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Objective: Conventional neurostimulation typically involves a brief (eg, ≤10-day) trial to assess presumed effectiveness prior to
permanent implantation. Low trial conversion rates and high explant rates due to inadequate pain relief highlight the need for improved
patient identification strategies. The development of a 60-day percutaneous peripheral nerve stimulation (PNS) system enables
evaluation of outcomes following an extended temporary treatment period of up to 60 days, that may obviate or validate the need
for permanent implant. The present study provides the first real-world evidence regarding patient response throughout a 60-day PNS
treatment period.
Methods: Anonymized data listings were compiled from patients who underwent implantation of temporary percutaneous leads and
opted-in to provide real-world data to the device manufacturer during routine interactions with device representatives throughout the
60-day treatment.
Results: Overall, 30% (222/747) of patients were early responders (≥50% pain relief throughout treatment). Another 31% (231/747)
of patients initially presented as non-responders but surpassed 50% pain relief by the end of treatment. Conversely, 32% (239/747) of
patients were non-responders throughout treatment. An additional 7% (55/747) of patients initially presented as responders but fell
below 50% relief by the end of the treatment period.
Conclusion: An extended, 60-day PNS treatment may help identify delayed responders, providing the opportunity for sustained relief
and improving access to effective PNS treatment. Compared to a conventionally short trial of ≤10 days, a longer 60-day PNS treatment
may also help reduce explant rates by identifying delayed non-responders unlikely to benefit long-term. These scenarios support the
importance of an extended 60-day temporary PNS stimulation period to help inform stepwise treatment strategies that may optimize
outcomes and cost-effectiveness.
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Introduction
Chronic pain is a highly prevalent and debilitating condition affecting an estimated 18–43% of the population with total
economic costs of $560-635 Billion annually across the United States.1–4 Pain frequently causes substantial disability,
interference with daily activities, and leads to discouragement, anger, embitterment, and general suffering with a strong
negative correlation between pain severity and health-related quality of life.5–8 In the midst of the ongoing opioid crisis in
the US, peripheral nerve stimulation (PNS) has demonstrated effectiveness as a non-opioid, pain management solution
for a wide range of pain conditions, including low back pain, joint pain, post-traumatic and neuropathic pain, post-
operative pain, complex regional pain syndrome and oncologic pain.9–16
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Current conventional neurostimulation systems for pain relief in the United States and many other regions typically
involve a brief (eg, ≤7–10-day) trial to assess presumed effectiveness prior to permanent system implantation, with
patients that report ≥50% pain relief typically proceeding to permanent implantation, or no trial at all.17,18 Brief trials
were originally implemented to reduce the rate of failed implants and improve cost-effectiveness of therapies, yet recent
reviews of conventional neurostimulation systems (including PNS, spinal cord stimulation (SCS), and dorsal root
ganglion stimulation (DRGS)) 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.17,19–26 Additionally, prospective studies commonly report trial conversion rates >80%, but real-world conversion
rates have been consistently reported to be much lower (41–65%), with patient selection, provider volume, and
etiological diversity all presenting challenges to replication of clinical trial outcomes.18,27 These low trial conversion
rates and high rates of explant due to inadequate pain relief suggest that improved real-world patient identification
strategies are needed to better distinguish likely responders and non-responders to neurostimulation before making the
decision to implant a permanent system.

The length of conventional neurostimulation trials, as a mode of identification of presumed responders and non-
responders to neurostimulation, has historically been limited to ~7–10 days due to the risk of infection associated with
conventional cylindrical percutaneous leads exiting the skin interface.28–31 In part because of this limitation, the
predictive value of brief conventional stimulation trials is controversial,29,31–33 however single-stage implants that
effectively eliminate trialing altogether fail to address the costs and risks associated with system explant in patients
with inadequate pain relief, and treatment failure rates remain high when trialing is omitted.31,34 To date, little data exist
regarding the potential benefits of extended (>30-day) percutaneous lead indwelling times to improve identification of
responders and non-responders during temporary treatment.

