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Abstract: The objective of this peripheral nerve stimulation consensus guideline is to add to the current family of consensus practice
guidelines and incorporate a systematic review process. The published literature was searched from relevant electronic databases,
including PubMed, Scopus, Cochrane Central Register of Controlled Trials, and Web of Science from database inception to March 29,
2021. Inclusion criteria encompassed studies that described peripheral nerve stimulation in patients in terms of clinical outcomes for
various pain conditions, physiological mechanism of action, surgical technique, technique of placement, and adverse events. Twenty
randomized controlled trials and 33 prospective observational studies were included in the systematic review process. There is Level
I evidence supporting the efficacy of PNS for treatment of chronic migraine headaches via occipital nerve stimulation; chronic
hemiplegic shoulder pain via stimulation of nerves innervating the trapezius, supraspinatus, and deltoid muscles; failed back surgery
syndrome via subcutaneous peripheral field stimulation; and lower extremity neuropathic and lower extremity post-amputation pain.
Evidence from current Level I studies combined with newer technologies facilitating less invasive and easier electrode placement
make peripheral nerve stimulation an attractive alternative for managing patients with complex pain disorders. Peripheral nerve
stimulation should be used judiciously as an adjunct for chronic and acute postoperative pain following adequate patient screening and
positive diagnostic nerve block or stimulation trial.

Keywords: post-amputation pain, low back pain, peripheral neuropathy, chronic postoperative pain

Introduction
Background

While the use of peripheral nerve stimulation (PNS) originated more than five decades ago, this therapy has only recently
experienced a resurgence after falling out of favor for many years. In the 1960s, after the publication of the gate control
theory,! Wall and Sweet published their first case series demonstrating decreases in pain perception throughout the entire
episode of electrical stimulation of the infraorbital foramina®* and Shelden reported that temporary pain relief was
achieved through implantation of PNS electrodes stimulated via an implanted receiver at 14,000 Hz.* Over the next three
decades, as evident in multiple publications, PNS treatment was mired by suboptimal outcomes, poor long-term success
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rates, and complications such as nerve damage or stimulation-induced fibrosis.>>® Many of the adverse occurrences
could be attributed to lead migration, pulse generator locations, and other technical problems.

In the 1990s, interest in PNS was revived after Weiner and Reed first described a percutaneous technique of electrode
insertion in the vicinity of the greater occipital nerves to treat occipital neuralgia.” More recently, the emergence of
a minimally invasive percutaneous approach, typically performed under ultrasound, has led to even more widespread
interest in PNS as an alternative to neurosurgically implanted spinal cord stimulator (SCS) systems.®’ Multiple options
exist for the percutancous placement of leads which are stimulated directly with an external power source/impulse
generator (IPG) or hybrid systems that have an internal IPG that is powered via an external power source.

Mechanism of Action
Although the exact mechanism of action of PNS is unknown, there is evidence that both central and peripheral
mechanisms contribute to its analgesic effect. Like SCS, PNS is thought to provide analgesia based at least in part on
the gate-control theory of pain, as described by Melzack and Wall.! Centrally, the stimulation of large-diameter, low-
threshold, non-nociceptive A fibers results in the excitation of inhibitory dorsal horn interneurons that are involved in
the processing and transmission of nociceptive information from the Ad and C nerve fibers, thus inhibiting pain signal
transmission from the spinal cord to higher centers in the central nervous system (CNS).' Furthermore, PNS decreases
central sensitization and hyperalgesia by reducing excessive peripheral nociceptive activity in the spinal cord, inhibiting
wide dynamic range of neurons in the dorsal horn, and decreasing AP fiber—induced activity in the medial lemniscal
pathway in the brain.'' "> Additionally, animal research has demonstrated that the analgesic effects of PNS may involve
the serotonergic (SHT2, SHT3), GABAergic, and glycinergic pathways.'*!'

Studies in the peripheral nervous system have demonstrated that PNS disrupts the transmission of nociceptive afferent fibers.
On a molecular level, PNS has been shown to modulate the biochemistry of the local microenvironment by downregulating
neurotransmitters, endorphins, and local inflammatory mediators.'® Electrophysiological studies have also demonstrated
reduced ectopic discharges with PNS.'® A human study by Torebjork and Hallin showed that repeated electrical stimulation
of intact radial nerves and saphenous nerves resulted in excitation failure of A and C fibers.'” The concept of peripheral
reconditioning of the central nervous system through longer-term changes in central plasticity has also been proposed.'®

Indications

Indications for PNS for treatment of neuropathic pain are similar to those for SCS procedures. However, PNS may offer
greater selectivity and accuracy for cases with well-defined neuronal targets. In addition, PNS for chronic, nociceptive
pain of the knee, shoulder, and zygapophyseal joints can be effective. In general, good PNS candidates have had pain that
is chronic, severe, negatively affecting their functionality, and refractory to usual medical treatments, including medica-
tions, physical therapy, and less invasive interventions such as injection therapy.'® In many cases, PNS may provide
a less invasive implant to treat neuropathic pain, including posttraumatic, postsurgical neuropathy, occipital neuralgia,
hemiplegic shoulder pain, phantom limb pain, and complex regional pain syndrome (CRPS)."” Moreover, recent studies
have demonstrated the role of PNS in peripheral and central analgesic mechanisms by modulating the inflammatory

pathways, autonomic nervous system, endogenous pain inhibition pathways, and cortical and subcortical areas.**'

Materials and Methods

Development Process

The American Society of Pain and Neuroscience (ASPN) applied a systematic approach to appraise the current level of
evidence in the peer-reviewed literature regarding PNS neuromodulation interventions for treatment of chronic pain.
Similar systematic approaches were utilized to produce the first guidelines from the Neurostimulation Appropriateness
Consensus Committee (NACC) in 2014, >* and these guidelines are regularly updated based on new and emerging
evidence. This current consensus guideline for PNS stimulation adds to the current family of consensus practice
guidelines and incorporates a systematic review process.
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The ASPN society formed an international multidisciplinary panel consisting of anesthesiologists, neurosurgeons, and
pain medicine physicians who are experts in the field of PNS neuromodulation to create these consensus practice
guidelines. To qualify for inclusion on the expert panel, each author was required to have experience with performing
PNS trials and lead implantation, publications and ongoing research pertaining to PNS neuromodulation, and impact on
the field of neuromodulation. Financial conflicts of interest were disclosed and managed before initiation of the
consensus guideline development process. Per society protocol, one of the primary authors was non-conflicted (NS)
and served as the editor of the paper for bias. In addition, where any conflict of interest existed, the panel member
recused themselves from any opinion on any relevant issue.

PNS neuromodulation continues to be a relatively novel and emerging technology. While the systematic review and
meta-analysis approach are standard for forming consensus guidelines, in some scenarios the development of new
techniques, disease applications, and other innovations may advance the field faster than randomized controlled trials
(RCTs) or large-scale prospective observational trials. Thus, in these instances, available literature with lower levels of
evidence based on study design will be coupled with clinical expertise from the expert panel to fill the gap. The methods
below describe the search strategy, systematic review process, and consensus guideline creation and grading.

Literature Search Methods

A comprehensive, a priori search protocol was utilized to broadly query databases and identify relevant studies on PNS
neuromodulation. Extensive electronic searches were conducted in relevant databases, including PubMed, Scopus, Cochrane
Central Register of Controlled Trials, and Web of Science, from database inception to March 29, 2021. We also hand-searched
reference lists of identified publications to identify relevant publications not captured in the search strategy.

Broad MeSH terms and Boolean operators were selected for each database search, including terms and synonyms for PNS,
peripheral nerve stimulator, occipital nerve stimulation, occipital nerve stimulator, peripheral nerve neuromodulation,
peripheral field stimulation, peripheral neurostimulation, and analgesia/pain/neuropathy.

