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Learning Objectives
•Describe the history of peripheral nerve stimulation
•Describe the update on mechanism of action of PNS
•Cite indications and current applications of PNS
• List current literature and landmark studies
• Explain advantages and challenges
•Describe emerging trends and future of PNS



Outline
• Evolution of peripheral nerve stimulation 
•History of PNS
• Indications for PNS
• Possible mechanism of action
• Innovations in PNS technology
•Recent applications of PNS
•Current literature and studies
• Basics of PNS coding a billing
• Future of PNS



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



Evolution of Opioid therapy
•Lack of long-term efficacy for chronic pain
•Risk for tolerance, dependency, and abuse
•Opioid use disorder
•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 2025

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

• Micro-dose intrathecal drug delivery



Peripheral Nerve Stimulation

•Form of neuromodulation 

•Stimulation of peripheral nervous system

•Direct peripheral nerve stimulation (PNS)

•Peripheral Nerve Field Stim (PNFS)



Auricular acupuncture depicted during 
Han dynasty, 200 BC

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

Ancient Peripheral Nerve Stimulation



Contemporary PNS: “Teaching an Old Dog New Tricks”
• Predates dorsal column stimulation

• 1960’s, Wall and Sweet introduced the concept 

of electrical stimulation of a nerve to control pain

• 1967, Sheldon implanted 8 patients for the 

treatment of trigeminal neuralgia (14,000 Hz)

• Traditionally, PNS implanted surgically

• 1999, Weiner, PNS implanted for headache

• Recently FDA approved PNS systems



Role of Peripheral Nerve Stimulation

•Chronic refractory neuropathic pain

• Peripheral nerve involvement/distribution

• SCS is not available

•Responsive to local anesthetic block

• LA block or TENS have not shown predictive value

vNeuropsychological clearance

vSuccessful trial

Slavin K., Neurotherapeutics. 2008;5:100-106



PNS: Mechanism of Action
• Based on the Gate Theory of Pain

•Orthodromic stimulation of sensory A-b fibers

•Modulation of inter-neurons within the dorsal horn

•Modulation of local neurotransmitters

•Modulation of local inflammatory mediators

•Reducing ectopic discharge 

•Reducing Wallerian degeneration 

Deer et al, Bain Sci. 2019
Deer et al, Bioelectronic Medicine, 2020



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: Challenges and Risks
• Limited hardware options (now improved)

• Limited reimbursement (now improved)

• Limited MRI conditional status

• Lead migration/fracture

•Hardware failure

• Infection, hematoma, seroma, skin erosion

• IPG site discomfort (temporary, external IPG options)



PNS: Implantation Options and Innovations

•Dedicated PNS hardware

• Percutaneous

•Ultra minimally invasive

• Indirect (external) power source

•Non-invasive (example nVNS for headache)

• Implantable pulse generator

•Ultrasound and/or Fluoroscopic guidance



PNS: Commercially Available Systems



Landmark Study: PNS for Chronic Neuropathic Pain



•Arm 
• Ulnar (15), Median (8), Radial (2), Axillary (1), 

Suprascapular (1)

• Leg
• Peroneal (8), Saphenous (7), Tibial (4), Femoral 

cutaneous (4), Femoral (3), Sural (1), 
Genitofemoral (1)

• Trunk
• Ilioinguinal (13), Intercostal (12), Suprascapular

(6), Pudendal (3), Iliohypogastric (2), Coccygeal 
(1), Genitofemoral (1) Superior cluneal (1)

\\\

Clinical Trial Peripheral Nerve Targets

Deer et al. Neuromodulation, 2015   



PNS for Chronic Neuropathic Pain
• Prospective, multi-center, randomized, double-

blinded, cross-over study
• 147 enrolled, 94 implanted
• 45 treatment, 49 control
• 3 months: 38% vs. 10% responded
• Statistically significant pain relief during cross 

over, 30% responded
• Treatment group showed improved secondary 

outcomes
•No serious adverse events



PNS: Post-Stroke Shoulder Pain



PNS: Chronic Shoulder Pain



Suprascapular Nerve

Suprascapular 
nerve

Scapula

Infraspinatus

Supraspinatus

Suprascapular 
notch

•Upper trunk of brachial plexus (Motor and sensory)
• Supraspinatus muscle and Infraspinatus muscles
• Acromioclavicular and glenohumeral joints



