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Abstract: Peripheral nerve stimulation (PNS) has evolved with various applications and durations of therapy. In recent years,
extensive data has been developed on a 60-day treatment using a novel approach. Confusion exists on the use of a trial therapy,
a permanent implant, and a 60-day duration treatment. The American Society of Pain and Neuroscience (ASPN) seeks to clarify the
literature associated with this neuromodulation approach. A diverse group of experts was nominated to provide opinions and guidance
based on evidence-graded assessment and clinical knowledge. This guidance is the first to specifically assess the clinical use of 60-day
PNS and best medical practice.
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Objective

The ASPN 60-day PNS guideline was developed to provide clinicians with the most comprehensive review of PNS
evidence, efficacy, and safety. This document will assist clinicians in patient selection and appropriate application of PN'S
for multiple pathologies throughout various anatomic sites.
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History of PNS

Therapeutic electrical stimulation was proposed by Wall and Melzack in 1965 with the introduction of the gate control

theory of pain perception.' This led to the development of neuromodulation, the dosing of electric current by implanted
electrode leads to treat pain and neurologic dysfunction. One of the earliest reports on neuromodulation was published in
1967 and involved PNS, which is defined as applying electrical stimulation directly to a named nerve. In this study, Wall
and Sweet applied this theory, experimentally developed in cats and tested on their own infraorbital nerves. They
reported an eight-patient case series involving neuropathic pain from a variety of etiologies. They found that two-minute
electrical stimulation produced pleasant paresthesia and decreased pain, but yielded only temporary benefit.? Despite this
early application, however, the growth of PNS was limited for several decades due to impracticalities of early PNS
because of the requirement for surgical dissection to the affected nerve and associated complications, including direct
nerve trauma, fibrosis of surrounding tissues, lead migration, and frequent need for hardware revisions.>**

In 1967, Shealy and Mortimer described their analgesic results with dorsal column spinal cord stimulation (SCS)
using a modified electrical stimulator initially designed to stimulate the carotid sinus to treat hypertension and angina.’
Due to its success, the device was made commercially available the following year, and dorsal column stimulation
became the most popular modality of electrical neuromodulation for several decades. Developing reports of improvement
in symptoms of torticollis,® spasticity in multiple sclerosis,” increased blood flow® and thereby decreasing painful
peripheral vascular disease’ and angina'® further pushed research focus away from PNS in favor of SCS. Over that
time, significant advances were made in SCS system technology, but PNS remained static with little innovation.

In 1999, however, Weiner and Reed brought attention back to PNS with a case series of 13 patients suffering from
occipital neuralgia. Each patient underwent a diagnostic peripheral nerve block, a five to seven-day temporary lead trial,
followed by percutaneous lead and subcutaneous implantable pulse generator (IPG) implantation. At follow-ups between
one and six years, 66% of patients described >75% pain relief, and 33% described 50% relief."' In more recent years,
there has been an explosion of interest in stimulating the C- and A-delta fibers in the periphery, especially as imaging
modalities (eg, ultrasound) have improved targeting of nerves and the technology has supported less invasive means of
treatment to improve PNS treatment efficacy, durability, and safety.

History of Trial, 60-Day Temporary, and Permanent Implant

With renewed interest in PNS, new techniques developed with advancing technology to address previous shortcomings.
Ultrasound-guided PNS was described by Huntoon et al,'* ' a technique that allows for a percutaneous and minimally
invasive approach to lead placement to obviate the need for a surgical cut-down. Lead advancement has also improved
significantly in recent years. Historically, PNS was offered through cylindrical leads that were designed for SCS. In the
PNS application, they were large and had a high migration rate (9-25%), prohibiting implantation across joints and with
increased risk of infection (3.6-17.9%)."” Patients often went to a temporary trial with percutaneous lead placement and
connection to an external generator as is customary for SCS. More recently, a new proprietary lead design [SPRINT®
PNS System, SPR® Therapeutics, Cleveland, Ohio, USA] was developed using a helically coiled monopolar lead (versus
solid and cylindrical). This coiled design encourages fibrotic ingrowth around the lead, significantly decreasing migration
and infection rates (up to 25-fold reduction).'®"'® United States Food and Drug Administration (FDA)-cleared for up to
60 days of use, this system allows for extended periods of stimulation, which can act as a definitive course of treatment
and possibly decrease the need for permanent systems.

The exact mechanism by which electrical stimulation of peripheral nerves provides analgesia has not fully been
elucidated. Still, there has been considerable progress in our understanding since the initial gate control theory. Chronic
inflammation of peripheral nerves leads to hyperexcitability and an increased rate of depolarization, a phenomenon
known as peripheral sensitization. These nerves repeatedly fire an abnormal afferent signal to the wide dynamic range
neurons in the dorsal column of the spinal cord. The overstimulation of wide dynamic range neurons leads to multiple
changes in the spinal cord and brain, leading to central sensitization of pain. At the spinal cord, activation of glial cells
increases inflammation and hyperexcitability of nociceptive pathways. In addition, glycinergic and gamma-aminobutyric
acid (GABA)-ergic inhibitory neuronal activity decreases, thereby increasing abnormal afferent nociceptive signaling to
the brain. A similar process then affects the supraspinal nociceptive circuits, ultimately resulting in neuroplastic changes
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in the somatosensory cortex. It is theorized that even short-term, 60-day modulation of this process, beginning at the
peripheral nerve, should allow lasting reversal of maladaptive neurologic changes.'’
Emerging literature has shown the efficacy and safety of percutaneous electrical stimulation involving chronic back

20-23 3031 32734 and neuropathic pain of various etiologies® *° in

pain, shoulder pain,** >’ knee pain, post-amputation pain,
small case studies and series. Several randomized controlled trials have shown durable therapeutic benefits even after
lead removal. This combination of better mechanistic understanding, low infection rate, and prolonged post-removal
analgesic efficacy discourages the traditional practice of trialing before implantation of 60-day PNS devices.***'

Methods

The ASPN identified an educational need for a comprehensive clinical guideline to provide evidence-based recommen-
dations. A multidisciplinary group of experts from the fields of physiatry, anesthesiology, and neurosurgery developed
this guideline based on current publications. Literature in English was searched using Medline, EMBASE, Cochrane
CENTRAL, BioMed Central, Web of Science, Google Scholar, PubMed, Current Contents Connect, meeting abstracts,
and Scopus to identify and compile the evidence for 60-day applications of PNS. The identified peer-reviewed literature
was critiqued using the United States Preventive Services Task Force (USPSTF) criteria (see Tables 1 and 2), and
consensus points were drafted. Recommendations were then developed via consensus for specific applications of this
treatment approach. These methods are in alignment with those of other ASPN guidelines.**

Data Overview

Many neurostimulation systems for pain relief, such as those applied to the spinal dorsal columns, typically involve
a brief (eg, 3—14-day) trial to assess presumed effectiveness before permanent system implantation. Patients who report
>50% pain relief and functional improvement usually proceed to permanent implantation.*>*® Recent reviews of dorsal
column SCS systems have found that lack or loss of efficacy was the primary cause of up to 38—67% of system explants,
with patients undergoing explant in the first three years incurring significantly higher healthcare costs.*>*’>* Real-world
trial to permanent conversion rates have been reported to be 41-65%.%%> These low trial conversion rates and high rates
of explant suggest that improved patient identification strategies are needed to better distinguish likely responders and

non-responders to neurostimulation before deciding to implant a permanent system.*®

Table 1 Quality of Evidence Ranking Using the United States Preventative Services Task Force Criteria Modified for Therapy

Grade Definition Suggestion for Practice

A ASPN recommends the service. There is high certainty that the | Offer or provide this service.

net benefit is substantial.