Inclusion criteria encompassed studies that described PNS for patients in terms of clinical outcomes for various pain
conditions (head and neck, upper and lower extremities, low back and trunk, cCRPS, post-amputation pain, peripheral
neuropathies, and other conditions), physiological mechanism of action, surgical technique, technique of placement (landmark-
based, ultrasonography, paresthesia, and stimulator-based localization), adverse events, and other aspects. Study designs that
were identified and included in our search strategy included RCTs, prospective observational studies, retrospective observational
studies (eg case-control, cross-sectional), and case series and reports. Exclusion criteria comprised of non-peer reviewed
publications and certain study designs (eg review articles, non-human trials). Two authors (RSD and NS) independently selected
abstracts as well as full-text articles from the above listed databases using the aforementioned search strategies. This search
strategy was verified by a librarian experienced in systematic review methods and is displayed in the Supplemental Material.

Systematic Evaluation of Evidence

A total of 3811 studies were identified with the initial search. Abstracts for each study were reviewed independently by
two authors (RSD and NS) to identify studies for full-text review. Two hundred articles were identified for full-text
review and, of these, 162 articles were included for full review and again were reviewed by two independent authors
(RSD and NS). Only RCTs and prospective observational trials were reviewed in a systematic fashion, using guidelines
from the Cochrane Collaboration.?® For other studies including retrospective observational studies, case series, and case
reports, evaluation in a systematic fashion was not performed. However, given the emerging body of the literature
pertaining to peripheral neuromodulation, the authors felt that these manuscripts held value to help inform consensus
guidelines.

Twenty RCTs and 33 prospective observational studies were included in the systematic review process (Figure 1).
Evidence was appraised using the United States Preventive Services Task Force (USPSTF) criteria for evidence level
(Table 1) and degree of recommendation (Table 2). A degree of recommendation of A indicates the highest degree of
recommendation, while D indicates the lowest degree of recommendation.

The patient population of interest was 18 years or older with chronic pain of greater than six months duration and
failure of prior conservative therapy consisting of physical therapy, pharmacologic treatment, or injection therapy. The
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Figure I PRISMA diagram depicting the flow of information through the different phases of the systematic review. It shows the data identified, included and excluded, and

the reasons for exclusions.

Notes: PRISMA figure adapted from Page M), McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ.

2021;372:n71. Creative Commons.
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Table | Hierarchy of Studies by the Type of Design (US Preventive Services Task Force)

Evidence Level Study Type

| At least | controlled and RCT, properly designed

-1 Well-designed, controlled, nonRCTs

1I-2 Cohort or case studies and well-designed controls, preferable multicenter

1I-3 Multiple series compared over time, with or without intervention, and surprising results in noncontrolled experiences

1 Clinical experience-based opinions, descriptive studies, clinical observations, or reports of expert committee

Notes: Reprinted from Harris RP, Helfand M, Woolf SH, et al. Current methods of the US Preventive Services Task Force: a review of the process. Am | Prev Med.
2001;20(3 Suppl):21-35. Copyright 2001, with permission from Elsevier.''?

Table 2 Meaning of Recommendation Degrees (I.S. Preventive Services Task Force)

Degree of Meaning

Recommendation

A Extremely recommendable (good evidence that the measure if effective and that benefits outweigh the harms)
B Recommendable (at least moderate evidence that the measure if effective and that benefits exceed harms)
C Neither recommendable nor inadvisable (at least moderate evidence that the measure is effective, but benefits are

similar to harms and a general recommendation cannot be justified)

D Inadvisable (at least moderate evidence that the measure is ineffective or that the harms exceed the benefits)

| Insufficient, low-quality, or contradictory evidence; the balance between benefit and harms cannot be determined

primary outcome of interest was pain relief graded via a validated pain scale (eg, numerical pain scale, visual analog
scale). Secondary outcomes included functional improvement, reduction in analgesic medications, physiological mechan-
ism of action, surgical technique, technique of placement (landmark-based, ultrasonography, paresthesia, and stimulator-
based localization), and adverse events.

Consensus Best Practices Development

Given the early state and emerging literature pertaining to PNS neuromodulation, one goal of this assessment was to fill
in gaps of knowledge through consensus from our expert panel. Thus, expert consensus was sought when higher levels of
evidence were lacking in the literature.

Summary of Literature
Head and Neck

Migraine and Occipital Neuralgia

Historically, neuropathic head and neck pain has been challenging to treat. There is emerging evidence that chronic pain
syndromes in these regions can be treated with PNS. It should be noted that only some of the currently commercially
available percutaneous PNS devices are cleared by the FDA for head and neck usage. Because of this, some implantation
of PNS systems in the craniofacial area could be considered off-label use.''

The evidence for PNS in the head and neck region has largely focused on stimulation of the occipital nerves. The
greater and lesser occipital nerves have long been a target for treatment of certain headache disorders and chronic post-
traumatic pain.” In many cases, stimulation has been used in headache patients, particularly those suffering from chronic
migraines.

It has been reported that headache disorders are the second most prevalent disease and the second most common
cause of disability worldwide.”” PNS has been used in those who may suffer from occipital neuralgia (ON).28 In ON,

Journal of Pain Research 2022:15 https: 2487

Dove!


https://www.dovepress.com
https://www.dovepress.com

Strand et al Dove

pain may occur in the distributions of the greater, lesser, or third occipital nerves and patients frequently describe sharp,
severe, and lancinating pain. The greater occipital nerve (GON) is strongly implicated in ON due to its circuitous course
as it emerges from the suboccipital triangle. In most cases, landmark or fluoroscopic techniques have been employed with
placement of leads at the nuchal line.?” With the increasing use of high-resolution ultrasound, the greater occipital nerve
may also be targeted in the upper neck at C2.

Multiple randomized trials have shown the benefit of occipital nerve stimulation for chronic migraine.**>*

In a recent randomized, double-blind, controlled trial, 20 patients were implanted with occipital PNS. They were
randomized to an active or control group for 12 weeks, and received open-label treatment for additional 40 weeks. At
one year, headache days per month were reduced by 8.51 (£9.81) days (P < 0.0001). The proportion of patients who
achieved a 30% or 50% reduction in headache days and/or pain intensity was 60% and 35%, respectively.®'

Facial Pain

PNS has also been employed for facial pain, particularly in the distribution of the supraorbital and infraorbital nerves.*
In a prospective study of 30 patients with neuropathic craniofacial pain, 22 were eventually implanted with permanent
systems. The targets included supraorbital, infraorbital, and 13 occipital nerves. A total of 16 of the 22 patients reported
>50% pain relief.* Despite the promising results of facial stimulation, there are no RCT level data and this area presently
requires additional study.

Summary of Evidence Level
e Stimulation of occipital nerves may be offered to patients with chronic migraine headache when conservative
treatments have failed. The average effect size for relief of migraine symptoms is modest to moderate (Level I,
Grade B).
e There is presently insufficient evidence to recommend stimulation of supraorbital and infraorbital nerves for
neuropathic craniofacial pain (Level II-3, Grade C).

Upper Extremities

To date, two RCTs have been performed to evaluate the utility of PNS for chronic upper extremity pain.>’® Wilson
et al*’ performed a single-site, RCT comparing single-lead, three-week PNS versus usual care for treatment of chronic
hemiplegic shoulder pain in stroke survivors. This study reported significantly greater reduction in pain intensity in the
PNS cohort compared to the cohort receiving usual care at the 6-week and 12-week period. Furthermore, both PNS and
usual care led to improvements in pain interference and quality of life. Another single-site RCT by the same authors®®
compared single-lead PNS versus physical therapy for chronic shoulder pain after stroke. The authors reported that PNS
and physical therapy each led to improvements in maximum isometric shoulder abduction strength, external rotation
without pain, and Fugl-Meyer motor assessment.

