
Recent Guideline type papers for PNS: 

Natalie Strand, Ryan S D'Souza, Jonathan M Hagedorn, Scott Pritzlaff, Dawood Sayed, Nomen 

Azeem, Alaa Abd-Elsayed, Alexander Escobar, Mark A Huntoon, Christopher M Lam, Timothy R Deer. 

Evidence-Based Clinical Guidelines from the American Society of Pain and Neuroscience for the Use of 

Implantable Peripheral Nerve Stimulation in the Treatment of Chronic Pain. J Pain Res. 2022 Aug 

23:15:2483-2504. 

-recent guidelines and recommendation grades for PNS for various indications, organized by 

anatomic area, endorsed by ASPN
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 Jijun Xu, Zhuo Sun, Jiang Wu, Maunak Rana, Joshua Garza, Alyssa C Zhu, Krishnan V Chakravarthy, Alaa 

Abd-Elsayed, Ellen Rosenquist, Hersimren Basi, Paul Christo, Jianguo Cheng. Peripheral Nerve 

Stimulation in Pain Management: A Systematic Review. Pain Physician. 2021 Mar;24(2):E131-E152. 

-narrative review of evidence supporting peripheral nerve stimulation for various indications 

Marc A Huntoon, Konstantin V Slavin, Jonathan M Hagedorn, Nathan D Crosby, Joseph W Boggs. A 
Retrospective Review of Real-world Outcomes Following 60-day Peripheral Nerve Stimulation for the 
Treatment of Chronic Pain. Pain Physician. 2023 May;26(3):273-281. 

-large review of real-world outcomes using 60 day SPRINT PNS 

 

  
-N = 6190, implanted between 2019-2022. 71% overall responder rate, similar across nerve targets in the 

upper and lower extremities, back/trunk, posterior head/neck (outcomes at end of therapy) 

-Limitation: Use of manufacturer’s database, retrospective 

-For patients whose pain returns soon after 60 day stimulation, this may validate need for permanent 

system 

-While neurostimulation has been historically considered largely for pain of neuropathic origin, PNS has 

demonstrated both peripheral and central mechanisms of pain relief and has been shown to reduce 

features of central sensitization regardless of the presence of a neuropathic source. Possible expansion 

of PNS indication – does not need to be neuropathic pain 

-Lead fracture rate during therapy or removal: 8.1%  
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Important paper prior to development of Reactiv8 (medial branch multifidus stimulation) 

Per Kjaer, Tom Bendix, Joan Solgaard Sorensen, Lars Korsholm, and Charlotte Leboeuf-Yde. Are MRI-

defined fat infiltrations in the multifidus muscles associated with low back pain? BMC Med. 2007; 5: 2. 

 

 

-long term (2 year outcomes) for multifidus stimulation trial 

Christopher Gilligan MD, Willem Volschenk MD, Marc Russo MD, Matthew Green MD, Christopher Gilmo

re MD, Vivek Mehta MD, Kristiaan Deckers MD, Kris De Smedt MD, Usman Latif MD, 

MBA, Peter Georgius MD, Jonathan Gentile MD, Bruce Mitchell MD, Meredith Langhorst MD, Frank Huyg
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en MD,PhD, Ganesan Baranidharan MD, Vikas Patel MD, Eugene Mironer MD, Edgar Ross MD, Alexios Car

ayannopoulos DO, MPH, Salim Hayek MD, PhD, Sam Eldabe MD. Long-Term Outcomes of Restorative 

Neurostimulation in Patients With Refractory Chronic Low Back Pain Secondary to Multifidus 

Dysfunction: Two-Year Results of the ReActiv8-B Pivotal Trial. Neuromodulation: Technology at the 

Neural Interface. Volume 26, Issue 1, January 2023, Pages 87-97. 