B ASPN recommends the service. There is high certainty that the | Offer or provide this service.
net benefit is moderate or there is moderate certainty that the

net benefit is moderate to substantial.

C ASPN recommends selectively offering or providing this service | Offer or provide this service for selected patients depending on
to individual patients based on professional judgment and patient | individual circumstances.
preferences. There is at least moderate certainty that the net

benefit is small.

D ASPN recommends against the service. There is moderate or Discourage the use of this service.
high certainty that the service has no net benefit or that the

harms outweigh the benefits.

| Statement | ASPN concludes that the current evidence is insufficient to Read the clinical considerations section of USPSTF
assess the balance of benefits and harms of the service. Evidence | Recommendation Statement. If the service is offered, patients
is lacking, of poor quality, or conflicting, and the balance of should understand the uncertainty about the balance of benefits

benefits and harms cannot be determined. and harms.

Abbreviations: ASPN, American Society of Pain and Neuroscience; USPSTF, United States Preventive Services Task Force.
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Table 2 Levels of Certainty Regarding Net Benefit

Level of Description
Certainty
High The available evidence includes consistent results from well-designed, well-conducted studies in representative primary care

populations. These studies assess the effects of the service on health outcomes. This conclusion is therefore unlikely to be
strongly affected by the results of future studies.

Evidence Level: I-A - At least one controlled and randomized clinical trial, properly designed

Moderate The available evidence is sufficient to determine the effects of the service on health outcomes, but confidence in the estimate is
constrained by such factors as:

The number, size, or quality of individual studies.

Inconsistency of findings across individual studies.

Limited generalizability of findings to routine primary care practice.

Lack of coherence in the chain of evidence.

As more information becomes available, the magnitude or direction of the observed effect could change, and this change may
be large enough to alter the conclusion.

Evidence Level I-B- Well-designed, controlled, non-randomized clinical trials (prospective observational studies conforming
to STROBE criteria) or

Evidence Level I-C — Retrospective cohort or large case studies (>20 subjects)

Low The available evidence is insufficient to assess effects on health outcomes. Evidence is insufficient because of:
® The limited number or size of studies.

® |mportant flaws in study design or methods.

® Inconsistency of findings across individual studies.

® Gaps in the chain of evidence.

® Findings not generalizable to routine primary care practice.

® lack of information on important health outcome

Evidence Level II- Expert opinion based of risk: benefit or based upon case reports

Abbreviation: STROBE, Strengthening the reporting of observational studies in epidemiology.

The duration of conventional neurostimulation trials, as a mode of identification of presumed responders and non-
responders to neurostimulation, has historically been limited to seven to 10 days due to the risk of infection associated with

1756758 Theoretically, a longer trial may lead to an

conventional cylindrical percutaneous leads exiting the skin interface.
improved patient assessment of the therapy. A recent review found that fine-wire, coiled leads have an estimated 60-day
infection rate of 0.1% and a 25-fold lower infection risk than conventional cylindrical leads.*® This is similar to the infection
rate in published clinical trials using temporary percutaneous leads (one superficial infection at a lead exit site across 601
implanted leads, 0.17%).**° The most commonly reported adverse event has been adhesive-related skin irritation.>®

In one study comparing responder rates (meaning the proportion of patients achieving >50% pain relief), it was found
that the split between those who responded to therapy within the first 14 days of treatment and those who responded after
the initial 14-day period were equivalent at 30% and 31%, respectively, when averaged across various indications for
treatment (see Figure 1).*’ These data could mean that approximately half of the patients who may benefit from
permanent PNS system implantation would not be identified during the classic 7—10 trial period and be identified
inappropriately as non-responders. Data also indicated that a smaller proportion of patients, ~7%, were identified as non-
responders with more than 14 days of treatment when they had seen success with fewer than 14 days of stimulation.*?
This indicates that this group would be similarly inappropriately identified with a traditional trial; however, they would
have been categorized as responders when their response was not durable. This could lead to a patient who may benefit
from permanent PNS implantation not getting offered that option and those who are unlikely to benefit from permanent
implantation undergoing unnecessary surgery with the associated risks and costs.

The following sections detail the evidence regarding the use of 60-day PNS treatment. Based on a review of this data,
the ASPN working group developed summary consensus guidelines (see Table 3).
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Rationale for 60-Day PNS in the Management of Chronic Back Pain

Chronic low back pain (LBP) is defined as persistent pain in the lower back lasting longer than three months. It is a major
global health issue, leading to significant disability and reduced quality of life (QOL). Chronic LBP affects a substantial
portion of the population, contributing to high healthcare costs and lost productivity.°” The complex interplay of physical,
psychological, and social factors complicates its management. Addressing chronic LBP effectively is essential for
improving patient outcomes and alleviating the burden on healthcare systems.®!

Table 3 Summary of Consensus Opinions Regarding Use of 60-Day PNS

Etiology of Pain ASPN Guidelines Grade Certainty Evidence Level
Panel Statement

Chronic LBP Moderate Grade C Moderate Level I-C
Chronic LBP: After facet RFA Moderate Grade B Moderate Level I-C
Chronic LBP: Centralized contributions Strong Grade A Moderate Level I-C
Chronic neck pain Weak Grade C Moderate Level Il
Chronic shoulder pain vs shoulder surgery Weak Grade C Low Level Il
Foot and ankle pain: Post-operative refractory Moderate Grade C High Level I-A
Knee pain: Inoperable Weak Grade C Low Level Il
Knee pain: Post-operative refractory Strong Grade B High Level I-A
Neuropathic pain Moderate Grade C Moderate Level I-B
Occipital neuralgia Moderate Grade B Low Level Il
Phantom and residual limb pain Strong Grade A High Level I-A
Post-amputation pain Strong Grade B High Level I-C
Shoulder pain: Inoperable Moderate Grade C Moderate Level I-C
Shoulder pain: Post-operative refractory Moderate Grade B Low Level Il

Abbreviations: ASPN, American Society of Pain and Neuroscience; PNS, Peripheral nerve stimulation; LBP, low back pain; RFA, radiofrequency ablation.
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Chronic LBP can arise from various etiological factors, with different interventional pain management treatment
options depending on the etiology. These include myofascial pain, discogenic pain, facet-mediated pain, chronic vertebral
endplate inflammation, disc herniation, and spinal stenosis without radiculopathy, as well as sacroiliac joint pain. Other
less common causes are osteoporotic fractures, metastatic or primary neoplasms, infections, rheumatologic conditions
such as ankylosing spondylitis, and vascular or intraabdominal conditions with referred LBP.®> One of the most common
etiologies for chronic LBP is degenerative disease of the lumbar spine, specifically lumbar facet joint disease.

