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Introduction: Painful peripheral neuropathy (PPN) is a debilitating condition with varied etiologies. Spinal cord stimulation (SCS) is
increasingly used when conservative treatments fail to provide adequate pain relief. Few published reviews have examined SCS
outcomes in all forms of PPN.

Methods: We conducted a systematic review of SCS in PPN. The PubMed database was searched up to February 7th, 2022, for peer-
reviewed studies of SCS that enrolled PPN patients with pain symptoms in their lower limbs and/or lower extremities. We assessed the
quality of randomized controlled trial (RCT) evidence using the Cochrane risk of bias tool. Data were tabulated and presented
narratively.

Results: Twenty eligible studies documented SCS treatment in PPN patients, including 10 kHz SCS, traditional low-frequency SCS
(t-SCS), dorsal root ganglion stimulation (DRGS), and burst SCS. In total, 451 patients received a permanent implant (10 kHz SCS,
n=267; t-SCS, n=147; DRGS, n=25; burst SCS, n=12). Approximately 88% of implanted patients had painful diabetic neuropathy
(PDN). Overall, we found clinically meaningful pain relief (=30%) with all SCS modalities. Among the studies, RCTs supported the
use of 10 kHz SCS and t-SCS to treat PDN, with 10 kHz SCS providing a higher reduction in pain (76%) than t-SCS (38-55%). Pain
relief with 10 kHz SCS and DRGS in other PPN etiologies ranged from 42-81%. In addition, 66—71% of PDN patients and 38% of
nondiabetic PPN patients experienced neurological improvement with 10 kHz SCS.

Conclusion: Our review found clinically meaningful pain relief in PPN patients after SCS treatment. RCT evidence supported the use
of 10 kHz SCS and t-SCS in the diabetic neuropathy subpopulation, with more robust pain relief evident with 10 kHz SCS. Outcomes
in other PPN etiologies were also promising for 10 kHz SCS. In addition, a majority of PDN patients experienced neurological
improvement with 10 kHz SCS, as did a notable subset of nondiabetic PPN patients.
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Introduction

Neuropathies are common neurological diseases, with an estimated prevalence of between 1% and 12% in all age groups
and higher rates in older people.' Etiologies are diverse; nevertheless, the unifying feature is damage to the peripheral
nervous system, resulting in either motor, sensory or autonomic dysfunction." Common causes of peripheral neuropathies
include Carpal tunnel syndrome, Bells’ palsy, diabetes mellitus, toxic exposure (eg, oncologic therapy), and hereditary

polyneuropathy (eg, Charcot—Marie—Tooth disease).” Sensory and/or motor nerves are the most often affected, with
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common neurological symptoms including burning pain, numbness, paresthesia, muscle weakness and atrophy, and gait
abnormalities.'"*

Neuropathic pain is prevalent in peripheral neuropathy, affecting up to two-thirds of patients and severely impairing
quality of life.* Currently, oral pharmacotherapy is the mainstay of treatment, with gabapentinoids, serotonin-norepi-
nephrine reuptake inhibitors, and tricyclic antidepressants being the main recommended medications for symptom

relief,>®

However, these drugs generally have limited efficacy, and tolerability is often poor due to their systemic or
centrally mediated effects.® Other localized agents are also used in drug-refractory patients, including an 8% capsaicin
patch recently approved by the FDA for the management of painful diabetic neuropathy (PDN).'® However, overall,
many patients are left with unrelieved pain.® ' Furthermore, the unmet need for efficacious treatments in patients with
painful peripheral neuropathy (PPN) is set to increase, with the rising prevalence of diabetes a major contributing factor.

Spinal cord stimulation (SCS) is one of the current alternative treatment options for PPN patients who fail
pharmacotherapy. During traditional low-frequency SCS (t-SCS), paresthesia is elicited over the painful area by applying
electrical pulses to the dorsal column at a frequency between 40 Hz and 60 Hz. While the therapy is used to treat various

neuropathic pain conditions, its efficacy is generally limited to approximately 50% of treated patients,'> '

1624

and pain relief
may diminish over time in those with initial treatment response.

In an effort to overcome the limitations associated with t-SCS, several novel stimulation modalities and neural targets
have been developed over the last decade, including high-frequency SCS at 10 kHz (10 kHz SCS), burst SCS
(characterized by trains of 500 Hz pulses), and dorsal root ganglion stimulation (DRGS). In a randomized controlled
trial (RCT), 10 kHz SCS showed superior pain relief over t-SCS in patients with chronic back and leg pain.'*** In other
RCTs, burst SCS demonstrated superiority over t-SCS in subjects with trunk and/or limb pain,?® and DRGS was superior
to t-SCS in individuals with CRPS 1 or causalgia.”’ During 10 kHz SCS, pain relief is provided without paresthesia,
which may be a more comfortable therapy experience.'**> Burst SCS and DRGS produce paresthesia symptoms in only

a subset of patients,%’28

with both modalities requiring paresthesia mapping at implantation. In those who experience
paresthesia with DRGS, the footprint is smaller and less intense than during t-SCS.*

Reviews of SCS in PPN have focused on the subpopulation with diabetes.>* >’ However, growing evidence suggests
that the therapy may provide meaningful pain relief in other PPN etiologies. Therefore, we conducted a comprehensive
and systematic review of SCS across all PPN indications to explore and summarize the current state of the evidence. In
addition, given the prevalence of sensorimotor symptoms in PPN patients, we also sought to highlight any evidence of

neurological change after SCS.