 

-Key efficacy outcomes improved progressively over time 

-At 2 years, mean LBP VAS improved by 4.8, with 72% of participants with at least 50% reduction in VAS, 
with 67% of participants with resolution of CLBP (<2.5 VAS), ODI decreased by 21.4 (started at 39 or 
marginally severe) 

-60% of those on opioids at baseline and completed 2 year follow-up either discontinued or reduced 
opioid usage 

-High rate of continued device use into 2nd year (translates to high level of efficacy) 

-No direct comparison with other comprehensive care 

 

Systematic Review of peripheral nerve stimulation mechanism of action: variety of nerve targets, modes 

of stimulation, human and animal studies 
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Natalie H Strand, Ryan D'Souza, Christopher Wie, Stephen Covington, Moustafa Maita, John 

Freeman, Jillian Maloney. Mechanism of Action of Peripheral Nerve Stimulation. Curr Pain Headache 

Rep. 2021 May 11;25(7):47.  
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Summary of peripheral and central mechanisms (brain and spinal cord) 

Periphery 

-Reduce ectopic discharges 

-Reduction of nerve firing frequency induced by nociceptive input 

-Shift resting potential of damaged nerves toward hyperpolarization 

-High frequency stimulation affects conduction recovery times, causing continuous 

conduction blockade in peripheral nerves 

-Low frequency stimulation may ameliorate inflammation locally, accelerate regeneration 

and improve electrophysiologic function 

-Increased acetylcholine and anti-inflammatory cytokines (IL-10), decrease myeloperoxidase 

and pro-inflammatory cytokines (IL-2, IL-17a, TNF-⍺) 

Spinal Cord 

-NMDA-mediated enhanced plasticity 

-Modulation of central circuits causing anti-hyperalgesic effects, endogenous pain inhibition 

-Upregulation of Arc protein, decrease of GluA1 transcription in dorsal horn 

-Wide dynamic range neuron activation 

-GABAergic and glycinergic mechanisms of inhibition 

Brain 

-activation of dorsal lateral prefrontal cortex, anterior cingulate cortex and parahippocampal 

area, leading to descending inhibition of pain 

-Cortical activation in the sensorimotor cortex and dorsolateral prefrontal cortex 

-Activation of locus ceruleus-noradrenaline pathways 

 

Not PNS, but worthwhile to be aware of this paper on review of pharmacotherapy for neuropathic pain 

Finnerup et al. Pharmacotherapy for neuropathic pain in adults: a systematic review and meta-analysis. 
Lancet Neurology. 2015 Feb;14(2):162-73. 



 

 

 

-50% pain improvement in pain as primary measure 

-best NNT is between 3-4 (TCA’s, opioids) 

-NNT for other first line neuropathic medications: 6-7 for gabapentinoids, SNRIs 

 

 



Worthwhile to be aware of this algorithm of treatment of neuropathic pain (for PCPs) – neuromodulation 

is 4th line according to these guidelines 

Bates et al. A comprehensive Algorithm for Management of Neuropathic Pain. Pain Med. 2019 Jun; 

20(Suppl 1): S2–S12. 

-The algorithm provides a comprehensive treatment pathway from assessment to first- line through 

sixth-line therapies for primary care physicians.  

-Neuropathic pain assessment: thorough neurologic exam, Diagnostic testing: 

electroneuromyography (EMG) and nerve stimulation study (NCS), quantitative sensory testing 

(QST), referral to a pain physician for diagnostic nerve blocks to narrow down pain source, magnetic 

resonance imaging (MRI) to identify central lesions, skin biopsy for small fiber neuropathy 

-No single sign or physical finding is diagnostic of neuropathic pain. Nearly 50% of patients with 

musculoskeletal pain use words that are commonly associated with neuropathic pain (e.g., 

“shooting”, burning”, and “tingling”) to describe their pain 



 

 