An ongoing multicenter randomized sham control pragmatic study is evaluating the prospective role of PNS to reduce
postoperative opioid consumption in the acute postoperative setting. Although PNS is traditionally used for chronic pain,
this ongoing trial highlights that it may also be relevant for acute postoperative pain.’® Specifically, the authors are
investigating whether PNS of the suprascapular, axillary, ulnar, and median nerves may provide reproducible and
effective targets for stimulation in certain upper extremity (UE) pain conditions. Given that shoulder pain is
the second most common musculoskeletal complaint and is associated with considerable socioeconomic impact, it is
important to establish greater recognition of the potential benefits of PNS for treatment of UE pain that is not responsive
to conservative measures or surgical instrumentation.

Evidence established through observational studies and case series/reports further demonstrates the utility of PNS for
various upper extremity pain manifestations, including mononeuropathies, brachial plexopathies, CRPS, and trauma.
A series of 26 patients who were afflicted with refractory neuropathic pain in the upper extremity including 16 patients
with CRPS were treated with brachial plexus or suprascapular PNS.*> At a mean follow-up period of 27.5 months, 20
patients were still reporting great pain relief (mean 67.1% pain relief). Seventeen patients reported >50% pain relief, and
12 patients reported >70% pain relief. Long-term follow-up in patients who reported outcomes at >2 years revealed
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a mean reported pain relief of 68%. At the last follow-up visit, 18 of 20 patients were still using stimulation and reported
that they were either satisfied or very satisfied.

Summary of Evidence Level
e PNS may offer modest and short-term pain relief, improved physical function, and better quality of life for chronic
hemiplegic shoulder pain. (Level I, Grade B)
e PNS for mononeuropathies of the upper extremity may be offered following a positive diagnostic ultrasound-guided
nerve block of the targeted nerve and is associated with modest to moderate pain relief. (Level II-2, Grade B)

Low Back and Trunk

Chronic low back pain is the leading cause of years lived with disability (YLD) and is one of the most challenging
conditions to treat.*' This condition is associated with decreased quality of life and frequently interferes with
functions of daily living including walking, household chores, and personal care.** Even after recovery of the initial
insult or injury, long-term and persistent low back pain and disability may lead to a cycle of central sensitization
resulting in hypersensitivity to nociceptive stimuli.** Conventional treatment modalities for the treatment of chronic
low back pain are frequently inadequate. Superior analgesia and functionality scores have been noted with the advent
of neuromodulation, including SCS and PNS.***¢ Although systematic reviews of SCS for the treatment of chronic

low back pain have been published,*’**

evidence supporting PNS for the treatment of this condition is currently
emerging.

In a multicenter RCT, Eldabe et al*® compared 38 patients with failed back surgery syndrome (FBSS) who received
subcutaneous PNS plus optimized medical management with those who received optimized medical management alone
(n = 36). In the interventional arm, a maximum of two leads were placed subcutancously in the area of pain. Patients
were evaluated at baseline and at one, three, six, and nine months after study arm assignment. The primary endpoint was
the percentage of participants who reported a >50% improvement at six months and >30% improvement at nine months
in intensity of back pain. A significant proportion (33.9%) of patients who received both subcutaneous PNS placement
and optimal medication management were responders at nine months versus only 1.7% of patients who received optimal
medication management alone (P < 0.0001).*

The remaining evidence consisted of observational studies and case reports/series. The evidence of PNS field
stimulation for low back pain discussed above was further substantiated by a prospective multicenter study by

Kloimstein et al,>°

which reported statistically significant improvements in pain intensity, disability, depression, and
quality of life up to six months after PNS. There was also a reduction in use of opioids, non-steroidal anti-inflammatory
drugs, and anti-convulsant dose. Other retrospective studies®’ have also highlighted the efficacy of subcutaneous field
stimulation in the treatment of low back pain. The spectrum of low back pain also includes sacroiliac joint pain.
A retrospective case series™® described PNS placement to stimulate nerves innervating. This study evaluated PNS in
sacroiliac joint pain refractory to conservative measures and injection therapy and followed patients for up to four years.
Significant reductions were noted in mean pain scores at one year (Visual analog scale (VAS) from 8.8 to 1.6), at two
years (VAS from 8.8 to 1.9), and at three years (VAS from 8.8 to 2.0). Two of three patients reported satisfaction with
PNS placement at the fourth year.

Another approach for the treatment of chronic axial low back pain is to utilize PNS to stimulate medial branch nerves.
A high-quality prospective multicenter cohort study™ investigated PNS of lumbar medial branch nerves to treat chronic
axial low back pain in patients who had undergone prior lumbar radiofrequency ablation. Participants had bilateral
temporary PNS leads placed using either ultrasound or fluoroscopy and targeting medial branch nerves at the level of
their pain. After stimulation testing, activation of the lumbar multifidi muscles confirmed stimulation of medial branch
nerves. PNS was performed for up to 60 days, and outcomes were assessed at baseline, and up to 5 months after initiation
of PNS. The study reported that 67% of patients (10/15) reported >50% improvement in pain intensity, 87% of patients
(13/15) reported a >50% improvement in disability, and 80% of patients (12/15) reported a >50% improvement in pain
interference. These effects persisted into the five-month follow-up period when 93% of patients (14/15) reported >50%

improvement in one or more of the clinical outcome categories. A similar prospective cohort study by Gilmore et al**
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substantiated these findings and reported that PNS of lumbar medial branch nerves was associated with >50% reduction
in pain intensity in 67% of participants (6/9) at 1 month and 12 months after PNS initiation.

Other pain syndromes successfully treated with PNS have been described, although evidence is limited to small
studies and case series. One small prospective pilot study®> reviewed truncal involvement in oncologic pain and reported
that PNS improved pain intensity in post-mastectomy pain syndrome, cervical and lumbar radiculopathy, and femoral
nerve neuropathy. Neuropathic pain manifestations involving the trunk and low back have been described in case series

56-59

and reports. Significant improvements in pain intensity have been reported in post-herpetic neuralgia and dermato-

mal pain by targeting proximal cervical, thoracic, or lumbar spinal nerves.®

Summary of Evidence Level

e Subcutaneous peripheral field stimulation combined with optimal medication management may offer moderate
improvement in pain intensity for failed back surgery syndrome compared to optimal medication management alone
(Level I, Grade B).

e There is evidence that PNS of medial branch nerves may improve pain intensity, physical function, and pain
interference in patients with axial, mechanical low back pain (Level II-2, Grade B).

e There is limited evidence that PNS alleviates pain in neuropathic pain syndrome involving the trunk and back,
including radiculopathy and post-herpetic neuralgia (Level III, Grade C).

Lower Extremities

The evidence for PNS in the treatment of lower extremity chronic pain is reported in 2 RCTs, 1 prospective observational
study, and 19 retrospective studies. Deer et al performed the initial prospective, multicenter, double-blind, partial
crossover RCT studying the use of PNS for peripheral nerve chronic pain of a variety of anatomical regions, with
lower extremity comprising a large proportion of the cohort.®" A total of 94 patients were randomized to the study (45
treatment group and 49 control group). Regarding the lower extremity specifically, 27 patients were randomized to the
study (13 treatment group and 14 control group).