Methods

This study was reported according to Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines (see Supplementary Material).*®

Eligibility

Articles were eligible for inclusion if they reported treatment outcomes from a prospective or retrospective study of SCS
(or a related spinal stimulation technology) used to treat at least 3 human subjects with PPN of the lower limbs and/or
lower extremities. Publications were excluded if (i) they were not peer-reviewed or had no full-text manuscript available
(eg, conference proceedings), (ii) no original data were presented (eg, repeated data only, protocol or technical
descriptions, commentaries, review articles), (iii) data were not reported separately for the population of interest, or
(iv) data were presented for 2 or fewer human subjects (ie, case studies).

Search Strategy
We searched the PubMed electronic database from inception to February 7th, 2022, using a combination of MESH and
free-text terms. The search strategy (Supplementary Material, Table S1) was designed to capture citations relating to the

treatment of painful neuropathies with various SCS modalities, including dorsal column SCS, DRGS, spinal root
stimulation, and nerve root stimulation.
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Selection Process
A single reviewer (DRE) screened titles and abstracts to identify articles eligible for further review. Full-text manuscripts
were subsequently obtained and assessed for compliance with the eligibility criteria.

Data Extraction and Outcomes

The same reviewer (DRE) extracted summary data from the eligible articles, with the primary outcomes of interest being
pain intensity score and responder rate (proportion with >50% pain relief from baseline). Secondary outcomes of interest
included neurological assessment outcomes, changes in function, and health-related quality of life (HR-QoL) improve-
ment. Data were captured in an Excel spreadsheet to standardize group quantitative and qualitative outcomes. In addition,
the reviewer retained relevant data from mixed population studies if the article reported results separately for a subgroup
of interest.

Study Risk of Bias Assessment

A single reviewer (DRE) assessed the risk of bias for RCTs using the Cochrane Risk of Bias 2 (RoB 2) tool, as described
in the Cochrane Handbook for Systematic Reviews of Interventions.*® Several domains of potential bias were evaluated,
including the randomization process, deviations from the intended intervention, missing outcome data, outcome mea-
surements, and selective reporting. After a structured assessment, the reviewer graded each domain as low risk, high risk,
or with some concerns. Nonrandomized studies were not assessed since they were considered inherently at risk of bias
due to their observational nature.

Summary Measures

For each trial, we extracted or calculated (i) the percentage reduction in pain intensity from baseline and (ii) the
proportion of patients who responded to treatment (ie, >50% pain relief from baseline). In addition, for a fair comparison
across studies, we extracted or calculated the responder rate relative to the number of implanted patients with available
data. We also retained the ITT results in RCTs if the authors reported between-group statistical significance. Data were
grouped by indication in mixed indication studies if the subgroup comprised at least 3 patients.

Data Synthesis

Meta-analysis was not considered appropriate for the included studies due to the heterogeneous disease etiologies,
interventions, and study methodologies. Therefore, we presented a description of the data in the text and a tabulated
summary of pain measures and other outcomes. The narrative outline and tabulated summary grouped studies principally
by etiology, SCS modality, and study type to help clinicians evaluate the various treatment options for specific patient
groups. We also prepared a separate tabulated summary of neurological data to enable an overview by technology.

Results

Study Selection
The PubMed search strategy retrieved 2482 citations. Of these, 2434 were excluded based on title and abstract content.
After a full-text assessment of the remaining 48 citations, 27 articles met the eligibility criteria (Figure 1),'%4%6°

reporting the outcomes from 20 studies.

Characteristics of Included Studies
Study characteristics (including extracted subgroups) are summarized in Table 1. The most common indication for SCS
treatment was PDN, documented in approximately 88% of all implanted patients. The remaining patient populations had
mixed PPN etiologies (predominantly nondiabetic).

Fifteen of the 20 studies reported outcomes in the PDN indication.'***>? Of these, 4 studies evaluated treatment with
10 kHz SCS (including 1 RCT),**** 9 with t-SCS (including 2 RCTs),'** 7 1 with DRGS,’® and 1 with burst SCS.>’
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Figure | PRISMA flow diagram of study selection.
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.”® Registration number: INPLASY202310004. DOI: 10.37766/inplasy2023.1.0004.

Among the 8 studies with mixed PPN populations,'*****¢1765 2 presented outcomes from 10 kHz SCS,**° 3 from
t-SCS,"**"** and 3 from DRGS.** %

In total, 451 patients were implanted with a permanent SCS system. Of these, 10 kHz SCS systems were implanted in
267 (59%), t-SCS in 147 (33%), DRGS in 25 (6%), and burst SCS in 12 (3%). Follow-up duration for pain relief across
the studies varied from the trial postoperative period to over 7 years. Most studies measured pain intensity using a visual
analog scale (VAS; 0 to 10 cm/points or 0 to 100 mm/points) or numerical rating scale (NRS; 0 to 10 points).

Risk of Bias in Studies
A risk-of-bias assessment was completed for the included RCTs using the Cochrane Risk of Bias 2 (RoB 2) tool. Figure 2

summarizes the evaluation, with the full details available in Supplementary Material, Table S2.