Chronic LBP due to lumbar facet joint disease has been treated with radiofrequency ablation (RFA) rhizotomies of the
medial branches of the dorsal rami. Lumbar RFA for facetogenic LBP is generally successful, however, there is
variability in outcomes, and it remains a “de facto” neuro-destructive procedure.®***

Recently, interventional techniques for chronic LBP treatment have involved electrical modulation of the lumbar
medial branch nerves.’>® Evidence suggests that PNS of the lumbar medial branch nerves may be effective in
improving pain and function in patients with chronic axial LBP, and both short and long-term follow-ups demonstrate
good safety profiles.*2"*¢"%® The proposed mechanism of action is primarily the modulation of the afferent pain signal
and the disruption of central sensitization of pain. Secondarily, stimulation of efferent nerve signals to activate low
back muscles, especially the multifidus muscle, has been implicated in the restorative action of the therapy.'® The
rationale behind a 60-day trial of PNS for managing chronic lower back pain is complex and involves several factors:

e Anatomical Landmarks: The anatomical landmarks for the placement of the PNS 60-day electrode are readily
identified with fluoroscopy or ultrasound guidance (medial and inferior to the facet joint).

e Preservation of Anatomy: The therapy does not involve a neuro-destructive procedure and preserves the anatomical
integrity of the corresponding medial branches.

e Extended Evaluation Period: The 60-day duration allows for a comprehensive assessment of pain relief and
functionality, offering a better understanding of the treatment’s long-term potential than traditional shorter trials.**

e Reduced Risk of Placebo Effects: A longer trial period reduces the likelihood of placebo effects that are more
pronounced in shorter studies, providing more reliable data on the effectiveness of the treatment.

e Sustained Improvement: Evidence suggests that even up to five months following treatment and removal of the
temporary 60-day trial system, 93% of patients reported sustained and clinically meaningful improvements.?*~°

e Minimized Surgical Risks: The 60-day trial system does not involve permanent implants, thus reducing or even
eliminating complications associated with surgical procedures, such as infection, hardware failure, and the need for
additional surgeries.

e Minimized Anesthesia Risks: Because the 60-day trial system does not involve surgical procedures, anesthesia is
not required, which reduces associated risks.

e Establish an Alternative to Opioid Treatment: The use of 60-day PNS presents a viable non-pharmacological option
for treating chronic back pain and offers several advantages over traditional opioid pain management strategies,
particularly in avoiding the harmful long-term effects associated with opioid use.®

e Less Invasive Hardware: The smaller, less invasive introducer and electrode reduce tissue trauma, minimize post-
procedural pain, and enhance overall patient comfort and satisfaction.

e Flexible Treatment Pathway: If effective, the temporary trial can lead to consideration for a permanent spinal
implant if clinically appropriate, offering patients a potential continuum of care based on their responses and
individual clinical needs.*’

e Prevention of Chronic Back Pain: A 60-day trial of PNS may serve as a preventive measure and can be employed
preemptively as a prophylactic approach to reduce the risk of developing chronic back pain after surgery.>*”°

e Objective Measurement of Outcomes: The structured data collection over 60 days allows for more robust statistical
analysis and comparison with prior treatment modalities, aiding clinicians in making informed decisions.**
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Rationale for 60-Day PNS Versus Shoulder Surgery

When conservative treatments fail, total shoulder arthroplasty (TSA) or reverse TSA is often the next step in the shoulder
osteoarthritis treatment algorithm. Both techniques have been shown to improve pain, range of motion, and QOL in
patients with glenohumeral osteoarthritis.”"">

Reverse TSA can also be performed in patients with severe rotator cuff injury. While both approaches are safe and
cost-effective compared to non-surgical treatment, arthroscopic rotator cuff repair is more cost-effective and has better
clinical outcomes than reverse TSA for massive rotator cuff tears.”>’* However, treatment of massive rotator cuff tears is
complex and challenging, and data regarding outcomes is mixed.”” A 2020 meta-analysis by Narvani et al showed
statistically significant improvement in pain, range of motion, and QOL in patients with degenerative tears.”® However,
a Cochrane review by Karjalainen et al concluded that surgical rotator cuff repair may provide little or no clinically
important benefits with respect to pain, function, overall QOL or participant-rated global assessment of treatment success
when compared with non-operative treatment. '’ Additionally, Longo et al found no statistically significant difference in
pain or function after two years.”®

Delaying surgical treatment in patients with a rotator cuff tear can lead to a decreased healing rate and higher failure
rates. Specifically, there was less likelihood of healing following arthroscopic rotator cuff repair in patients with multiple
tendon tears, tears greater than 2.2 centimeters, and muscle retraction greater than 2.0 centimeters.”” These prognostic
factors may be increased by delaying surgery since rotator cuff tears can enlarge over time, in addition to the muscle
retraction, muscle atrophy, and fatty infiltration that occurs with time from injury.*® Delaying surgery for periods as short
as three months post-injury has been shown to increase failure rates following rotator cuff repair, while other publications
have suggested these shorter periods do not impact outcomes, but over 12 months will lead to higher retear rates.' 3

Fortunately, there is no high-quality evidence that delayed surgical treatment of advanced glenohumeral arthritis leads
to worse outcomes. Intuition suggests that delayed TSA may place the patient at higher risk for the need for a reverse
TSA due to rotator cuff degeneration with age and time, but this has not been proven. Regardless, patients over the age of
70 do well with either TSA or reverse TSA.”’

PNS for shoulder pain secondary to musculoskeletal etiologies is considered safe, although the efficacy data is still
emerging. In 2020, Mansfield et al published their case series of eight patients who underwent axillary nerve PNS for
shoulder pain. Seven out of those eight patients reported more than 50% pain reduction, and 100% of them decreased
their opioid utilization and recommended the treatment to other patients in the long run.®*

Chitneni et al reported their experience with suprascapular nerve stimulation for chronic shoulder pain secondary to
rotator cuff pathology using a 60-day temporarily implanted device and concluded that this therapy is safe, minimally
invasive, and completely reversible.®’

When considering PNS for certain shoulder pathologies, the patient should be given a thorough explanation of the
plan of care and potential consequences.