Axillary (Circumflex) Nerve
Scapula

Quadrangular 
Space

•Upper trunk, post. division, post. cord (Motor and sensory)
•Deltoid, triceps, teres minor muscles
•Glenohumeral joint, upper arm



Intercostal Nerves
Intercostal 

nerve
Intercostal 

artery

Rib

Spine

• Anterior rami of thoracic spinal nerves T1-T11
• Intercostal muscles
•Chest wall and parietal pleura



Ilioinguinal and Iliohypogastric Nerves

Ilioinguinal 
nerve

Ilioinguinal 
ligament

Ilium

Iliohypogastric
nerve

• T12, L1 (lumbar plexus)
•Motor and Sensory
• Post-herniorhaphy pain
• Peripheral nerve block
• Acute and chronic pain
• PNS target



Tibial Nerve

Tibial
nerve

Flexor 
Retinaculum

• Branch of the sciatic nerve
•Motor and Sensory
•Chronic foot and heel pain



PNS for Post-Amputation Pain

Gilmore et al. Reg Anesth and Pain Med, 2019   



Gilmore et al. Reg Anesth and Pain Med, 2019   



Clinical Study: PNS for Post-Amputation Pain

Gilmore et al, Reg Anesth and Pain Med, 2019
Gilmore et al, Reg Anesth and Pain Med, 2020

• 60-day PNS for post-amputation pain
•Multi-center, randomized, placebo-controlled, 

crossover
•N=28 enrolled, 26 implanted
•Weeks 1-4, 58% reported >50% pain reduction vs. 

14% in placebo
•Week 8, 67% reported >50% pain reduction vs. 

14% in placebo
• 12-months, sustained pain relief, now published
•Reduction of depression at 12-months U/S Guided Femoral and Sciatic Nerve PNS



PNS for Chronic Knee Pain



PNS for Chronic Knee Pain
•Severe OA knee pain
•Post TKA pain
•Failed RF ablation
•Saphenous nerve 
•Genicular nerves
• Intrapatellar saphenous
•Alternative to SCS therapy



•Knee pain
•Post surgical pain
• Infrapatellar saphenous nerve
•U/S guided nerve block
•Cryoablation
•PNS therapy



PNS for Chronic Low Back Pain



ReActiv8-A
• International, multi-center, prospective trial, single arm
• Austria, Belgium, UK
• Stimulation of the multifidus via medial branch nerve
• At 90 days, N=52, >2 on NRS
•Responder rate 58%
• Single arm, no control group

Neuromodulation, 2018   



ReActiv8-B
• International, multi-center, prospective, sham-controlled
• Stimulation of the multifidus via medial branch nerve
•USA, Australia, UK
•Randomized 1:1, 14 days after implant
•N=56, at 120 days (responders >30% VAS)
• 56% study group versus 47% control
•Not statistically significant
• At 1 year, 60% patients >50% pain reduction
• FDA approval 2020



60-Day PNS for Chronic Low Back Pain



Introduction

Conclusions

Surgical Implant Technique for a Novel, Battery-Free Micro-
stimulator for Peripheral Nerve Stimulation System 
Eric Lee, MD; Sean Li, MD; Lawrence Poree, MD, PhD; Kasra Amirdelfan, MD; Ajay Antony, MD, PhD;
Casey O’Connell

Methods
Results

St. Charles Spine Institute, Thousand Oaks, CA ;Premier Pain Centers, NJ; University of California, San Francisco, CA; IPM 
Medical Group, Walnut Creek, CA;  University of Florida, Department of Anesthesiology, Gainesville, FL; Nalu Medical

• Surgical introduction of leads targeting peripheral 
neural targets can be challenging

• Often, SCS leads are used for this purpose limiting 
the utility and stability of the leads

• Large SCS IPGs necessitate significant tunneling

• A novel, miniaturized neuromodulation system 
has been developed that offers potential 
advantages for targeting peripheral nerves

Figure 1. Toolset tested in cadaveric studies.  