We judged all 3 RCTs to have a low risk of bias for the randomization process (D1), deviations from the intended
interventions (D2), and missing outcome data (D3). In the D3 domain, the reasons for the “low risk” categorizations
varied. In the Slangen RCT, there was an imbalance in the levels of missing data between the groups; however, the levels
of missing data were low, and the analysis classified missing subjects as nonresponders.*® The study by de Vos et al also
used an ITT analysis approach, with a low and balanced level of missing data.** Finally, in the Petersen RCT, the level of
missing data was imbalanced between the groups but generally low.*® We also noted in this study that 8 individuals with
a successful trial (ie, pain reduction >50%) dropped out of the study. Further examination of the individual patient data
suggested that the missingness of the data was probably not attributable to the failure of pain relief since all were
responders to therapy, leading to a low risk of bias judgment for D3.
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Table | Characteristics of Included Studies (Including Subgroups)®

Etiology SCS Study Study Design | Centers Follow- Indication, Pain Rating Treatment | Treatment | Treatment | Control
Modality Up Primary Scale Group n Group n Group n Group n
Duration Pain Area Assigned Trialed Implanted | Assigned
(Range)
Painful Diabetic 10 kHz | Petersen Open-label Multi 6 mo PDN, LL VAS (0-10 cm) 113 104 90 103
Neuropathy SCS et al (2021)* RCT (PG)
Petersen Prospective Multi 12 mo PDN, LL VAS (0-10 cm) na 104 90 na
et al RCT follow-up,
(2022)*'® reported
subgroup
Petersen Prospective Multi 12 mo PDN, LL VAS (0-10 cm) na 77 64 na
et al RCT follow-up,
(2022)*'® reported
subgroup
Galan et al Prospective Multi 12 mo PDN, LL VAS (0-10 cm) na 9 8 na
(2020)**< cohort, post
hoc subgroup
Chen et al Retrospective Multi 21.8 mo PDN, LL or PRPPR (%) na 89 89 na
(2021)*® case series (4.3-46.3) LE in 79%
Sills (2020)* | Retrospective Single 333 mo | PDN, LL and/ NRS (0-10 na 3 3 na
case series, (26 —38) or LE points)
extracted
subgroup
(Continued)
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Table | (Continued).

Etiology SCs Study Study Design | Centers Follow- Indication, Pain Rating Treatment | Treatment | Treatment | Control
Modality Up Primary Scale Group n Group n Group n Group n
Duration Pain Area Assigned Trialed Implanted | Assigned
(Range)
t-SCS de Vos et al Open-label Multi 6 mo PDN, LE VAS (0-100 40 40 37 20
(2014)% RCT (PG) points)
Slangen et al Open-label Multi 6 mo PDN, LL NRS (0-10 22 22 17 14
(2014)* RCT (PG) points)
van Beek Prospective Multi 24 mo PDN, LL NRS (0-10 na 22 17 na
et al RCT follow-up points)
(2015)*4
van Beek Prospective Multi 60 mo PDN, LL NRS (0-10 na 48 40 na
et al RCT follow-up points)
(20 1 8)48,de
Tesfaye et al Prospective Single 14 mo PDN, LL VAS na 10 8 na
(1996)* cohort (9-19) (0-100 mm)
Daousi et al Prospective Single 90 mo PDN, LL VAS na 10 8 na
(2004)*f cohort (84-102) (0-100 mm)
de Vos et al Prospective Single 6 mo PDN, LL VAS (0-100 na I 9 na
(2009)°' cohort points)
Pluijms et al Prospective Single 12 mo PDN, LL NRS (0-10 na 15 I na
(2012)* cohort points)
Slangen et al Prospective Single 36 mo PDN, LL NRS (0-10 na 15 I na
(2013)3¢ cohort points)
Pluijms et al Prospective Single 12 mo PDN, LL NRS (0-10 na 15 I na
(2015)%*¢ cohort points)
Denisova Prospective Single 12 mo PDN, LL VAS (0-10 na 4 4 na
et al (2016)°° cohort, points)
extracted
subgroup
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Zhou and Prospective Single 6 mo PDN (DFS), | VAS (0-10 cm) na 19 19 na
Bhao case series LE
(2021)*¢
Kumar et al Retrospective Single 87 mo PDN, LL in VAS (nr) na 5 5 na
(1996)~ case series, (36-149), 80%
extracted n=19'
subgroup
Kumar et al Retrospective Single 97.6 mo PDN, LL VAS (0-10 na 17 14 na
(2006)'" cohort, (6-259), points)
extracted n=410'
subgroup
DRGS Eldabe et al Retrospective Multi 12 mo PDN, LL VAS na 10 7 na
(2018)°® cohort (0-100 mm)
Burst de Vos et al Prospective Single 2w PDN, VAS (0-100 na na 12 na
SCS (2014)*° cohort, primarily LE points)
extracted
subgroup
(Continued)
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Table | (Continued).

et al (2018)%°

case series

Etiology SCS Study Study Design | Centers Follow- Indication, Pain Rating | Treatment | Treatment | Treatment | Control
Modality Up Primary Scale Group n Group n Group n Group n
Duration Pain Area Assigned Trialed Implanted | Assigned
(Range)
Other Painful 10 kHz | Galan et al Prospective Multi 12 mo PPN VAS (0-10 cm) na 17 10 na
Neuropathies and SCS (2021)%° cohort, (nondiabetic),
Mixed Etiology extracted LL in 94%
Populations subgroup
Sills (2020)** | Retrospective Single 26.3 mo PPN NRS (0-10 na 3 3 na
case series, (25-28) (nondiabetic), points)
extracted LE
subgroup
t-SCS Abd-Elsayed Retrospective Single 20.1 mo PPN, LE VAS (0-10 na 3 3 na
et al (2016)°' case series (0.25-36) points)
Kumar et al Retrospective Single 97.6 mo, MS, LE VAS (0-10 na 19 17 na
(2006)"° case series, n=410' points)
extracted
subgroup
Devulder Retrospective Single 60 mo max Poly- Categories na 3 3 na
et al (1990)%> case series, neuropathy, nr
extracted
subgroup
DRGS Koetsier et al Prospective Single 6 mo PPN, LL NRS (0-10 na 9 7 na
(2020)° cohort points)
Ho et al Retrospective Single 6 mo PPN (Axonal), VAS (0-10 na 4 3 na
(2020)%* cohort Primarily LE points)
Falowski Retrospective Multi 6w PPN, LE VAS (0-10 cm) na 8 8 na