The purpose of the study was to evaluate the safety and efficacy of the StimRouter System (Bioventus/Bioness Inc.,
Valencia, Santa Clarita, CA, USA) for use in the treatment of severe, intractable pain of peripheral nerve origin
associated with posttraumatic or postsurgical neuralgia. Primary outcomes included pain relief, measured by average
pain at rest using NRS. Patients were followed for 3 months and safety was determined by assessment of adverse events
during the one-year study period. Responders were defined as those experiencing >30% pain relief compared to baseline.
Secondary outcome measures included changes in medication dose, type, and frequency; quality of life using the Brief
Pain Inventory (BPI) and Quality of Life SF-12v2 Health Survey (QoLSF-12v2); patient impression of improvement
with treatment using the patient global impression of change scale (PGIC); change in worst pain using the NRS; change
in interference of pain with physical and emotional functioning; patient satisfaction; and long-term safety at one year.
Inclusion criteria included age >22 years, severe intractable chronic pain of peripheral nerve origin associated with
posttraumatic/postsurgical neuralgia for at least 3 months, worst pain levels greater than 5/10, and stable regimen of
medications for at least 4 weeks before screening.

The treatment group received electrical stimulation and stable pain medication dosing, while the control group
received no stimulation and a stable dose of pain medications, both for 90 days. Follow-up continued for safety and
secondary measures at 6 and 12 months. In the lower extremity at 3 months, there was a 38% responder rate in the
treatment group versus 14% in the control group. The average pain reduction at 3 months was 21% in the treatment group
versus 1.2% in the control group. These results were similar to the overall cohort (p < 0.0001). The secondary outcomes
showed the treatment group had better improvement than the control group in multiple domains, including worst pain
score, BPI scores, quality of life, and PGIC. At 12 months, there were no serious device-related events.

Gilmore et al reported on the use of PNS for chronic neuropathic lower extremity postamputation pain in
a multicenter, randomized, double-blind, placebo-controlled study design.®® Inclusion criteria included traumatic lower
extremity amputation with healed and healthy residual limb, residual limb pain and/or phantom limb pain with an
average daily score >4 on a 0-10 pain rating scale, and age >18 years. Subjects were allowed to maintain or reduce
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dosages of pain medications but were asked to avoid increasing dosages above documented baseline levels. After being
deemed an appropriate candidate, subjects were randomized 1:1 to either a percutaneous PNS therapy group (SPR
Therapeutics, Cleveland, Ohio) or a placebo control group. Subjects and outcome evaluators were masked for group
assignment, while treating physicians were unmasked to allow them to administer interventions accordingly.

The PNS group received active percutaneous femoral and sciatic nerve stimulation for 4 weeks during the primary
outcome evaluation period, while the placebo control group received sham stimulation. Following the initial 4 weeks, the
PNS group received four additional weeks of stimulation (up to 60 days total) and the placebo group crossed over to
receive active stimulation for 4 weeks. Interventions ended at the end of the 8-week therapy period and leads were
removed at this time. Both groups were followed monthly for up to 12 months from the time of PNS implantation. The
primary outcome was the proportion of subjects in the PNS and placebo control groups that experienced >50% reductions
in average pain during weeks 14 of the therapy period. Secondary outcomes included pain relief during weeks 5-8,
Brief Pain Inventory-Short Form (BPI-SF), Patient Global Impression of Change (PGIC), BDI-II, and medication usage.

A total of 28 patients were randomized with 26 entering the study arms (12 PNS therapy group and 14 placebo
control group). At week 4, 58% of the PNS group reported >50% pain relief compared to 14% of the placebo group (p =
0.037). At week 8, 67% of the PNS group reported >50% pain relief and, following crossover of the placebo group to
receive PNS therapy, response remained at 14%. The secondary outcomes improved as well, with the PNS group
showing greater improvements than the placebo control group. There were no serious or unanticipated study-related
adverse events, but a lead fracture rate of 15% (5 of 34) was reported.

In a follow-up report, the same authors assessed 12-month outcomes among 15 patients (9 PNS group and 6 crossover
placebo control group).®®> At 12 months, 67% of the PNS group was reporting >50% pain reduction versus 17% of the
crossover placebo control group. Similarly, 56% of the PNS group had >50% reduction in pain interference compared to
18% in the crossover placebo control group (p = 0.074). In the PNS group, BDI-II scores were reduced by 33% at 12
months. The authors reported no serious or unanticipated study-related adverse events.

In 2014, Rauck et al published the results of a six-week prospective observational study for post-amputation pain
involving a two-week PNS stimulation period with follow-up at four-week post-stimulation (Maxima® II or
Rehabilicare® NT2000, Empi, Inc., St. Paul, MN, USA).64 Leads were placed with ultrasound guidance around the
sciatic and/or femoral nerves. A total of 16 patients were enrolled, 14 had appropriate paresthesia coverage, and 9
completed the two weeks of PNS stimulation. At the follow-up visit, four weeks after the end of the stimulation period,
the mean worst daily post-amputation pain was reduced by 56% (p < 0.005). 7 patients reported clinically significant
relief at the four-week post-stimulation visit and 5 patients reported being “improved” or “much improved.”

A number of retrospective case studies and small case series have been published reporting clinical benefit of PNS in

the lower extremity, including many conducted within larger, heterogenous patient cohorts. > %2

Others
The authors have shown therapeutic benefits to the use of percutaneous PNS for a variety of neuropathic complaints or
invasive PNS for acute postoperative pain, but these modalities and uses are outside of the scope of this

manuscript.®*-* 8

Summary of Evidence Level
e PNS may be considered for lower extremity neuropathic pain following failure of conservative treatment options
and is associated with modest pain relief (Level I, Grade B).
e PNS may be considered for lower extremity post-amputation pain following failure of conservative treatment
options and is associated with modest to moderate pain relief (Level I, Grade B).

CRPS

Neuromodulation has long-standing use as treatment for CRPS and experts agree that this condition, which is often
refractory to treatment, benefits from early intervention with this therapy. Neuromodulation has been shown to improve

pain intensity and provide functional restoration®>*° in patients with CRPS.
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CRPS Type 1 and CRPS Type II often involve diffuse pain that may overlap multiple nerve distributions, presenting
challenges for the use of PNS, which is more straightforward when pain is localized to the distribution of a single nerve.
Moreover, even though CRPS Type II typically involves injury to a specific nerve, there is presence of central
sensitization, wind-up phenomenon, and reorganization of the central nervous system leading to more diffuse pain not
localized to a single nerve distribution.

As long as 25 years ago, the benefits of PNS were explored for the treatment of CRPS. One prospective series
published in 1996 followed 32 patients with CRPS who underwent a PNS trial. Ninety-four percent (94%) of those tested
went on to permanent PNS placement, and long-term relief was reported in 63%.°" Since then, vast improvements in
technology have led to continued growth and usage of PNS for CRPS, and data has improved regarding PNS outcomes.

Our comprehensive search strategy did not identify any RCTs for utilization of PNS for CRPS or causalgia. One
retrospective study identified 165 subjects with CRPS who had been treated with permanent PNS systems.”” Of these,
76% had a diagnosis of CRPS type 1, 15% had CRPS type 2, and 8% had CRPS not otherwise specified (NOS).”* VAS
pain scores decreased from 7.4 to 5.5 on average at 12 months, and percentage of patients utilizing any opioid decreased
from 62% at baseline to 41% at 12 months. Interestingly, these results were obtained using traditional SCS leads and
were not optimized or specifically designed for PNS. This fact may be relevant to the relatively high rate of explantation
(19%) due to lack of efficacy, infection, device discomfort, or other reasons.