Worthwhile to be aware of this paper in Anesthesiology – use of SPRINT temporary PNS for perioperative 

pain 

Brian M Ilfeld, Anthony Plunkett, Alice M Vijjeswarapu, Robert Hackworth, Sandeep Dhanjal, Alparslan 
Turan, Steven P Cohen, James C Eisenach, Scott Griffith, Steven Hanling, Daniel I Sessler, Edward J 
Mascha, Dongsheng Yang, Joseph W Boggs, Amorn Wongsarnpigoon, Harold Gelfand; PAINfRE 
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Investigators. Percutaneous Peripheral Nerve Stimulation (Neuromodulation) for Postoperative Pain: A 
Randomized, Sham-controlled Pilot Study. Anesthesiology. 2021 Jul 1;135(1):95-110. 
 

-Pilot study, N = 32. Percutaneous lead placed under ultrasound guidance pre-operatively at sciatic 

nerve for foot/ankle surgery, femoral nerve for ACL repair, brachial plexus for rotator cuff repair. 14 

days of nerve stimulation vs sham post-operatively 

-Primary outcomes were cumulative oral opioid consumption (morphine equivalent) and mean value 

of average NRS 0-10 pain scores, during first 7 post-op days 

-Median opioid consumption 5 mg in those receiving active stimulation vs 48mg in those 

receiving sham stimulation during the first 7 days 

-Mean pain intensity was 1.1 +/- 1.1 in those receiving active stimulation vs 3.1 +/- 1.7 in those 

receiving sham stimulation during the first 7 days 

Advantages: 

-avoiding systemic side effects of opioid use (nausea, sedation, respiratory depression),  

-avoiding proprioceptive/sensory/motor deficits that may occur with continuous perineural 

catheter, improving ability to participate in rehabilitation  

Disadvantages: 

-increased preoperative insertion time 

-lack of surgical anesthesia that is attained with local anesthetic nerve block 
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Historical Studies: 

Both of these studies were the initial descriptions of peripheral nerve stimulation, in 1967 

C H Shelden, R H Pudenz, J Doyle. Electrical control of facial pain. Am J Surg. 1967 Aug;114(2):209-12. 

-3 patients treated with implanted peripheral nerve stimulators for trigeminal neuralgia 

-electrodes (1¼ by 3/8 inches) were surgically implanted in the substance of the mandibular 

division of the trigeminal nerve, attached to the bony margins of a temporal craniotomy, distal to 

the trigeminal ganglion, proximal to the foramen ovale 
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-“We had no idea how often the nerve should be actively depolarized; hence a daily schedule of 

activation was carried out…each time the power source was applied, numbness developed in the 

mandibular division lasting several minutes after the power was discontinued” 

9“It seems apparent that the initial goal was achieved but, as time passes, we become less 

certain as to the specific factors responsible for pain relief…It seems that this work is likely to 

have far reaching impact upon medicine in the future” 

 

 P D Wall, W H Sweet. Temporary abolition of pain in man. Science. 1967 Jan 6;155(3758):108-9. 

-8 patients treated for various neuropathic pain conditions (peripheral nerve injury, diabetic 

neuropathy, cancer related pain, trigeminal neuralgia), included temporary and permanent 

stimulators 

-“therapeutic implications are at present equivocal because two of the patients, who were 

stimulated many times per day, reported a decreased effect on their pain after several months” 

 

Nielson KD, Watts C, Clark WK. Peripheral nerve injury from implantation of chronic stimulating 

electrodes for pain control. Surg Neurol. 1976 Jan;5(1):51-3. 

--early recognition of various drawbacks of PNS 

-“Complications of implantable stimulating electrodes for pain control are becoming recognized. 

Potential issues are suboptimal outcomes, poor long-term success, complications of nerve injury, 

fibrosis, lead migration.” 

 

Long DM. Uses of percutaneous electrical stimulation of the nervous system. Med Prog Technol. 1977 

Jul 15;5(1):47-50 

-First mention of a trial period : “Temporary percutaneous electrical stimulation of peripheral 

nerves and the spinal cord is a valuable screening technique. This approach will provide a much 

higher success rate for identifying those patients suitable for a permanently implanted 

stimulation system.” 
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-“The system appears to be the treatment of choice for chronic, intractable pain caused by nerve 

injury.”  