Notes: *Studies appear twice in the table if multiple subgroups of n23 were available. "Additional follow-up to Petersen et al (2021) RCT. “Post hoc published subgroup from Galan et al (2021). “Additional follow-up to Slangen et al
(2014). ®Includes subjects from Pluijms et al (2012). ‘Additional follow-up to Tesfaye et al (1996). 8Additional follow-up to Pluijms et al (2012). "May contain subjects from Kumar et al (1996). Both Kumar studies were retained due to the

10-year gap. 'Full cohort average follow-up (average subgroup duration not available).

Abbreviations: CMM, Conventional Medical Management; DFS, Diabetic Foot Syndrome; DRGS, Dorsal Root Ganglion Stimulation; LE, Lower Extremities; LL, Lower Limbs; mo, Month(s); MS, Multiple Sclerosis; na, Not Applicable; nr,
Not Reported; NRS, Numerical Rating Scale; PDN, Painful Diabetic Neuropathy; PG, Parallel-Group; Postop, Postoperative; PPN, Painful Peripheral Polyneuropathy; PRPPR, Patient Reported Percentage Pain Relief, RCT, Randomized

Controlled Trial; SCS, Spinal Cord Stimulation; t-SCS, Traditional Low-Frequency Spinal Cord Stimulation; VAS, Visual Analog Scale; w, Week(s).
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Unique ID Weight D1 D2 D3

Petersen et al (2021) 1 + + + + Low risk

! Some concerns

. High risk

Slangen et al (2014) 1 + + +

de Vos et al (2014) 1

D3: Missing outcome data

+
+
+
D4: Measurement of the outcome ‘ ‘ . |2

D1: Randomization process
D5: Selection of the reported result

D2: Deviations from the intended interventions

Figure 2 Risk of bias assessment using the Cochrane RoB-2 tool. Randomized controlled trials assessed: Peterson et al (2021),% Slangen et al (2014),* and de Vos et al
(2014).%'

In the D4 domain, the use of a patient-reported outcome (PRO) in an unblinded study (ie, the assessor was aware of
the treatment allocation) led to a high risk of bias judgment for all 3 RCTs. Using such validated pain scales (eg, VAS and
NRS) is standard in SCS studies. The need for an implanted system and induced paresthesia during t-SCS also means that
SCS RCTs are typically open-label. During the unblinded RCTs, patient expectations could have influenced the pain-
related PRO; for example, patients may have expected a benefit from SCS stimulation or have perceived conventional
medical management (CMM) as inadequate prior to enrollment prompting selection bias. Participants in all 3 studies also
knew they could cross to the stimulation treatment arm after 6 months if their pain relief was inadequate.

Some concern about potential bias arose in the fifth domain (DS5) in the Slangen and de Vos studies since neither
published a protocol nor a statistical analysis plan (SAP).**** In contrast, a protocol summary and SAP were available
for the Petersen RCT.%*¢” After examining these documents, we judged the study to be at low risk of selective data
reporting.

The overall risk of bias was deemed high for each RCT due to the high risk of bias rating in D4 arising from the use
of a PRO in the absence of patient blinding.

Outcomes in Painful Diabetic Neuropathy
For studies that met the search eligibility criteria, study outcomes are summarized in Table 2. Of these studies, 10
specifically included neurological outcomes, which are summarized in Table 3.

High-Frequency 10 kHz SCS

Four studies included in the review reported outcomes from PDN patients treated with high-frequency 10 kHz SC
43,44

40-44
S’

including 1 RCT,***' 1 prospective study,** and 2 retrospective reviews.

Randomized Controlled Trials

The largest of the 4 studies was an open-label, multicenter RCT conducted by Petersen et a
safety and effectiveness of CMM with and without adjunctive 10 kHz SCS during a 6-month randomized phase.
Participants had (i) PDN for a minimum of 12 months that was refractory to gabapentin or pregabalin and at least 1
other class of analgesic and (ii) a lower limb pain intensity of >5 cm on the VAS (0-10 cm scale). Of the 216 randomized
individuals, 113 were allocated to 10 kHz SCS plus CMM and 103 to CMM alone. In the 10 kHz SCS group, 104