Rationale for 60-Day PNS for Neuropathic Pain

Neuropathic pain presents a wide range of prevalence mainly due to lack of consistency in its definition, but it is
estimated to comprise ~3-18% of the population.®® Pharmacologic treatments for neuropathic pain have been suboptimal,
thereby emphasizing the need for evidence-based non-pharmacological treatment for neuropathic pain.®’

Multiple studies are using PNS for neuropathic pain and non-neuropathic pain. Multiple studies have examined the
use of permanent PNS for chronic neuropathic pain.'****® However, a novel therapy uses a 60-day implant that can
provide long-term therapy. Studies using the 60-day PNS system report variable efficacy rates beyond 60 days. For
example, in a case series by Pagan-Rosado, the short-term treatment achieved significant pain relief during the 60-day
implant phase but was not sustained in the three-patient case series.® However, other studies employing the 60-day PNS
therapy have been promising. For example, in a three-patient case series of complex regional pain syndrome patients, all
patients received long-lasting pain relief lasting at least 10 months, and only one patient elected to have a permanent PNS
placed.”® Additional prospective studies demonstrated efficacy at variable endpoints. Rauck et al implanted post-
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amputation patients for two weeks and followed up at four weeks. The majority of the patients in the study had
significant pain relief and decreased analgesic use.*

In a randomized, prospective, double-blind study, Gilmore et al used 60-day PNS therapy in patients with chronic
neuropathic post-amputation pain. The comparison of pain improvement at eight weeks was 58% in the PNS group to
14% in the placebo group. At 12 months, 67% of patients had >50% pain relief in the PNS group, whereas no patients in
the placebo group had >50% pain relief.>* Certainly, the focus of PNS is on chronic neuropathic pain. However, a recent
feasibility study examined the use of PNS in acute pain settings for amputation pain. Albright-Trainer et al performed
a prospective randomized controlled single-arm study comparing PNS five days after lower extremity amputation versus
standard medical treatment.”’ PNS was superior in all metrics vs standard medical treatment. Notably, in addition to the
reduction in the pain scores, 20% of patients were taking opioids at three months, whereas 50% of the patients in the
standard medical therapy (SMT) group were still taking medications. While more research is undoubtedly needed, the
current prospective data for PNS in neuropathic pain is promising.

60-Day PNS in the Treatment of Specific Pathologic States
60-day PNS treatment is appropriate after failure of prior treatments for the indications below, given that the expected
benefits are more likely than not to be more beneficial than any other available standard treatments.

Inoperable Shoulder Pain (or Patient Resistant to Surgery)

Standard operative shoulder conditions include rotator cuff tears and glenohumeral arthritis. The recommended non-
operative treatments for these conditions from the American Academy of Orthopaedic Surgeons (AAOS) Evidence-
Based Practice Guidelines include physical therapy and corticosteroid injections with local anesthetic based on moderate
and strong evidence in rotator cuff tears and consensus only in glenohumeral arthritis.”"-*> Physical therapy has been
shown to improve pain and range of motion, but long-term studies are limited.”*** Additionally, multiple meta-analyses
show no significant, sustained pain improvement nor change in disease progression with non-steroidal anti-inflammatory
drugs (NSAIDs).”> %7 As expected, the next recommended treatment from the AAOS is surgery. However, some patients
may not be appropriate surgical candidates due to medical comorbidities, or they may wish to postpone surgery. Early
evidence has shown that PNS is effective for treating shoulder pain. It can provide bridge therapy until patients get
definitive surgery and/or in those cases where surgery would be contraindicated.

The evidence for PNS and rotator cuff tear pain is limited. In 2022, Chitneni et al reported two cases of suprascapular
and axillary nerve 60-day PNS for treating rotator cuff tear pain. Both patients had been experiencing pain for more than
one year. At three months post-PNS treatment, the patients were reporting 90% and 80% pain relief with a reduction in
opioid usage, respectively.®> Similarly, Wilson et al described using PNS for patients with refractory pain from
subacromial impingement of the rotator cuff. Adults with chronic shoulder pain for over six months and a diagnosis
of subacromial impingement were recruited for the study. Ten patients were treated with three weeks of axillary nerve
PNS and were followed for 12 weeks after PNS discontinuation. The ten subjects had an average overall reduction in
pain of 36.6% at three weeks and 48.8% at 16 weeks compared to baseline. The subjects also showed improvements in
disability and shoulder abduction range of motion.>” While this is not specifically 60-day PNS, the authors used the same
60-day PNS device, and the results suggest that PNS is a viable treatment for rotator cuff pathologies.

The only reported evidence for 60-day PNS and shoulder osteoarthritis is a case report. Mansfield and Desai reported
on a 91-year-old male with primary shoulder osteoarthritis. He underwent a 60-day PNS of the axillary nerve and
reported 70% pain reduction during the 60 days. Within several weeks of the PNS lead pull, the patient had returned to
his baseline pain. He underwent implantation of a permanent PNS device and was reporting greater than 70% pain
reduction at eight months.® The same authors published a retrospective case series reporting their experience with
axillary PNS for chronic shoulder pain. The subjects were a mixed population of shoulder pain pathologies, including
rotator cuff pathology, glenohumeral joint arthritis, acromioclavicular joint arthritis, adhesive capsulitis, and biceps
tendinopathy. In total, eight subjects were involved in the case series. All patients underwent a permanent PNS
implantation. The authors did not report the outcomes for the specific pathologies. The average time of follow-up was
445 days post-implant. The eight subjects had an average pain reduction of 66.7%. Seven out of eight subjects had
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greater than 50% pain reduction. Five out of eight subjects were using opioid medications for pain management at the
time of PNS implantation, and all of them had a decrease in their opioid usage.98

Most recently, a pragmatic study included over 700 patients using 60-day PNS for various types of shoulder etiology.
This study demonstrated durable results beyond the 60-day period.”® It underscored the importance of temporary
implants for patients, especially in those patients who are unable to tolerate anesthesia for permanent implantation of
PNS systems or in patients who do not want a permanent PNS system.

In conclusion, the literature surrounding the use of 60-day PNS for treating inoperable shoulder pain is limited.
Because 60-day PNS is a temporary solution for shoulder pain, an important use would be to help patients tolerate
physical therapy better to help improve outcomes. It may also be an option for patients who do not want a permanent
implant. At this time, we can only recommend this therapy after the failure of other conservative measures, such as
physical therapy and corticosteroid injections. However, in those instances when these better-studied treatments fail, and
the patient is not being recommended for surgery or does not desire surgery, 60-day PNS may be a viable treatment
option. Future Level I data may show that 60-day PNS helps improve outcomes and delay the need for surgery in many
patients with shoulder pathologies.

Inoperable Knee Pain (or Patient Resistant to Surgery)

Knee osteoarthritis is the most common cause of knee pain and affects more than 27 million Americans and 250 million
people worldwide. The major risk factors for the development of knee osteoarthritis include obesity, female sex, and
advanced age.'*"'%? Due to the destructive nature of the disease process, total knee arthroplasty (TKA) is the only
definitive treatment. For patients unable or unwilling to proceed with surgery, a variety of less invasive options are
available.