The majority of data on usage of PNS for CRPS is in the form of case reports and case series. Frederico et al
described a series of 14 patients with refractory CRPS of the upper limb.”* Of those 14 patients trialed with PNS of the
brachial plexus, 10 underwent permanent implantation and had significant improvements in VAS and neuropathic pain
after 12 months.”®> Buwembo et al reported a case of direct sciatic nerve stimulation reducing intractable pain from CRPS
by 59% along with cessation of autonomic features such as color changes, swelling, and sensory dysfunction.”*

Summary of Evidence Level
e As a less-invasive modality compared to SCS therapy, PNS may be offered to patients with CRPS Type I/Il or
peripheral causalgia, and may be associated with modest improvement in pain intensity and functional outcomes.
However, high-quality evidence is limited and other neuromodulation interventions such as dorsal root ganglion
SCS are recommended. (Level III, Grade C).

Perioperative Considerations, Image Guidance, and General Techniques

Perioperative Considerations: Patient Selection, Risk Assessment, and Preprocedural Optimization

There is a paucity of data describing best practices for appropriate patient selection for PNS. In general, patients who
have pain localized to a discrete nerve distribution or focal area involving few nerves should be considered for PNS. As
aforementioned in sections above, we summarize clinical indications for PNS based on the location of pain in Table 3.

Table 3 A List of Common Peripheral Nerve Targets Amenable to Percutaneous PNS Treatment

Upper Extremity Lower Extremity Trunk/Pelvis Head/Neck

e Suprascapular®* ® Sciatic** o Genitofemoral o Greater occipital
o Axillary** ® Femoral o llioinguinal

o Radial e Obturator o |liohypogastric

® Median ® Lateral femoral cutaneous o Pudendal

o Ulnar e Saphenous o Cluneal

® Brachial plexus (at interscalene interval) | ® Posterior femoral cutaneous | ® Medial Branch**
o Common peroneal
o Tibial**

® Sural

o Superficial peroneal

® Genicular nerves (knee)

Note: Nerves targets denoted by a double asterisk and are in bold (*¥) are described in detail below.
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There are over 20 peripheral nerves that are appropriate targets for PNS, and each is associated with unique anatomical
concerns, risks, and implications for the placement of external wearables/power sources. We recommend that clinicians
consider feasibility of device placement, appraise evidence of clinical efficacy, and remain vigilant of potential adverse
events. For headache and facial pain, most evidence highlights the effectiveness of PNS for occipital neuralgia, although
other nerves may be targeted. Upper extremity pain localized to the radial, median, and/or ulnar nerve distributions, as
well as shoulder pain from suprascapular and/or axillary nerve distributions, are suitable targets for PNS. In more diffuse
pain manifestations of the upper extremity, PNS of the brachial plexus may also be offered with placement via the
interscalene approach or infraclavicular approach. Similarly, lower extremity pain localized to sciatic, femoral, obturator,
lateral femoral cutaneous, saphenous, posterior femoral cutaneous, common peroneal, tibial, sural, superficial peroneal,
and genicular nerves are suitable PNS targets. Depending on the distribution of groin pain and pelvic pain, PNS of
genitofemoral, ilioinguinal, iliohypogastric, and/or pudendal nerves may be pursued. Intercostal PNS may provide
effective analgesia in rib pain, post-thoracotomy pain, intercostal neuralgia, and post-herpetic neuralgia located within
thoracic dermatomes. Medial branch nerve PNS and cluneal nerve PNS may alleviate low back or gluteal pain. Other
neuropathic and central pain etiologies may also respond to PNS, most notably CRPS, hemiplegic (post-stroke) shoulder
pain, and lower extremity phantom limb pain.*”%>%*> Due to the wide range of approaches and practices, we will focus
attention on the implant techniques for the following five nerves: suprascapular, axillary, sciatic, tibial, and medial branch
nerves (Table 3).

Preoperative evaluation is critical to assess the likelihood of success for PNS candidates. PNS is not without risk, and
placing leads in proximity to nerves can lead to direct trauma, nerve compression, bleeding, or infection.”® A thorough
preoperative history and physical focused on peripheral nerve function should be performed. As for SCS, optimization of
bleeding disorders, diabetes mellitus, and infections is important. Examination of the affected limb or area should include an
assessment of sensory and motor function (if applicable). Clinicians should document abnormalities including sudomotor,
vasomotor, and trophic changes. In some cases, scanning the nerve in question with ultrasound in the clinic can give clues
about potential abnormalities including entrapment or injury and may inform surgical planning. Additional studies that may be
helpful in the preoperative workup include electromyography (EMG), nerve conduction studies (NCS) and magnetic
resonance neurography. These tests may provide additional clues about the location of potential nerve lesions. Similar to
SCS, all patients should be sent for a psychological evaluation prior to any PNS intervention. This assessment is important for
understanding ongoing comorbid mood issues, life stressors, and patient expectations of therapy.

Regarding bleeding risk assessment, it should be noted that PNS is considered to be a low to intermediate risk
procedure as classified by the American Society of Regional Anesthesiologists (ASRA).”” Unlike SCS or DRG
stimulation, PNS is usually performed in areas of the body that are readily compressible, thus it can be assumed that
the risk of bleeding complications associated with bleeding are small for most patients. Patients with increased risk for
bleeding include those with advanced liver and kidney disease, prior history of bleeding, or coexistent use of antic-
oagulants. (Table 4) The proposed location of the PNS implant also affects bleeding risk. Patients who are undergoing
PNS of nerves located in close proximity to large vascular structures (eg, femoral, saphenous, tibial) may be at increased
risk for bleeding as well due to the risk of inadvertent vascular injury. The use of high-resolution ultrasound may help to
mitigate this risk. In general, many implanters may reasonably opt to continue anticoagulation medications given the
perceived low risk of bleeding associated with PNS. More study is needed to characterize bleeding risk and best practices
associated with PNS procedures.

Summary of Evidence Level
e PNS carries a low-to-intermediate risk for bleeding complications and depends on the proximity of the targeted
nerve to critical vessels and invasiveness of PNS implantation (Level III, Grade I).

Image Guidance

Most current PNS systems require that leads be placed close to peripheral nerves and thus precision is critical. High-resolution
ultrasound has become an essential tool for successful lead placement. Much of the advancement and understanding of the
utilization of ultrasound for PNS implantation techniques can be traced to techniques developed for perioperative pain control
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Table 4 ASRA Risk Classification of Pain Procedures

High-Risk Procedures Intermediate-Risk Procedures Low-Risk Procedures

Spinal cord stimulation Interlaminar ESls (C,T,L,S) Peripheral nerve blocks

trial and implant

Dorsal Root Stimulation Transforaminal ESIs (C,T,L,S) Peripheral joints and

musculoskeletal injections

Intrathecal catheter and | Cervical facet MBNB and RFA Trigger point injections
pump implant including piriformis injection
Percutaneous Sympathetic Blocks (stellate, T, splanchnic, | Thoracic and lumbar facet
decompression celiac, lumbar, hypogastric) MBNB and RFA

laminotomy

Epiduroscopy and Trigeminal and sphenopalatine ganglia PNS trial and implant

epidural decompression blocks

Note: PNS is considered a low to intermediate risk procedure.

in the field of regional anesthesiology. Ultrasound allows for precise visualization of nerves and vascular structures as well as
real-time assessment of lead position. Because patients are typically awake during PNS placement without sedation (prefer-
able for intraoperative testing), ultrasound facilitates quick deployment of leads safely while maximizing patient comfort. We
advocate using this imaging modality whenever possible to facilitate placement of PNS leads.

It should be noted that while ultrasound is widely used for PNS procedures, there are situations when fluoroscopy may be
a useful adjunct or preferred modality. In cases when bony structures impede ultrasonographic visualization, patients present
with challenging anatomy, or body habitus limits ultrasound resolution, fluoroscopy may be used as part of a combination
technique with ultrasound. Additionally, there are a select group of nerves which have predictable courses over bony
prominences and in these cases, fluoroscopy may be used exclusively. Nerves which may be potential fluoroscopic targets
include the suprascapular, axillary, intercostal, cluneal, greater occipital, and genicular nerves. There are no large studies
comparing the placement of peripheral nerve stimulators using ultrasound versus fluoroscopic guidance.