1.*° The study compared the
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Table 2 Summary of Outcomes
Study SCS Modality Measure, Subgroup (if Any) | Outcome (n or n of N)
Indication, Pain Area
Petersen et al (2021)* Mean VAS score, | BL, 7.6 (87) vs 7.0 (93)
10 kHz SCS vs CMM 10 kHz SCS vs CMM
PDN, LL
Mean VAS score, | 6 mo, 1.7 (87) vs 6.9 (93)
10 kHz SCS vs CMM
Reduction in mean lower limb VAS score from BL, | 6 mo, 76% (87) vs 1% (93)
10 kHz SCS vs CMM
Proportion with 250% pain relief from BL + | 3 mo, 79% (75 of 95) vs 5% (5 of 94), p<0.001
no neurological deterioration, 10 kHz SCS vs CMM
Proportion with 250% pain relief from BL, | 6 mo, 85% (74 of 87) vs 5% (5 of 93), p<0.001
10 kHz SCS vs CMM
Proportion with VAS score <3 cm, | 3 mo, 78% (69 of 88) vs 5% (5 of 96), p<0.001
10 kHz SCS vs CMM
Proportion with remission (VAS <3cm sustained for | 6 mo, 60% (53 of 88) vs 1% (I of 95), p<0.001
6 mo), 10 kHz SCS vs CMM
Proportion crossed to the other arm, | 6 mo, 0% (0 of 87) vs 82% (76 of 93), p<0.001
10 kHz SCS vs CMM
Proportion with improved neurological status | 3 mo, 72% (63 of 87) vs 6% (6 of 94), p<0.001;
from BL, | 6 mo, 62% (52 of 84) vs 3% (3 of 92), p<0.001
10 kHz SCS vs CMM
Proportion with neurological deficit from BL, | 6 mo, 6% (5 of 84) vs 19% (17 of 92)
10 kHz SCS vs CMM
Quality of life and functional changes from BL | 6 mo, Improvements in EQ-5D, GAF, PSQ-3,
and SF-MPQ-2 in the 10 kHz SCS group
Petersen et al Mean VAS score, | BL, 7.6 (84); 12 mo, 1.7 (84)
(2022)*'* Initial 10 kHz SCS
10 kHz SCS Mean VAS duction f BL, | 12 77% (84), p<0.001
PDN, LL ean score reduction from BL, mo, % (84), p<0.
Initial 10 kHz SCS
Proportion with 250% pain relief from BL, | 12 mo, 86% (72 of 84)
Initial 10 kHz SCS
Proportion with improved neurological status | 12 mo, 68% (52 of 76)
from BL,
Initial 10 kHz SCS
Petersen et al Mean VAS score reduction from BL, | 12 mo, 70% (58), p<0.001
(2022)*' CMM crossover to 10 kHz SCS
10 kHz SCS P i ith 250% pain relief fi BL, | 12 84% (49 of 58
PDN, LL roportion with 250% pain relief from BL, mo, 84% (49 of 58)
CMM crossover to 10 kHz SCS
Proportion with improved neurological status from BL, | 12 mo, 62% (32 of 52)
CMM crossover to 10 kHz SCS
(Continued)
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Table 2 (Continued).

Study SCS Modality
Indication, Pain Area

Measure, Subgroup (if Any)

Outcome (n or n of N)

Galan et al (2020)***
10 kHz SCS
PDN, LL

Mean VAS pain score, PDN

BL, 8.0 (9); EOT, 3.4 (9); | mo, 2.3 (8); 3 mo, 1.9 (8);
6 mo, 2.0 (8); 12 mo, 2.1 (7)

Mean VAS pain score reduction from BL, PDN

EOT, 58% (9); | mo, 71% (8); 3 mo, 76% (8);
6 mo, 75% (8) 12 mo, 74% (7)

Proportion with 250% pain relief from BL, PDN

3 mo, 88% (7 of 8); 6 mo, 88% (7 of 8);
12 mo, 86% (6 of 7)

Proportion with VAS pain score <3 cm, PDN

3 mo, 63% (5 of 8); 6 mo, 88% (7 of 8);
12 mo, 86% (6 of 7)

Proportion with neurological improvement
/maintenance / deficit from BL, PDN°®

EOT, 62.5% (5 of 8) / 37.5% (3 of 8) / 0% (0 of 8)

Proportion with neurological improvement
/maintenance / deficit from BL, PDN¢

3 mo, 71% (5 of 7) 1 29% (2 of 7) / 0% (0 of 7)

Proportion with neurological improvement
/maintenance / deficit from BL, PDN¢

12 mo, 71% (5 of 7) / 29% (2 of 7) / 0% (0 of 7)

Proportion with improvement in sensory /motor /
reflexes from BL, PDN

EOT, 80% (4 of 5) / 20% (I of 5) / 0% (0 of 5)

Proportion with improvement in sensory /motor /
reflexes from BL, PDN

3 mo, 71% (5 of 7) 1 0% (0 of 7) / 29% (2 of 7)

Proportion with improvement in sensory /motor /
reflexes from BL, PDN

12 mo, 57% (4 of 7) / 0% (0 of 7) / 43% (3 of 7)

Quality of life and functional changes from BL, PDN

12 mo, Improvement in SF-MPQ-2, GAF, PDI, and PSQ-3

Chen et al (2021)*
10 kHz SCS

PDN, LL or LE

in 79%

Patient-reported percentage pain relief from BL

21.8 mo, 60.5% (73)

Proportion with 250% pain relief from BL

3 mo, 79% (58 of 73); 6 mo, 80% (57 of 71);
12 mo, 85% (50 of 59); 24 mo, 89% (24 of 27);
21.8 mo, 79% (58 of 73)

Quality of life and functional changes from BL

21.8 mo, Improvement in general function
and sleep in >75%

Sills (2020)**
10 kHz SCS
PDN, LL
and/or LE

Mean NRS pain score, PDN

BL, 7.7 (3); EOT, 2.2 (3); 33.3 mo, 2.0 (3)

Mean NRS pain score reduction from BL, PDN

EOT, 72% (3); 33.3 mo, 74% (3)

Proportion with 250% pain relief from BL, PDN

EOT, 100% (3 of 3); 33.3 mo, 67% (2 of 3)

Proportion with improved sensation from BL, PDN

100%

Quality of life and functional changes from BL

33.3 mo, All 3 patients reported general

improvement in function

(Continued)
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Study SCS Modality
Indication, Pain Area

Measure, Subgroup (if Any)

Outcome (n or n of N)

de Vos et al (2014)*°
t-SCS vs CMM
PDN, LE

Mean VAS score,
t-SCS vs CMM

BL, 73 + 16 (40) vs 67 + I8 (20);
6 mo, 31 + 28 (40) vs 67 + 21 (20), p<0.001

Reduction in mean VAS score from BL,
t-SCS vs CMM

6 mo, 55% (40) vs 0% (20), p<0.001

Proportion with 250% pain relief from BL,
t-SCS vs CMM (ITT with LOCF)

6 mo, 60% (25 of 40) vs 5% (I of 20), p<0.00|

Proportion with 250% pain relief from BL,
t-SCS vs CMM*?