The AAOS and the American College of Rheumatologists strongly recommend weight loss and exercise for initial
management. Oral and topical NSAIDs are endorsed as first-line medical therapies by both organizations. Evidence of
efficacy for acetaminophen, duloxetine, and opioids appears to be inconclusive, and recommendations involve indivi-
dualized patient situations. Consensus guidance regarding intra-articular administration of corticosteroids, viscosupple-
mental (hyaluronic acid) materials, and regenerative medicine injectates (such as platelet-rich plasma [PRP]) is
indeterminate due to variable, limited and contradictory literature.'®

Non-surgical interventional management of chronic knee pain has primarily relied on blocks and RFA of the genicular
nerves. There is sparse literature involving PNS for inoperable chronic knee pain. The largest case series involving 19
patients found improved pain scores sustained at two months following the explant of 60-day PNS.'*® In a similar case
series of 17 patients, 14 non-surgical candidates showed 50% or greater pain reduction after explantation at 60 days, with
durable results at six months.'® A case series of three patients found an increase in functional capacity and a decrease in
analgesic use after temporary PNS stimulator placement; the third patient required explantation shortly after lead
placement due to intolerable muscle cramping.'® Finally, a case study involving PNS lead placement along the
saphenous nerve in the adductor canal in a medically refractory patient showed significant improvement in pain scores

and function.'®®

Post-Operative Knee Pain
Despite improvements in total joint replacement surgery, 10-34% of patients experience persistent pain after knee
arthroplasty.'” PNS is an additional therapy option that targets the corresponding nerves distal to the dorsal root
ganglion. Recent advancements in PNS technology and favorable reimbursement policies have made it possible to use
dedicated stimulation equipment for peripheral nerves. When patients continue to experience knee pain after total joint
replacement surgery, PNS has been shown to provide long-term pain relief as an alternative to medications and
injections. Interestingly, due to their distinct mechanisms of action, the lack of pain relief with diagnostic nerve block
is not a contraindication for PNS therapy.

Several nerve targets have been described to treat chronic knee pain, including the femoral and sciatic nerves and
their distal branches, such as saphenous and genicular. Introducing the temporary 60-day PNS option has challenged our
traditional paradigm of performing a trial followed by permanent implantation.
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A temporary 60-day PNS was first introduced to treat post-stroke shoulder pain.>> The potential indications for
temporary PNS have since expanded to include post-surgical knee pain. Ilfeld et al demonstrated in a feasibility study
that a novel percutaneous PNS device placed before TKA provided peri-operative pain relief until removal at six
weeks.*"

Goree et al later conducted a multi-center randomized, placebo-controlled trial evaluating the use of 60-day PNS in
treating persistent post-operative knee pain.'”® In this study, subjects with chronic refractory knee pain after TKA were
randomized 1:1 to undergo 60-day PNS (29/56) versus a placebo (sham) stimulation (27/56) targeting the femoral and
sciatic nerves. Subjects and evaluators were unblinded one month after the removal of PNS leads. Control-arm patients
were allowed to cross over and receive active PNS therapy (10/20). This study showed significant pain relief and
improvement in walking with 60-day PNS therapy at the primary endpoint (weeks five to eight). At three months, 70%
(14/20) of the active PNS group reported holistic response compared to the 30% (6/20) in the placebo arm. This ongoing
study is designed to follow subjects for up to 12 months, with early data suggesting long-term sustained pain relief.

The COMFORT trial is an ongoing multi-center, randomized-controlled study designed to evaluate using a micro-IPG
PNS for treating post-surgical pain.'® The patients with refractory post-surgical pain were randomized 2:1 with
conventional medical management as the control arm. The study included 16/77 participants in the modified intention-
to-treat population for knee pain. The saphenous nerve within the adductor canal was the surgical target for patients with
post-surgical knee pain. The active arm had a reported 88% responder rate at six months. Secondary endpoints of the
study included improvements in disability and QOL. This study includes other chronic post-surgical pain indications and
is scheduled to follow up with the subjects for three years.

Friih et al described using an externally powered, electromagnetically coupled PNS device targeting the infrapatellar
saphenous nerve to treat refractory post-surgical knee pain.''” This was a retrospective review of 33 patients from
Germany. Of these, 25 were implanted with the PNS device (six were explanted for lack of efficacy and two for wound
infection). At six months post-implantation, n=25 subjects reported significant improvement in pain, QOL, and sleep,
with a reduction in opioid intake. The remaining nine patients reported sustained benefit at 12 months. In this study,
patients were implanted without a trial, with a high failure rate of 18.2%.

As the need for joint replacement surgery continues to increase with an aging population, PNS has emerged as
a valuable therapy modality in the treatment of chronic knee pain following surgery. Early clinical trials have illustrated
the potential benefits of PNS targeting various peripheral nerves with positive clinical outcomes.

Post-Operative Foot or Ankle Pain

Background and Rationale

Foot and ankle surgery remains among the most common surgical areas in orthopedics and podiatry. Foot and ankle
disorders are common reasons for orthopedic surgical intervention and common causes of persistent post-operative
pain.'"'" These surgical procedures can include hallux valgus repairs (bunionectomy), arthroscopies, foot and ankle
fracture repairs, Achilles tendon repairs, ankle arthrodesis, and total ankle replacements.

The nerves that innervate the foot and ankle are predominantly branches of the sciatic nerve (distal branches include
common peroneal, deep peroneal, superficial peroneal, sural, and tibial nerves) and, to a lesser degree, the femoral nerve
(saphenous nerve). These terminal peripheral nerves are small and course superficially as they run toward the foot and
ankle. They are vulnerable to trauma, stretch, and compression injuries.''?

Historically, the sciatic and femoral/saphenous nerves have been blocked using regional anesthesia in patients
undergoing foot and ankle surgery. With PNS, these same nerves can be targeted to provide focal, robust relief while
preserving motor function and allowing for participation in rehabilitation therapies, including physical therapy, move-
ment, and desensitization.

Anatomic Considerations

When considering PNS for lower extremity nerves, it is crucial to avoid lead placement across large joints, such as the
hip or knee, to minimize the risk of lead migration. The ergonomics and wearability of the IPG should also be assessed,
with particular attention to avoiding locations like the posterior thigh or pelvic area, which may interfere with sitting and
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physical activities."'” In cases of lower extremity amputation surgery, consideration for future prosthetic placement
should be part of the PNS lead placement planning. Ideally, the lead should be proximal to the amputation site to avoid
mechanical compression or stresses from dressings and/or prosthetic devices.

Evidence for PNS in Foot and Ankle Post-Operative Pain
Orthopedic procedures have been reported to have the highest incidence of pain compared to other types of operations.'!"!
The benefits of intensive and early post-operative therapy cannot be overstated since the intensity of acute post-operative

pain correlates with the risk of developing a persistent chronic pain state.'"?

Recently, clinical research has demonstrated PNS’s effectiveness in managing chronic pain*''*'!’

and acute post-
operative pain.*'"7%!"¥123 This novel post-operative pain management method after foot and ankle surgery holds great
promise since it can reduce opioid requirements, avoid pharmacological dependence, and improve surgical outcomes and
overall patient satisfaction.'?*'%

In a recent multicenter, randomized controlled trial with 60-day PNS therapy, patients undergoing ambulatory lower
extremity surgery, including hallux valgus correction and ankle arthrodesis or arthroscopy, were implanted with a PNS
lead on the sciatic nerve. They were randomized to active or sham stimulation for 14 days postoperatively. Active sciatic
nerve stimulation resulted in substantially lower opioid use, average and maximum pain scores, and less pain-related
interference compared to sham treatment during the post-operative period.”