Nerve Localization and Planning: Diagnostic Blocks vs PNS Trials

In some cases, it may be difficult to identify a single culprit nerve that is causing a patient’s pain. This is particularly true
in areas of the body that have convergence of multiple nerve distributions like in the foot and ankle. Diagnostic nerve
blocks can be helpful in these situations, as they frequently provide clues about which peripheral nerve(s) are major pain
generators. However, patients with longstanding chronic pain syndromes like phantom limb pain, CRPS, or hemiplegic
shoulder pain may not have a robust response to peripheral blocks, even though these individuals may still have a good
response to PNS. Therefore, we recommend that results of peripheral blocks be interpreted with caution.

With the advancements of percutaneous systems, there are now options for brief and extended PNS trial periods.
When a PNS trial is being used as a precursor to a permanent implant, leads are typically implanted for 5—10 days
although some systems have FDA clearance for up to 30 days of use. Alternatively, treatment with a 60-day, temporary
PNS system (Sprint, SPR Therapeutics; Cleveland, OH) has been considered by some to serve as an “extended trial.”
Increasingly, there are data to suggest that brief periods of stimulation often provide durable pain relief. In general, PNS
trials are likely to better predict the long-term response to therapy.

General Techniques: Approaches to Nerves

Sciatic Nerve (SN)

The sciatic nerve (SN) is formed from the L4, L5, S1, S2, and S3 nerve roots. As it traverses from the low back
posteriorly to the lower limb through the greater sciatic foramen and progresses distally in the posterior thigh compart-
ment, it splits into two branches (tibial nerve and common peroneal nerve) just before the popliteal fossa.”® The SN and
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its divisions provide sensory innervation to the foot and lower extremity except for the medial leg and ankle which are
supplied by the saphenous nerve.

Common access for SN stimulation with permanent PNS systems is at the region of the sciatic nerve proximal from the
popliteal fossa. With the patient prone, the transducer is placed at the popliteal fossa to identify the popliteal artery between the
biceps femoris laterally and the semimembranosus along with the semitendinosus medially. The transducer is then moved
proximal to identify the branches of the tibial nerve (lateral to popliteal vein) and the common peroneal nerve (lateral to tibial
nerve). Once identified, the nerve pair is followed proximally until they coalesce into a singular sciatic nerve.

Due to the large diameter of the SN, leads are typically placed perpendicular to the nerve from lateral to medial.
Tunneling of leads and/or IPGs should be toward the lateral thigh as this is an ergonomically convenient location. In
some patients including lower extremity amputees, a subgluteal approach may be a preferable approach to the SN.
Depending on the body habitus of the patient, visualization of the SN at this proximal point can be more challenging and
the distance of tissue that the introducer/lead must traverse is greater when compared to the popliteal fossa.

Suprascapular Nerve (SSN)

The suprascapular nerve (SSN) is made up of fibers from the C4, C5, and C6 nerve roots. Anteriorly in the neck, it runs
underneath the trapezius and omohyoid muscles. It then travels posteriorly and enters the supraspinous fossa by the
suprascapular notch underneath the transversscapular ligament. It has both a motor and sensory component, providing
motor innervation to the supraspinatus and infraspinatus muscles while providing sensation to the posterior shoulder, the
acromioclavicular joint, subacromial bursa, coracoclavicular ligament, and the coracoacromial ligaments.”®"'%°

In many cases, the suprascapular nerve can be visualized at the suprascapular notch. The notch lies along the scapula under
the trapezius and supraspinatus muscle. The relationship of the suprascapular artery, nerve, and vein is variable, but the artery
is frequently seen running above the ligament, while the nerve traverses underneath.'”" During needle placement, care is
exercised to avoid entering the suprascapular artery which is in close proximity to the SSN. An in-plane, medial-to-lateral
approach is usually preferred. This technique avoids the acromion laterally, and the lead can travel in a more parallel
orientation to the nerve. SSN lead positioning is accomplished either with the patient prone to a bump, lateral decubitus, or
sitting (usually with a Beach chair). Due to the mobility of the shoulder, lead migration is a significant concern and thoughtful
preoperative planning is essential. For permanent systems, the implanter and patient should decide on the best site for the
external power source, keeping in mind that the lead should not cross the shoulder joint if possible.

An alternative technique has also been described where the nerve is approached from the spinoglenoid notch, inferior
to the scapular spine. The introducer/lead is then directed from inferior to superior toward the suprascapular notch. This
method is more technically challenging than the suprascapular approach, but it can maximize lead contact with the nerve.
Due to the predictable course of the nerve, implanters utilizing this technique may also elect to use fluoroscopy.

Axillary Nerve (AN)

The axillary nerve (AN) is composed of the C5 and C6 posterior cords of the brachial plexus. It provides motor
innervation to the teres minor and deltoid while providing sensory innervation to the shoulder joint and the skin of the
shoulder. The quadrangular space is one of three axillary spaces and is made up of the teres minor superiorly, teres major
inferiorly, long head of the triceps brachii medially, and laterally by the neck of the humerus containing the axillary nerve
and the posterior humoral circumflex artery (PHCA).'0%103

With the patient in the lateral or prone position, the ultrasound probe is placed posteriorly and vertically, in-plane with
the humeral shaft. The probe is moved superiorly toward the surgical neck of the humerus. With the humoral head in
view, the deltoid should be visualized most superficially and the teres minor deep to this muscle. Moving distally and
medially, the axillary nerve and PHCA can be visualized just inferior to the teres minor. The probe can then be rotated 90
degrees and the artery can be visualized in long axis.

For lead placement, one technique is to insert the PNS introducer via an out-of-plane approach from a lateral to medial
trajectory toward the nerve. It is then directed toward the quadrangular space. Another option is to identify the artery in long
axis and insert the introducer in plane from lateral to medial. For this technique, the lead is placed on top of or adjacent to the
artery. Given the artery’s close proximity to the nerve, stimulation can usually be achieved by this method.
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Tibial Nerve (TN)

The tibial nerve (TN) is a terminal branch of the SN with innervation from L4, L5, S1, S2, and S3. It travels from the popliteal
fossa through the deep posterior compartment of the leg before passing through the tarsal tunnel at the medial ankle, posterior
to the medial malleolus. The nerve divides into the lateral plantar nerve (LPN), medial plantar nerve (MPN), and medial
calcaneal nerve (MCN), providing sensation to the plantar surface of the foot. More proximally, the nerve also gives off the
medial sural cutaneous nerve, a contributor to the sural nerve which gives sensation to the posterior leg.

When the tibial nerve is targeted distally, a parallel approach to the nerve is usually necessary. This is because there is
little muscle and subcutaneous fat in the area for perpendicular approaches. The lead can be placed either distal-to-
proximal or proximal-to-distal. Positioning is lateral decubitus with the affected foot down and leg flexed at the knee to
allow for access to the nerve. Care should be taken to avoid the tibial artery and vein(s) which travel adjacent to the
nerve. Leads for permanent systems are tunneled toward the medial leg or calf area.

Medial Branch Nerves (MBN)

The medial branch nerves (MBN5) innervate the zygapophysial joint, a synovial joint of the lumbar spine. These joints are
dually innervated by the medial branches of the posterior primary rami at the same level as well as the level above the joint.
The nerve traverses the transverse process at the same vertebral level where the nerve emerges and courses through the
intertransverse ligament at the base of the transverse process.'® The nerve then descends down the junction of the transverse
and superior articular process beneath the mamillo-accessory ligament and divides into numerous branches as it traverses the
vertebral lamina.'”® The MBN provides sensory innervation for the zygapophysial joint, interspinous ligament, and the
periosteum of the neural arch. The MBN also provides motor function to the multifidus and interspinous muscles.