6 mo, 69% (25 of 36) vs 6% (I of 18)

Quality of life and functional changes from BL

6 mo, Significant improvements in MPQ pain quality, MPQ-
Qol, and EQ-5D in the t-SCS group

Slangen et al (2014)*
t-SCS vs CMM
PDN, LL

Mean daytime NRS score,
t-SCS vs CMM

BL 7.1 + 1.7 (22) vs 6.5 + 1.7 (14);
3 mo, 3.5 + 2.4 (16) vs 6.7 + 1.8 (13), p<0.001;
6 mo, 4.0 2.9 (16) vs 6.5 £ 1.9 (14), p<0.00|

Mean night-time NRS score,
t-SCS vs CMM

BL, 6.3 + 2.5 (22) vs 7.3 + 1.8 (14);
3 mo, 3.3 27 (16) vs 6.9 + 2.0 (13), p<0.001;
6 mo, 3.9 £ 3.1 (16) vs 6.4 £ 2.1 (14), p<0.0I

Reduction in mean VAS score from BL,
t-SCS vs CMM: Daytime / Night-time

6 mo, 44% (16) vs 0% (14), p<0.001 /
38% (16) vs 12% (14), p<0.003

Proportion with treatment success,
t-SCS vs CMM (ITT)®

3 mo, 73% (16 of 22) vs 0% (0 of 14), p<0.001;
6 mo, 59% (13 of 22) vs 7% (I of 14), p<0.0l

Proportion with treatment success,
t-SCS vs CMM?e

3 mo, 100% (16 of 16) vs 0% (0 of 14);
6 mo, 81% (13 of 16) vs 7% (I of 14)

Proportion with 250% pain relief from BL,
t-SCS vs CMM: Daytime / Night-time (ITT)

6 mo, 41% (9 of 22) vs 0% (0 of 14), p<0.001 /
36% (8 of 22) vs 7% (1 of 14), p<0.0l

Proportion with 250% pain relief from BL,
t-SCS vs CMM: Daytime / Night-time®

6 mo, 56% (9 of 16) vs 0% (0 of 14) /
50% (8 of 16) vs 7% (I of 14)

Quality of life and functional changes from BL, t-SCS

6 mo, Improvements in EQ-5D and McGill
NPS in the t-SCS group

Proportion that crossed to the other arm, CMM

93% (13 of 14)

van Beek et al
(2015)*7f
t-SCS

PDN, LL

Mean daytime NRS pain score

BL, 7.3 + 1.7 (17); 3 mo, 3.0 + 2.2 (16);
6 mo, 3.3 £ 2.6 (16); 9 mo, 3.4 + 2.7 (16);
12 mo, 4.1 £ 2.7 (16); 24 mo, 4.0 £ 3.0 (15)

Mean daytime NRS pain score reduction from BL

3 mo, 59% (16); 6 mo, 55% (16); 9 mo, 53% (16);
12 mo, 44% (16); 24 mo, 45% (15), p<0.001

Mean night-time NRS pain score

BL, 6.7 £ 2.2 (17); 3 mo, 2.9 + 2.4 (16);
6 mo, 3.5 £ 3.0 (16); 9 mo, 3.3 £ 2.6 (16);
12 mo, 3.6 £ 2.7 (16); 24 mo, 3.5 + 3.0 (15)

Mean night-time NRS pain score reduction from BL

3 mo, 57% (16); 6 mo, 48% (16); 9 mo, 51% (16);
12 mo, 46% (16); 24 mo, 48% (15), p<0.001

(Continued)

1618

Dove!

Journal of Pain Research 2023:16


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

Dove

Burkey et al

Table 2 (Continued).

Study SCS Modality
Indication, Pain Area

Measure, Subgroup (if Any)

Outcome (n or n of N)

Daytime proportion with 250% pain relief from BL®

3 mo, 69% (11 of 16); 6 mo, 56% (9 of 16);
9 mo, 56% (9 of 16); 12 mo, 38% (6 of 16);
24 mo, 53% (8 of 15)

Night-time proportion with 250% pain relief
from BL

3 mo, 44% (7 of 16); 6 mo, 50% (8 of 16);
9 mo, 63% (10 of 16); 12 mo, 56% (9 of 16);
24 mo, 40% (6 of 15)

Proportion with treatment success®®

3 mo, 94% (15 of 16); 6 mo, 81% (I3 of 16);
9 mo, 81% (13 of 16); 12 mo, 75% (12 of 16);
24 mo, 73% (11 of 15)

Quality of life and functional changes from BL

24 mo, Significant improvements in modified BPI,
MOS SF-36 PCS, MOS sleep scale, and McGill NPS

van Beek et al
(2018)*%
t-SCS

PDN, LL

Mean daytime NRS pain score

BL, 6.7 £ 1.8 (40); 12 mo, 3.8 + 2.3 (36);
24 mo, 4.1 + 2.6 (35); 36 mo, 3.8 + 2.6 (34);
48 mo, 4.2 £ 2.4 (30); 60 mo, 43 + 2.2 (22)