A secondary analysis was further supported using percutaneous, temporary PNS in the lower extremity. Patients who
received sciatic nerve stimulation after surgery experienced significant pain relief and needed fewer opioids compared to
those given a sham treatment. Throughout the first week post-op, the group with active sciatic stimulation reported lower
pain scores and reduced opioid consumption. They also had dramatically less physical and emotional interference due to

pain during the treatment phase as well as the day following lead explantation.'*

Approaches for Foot and Ankle Surgery
Temporary PNS for foot and ankle surgery is a novel approach, and optimal lead placement remains uncertain, influenced
by patient anatomy and operator experience.''® Leads can be inserted anywhere along the sciatic nerve and its primary
branches. Studies typically described an insertion point between the sciatic bifurcation and the subgluteal region. Distal
branches of the sciatic, including the common peroneal and posterior tibial nerves, can be targeted at the popliteal fossa
or more distally. For medial ankle pain, PNS of the saphenous nerve with the common peroneal or posterior tibial nerve
can enhance analgesic coverage for the foot and ankle.®%'2%!?7

The posterior tibial nerve provides sensory and motor innervation to the foot and ankle and can be the sole target for
PNS in surgical procedures. The posterior tibial artery serves as a significant anatomical and sonographic landmark,
typically located dorsal to the medial malleolus, with the nerve lying just posterior to the artery and nearer to the Achilles
tendon.

Ultrasound guidance, with or without fluoroscopy, is essential for accurate lead placement and to promote safety
during the procedure. When selecting the PNS nerve target, it is important to consider the proximity of adjacent vascular
and anatomical structures and ease of access. This includes deciding between accessing the sciatic nerve in the subgluteal

region versus the popliteal fossa and below, considering the potential for electrode migration and dislodgement.%%-''%12¢

Post-Operative Shoulder Pain

Total shoulder arthroplasties in the United States are growing at an unprecedented rate. From 2011 to 2017, there has
been a rise of greater than 103% in shoulder arthroplasties in the United States, with even higher growth in reverse total
shoulder rates.'*® Part of this growth stems from improvements in surgical technique, implant design, and expansion of
surgical candidacy, including a younger patient demographic.'?*"'*® Unfortunately, pain after shoulder surgery is
commonplace, with an estimated rate of greater than 10%.'*° The etiology of pain after shoulder surgery remains
multifactorial and can stem from infection, prosthetic failure, metal hypersensitivity, or medical conditions predisposing

to pain.mo’131
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Table 4 Literature Associated with PNS Treatment of Post-Operative Shoulder Pain

Study Author Study Type Study | Conclusions Study
Size Analysis
Pierson et al'*? Case report | Maintained improvement in shoulder pain following axillary nerve lead Level 11l
placement

Valimahomed et al’’ Retrospective | 768 Sustained improvement at end of treatment by responders Level Il
Study

Iifeld et al'*® Prospective 16 Ultrasound guided PNS of brachial plexus although feasible for ambulatory Level Il
Study shoulder surgery but analgesia may not be as effective as local anesthetic block.

Abbreviation: PNS, peripheral nerve stimulation.

Overall, the evidence for treatment of post-surgical pain with a 60-day PNS system is low (see Table 4). In a case
report by Pierson et al, a 64-year-old patient with chronic right shoulder pain underwent arthroscopic subacromial
decompression with rotator cuff repair, distal clavicle excision, and biceps tenodesis with profound initial improvement
followed by subsequent return of pain.'** She then underwent a reverse total shoulder replacement without significant
pain relief. At 11 months post-surgery, the patient underwent placement of an axillary 60-day PNS system. Following
removal of the system at 60 days, she continued to experience sustained pain relief and improved function (reduced
shoulder pain and disability index) for more than one year and did not require any further treatment.

Valimahomed et al performed a retrospective, pragmatic analysis of patients implanted with one or two leads targeting
the axillary and/or suprascapular nerve in a larger study.”” Of the 768 patients, 206 had chronic post-surgical shoulder
pain, the second-largest subgroup). Most of the data and analysis were combined for all shoulder pain etiologies
(osteoarthritis, post-stroke, etc). However, percentage responder rates for the post-operative chronic pain subgroup
were independently calculated and compared to the other subgroups in key domains such as improved pain, QOL,
physical function, and sleep. They concluded the procedure to be safe with reported adverse events of about 5.9%, with
the most common events being skin irritation, suspected infection, painful stimulation, or change in sensation/location
stimulation, concluding the risk of the 60-day PNS system for treatment of shoulder pain to be low.”

In 2018, Ilfeld et al published their proof-of-concept study demonstrating that percutaneous PNS of the brachial
plexus was feasible for ambulatory shoulder surgery, especially in rotator cuff repairs, but immediate postoperative pain
relief was not as potent as local anesthetic. They did show a decrease in opioid utilization in the postoperative period.''®

Chronic Back Pain After Return of Pain Following RFA

The return of LBP after lumbar RFA is a significant concern in clinical practice, particularly for patients with chronic
LBP due to lumbar facet syndrome. RFA, a minimally invasive procedure, alleviates pain by disrupting the neural signals
(commonly carried by lumbar medial branch nerves) responsible for pain transmission. While thermal ablation of the
medial branch nerves may relieve pain, these nerves regenerate into the joint and surrounding musculature, leading to
painful symptoms returning within a year.'*?

PNS of the medial branch nerve is an attractive treatment option for managing chronic axial back pain in patients
whose symptoms persist after RFA. A prospective multicenter study focused on PNS targeting the medial branch nerves
found significant improvements in patients suffering from chronic axial back pain following RFA treatment after six
months. The study reported that 67% of participants experienced a clinically significant reduction in average pain
intensity after just two months of PNS treatment.*

Furthermore, improvements in functional outcomes were notable, with 87% of patients showing enhanced disability
measures and 80% experiencing reduced pain interference. Remarkably, 93% of participants reported clinically mean-
ingful improvements across one or more outcome measures five months after the initiation of PNS, suggesting that PNS
can provide substantial relief even when previous interventions like RFA have failed.*

The resurgence of lumbar chronic LBP after RFA therapy may result from ongoing degeneration in the lumbar spine,
degenerative disc disease or spinal instability, and incomplete thermal ablation of the neural targets due to anatomic
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variability in neural anatomy.'**'*¢ Additionally, about 70% of patients with chronic back pain show signs of muscle
atrophy (especially after RFA of the medial branch nerves), which weakens spine stability and makes them more
vulnerable to recurring pain.'?’

PNS has also shown potential for long-term relief. One case series found that patients could sustain pain reduction for
up to a year after a short-term PNS implant.?® There is further validation by a multicenter study that consistently reports
positive outcomes in pain reduction and QOL improvements. The primary endpoints of a multicenter study on 60-day
PNS for chronic axial back pain indicated significant efficacy in managing this condition.?' Such broad validation across
multiple centers underscores PNS as a reliable treatment option for chronic LBP, particularly in individuals experiencing
pain recurrence after RFA. Regarding cost-effectiveness, PNS can be more economical than repeated invasive
procedures. '

The growing body of evidence suggests that PNS is an effective therapy for chronic LBP, especially in patients whose
pain recurs following RFA. PNS’s documented efficacy, long-term relief, alignment with patient preferences, and cost-
effectiveness make it an attractive option for managing chronic back pain. The combined insights from various studies

create a compelling case for integrating PNS into treatment plans for chronic LBP patients.