When MBN stimulation is performed using ultrasound, the patient is placed in a prone position and their lumbar spine
is palpated over the area where they report pain. This area is then prepped sterilely and the ultrasound probe is placed
out-of-plane to be perpendicular to the lumbar spine. The probe is placed in midline positioning to visualize the bilateral
lamina with the overlying multifidus muscle. A judicious amount of local anesthesia is then injected, taking care to avoid
application to the multifidus muscles. The needle is placed out-of-plane, and motion artifact is assessed until the needle
has entered the multifidus muscle. Stimulation is utilized to confirm multifidus activation under ultrasound prior to
placement of the stimulation lead. MBN stimulation can also be performed utilizing fluoroscopy.

The emergence of PNS as an effective and precise tool for neuropathic pain of a peripheral nerve origin is predicated
on a deep understanding of ultrasound technology for the safe and effective execution of the therapy. Several well-
described techniques have been established for various targets. As ultrasound technology and user experience continue to
advance, PNS will most certainly continue to progress with improved patient safety and efficacy.

Fluoroscopy

There are no large studies comparing ultrasound and fluoroscopic guidance for the placement of PNS. Nerve blocks for
peripheral nerves have been described using both fluoroscopy and ultrasound, and similar block techniques for identify-
ing peripheral nerves can be used to place PNS. Key factors to consider include the size of the lead, need for entrance at
a distance from the target nerve to allow for appropriate lead placement, planning placement of the lead(s) parallel or
crossing in relation to the nerve and tunneling needed. Ultrasound has the advantage of direct visualization of the nerve
with a dynamic view of lead placement, enabling accurate determination of the distance between the PNS lead(s) and the
target nerve.

Technologies
Table 5 provides an overview of PNS Systems currently used in the treatment of acute or chronic pain. Detailed
descriptions of these systems are provided below.

Bioventus/Bioness

The Bioness StimRouter™ device (Bioventus/Bioness Inc., Valencia, Santa Clarita, CA, USA) is specifically designed for
the treatment of peripheral nerve pain in the lower and upper extremities, pelvis, and trunk.'®® The system requires
implantation of a peripheral lead that is powered by a rechargeable, lithium battery within the external pulse transmitter
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Table 5 Overview of Percutaneous PNS Systems

PNS Device (Manufacturer)

Device Characteristics

Permanent

vs Temporary

FDA Cleared Indication

MRI Capability

StimRouter (Bioness/Bioventus) ® 3 contact leads — tined only Permanent Severe, intractable chronic pain of peripheral nerve Conditional
® Single lead configuration origin.
® External power source
® Tonic stimulation
Nalu Neurostimulation System ® 4 and 8 contact leads- tined and untined Permanent Severe, intractable chronic pain of peripheral nerve Conditional
(Nalu Medical) ® Option for |- or 2-lead configurations origin.
® |mplantable IPG with external power source
® Trial kit available — FDA approved for 30-day use
® Multiple waveforms
StimQ PNS System (Stimwave ® 4 and 8 contact leads — tined and untined Permanent Severe, intractable chronic pain of peripheral nerve Conditional, full body
Technologies) ® External power source origin. 1.5T with 4 contact lead
® Trial kit available
® Multiple waveforms
SPRINT PNS System (SPR ® Single, open-coil, externalized lead Temporary Up to 60 days in the back, extremities, head, neck, and/ | Not compatible
Therapeutics) ® 60-day use or torso for:
® Option for |- or 2-lead configurations I. Symptomatic relief of chronic, intractable pain,
® Tonic stimulation postsurgical and posttraumatic acute pain
2. Symptomatic relief of posttraumatic pain
3. Symptomatic relief of postoperative pain
*Not intended to treat pain in the region innervated by
the cranial and facial nerves.
ReActiv8 Implantage ® Tined, 4 contact leads Permanent To aid in treatment of intractable chronic low back pain | Not compatible

Neurostimulation System
(Mainstay Medical)

Leads are implanted bilaterally at the transverse
processes of L3

Implanted non-rechargeable IPG

Handheld activator to start and stop stimulation
Stimulation activates lumbar multifidus muscles

associated with multifidus muscle dysfunction
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(EPT). The implanted lead is 15 cm in length and 1.2 mm in diameter, and contains the receiver coil and three stimulation
electrodes. To implant the lead, a 1-2 cm incision is created approximately 5-10 c¢cm from the targeted nerve.
A stimulation probe is used to stimulate the targeted nerve and ensure stimulation is possible.

Once the stimulation response is confirmed, an introducer is placed over the stimulation probe and the probe is
removed. The peripheral lead is placed through the introducer and the stimulation response is again confirmed through
the implanted lead. The introducer is removed and this deploys the four-pronged anchor to hold the lead in place. Then
the proximal end of the peripheral lead is tunneled subcutaneously, after which the incisions are closed and covered with
sterile dressings.

The EPT powers the system and is positioned directly over the receiver of the implanted lead by attaching it to
a disposable electrode patch placed on the skin for programming and daily wear. The clinician/representative has a device
programmer to test multiple stimulation settings, including waveform, amplitude, pulse rate, phase duration, and time.
Once programmed by the clinician, the patient can power on or off the device, select from among the various settings,
and change amplitude through a different patient programmer. The StimRouter® system is MRI Conditional for head and

extremities under specific conditions.'®’

Nalu Medical

The Nalu™ Neurostimulation System (Nalu Medical Inc., Carlsbad, CA, USA) offers both central and peripheral
nervous system stimulation devices using battery-free microstimulation constructs.'”® The PNS functionality of the
system is indicated for intractable chronic pain of peripheral nerve origin. The system uses tined four-contact lead(s) of
either 25 cm or 40 cm length, which are inserted subcutaneously near the targeted nerve. The implantable pulse generator
(IPQ) is battery-free and is powered by an external therapy disc worn over the IPG site.

To perform the implant procedure, a puncture incision may need to be created. The needle and introducer sheath are
advanced through the incision in the direction of the peripheral nerve using ultrasound or fluoroscopic guidance. Once in
appropriate position, the needle is removed, leaving the introducer sheath in place. The lead is pre-loaded with a straight
stylet and inserted through the introducer sheath. Once the lead is visualized in the appropriate position, the introducer
sheath is retracted to expose the lead’s contacts. The proximal end of the lead is then connected to the electrode interface
cable and paresthesia production may be attempted.

Once appropriate stimulation is obtained, the tines may be deployed. Holding the lead in place, the introducer sheath
is slowly retracted until it approaches the correct white marker band on the lead (distal marker band for the 10 cm
introducer sheath; proximal marker band for the 14 cm introducer sheath). Deployment of the first lead tine is initiated
when the white marker band enters the introducer sheath. The introducer sheath is then slowly removed until a drop in
resistance is felt. At this point, confirmation of lead location by performing stimulation or visualizing through fluoro-
scopic or ultrasound imaging is recommended. The desired IPG location is then finalized and the placement of the
therapy disc is outlined with a surgical marker, after which an incision is made 7 cm from the center of the therapy disc in
the direction of the PNS lead.