Mean daytime NRS pain score reduction from BL

12 mo, 43% (36), P<.001; 24 mo, 39% (35), P<.05;
36 mo, 43% (34), P<.05; 48 mo, 37% (30), P<.05;
60 mo, 36% (22), P<.05

Mean night-time NRS pain score

BL, 6.7 + 2.2 (40); 12 mo, 3.9 + 2.4 (36);
24 mo, 4.1 + 2.8 (35); 36 mo, 3.9 + 2.7 (34);
48 mo, 4.4 £ 2.4 (30); 60 mo, 4.6 + 2.5 (22)

Mean night-time NRS pain score reduction from BL

12 mo, 42% (36), P<.001; 24 mo, 39% (35), P<.05;
36 mo, 42% (34), P<.05; 48 mo, 34% (30), P<.05;
60 mo, 31% (22), P<.05

Daytime proportion with 250% pain relief from BL

12 mo, 42% (15 of 36); 24 mo, 43% (I5 of 35);
36 mo, 47% (16 of 34); 48 mo, 37% (11 of 30);
60 mo, 36% (8 of 22)

Night-time proportion with 250% pain relief from BL

12 mo, 36% (13 of 36); 24 mo, 40% (14 of 35);
36 mo, 35% (12 of 34); 48 mo, 33% (10 of 30);
60 mo, 32% (7 of 22)

Proportion with treatment success®

12 mo, 86% (31 of 36); 24 mo, 71% (25 of 35);
36 mo, 76% (26 of 34); 48 mo,
67% (20 of 30); 60 mo, 55% (12 of 22)

Tesfaye et al (1996)*°
t-SCS
PDN, LL

Median background VAS pain score

BL, 48.0 (8)

Median background VAS pain score,
Stimulation OFF vs ON

3 mo, 70.0 vs 30.0, p=0.016 (7);
6 mo, 69.0 vs 29.0, p=.03 (7);
14 mo, 77.0 vs 23.0, p=0.06 (7)

Median background VAS pain score reduction from
BL, Stimulation ON

3 mo, 38% (7); 6 mo, 40% (7); 14 mo, 52% (7)

Median peak pain VAS score

BL, 67.0 (8)
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Study SCS Modality
Indication, Pain Area

Measure, Subgroup (if Any)

Outcome (n or n of N)

Median peak pain VAS score,
Stimulation OFF vs ON

3 mo, 79.0 vs 52.0, p=0.016 (7);
6 mo, 75.0 vs 31.0, p=0.03 (7);
14 mo, 81.0 vs 20.0, p=0.03 (7)

Median peak pain VAS score reduction from BL,
Stimulation ON

3 mo, 22% (7); 6 mo, 54% (7); 14 mo, 70% (7)

Proportion with 250% background pain relief from
BL

3 mo, 29% (2 of 7); 6 mo, 57% (4 of 7);
14 mo, 29% (2 of 7)

Proportion with 250% peak pain relief from BL

3 mo, 43% (3 of 7); 6 mo, 57% (4 of 7);
14 mo, 71% (5 of 7)

Vibration perception threshold
changes from BL

3 mo, ns; 6 mo, ns

Sensory and motor nerve conduction velocities

changes from BL

3 mo, ns; 6 mo, ns

Quality of life and functional

changes from BL

6 mo, Significant improvement in exercise threshold

Quality of life and functional changes,
Stimulation OFF vs ON

6 mo, Significant improvement in all MPQ components

Daousi et al (2004)°°"
t-SCS
PDN, LL

Median background VAS pain score

BL, 62.0 (8)

Median background VAS pain score,
Stimulation OFF vs ON

40 mo, 74.5 vs 25.0, p=0.03 (6);
90 mo, 73.0 vs 33.0, p=0.06 (4)

Median background VAS pain score reduction from
BL, Stimulation ON

40 mo, 60% (6); 90 mo, 47% (4)

Median VAS peak pain score

BL, 69.0 (8)

Median VAS peak pain score,
Stimulation OFF vs ON

40 mo, 85.0 vs 19.0, p=0.03 (6);
90 mo, 86.0 vs 42.0, p=0.06 (4)

Median peak pain VAS score reduction from BL,
Stimulation ON

40 mo, 72% (6); 90 mo, 39% (4)

Proportion with 250% background pain relief
from BL

40 mo, 33% (2 of 6); 90 mo, 50% (2 of 4)

Proportion with 250% peak pain relief from BL

40 mo, 67% (4 of 6); 90 mo, 0% (0 of 4)

Quality of life and functional changes from BL

90 mo, >50% improvement in all 6 domains of the PDI

de Vos et al (2009)°'
t-SCS

Mean VAS pain score

BL, 77.2 (9); 6 mo, 34.4 (9);
12 mo, 22.8 (9); 30 mo, 22.5 (8)

PDN, LL
Mean VAS pain score reduction from BL | 6 mo, 55% (9); 12 mo, 71% (9); 30 mo, 71% (8)
Proportion with 250% pain relief from BL | | mo, 56% (5 of 9); 3 mo, 67% (6 of 9);
6 mo, 67% (6 of 9); 12 mo, 78% (7 of 9);
30 mo, 75% (6 of 8)
(Continued)
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Study SCS Modality
Indication, Pain Area

Measure, Subgroup (if Any)

Outcome (n or n of N)