In recent years, a percutaneous PNS system was developed with fine-wire, open-coil leads designed to reduce
infection risk that can be safely implanted for up to 60 days.35,36 A recent review found fine-wire, coiled leads to
have an estimated 60-day infection rate of 0.1% and 25-fold lower risk of infection compared to conventional cylindrical
leads,30 which is similar to the infection rate in published clinical trials to-date using temporary percutaneous leads (one
superficial infection at a lead exit site across 601 implanted leads, 0.17%).35,37–49 The most commonly reported adverse
event has been adhesive-related skin irritation. This novel 60-day PNS treatment has demonstrated the potential to
produce sustained improvements, obviating the need for a permanently implanted system altogether in some
patients,16,41,50–52 while also facilitating a more detailed evaluation of the patient response throughout a longer (60-
day) treatment period. The present study provides the first analysis of real-world evidence showing the evolution of pain
relief in patients that previously underwent implantation of 60-day PNS leads for the treatment of pain.

Methods
Study Design and Sample
The study was a retrospective review of anonymized data listings from an existing real-world database populated with
records from 6134 patients who underwent commercial implantation of temporary PNS leads (SPRINT®, SPR
Therapeutics, Cleveland, OH, USA) between October 2017 and September 2021 and who gave written approval to
provide real-world data to the device manufacturer. Data were stored and accessed within an ISO-27001 compliant
system with appropriate data security and privacy protections including data segregation, role-based access restrictions
and authentication requirements, and industry-standard data transmission encryption. The anonymized data consisted of
patient reports of percent pain relief (Brief Pain Inventory – Short Form, Question #853) from routine interactions with
manufacturer representatives throughout the 60-day treatment period (eg, for device support, programming, etc.). Due to
the retrospective nature of the analyses and the use of anonymized data listings, IRB approval was not required.

60-Day Peripheral Nerve Stimulation Treatment
Patients in the present retrospective analysis previously underwent commercial implantation of the 60-day PNS system for
various indications. The system consists of fine-wire, coiled leads implanted percutaneously, typically under ultrasound or
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fluoroscopic guidance. Leads are implanted remote (0.5–3 cm) from the target nerve and the externalized portion is
connected to a body-mounted pulse generator that delivers the stimulation waveform (asymmetric charge-balanced
biphasic pulse train, 1–30 mA, 10–200 µs, 5–150 Hz). Patients adjust stimulation intensity to maintain comfort during
treatment using a wireless remote. Stimulation is delivered for up to 60 days after which the percutaneous leads are removed
by clinical staff by applying gentle traction to the external portion of the lead, after which patients proceed to follow-up with
their physician.

Data Analysis
Eligibility for inclusion of anonymized data in the present analysis required that the patient opted-in at the time of
treatment to provide data to the device manufacturer, had completed the PNS treatment (ie, was not in treatment at the
time of the analysis), provided at least one report of percent pain relief during the first two weeks of the 60-day PNS
treatment, and provided at least two reports of percent pain relief overall throughout the 60-day treatment period.

Patient records extracted from the database included treatment characteristics such as nerve target, body region,
number of leads implanted (ie, single vs dual lead stimulation), and duration of treatment. Pain indications were selected
from a pre-populated list of the most common conditions treated with PNS and selections were non-exclusive, meaning
a given patient record could indicate more than one cause of pain.

Responders were defined as those achieving ≥50% pain relief. Four response profiles were delineated: a) Early
Responders: patients who reported ≥50% pain relief throughout the 60-day treatment period; b) Delayed Responders:
patients who reported less than 50% pain relief within the first two weeks but ultimately achieved ≥50% pain relief
before the end of the 60-day treatment period; c) Early Non-Responders: patients who never achieved ≥50% pain relief
during the 60-day treatment period; and d) Delayed Non-Responders: patients who reported ≥50% pain relief within the
first two weeks but ultimately fell below 50% pain relief by the end of the 60-day treatment period. The proportion of
patients in each response profile was determined overall and by body region undergoing treatment (eg, low back,
shoulder, knee, etc.). Mean pain relief was also summarized overall and for each response profile subgroup by week
throughout the 60-day treatment period. All data are reported as mean (SD).