Chronic Back Pain with Suspected Centralization of Pain

Management of chronic axial LBP starts with staying active and exercise.'* Data from a recent systematic review
supports that the first line of non-pharmacological treatment for chronic LBP is physical therapy.'*® When patients have
failed or exhausted physical therapy as a treatment option, the next step is pharmacological intervention with NSAIDs.
Topical analgesics can also be trialed; however, this also can reach a plateau in efficacy over time.'** In addition to the
aforementioned conservative measures, acetaminophen, skeletal muscle relaxants, acupuncture, superficial heat, inter-
disciplinary rehabilitation, spinal manipulation, brief individualized educational interventions, massage, and yoga have
all been found to have a moderate net benefit.'*” Opioids and benzodiazepines should be limited to rare situations where
other modalities have been exhausted, and the risks associated with these medications are measured and monitored.

Interventional pain physicians offer procedures to ameliorate conditions once conservative care has failed. First
introduced by Shealy, a neurosurgeon, in 1975, RFA of targeted nerves was found to help offer pain relief for several
patients with chronic LBP."*' RFA is a procedure that includes an electrical current that runs through an insulated needle
leaving an exposed “active tip” thermal activity. At the active tip, the electric field causes molecular movement, which
results in thermal energy. Thermal energy creates a small lesion of denaturizing protein, which ultimately disrupts the
transmission of nociception. The nerves in the low back targeted in patients with axial LBP are the medial branch nerves
that innervate the facet joints, accounting for approximately one-third of axial LBP.

Increasing evidence suggests that axial LBP can be treated with regenerative medicine. A recent narrative review
evaluated the roles and applications of mesenchymal stem cells, growth factors, PRP, and prolotherapy in patients with
chronic LBP. Despite their promising therapeutic applications, clinical evidence in this area is still limited, and further
clinical trials are required to evaluate the efficacy and safety of these methods compared with current standard
treatments.'**

PNS of the medial branch nerves has demonstrated positive outcomes. A recent prospective clinical trial showed that
percutaneous PNS offers an effective clinical alternative for treating chronic axial back pain in patients beyond six
months from a lumbar medial branch RFA. This study showed that percutancous PNS provides a nondestructive,
nonsurgical, non-opioid, motor-sparing treatment for axial back pain that can provide durable relief. Percutaneous
PNS may also be considered for patients with axial back pain who have failed medial branch blocks, wherein RFA is
not indicated, and the subsequent treatment option is often unclear. Percutaneous PNS has the potential to shift the pain
management paradigm by providing an effective neuromodulation treatment earlier on the care continuum than has
previously been considered.?’

PNS is well established as a potential treatment for centralized LBP. Deer et al proposed a theory of peripherally
induced reconditioning of the central nervous system to explain sustained reductions in pain that persist beyond the PNS
treatment period.'” The authors propose that selective large-diameter afferent fiber activation may reverse some of the
processes that result in chronic pain.
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A review by Gilmore et al in 2020 noted that both 60-day PNS and permanent PNS showed promising results.®®
Cohen et al, in 2019, found that six out of nine patients with LBP responded to PNS, with an average pain relief of
80%.'** Overall, 83% of patients were able to reduce analgesic medication consumption by at least 50%. This study was
consistent with case reports and small series published or presented at society meetings around that time.

In 2020, Gilmore et al published a prospective, multicenter study with 74 subjects, of which 67% reported substantial,
clinically significant reductions in average pain intensity (=50%) at the end of treatment compared to baseline with
medial branch PNS for axial LBP.>* Twelve months later, 57% of patients had >50% reduction in pain intensity and an
average 32-point reduction in Oswestry Disability Index scores. Gilmore et al published in 2023 that 91% of patients
with axial LBP undergoing 60-day PNS had clinically meaningful improvement in at least one outcome (pain intensity,
disability, pain interference) with PNS, and this improvement persisted in 91% of subjects after two months and 77% at
14 months.>’

Chronic Occipital Neuralgia

Headache disorders are considered one of the most common causes of pain and disability worldwide.'** One common
headache subset, occipital neuralgia, is defined by the International Headache Society as unilateral or bilateral parox-
ysmal, shooting, or stabbing pain in the posterior scalp over the distribution of occipital nerves, often accompanied by
local tenderness.'* Patients will frequently describe this pain as occurring in a “ram horn” distribution across the scalp.
The exact pathophysiology underlying occipital neuralgia is unknown; however, it has been postulated to be due to direct
occipital nerve irritation by muscular and neurogenic causes.'*®'*” Common treatment options for occipital neuralgia
include physical therapy, medication (gabapentinoids, SNRIs, NSAIDs), nerve blocks, RFA, and surgical
decompression.'**"'*® None of these interventions are without risk, with one study showing RFA at the level of the
C2-3 and the third occipital nerve, having a 19% chance of post-ablation neuritis.'*’ In this study, symptom length varied
greatly, with an average of 2.6 months. Unlike neurostimulation, nerve ablation results in loss of function, leading to
numbness over the scalp and neck until the nerve regenerates.

PNS specifically targeting the occipital nerves has been reported for several decades.'*® Many studies have focused
on the stimulation of the occipital nerves for the treatment of a multitude of headache types, including occipital
neuralgia, migraine headache, cluster headache, short-lasting unilateral neuralgiform headache attacks, hemicrania
continua, and cervicogenic headaches.'**'*° High-level evidence exists for treating chronic, intractable migraine
headaches with occipital nerve stimulation. Many studies have focused on unilateral or bilateral leads implanted
with an IPG."*° Although there is evidence for the efficacy of occipital nerve stimulation, hardware-related adverse
events using off-label percutaneous SCS leads are high, with 40.7-45% requiring surgery to address hardware
complications in two studies.'>' Evidence for using a 60-day temporary PNS system to treat occipital neuralgia is
comparatively sparse.

A case report by Moman et al published in 2022 discussed a singular case of a patient for which a unilateral 60-day
PNS system provided 12 months of relief following removal of the lead, demonstrating the possibility of long-term
benefit following device removal.'*’

In one of the largest studies, Pingree et al performed a cross-sectional study on real-world patients at least three
months after PNS system removal. Patients were sorted into subsets of pain, with approximately 86 patients sorted into
ulnar, median, radial, brachial plexus, ilioinguinal, intercostal, pudendal, occipital, and lateral femoral cutaneous groups.
The primary goal of this study was to assess long-term patient outcomes after 60-day PNS treatment. Overall, at the time
of the survey, 50% of patients reported a substantial (50% or greater) sustained benefit or improvement in QOL.*!
Additionally, 35% of patients were reported to decrease or stop opioid use after 60-day PNS stimulation.*' Likewise,
32% of patients on anticonvulsants such as gabapentin and pregabalin reported a dosage reduction or cessation.*' See
Table 5.

Chronic Neck Pain
Chronic neck pain is a prevalent condition that significantly impacts QOL and functional ability. Conventional
treatments, such as physical therapy, medications, facet injections, and medial branch RFA, may provide relief for
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Table 5 Literature Associated with PNS Treatment for Occipital Neuralgia

Study Author Study Type Study Conclusion Study
Size Analysis
Pingree et al 2022*' Cross- 252 Cross-sectional real word survey conducted in 60-day PNS. Level Il

sectional Study

2I47

Moman et al 202 Case Report | Case report of a patient with unilateral occipital neuralgia who obtained sustained 12- | Level Il

month relief post-PNS removal.