Many modern day concepts describes in this paper (central mechanism of action, intra-procedure 
testing, pre-PNS nerve block, pre-PNS psychological evaluation) 

J L Goldner, B S Nashold Jr, P C Hendrix. Peripheral nerve electrical stimulation. Clin Orthop Relat 
Res 1982 Mar:(163):33-41. 

-40 patients were treated with a follow up period 2-10 years, representing a random sampling of 
several hundred patients with upper or lower extremity pain associated with peripheral nerve 
injury. Nerve lesion mechanisms included direct nerve trauma, chemical injection, amputation 
neuroma, phantom pain, nerve ischemia.  

-The earlier electrode implants consisted of a cuff wrapped around the nerve. This sometimes 
caused constriction and fibrosis of the nerve. The authors used multiple single electrodes 
sutured to the peripheral nerve epineurium 

-Early description of intra-procedure testing: “The patient must cooperate in preparing a motor 
and sensory nerve map. Accurate electrode placement depends on the patient’s response as to 
whether pain is alleviated or aggravated by stimulation”  

-early description of central mechanisms: “In contradistinction to the antidromic inhibitory 
theory is a more plausible mechanism concerned with the periventricular gray areas known to 
inhibit pain. Cells in the (dorsal horn) have large receptive fields that can receive input from 
widespread areas of the body and can project to all levels of the spinal cord and brain.”  

-early mention of psychological evaluation “Prior to peripheral nerve microimplant, history of 
onset and aggravation of pain, mechanism of injury, as well as social, personal, occupational and 
emotional history should be assessed. Clinical, psychological, and psychiatric assessment of the 
patient should be made. The prognosis is affected by a pattern of hysteria, hypochondriasis, or 
depression.” 

-“Nerve block assessment determines if the patient has relief of pain while afferent stimuli are 
eliminated. This test is helpful in determining prognosis of microelectrode placement on a 
nerve.” 

-“It is our impression that if the patient meets the requirements described, a reasonable amount 
of pain relief will be obtained by use of the peripheral nerve implant system. Meticulous 
techniques in applying the implant system, and a mechanical system that accepts stress are 
essential.” 

◦  
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R L Weiner, K L Reed. Peripheral neurostimulation for control of intractable occipital neuralgia. 
Neuromodulation 1999 Jul;2(3):217-21. 

-one of the earlier descriptions of percutaneous technique using wire electrodes, most similar to 

today 
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Excellent description of the difficulties of doing an RCT for PNS 
 
R J Mobbs, S Nair, P Blum. Peripheral nerve stimulation for the treatment of chronic pain. 2007 

Mar;14(3):216-21; discussion 222-3. 

  -Retrospective review: 38 total patients with mean symptoms duration 58 months. Implanted 

median, ulnar, brachial plexus, radial, suprascapular, common peroneal, sural, posterior tibial 

nerves.  

-Largest study at time of publication for implantable peripheral nerve stimulator for chronic pain; 

7 studies up to this point had more than 20 patients 

-15% required explant for infection or poor pain relief after initial good result 

  -“The authors accept that the results are retrospective and not based on a randomized control 

trial (RCT). Although an RCT of peripheral nerve stimulation would be optimal to evaluate its 

effectiveness as compared with best medical therapy, this would be impracticable.” 

◦ not feasible as these patients are referred because they have already failed the ‘‘best 

medical therapy’’ option 

◦ a study that included a ‘‘sham’’ operation as a control group would be unethical 

◦ any trial that attempted to ‘‘blind’’ the patient and/or the surgeon would not be 

possible, stimulation without the sensation of paresthesia would alert both patient and 

operator of the assigned study group 
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