Results
Study Population
A total of 6134 anonymized patient records were screened, and 747 were eligible for inclusion in the present analysis
(Figure 1). These 747 patient records included 4182 reports of percent pain relief throughout the 60-day PNS treatment
period (5.6 ± 2.5 individual reports per patient, including end of treatment). The population represented PNS treatment in
18 different body regions and 25 different nerve targets, with low back (medial branch of the dorsal ramus), knee
(femoral and/or sciatic nerves), and shoulder (axillary and/or suprascapular nerves), representing over two thirds of the
population (Tables 1 and 2). The most common pain conditions treated included post-operative pain, axial back pain,
osteoarthritis, and neuropathic pain (Table 3). Mean worst pain score at baseline was 8.7 ± 1.6 and mean average pain
score at baseline was 6.1 ± 2.0. Sixty-one percent of patients underwent dual-lead stimulation (eg, two leads bilaterally or
targeting two different nerves; 453/747) while 39% received stimulation via a single lead. Mean patient age was 62.3 ±
16.5 years and the mean duration of PNS treatment was 54.9 ± 18.2 days.

Response Profiles During 60-Day PNS
Patients were categorized into four response profiles based on the evolution of their reported percent pain relief
throughout the 60-day treatment period: Early Responders, Delayed Responders, Early Non-Responders, and Delayed
Non-Responders. The proportions in each profile were similar across the various pain regions (Table 4).

Early Responders
Overall, 30% (222/747) of patients were classified as early responders (Table 4). Percent pain relief averaged 75.5 ±
19.7% at the time of the first report after beginning treatment, which occurred on day 4.8 ± 3.4 following lead
implantation. Mean percent pain relief remained high throughout the treatment and averaged 78.4 ± 17.7% at the time
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of lead removal. Early responders averaged a net change of +2.8% pain relief from the first report to the end of treatment
(Figure 2).

Delayed Responders
A total of 31% (231/747) of patients were classified as delayed responders (Table 4). Percent pain relief averaged
12.9 ± 14.4% at the time of the first report after beginning treatment, which occurred on day 4.3 ± 3.6 following
lead implantation. Mean percent pain relief increased week over week throughout treatment (Figure 3) and averaged
62.7 ± 26.2% at the time of lead removal. Delayed responders averaged a net change of +49.8% pain relief from the
first report to the end of treatment (Figure 2). The maximum mean percent pain relief in this subgroup was achieved
in the final week of the 60-day treatment period (Figure 3).

Figure 1 Analysis flow diagram. Anonymized patient records consisting of reports of percent pain relief throughout the 60-day treatment period were assessed for inclusion
in the analysis.

Table 1 Regions of Pain Treated by 60-Day PNS

Pain Region Sample Size (n, Patients)

Low Back 245

Knee 153

Shoulder 104

All other (ankle/foot, calf, thigh, upper extremity, torso, hip/groin, etc.) 245

Total Patients 747
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Early Non-Responders
Overall, 32% (239/747) of patients were classified as early non-responders (Table 4). Percent pain relief averaged 5.7 ± 10.8% at
the time of the first report after beginning treatment, which occurred on day 4.9 ± 3.6 following lead implantation. Percent pain

Table 3 Pain Indications

Pain Indications Sample Size
(n, Patients*)

Chronic post-operative pain 202

Axial back pain 178

Osteoarthritis 150

Neuralgia/neuropathy/nerve trauma 109

Trauma 71

CRPS 43

Musculoskeletal pain 33

Residual limb pain 25

Phantom limb pain 19

All other (includes post-stroke pain, shingles, radiculopathy, cancer, acute post-operative pain, fibromyalgia, diabetic

neuropathy, meralgia paresthetica, CNS injury, vascular disease)

46

Note: *Pain indications were non-exclusive, meaning patients could indicate multiple causes of pain.