Depending on the desired site of the IPG, the PNS lead may need to be connected to a lead extension and/or tunneled
to the IPG incision. To accomplish this, the pocket tunneller tool can be used to create a shallow subcutaneous pocket,
1 cm deep and up to 10 cm in length, advancing towards the center of the therapy disc outline. The proximal end of the
lead is then cleaned, inserted into the IPG, and locked in place using the torque wrench, after which the tip of the IPG
insertion tool is inserted into the specified IPG site with the Nalu logo facing towards the skin. The IPG is then advanced
with a pushing motion along the subcutaneous path until it reaches the center of the therapy disc outline. Finally, the IPG
insertion tool is removed, leaving the IPG in place.

At this point, the impedances should be checked and excess lead should be looped into the incision site. The
incision(s) are closed in a standard fashion and sterile dressings applied. The patient is given two therapy discs to ensure
proper charging and minimize disruption of therapy. Using the therapy disc, the patient can power on or off the device,
change programs, and adjust stimulation intensity. The Nalu PNS system is MRI Conditional for head and extremities

. .. 1
under specific conditions.'*®
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Stimwave

The StimQ Peripheral Nerve Stimulator (PNS) System (Stimwave Technologies Inc., Fort Lauderdale, FL, USA) is
indicated for intractable pain in adults who have pain of peripheral nerve origin.'® The system consists of an implantable
stimulator, implantable receiver, and an external transmitter to power the device. Prior to implantation, patients will
typically undergo a trial using a trial lead to determine efficacy.

To implant the device, the distal end of the PNS lead, which contains the electrodes, is inserted around the targeted
peripheral nerve and the proximal end is anchored and buried in the superficial soft tissues. The PNS lead has tines to
anchor it in place. The external transmitter is placed over the proximal end of the lead to power the device. Multiple
programming options are available, including traditional and burst waveforms, and stimulation frequencies up to 1500
Hz. The device is full body MRI conditional.

SPR Therapeutics

The SPRINT® PNS System (SPR Therapeutics, Cleveland, OH, USA) is indicated for up to 60 days in the back and/or
extremities for relief of chronic intractable pain, in addition to acute post-surgical and post-traumatic pain.''® In 2021, the
device gained expanded FDA clearance for placement in regions including the head, neck, and the front of the torso (but
not including regions innervated by facial or cranial nerves).

To perform the implant procedure, a monopolar needle electrode is inserted percutaneously and directed towards the
targeted nerve (within 0.5 to 3 cm) using ultrasound and/or fluoroscopy guidance. Test stimulation is performed through
the needle to confirm paresthesia production in the expected and desired locations. Once optimal location is identified,
the needle electrode is removed. A 20G introducer needle preloaded with the Sprint MicroLead is then directed to the
same location using ultrasound and/or fluoroscopy guidance. Correct lead positioning is confirmed by performing test
stimulation through the lead. If successful, the lead is deployed by withdrawing the needle introducer while applying
downward pressure at the skin surface. Typically, the lead is coiled outside the skin, trimmed accordingly, and the skin
exit site is covered with a bandage. The lead is then connected to an EPG, which is attached to the body using an
adhesive pad. At the end of the 60-day therapy period (or before if necessary), the lead is removed from the subcutaneous
tissues along with the EPG. The SPRINT® PNS System is MRI unsafe while implanted and must be removed before an

MRI can be performed. Following removal, a retained lead fragment is considered MRI conditional.'®®

Mainstay Medical

The ReActiv8® Implantable Neurostimulation System (Mainstay Medical Limited, Dublin, Ireland) is indicated for
patients with intractable low back pain associated with multifidus muscle dysfunction, as evidenced by multifidus atrophy
on advanced imaging.''" The ReActiv8® system consists of an IPG and implantable stimulation leads. The non-
rechargeable ReActiv8® IPG allows two to four-electrode leads. The leads are fitted with bi-directional tines at the
distal electrode which engage with the soft tissues upon lead deployment to anchor the lead in place. A hand-held
activator allows the patient to start and stop stimulation. The IPG is programmed to deliver episodic electrical stimulation
with varying stimulation times and episodes per day. The goal of stimulation is to elicit a contraction of the lumbar
multifidus muscles.

To implant the device, the patient is positioned prone on an operating room table A midline incision is performed and
the leads are placed adjacent to the descending medial branch dorsal rami, bilaterally at the transverse processes of L3.
The leads are introduced with fluoroscopic visualization using an introducer needle, guide wire, delivery sheath, and
dilator. The implanting physician then creates a subcutaneous pocket where the IPG will be implanted. The leads are
tunneled subcutaneously between the lead implant incision and the IPG pocket, leaving a strain relief loop at the midline
lead incision. Following lead placement and connection of the leads to the IPG, the wounds are irrigated and closed in
a layered fashion. Sterile dressings should be applied.

Conclusion
Electrical neuromodulation has been employed in the treatment of refractory pain conditions since the publication of the Gate
Control Theory in 1965. Given recent advances in technology, we should anticipate corresponding refinements in techniques,
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Table 6 ASPN Best Practices PNS Guidelines

ASPN Best Practices PNS Guidelines Level of Grade
Evidence

Head/Neck

Stimulation of occipital nerves may be offered to patients with chronic migraine headache when conservative | B

treatments have failed. The average effect size for relief of migraine symptoms is modest to moderate.
There is insufficient evidence to recommend stimulation of supraorbital and infraorbital nerves for neuropathic 1I-3 C
craniofacial pain.
Upper Extremities
PNS may offer modest and short-term pain relief, improved physical function, and better quality of life for chronic | B
hemiplegic shoulder pain.
PNS for mononeuropathies of the upper extremity may be offered following a positive diagnostic ultrasound-guided 1I-2 B
nerve block of the targeted nerve and is associated with modest to moderate pain relief.
Low Back/Trunk

Subcutaneous peripheral field stimulation and optimal medication management may offer moderate improvement in | B
pain intensity for failed back surgery compared to optimal medication management alone.
There is evidence that PNS of lumbar medial branch nerves may improve pain intensity, physical function, and pain 1I-2 B
interference in patients with axial, mechanical low back pain.
There is limited evidence that PNS may alleviate pain in neuropathic pain syndrome involving the trunk and back n C
including radiculopathy and post-herpetic neuralgia.
Lower Extremities

PNS may be considered for lower extremity neuropathic pain following failure of conservative treatment options and | B
is associated with modest pain relief.
PNS may be considered for lower extremity post-amputation pain following failure of conservative treatment options | B
and is associated with modest to moderate pain relief.
Other Considerations

As a less-invasive modality compared to SCS therapy, PNS may be offered to patients with CRPS Type | or Type Il, and n C
may be associated with modest improvement in pain intensity and functional outcomes. However, high-quality
evidence is limited and other neuromodulation interventions such as dorsal root ganglion SCS are recommended for
CRPS.

PNS carries a low-to-intermediate risk for bleeding complications and depends on the proximity of the targeted nerve n |
to critical vessels and invasiveness of PNS implantation.

applications, and targets of stimulation therapies. Unlike stimulation of the central nervous system via epidural spinal cord
electrodes, stimulation of the peripheral nervous system has not gained widespread adoption, despite its longer history of use.
Current evidence from high-quality RCTs combined with newer technologies facilitating less invasive and easier electrode
placement make PN an attractive option for physicians and patients in the management complex pain disorders.'"?

With the expansion of treatment into both acute and chronic pain, our goal is to provide best practice guidelines and
recommendations based on the level of current evidence for the utilization of PNS for recalcitrant pain. Please see
a summary in Table 6: ASPN best practices PNS guidelines. As our understanding of the effect that PNS has on
nociceptive pain progresses, so too will our knowledge as to its best application. PNS should be used judiciously as an
adjunct for chronic pain following adequate patient screening and positive diagnostic nerve block or stimulation trial.
Further robust clinical studies identifying specific conditions, waveforms, programming, and lead placements are
necessary to ensure standardization of patient and treatment selection.
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