Abbreviation: PNS, peripheral nerve stimulation.

some patients but are not always completely effective. In recent years, PNS has emerged as a promising option for
managing chronic pain, including neck pain.

A notable case series explored the use of subcutaneous PNS for axial neck and LBP. The study reported positive
outcomes in pain relief and functional improvement among ten patients who underwent a trial of subcutaneous PNS, with
six opting for permanent implantation. The average patient-reported pain relief at the last follow-up was 45%. Half of the
implanted patients preferred stimulation settings that included inter-lead stimulation, suggesting enhanced efficacy
through targeting multiple pain pathways. This research highlights the potential of subcutaneous PNS for chronic neck
pain, demonstrating its ability to provide meaningful pain relief and improve function in patients suffering from this
condition.'*

Further supporting the use of PNS, a prospective multicenter study focused on 60-day percutaneous medial branch
PNS for chronic axial back pain. The results indicated significant pain reduction and QOL improvements for participants.
While the study specifically addressed back pain, the similar underlying pain pathways involved in neck and back pain
suggest that these techniques could be effectively adapted for managing chronic neck pain.”'

Long-term efficacy is another critical consideration when evaluating PNS as a treatment option. A case series reported
that patients receiving PNS for chronic LBP experienced sustained relief for up to one year following a short-term
implant. Given the similarities in chronic axial neck and back pain, it is reasonable to infer that PNS could provide
similar long-term benefits for those suffering from chronic neck pain.*?

Additionally, a retrospective case series examined the clinical outcomes of PNS across various pain conditions,
including neck pain. The results indicated improvements in pain scores and functionality among patients treated with
PNS, supporting its use as a viable option for chronic neck pain management.'>* A related retrospective review further
corroborated these findings, demonstrating significant pain reduction and improved patient-reported outcomes following
60-day PNS for chronic pain, including neck pain.*?

The collective evidence from these studies underscores several key points regarding PNS for chronic neck pain. First,
PNS has shown efficacy for chronic pain conditions, including neck pain, with numerous studies indicating positive
outcomes. Second, the long-term relief observed in similar pain conditions implies that patients with chronic neck pain
may also benefit from sustained pain relief through PNS. Third, the real-world effectiveness demonstrated in various case
series highlights the practical applicability of PNS in clinical settings, reinforcing its role as a reliable treatment option.
Moreover, the techniques used in PNS for back pain, such as medial branch stimulation and inter-lead stimulation, can be
adapted for addressing neck pain. These similarities provide a rationale for utilizing PNS to target the overlapping pain
pathways involved in both conditions.

Neuropathic Pain within the Distribution of Up to Two Nerves
Neuropathic pain is defined as pain caused by a lesion or disease of the somatosensory nervous system. It is a “clinical
description (and not a diagnosis) which requires a demonstrable lesion or a disease that satisfies established neurological
diagnostic criteria”.'>® Notably, recognized painful neuropathic conditions include post-herpetic neuralgia (PHN), painful
diabetic neuropathy (PDN), and post-amputation pain.

PHN develops after the reactivation of the herpes zoster virus from its latent state. The virus is kept in a latent
state in the dorsal root ganglion by the body’s cell-mediated immunity.'>* Commonly affected regions include
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Figure 2 Pain Response to PNS in Post-Amputation Pain. Reprinted from Gilmore CA, lifeld BM, Rosenow |M et al. Percutaneous 60-day peripheral nerve stimulation
implant provides sustained relief of chronic pain following amputation: 12-month follow-up of a randomized, double-blind, placebo-controlled trial. Regional Anesthesia & Pain
Medicine. 2020;45(1):44-51. Creative Commons.>*

ophthalmic (32%), thoracic (16.5%), and facial (16%) distributions.'>> Two primary pathophysiologic mechanisms of
PHN pain include sensitization and deafferentation. Both gabapentin'>® and pulsed radiofrequency of the dorsal root
ganglion'>” have demonstrated benefit in patients with PHN. When these are ineffective, PNS may be considered.
Likewise, PDN affects millions of patients in the United States, and medications have shown mixed benefits.

Amitriptyline, gabapentin, duloxetine, and pregabalin have all shown some benefit in studies,'>*

158

as has topical
capsaicin.

When neuropathic pain persists despite pharmacologic interventions, psychological support, and physical and other
interventional therapies, neuromodulation may be considered. SCS and PNS are valuable options for patients with
persistent neuropathic pain. These therapies reduce pain perception and improve functional outcomes by modulating the
electrical signals within nerve pathways. SCS has been particularly effective in treating complex regional pain syndrome

and post-surgical pain, while PNS offers targeted relief for specific nerve injuries.'>*!>

Post-Amputation Pain

Gilmore et al conducted a multi-center, randomized, double-blind, placebo-controlled trial with 28 traumatic lower
extremity amputation patients with residual or phantom limb pain.>* Patients were randomized to eight weeks of PNS or
four weeks of placebo followed by four weeks of PNS. Leads targeting the femoral and sciatic nerves were placed under
ultrasound guidance. Greater than 50% pain relief was achieved in 67% of patients in the PNS group compared to 0% in
the other group at the end of the placebo period (see Figure 2). Pain interference was reduced by greater than 50% in 56%
of patients in the PNS group, while reduction in depression was also reduced in a statistically significant manner.

A more recent single-center, prospective, randomized, controlled pilot study was conducted with patients receiving
either PNS and SMT or SMT alone in the acute and subacute period immediately after amputation surgery.”’' A total of 16
patients were allocated 1:1 and followed for three months. The PNS group had much higher rates of responders with
>50% pain relief, with phantom limb pain patients at 76% vs 29% in the SMT group and residual limb pain patients at
86% vs 52% in the SMT group. Additionally, fewer patients with PNS were using opioids compared to the SMT group at
each time point in the study. Thirty-day readmission rates were 0% in the PNS group and 25% in the SMT group. A study
by Rauck et al investigated the efficacy of PNS in 14 patients with moderate-to-severe post-amputation pain.>* There was
a 30% greater reduction in residual limb pain and a 34% greater reduction in phantom limb pain compared to placebo.

A retrospective study of 126 patients with either temporary or permanent PNS found that both groups had statistically
significant pain reduction at all time points and that there was no significant difference in outcomes between 60-day PNS

and permanently implanted PNS.'¢°

Conclusion
PNS platforms represent significant opportunities to address a wide variety of pain conditions throughout the body. 60-
day PNS therapy affords multiple unique advantages. The efficacy of this treatment approach has been demonstrated,

3132 s Journal of Pain Research 2025:18



Gill et al

with durability extending beyond the removal of the system. This manuscript details current evidence associated with
several specific conditions and provides consensus guidelines for the use of 60-day PNS therapy in relation to the
strength of the evidence. Further studies are needed to elucidate the optimal application of 60-day PNS treatment.
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