Table 4 Summary of Response Profiles

All (n=747) Low Back (n=245) Knee (n=153) Shoulder (n=104) All Other (n=245)

Early Responders, % (n) 30% (222) 25% (62) 31% (47) 33% (34) 32% (79)

Delayed Responders, % (n) 31% (231) 33% (80) 32% (49) 38% (39) 26% (63)

Early Non-Responders, % (n) 32% (239) 35% (86) 27% (42) 22% (23) 36% (88)

Delayed Non-Responders, % (n) 7% (55) 7% (17) 10% (15) 8% (8) 6% (15)

Table 2 Target Nerves for 60-Day PNS

Nerve Target Sample Size (n, Nerves)

Medial Branch of the Dorsal Ramus 407

Sciatic Nerve 159

Femoral Nerve 116

Suprascapular Nerve 96

Saphenous Nerve 82

Axillary Nerve 46

Tibial Nerve 34

All other (eg, occipital, median, ulnar, ilioinguinal, intercostal, etc.) 257

Total implanted leads 1197
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relief remained low throughout the treatment period in this subgroup and averaged 10.4 ± 14.3% at the time of lead removal.
Early non-responders averaged a net change of +4.7% pain relief from the first report to the end of treatment (Figure 2).

Delayed Non-Responders
A total of 7% (55/747) of patients were classified as delayed non-responders (Table 4). Percent pain relief averaged 67.8
± 18.7% at the time of the first report after beginning treatment, which occurred on day 4.1 ± 3.5 following lead
implantation. Mean percent pain relief decreased week over week throughout treatment (Figure 3) and averaged 17.2 ±
17.8% at the time of lead removal. Delayed non-responders averaged a net change of −50.6% pain relief from the first
report to the end of treatment (Figure 2). Mean percent pain relief in this subgroup reached its lowest level in the final
two weeks of the 60-day treatment period (Figure 3).

Figure 3 Mean percent pain relief by week and response profile. Mean percent pain relief is summarized by week throughout the 60-day PNS treatment period for each
response profile. Reports of percent pain relief were binned by week based on the time of their collection relative to the time of lead implantation (ie, start of treatment).
Week 8+ includes reports from Day 57 to Day 60.
Abbreviation: PNS, peripheral nerve stimulation.

Figure 2 Changes in mean percent pain relief during treatment. Mean percent pain relief at the first report and the end of the 60-day treatment are shown for each
response profile.
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Discussion
This study presents the first real-world evidence regarding patient response to PNS throughout a temporary, 60-day
percutaneous PNS treatment period. Approximately 37% of patients were categorized as delayed responders or delayed
non-responders whose initial levels of pain relief within the first two weeks of treatment were not predictive of their final
response profile (Table 4). Conventional PNS systems typically employ no trial or a brief trial of ≤10 days to identify
presumed responders and non-responders prior to permanent implantation. The present study suggests that categorization
of patient responses to stimulation for pain relief, and the associated cost-effectiveness of neurostimulation therapies
within the pain treatment algorithm, could be markedly improved by adopting significantly longer temporary stimulation
treatments.

