Minimally invasive surgical SI joint fusion



INSITE 2-year results: VAS SI joint pain
improves more after SI joint fusion than NSM

Polly – Int J Spine Surg 2016 (INSITE 2yr)



INSITE 2-year results: ODI
improves more after SI joint fusion than NSM

55

Polly – Int J Spine Surg 2016 (INSITE 2yr)



INSITE 2-year Results

Polly – Int J Spine Surg 2016 (INSITE 2yr)



Minimally Invasive Posterior SI Joint Fusion



• Opioid epidemic
• Unmet treatment needs
• Health economics

• Chronic pain
• #1 cause of disability
• Aging population

• IPM alternatives
• Innovation
• Technology
• Level I evidence

Summary

Improved Patient Outcomes
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