• Cadaveric studies were undertaken to develop 
implantation techniques for suprascapular, 
Ilioinguinal, and axillary nerves were chosen as 
implantation targets

• Using a newly developed neurostimulator and 
implantation tools, we developed surgical 
approaches for these peripheral nerves

• The miniaturized lead and introducer combination 
performed well in cadaver studies 

• Multiple peripheral nerve targets were easily 
targeted for lead placement

• The micro-IPG assembly is easily placed 
subcutaneously close to the initial incision point 
and neural target

Battery-free 
microstimulators 
(1.5 cc) come in 
four 
configurations 

Therapy Disc provides 
power and system 
control and can be 
worn in multiple 
locations

Place and 
anchor 
leads

Create 
Pocket 
tunnel

Insert IPG, 
tuck strain 
relief, loops 
and close

• Multiple peripheral neural targets were easily 
targeted with the new system

• The battery-free microstimulator IPG allows for 
close placement near the target

• These findings are encouraging for use in 
peripheral nerve stimulation



PNS for Failed Back Surgery Syndrome
• 68-year-old male
• Chronic low back pain
• Prior laminectomy and fusion
• Dx: Failed Back Surgery Syndrome (FBSS)
• Failed traditional spinal cord stimulation
• 80% pain relief with 60-day PNS
• Battery-free micro stimulator implanted







PNS for Treating Chronic Headache

• Migraine HA, 3rd most common disease
• 14.7% prevalence, 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



iVNS: Implanted Vagus Nerve Stimulation



nVNS: Noninvasive Vagus Nerve Stimulation

Courtesy of electroCore, LLC.

Windpipe

Jaw

Vagal Nerve Treatment Site

Far Lateral Muscle Treatment 
Site

Muscle (Sternocleidomastoid)

nVNS Treatment Site



CN X: the great wandering protector

Silberstein et al. Headache 2015
Yuan et al. Headache 2016

• Longest cranial nerve (CN X)

• Innervates structures of head, neck, thorax, and abdomen

• 80% afferent, 20% efferent

• Involved in autonomic, cardiovascular, respiratory, 
gastrointestinal, immune, and endocrine systems

• Primarily regulates involuntary (autonomic) functions: 
• Heart rate
• Blood pressure
• Respiration 
• Digestion and peristalsis



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.



Potential Indications for VNS
• Anxiety – George M, et al. Brain Stimulation.2008(1);112-21.
• Asthma – Hoffman/Emala Staats
• Alzheimer’s disease – Sjogren, et al. J Clin Psychiatry, 63:11 Nov. 2002
• Fibromyalgia – Lange, et al. Pain Medicine.2011;12:1406-13.
• Stroke – Mravec, Auton Neurosci.2010 Dec 8;158(1-2):8-12.
• Acute, Rehabilitation

• Obesity – Pardo, et al. Int J Obesity (Lond). 2007 Nov;31(11):1756-59.
• Diabetes Hypertension
• Irritable bowel syndrome
• Rheumatoid arthritis
• Liver disease ( NAFLD NASH) 



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



Potential Targets for PNS and PNFS
Disease/Pain State Nerve Target

Occipital neuralgia post-gang C2 fibers, occipital

Headache and facial pain supra/infra orbital, temporo-auricular, trigeminal divisions, vagus

Upper extremity axillary, suprascapular, median, ulnar, radial

Axial spine dorsal cutaneous (C/T/L), medial branch

Chest intercostal

Sacral/pelvic cluneal, lateral branch, pudendal

Groin ilioinguinal, ilihypogastric, genitofemoral

Lower extremity lateral femoral cutaneous, common peroneal, genicular, femoral, sciatic, saphenous, 
infrapatellar saphenous, tibial 



PNS: Coding and Billing

•PNS lead: 64555
•PNS IPG: 64590
•Programming: 95971/95972
•Fluorography: 77002/77003
•Ultrasound: 76942



Summary
§25.3 million (11%) adults in U.S. experience daily chronic pain
§~$600 billion/year health expenditure
§Opioid epidemic
§Aging population
§ Improved PNS technology
§Cost effective compared to SCS
§Low risk, minimally invasive
§Level 1 evidence
§Favorable reimbursement

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
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