Delayed responders were one of the largest subgroups in the present study, with over 30% of patients initially
reporting low pain relief (mean 12.9% pain relief in the first week) before eventually surpassing the 50% pain relief
threshold and achieving their highest levels of pain relief near the end of the 60-day treatment (Figures 2 and 3). Potential
factors contributing to the gradual increase in pain relief throughout the PNS treatment period include cumulative
improvements in patient treatment compliance, resolution of technical issues, optimization of stimulation programming,
and neurophysiological factors such as progressive reconditioning of the centrally-maintained pain state on the time
course of several weeks.50,52 Clinical and real-world evidence suggest that responders to 60-day PNS treatment,
including delayed responders, have the potential to achieve sustained benefits that long outlast the 60-day treatment
period, obviating the need for permanently implanted conventional neurostimulation in many cases.16,40,41,50–52,54 In
cases where pain returns soon after the end of the 60-day treatment, success during the temporary 60-day PNS treatment
could also provide support for patients to proceed to a permanent implant. Therefore, whereas delayed responders
undergoing a brief (≤10-day) treatment period may be spuriously categorized as non-responders and be forced to seek
alternate therapeutic options, a 60-day treatment period may increase patient access to PNS by either providing sustained
pain relief or providing evidence for the potential effectiveness of a future permanent implant.

Conversely, delayed non-responders exhibited substantial pain relief initially (mean 67.8% in the first week) before
falling below 50% relief by the end of the 60-day treatment (Figures 2 and 3). Some patients may experience loss of
effect due to device-related issues, and while the mean duration of treatment (54.9 days) suggests that most patients
completed nearly the full 60-day PNS treatment period, analysis of the impact of early lead removal on delayed
responder/non-responder rates is beyond the scope of the present analysis. Other patients may experience physiological
and/or psychological accommodation or tolerance to stimulation, which has long been theorized as a cause for
diminishing pain relief over time with permanent neurostimulation systems.26,55–57 Other delayed non-responders may
experience waning placebo effects, which can produce false positive responses to stimulation in shorter trials and
contribute to subsequent failure of permanently implanted devices.17 The potential costs and risks are significant for
patients that initially present strong false positive responses during brief trials and on that basis are qualified for
permanent implantation that is ultimately unlikely to be successful.25 As noted by North in an editorial on SCS trial
duration, the ability to accurately predict failure holds at least as much value as predicting success in a screening
protocol.58 Identifying delayed non-responders more effectively, potentially with a longer (ie, 60-day) treatment period,
could therefore help avoid the physical, psychological and financial impacts associated with implantation, revision, and
explant of neurostimulator systems in non-responsive patients.

In the present study, the delayed responder group did not reach its peak mean percent pain relief until the final two
weeks of treatment and the delayed non-responder group similarly did not reach its minimum percent pain relief until just
before the end of the 60-day treatment (Figure 2). The delayed responder and delayed non-responder groups also
displayed similar mean levels of pain relief at Weeks 3 and 4, suggesting that more than 4 weeks of PNS treatment is
needed to increase classification specificity (Figure 2). While much of the existing data regarding trial duration and trial
outcomes are for SCS and more data are needed on trialing strategies and outcomes using conventional PNS systems,
evidence indicates that a majority of PNS trials are also ≤10 days in length.11,15,28,29,32,33 For example, one text noted
that, “a trial of 1–2 days is usually adequate to determine the effectiveness of PNS.”62 For SCS in particular, longer trials
of up to 28 days are sometimes used outside the US, often as dictated by coverage policy, but there is no evidence that
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these 28-day trials are more predictive of successful permanent SCS implantation compared to shorter trials,32,33 and
conventional percutaneous leads indwelling for 28 days have significantly elevated infection risk.28,30 Together, these
findings suggest that temporary PNS treatment periods up to 60 days, along with percutaneous leads that can be safely
implanted over this timeframe, may maximize the opportunity for identification of delayed responders and delayed non-
responders.

A recent study by Eldabe et al highlighted the limitations of conventional trialing in SCS, finding that no trialing had
equivalent predictive value for long-term pain control compared to conventional ≤7–10-day trials and suggesting that the
clinical benefits of conventional SCS trials are limited when balanced against the infection and surgical risks of
conventional systems.33 While caution should be exercised when relating experiences in SCS to current PNS technol-
ogies, its relevance to the present study warrants discussion. Notably, Eldabe et al found that more than half of positively
screened patients with ≥50% pain relief during the SCS trial (mean trial duration, 9.3 days) had <50% pain relief at 3-
and 6-months, suggesting a high rate of what the present study may classify as delayed non-responders whose positive
trials failed to translate to effective pain relief.33 Although the study implanted patients with failed SCS trials, potentially
providing an opportunity to identify delayed responders, only two of five patients with negative trials who underwent
implantation were available at the 3- or 6-month follow-up, making interpretation difficult.33 Additionally, according to
Eldabe et al, one of the key reasons to re-evaluate the clinical benefit of SCS trialing strategies is because the trials
themselves carry significant risk of infection, surgical pain confounding patient assessments of benefit, and other
significant procedural risks.33 To the extent that conventional PNS trials may carry some of the same risks, the
availability of a novel percutaneous PNS system with temporary leads designed to reduce infection rates enabling
indwelling periods of up to 60-days provides the opportunity to determine whether an extended PNS treatment, rather
than abbreviated or absent PNS trialing, could potentially provide clinical benefit in lieu of or prior to permanent
implantation. Overall, the findings of Eldabe et al, along with other studies of conventional trialing strategies, suggest
that the paradigm of relatively abbreviated trialing (including no trial, acute testing, or ≤7–10-day trial) lacks specificity
in general,18,32,33 reinforcing the rationale of the present study to re-evaluate the brevity of PNS treatment in an attempt
to improve patient outcomes. While Eldabe et al respond to the low clinical benefit of conventional SCS trialing by
challenging the necessity of SCS trials, the present study re-evaluates the brevity of PNS trials and suggests that alternate
strategies like a longer temporary PNS treatment may also help improve cost effectiveness and clinical outcomes.

Limitations of the present study include its retrospective nature and the availability of data at irregular intervals across the
patient population, although the large sample size in the present analysis nonetheless provides a substantial amount of
longitudinal real-world data that enables detailed analysis of patient responses throughout the treatment period. Although
recent studies have highlighted the importance of multidimensional analysis of patient improvement including pain, medica-
tion use, function, and health-related quality of life (QoL), the present study analyzed percent pain relief and did not have
sufficient data to assess subsequent changes in function or QoL. Neuromodulation Appropriateness Consensus Committee
(NACC) recommendations suggest that medication use, function, and QoL might be considered as alternate determinants of
trial success with conventional stimulation, and it is possible that the early and delayed responder and non-responder rates in
the present study could shift (potentially producing more early and delayed responders) with the inclusion of additional
outcome dimensions.59 Additionally, as noted above much of the existing data regarding trial duration and trial outcomes are
for SCS and more data are needed on trialing strategies and outcomes using conventional PNS systems. Nonetheless, NACC
recommends similar trialing strategies for permanently implanted SCS, DRG, and PNS systems, and similar trends of false
positive and false negative trial outcomes are seen in the PNS literature, suggesting that the trends discussed in the present
study may have similarities across conventional neurostimulation modalities.59–61

Conclusions
Treatment with percutaneously implanted PNS leads for up to 60 days enabled substantial (≥50%) pain reductions in
a majority (60%) of patients in a real-world setting. The responsiveness of many patients appears to evolve over the course
of a 60-day PNS treatment period including both delayed improvements in pain relief for some patients and delayed loss of
analgesia in others. An extended, 60-day PNS treatment may help identify delayed responders, providing the opportunity
for sustained relief and improving access to effective PNS treatment. Compared to a conventionally short stimulation trial
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of ≤10 days, a longer 60-day PNS treatment may also help reduce explant rates by identifying delayed non-responders
unlikely to benefit long-term. These scenarios support the importance of an extended 60-day temporary peripheral nerve
stimulation period to help inform stepwise treatment strategies that may optimize outcomes and cost-effectiveness.
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