Pluijms et al (2012)**
t-SCS
PDN, LL

Median daytime NRS pain score

BL, 6.0 (11); EOT, 1.5 (I1); 12 mo, 2.4 (11)

Median daytime NRS pain score reduction from BL

EOT, 75% (11), p<0.01; 12 mo, 60% (I1), p<0.001

Median night-time NRS pain score

BL, 6.6 (11); EOT, 1.0 (I1); 12 mo, 3.5 (11)

Median night-time NRS pain score reduction from BL

EOT, 85% (11), p<0.01; 12 mo, 47% (11), p<0.01

Median peak NRS pain score

BL, 9.0 (11); EOT, 2.0 (11); 12 mo, 7.0 (I1)

Median peak NRS pain score reduction from BL

EOT, 78% (11), p<0.01; 12 mo, 22% (11), p<0.01

Proportion with 250% daytime pain relief from BL®

EOT, 53% (8 of 15); 12 mo, 64% (7 of 11)

Proportion with 250% night-time pain relief from BL

EOT, 47% (7 of 15); 12 mo, 27% (3 of 11)

Proportion with treatment success®

EOT, 73% (11 of 15); 12 mo, 91% (10 of 11)

Quality of life and functional changes from BL

12 mo, Significant improvement in SF-36 PCS,

quality of sleep, and NPS neuropathic pain characteristics

Slangen et al (2013)>*
t-SCS
PDN, LL

Median daytime NRS pain score reduction from BL*

12 mo, 60% (1 1), p<0.05; 24 mo, 47% (11), p<0.05;
36 mo, 62% (11), p<0.05

Proportion with 250% pain relief from BL

12 mo, 73% (8 of 11); 24 mo, 55% (6 of |1);
36 mo, 64% (7 of 11)

Proportion with treatment success'

12 mo, 91% (10 of I1); 24 mo, 55% (6 of 11);
36 mo, 64% (7 of 11)

Quality of life and functional changes from BL

36 mo, Improvement in EQ-5D

Pluijms et al (2015)>*!
t-SCS
PDN, LL

Daytime proportion with 250% pain relief from BL®

EOT, 53% (8 of 15); 12 mo, 64% (7 of I1)

Night-time proportion with 250% pain relief from
BL*

EOT, 40% (6 of 15); 12 mo, 27% (3 of I1)

Proportion with 250% peak pain relief from BL®

EOT, 60% (9 of 15); 12 mo, 27% (3 of I1)

Proportion with treatment success®

12 mo, 91% (10 of 11)

Median CHEP N2 & P2 latency changes from BL:

dorsal / volar forearm

EOT, N2, ns; P2, p=0.002 / N2, ns; P2, ns

Median CHEP amplitude N2-P2 changes from BL:

dorsal / volar forearm

EOT, ns / ns

Denisova et al (2016)°°
t-SCS, PDN, LL

Pain relief description, PDN

12 mo, Approximate 5-point reduction in VAS score from BL

*)

Zhou and Bhao
(2021)%

t-SCS

PDN (DFS), LE

Mean VAS pain score

BL, 9.0 + 0.9 (19); Trial postop, 2.3 + 1.7 (19)

Mean VAS pain score reduction from BL

Trial postop, 74%, p<0.05

Sensory nerve conduction velocity changes from BL

Trial postop, Significant increases in R phoebra (p=0.003),
L superficial peroneal (p=0.009), and R sural nerves
(p=0.003)
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Study SCS Modality
Indication, Pain Area

Measure, Subgroup (if Any)

Outcome (n or n of N)

Motor nerve conduction velocity changes from BL

Trial postop, Significant increase in common
peroneal (p=0.007) and tibial nerves (p=0.003)

Quality of life and functional changes from BL

6 mo, Significant improvement in Quality of Life-
Liver Cancer v2.0

Kumar et al (1996)°’
t-SCS
PDN, LL in 80%

Proportion with 250% pain relief from BL, PDN/iPN
subgroup

EOT, 100% (5 of 5); 87 mo, 80% (4 of 5)"

Kumar et al (2006)'*"
t-SCS
PDN, LL

Proportion with 250% pain relief from BL, PDN?

EOT, 82% (14 of 17); 97.6 mo, 86% (12 of 14)"

Eldabe et al (2018)°®
DRGS
PDN, LL

Mean VAS score

BL, 79.6 (10); EOT, 33.8 (6); | mo, 29.2 (5%
3 mo, 26.6 (5); 6 mo, 27.6 (5); 12 mo, 30.5 (4)

Mean VAS score reduction from BL

EOT, 55% (6), p<0.05; | mo, 63% (5), p<0.05;
3 mo, 67% (5), p<0.05; 6 mo, 66% (5), p<0.001;
12 mo, 64% (4), p<0.001

Proportion with 250% pain relief from BL

EOT, 70% (7 of 10); | mo, 60% (3 of 5);
3 mo, 60% (3 of 5); 6 mo, 60% (3 of 5);
12 mo, 50% (2 of 4)

de Vos et al (2014)*°
Burst SCS
PDN, primarily LE

Mean VAS pain score, PDN

t-SCS, 28.0 * 23.0 (12);
2 wburst, 16.0 % 18.0 (12)

Mean VAS pain score reduction burst SCS from
t-SCS, PDN

2 w burst, 43% (12), p<0.05

Mean VAS pain score, PDN

Preimplant BL, 70.0 + 9.0 (12);
2 w burst, 16.0 + 18.0 (12)

Mean VAS pain score reduction burst SCS from BL,
PDN

2 w burst, 77% (12), p<0.00|

Proportion with extra pain relief after switching
from t-SCS to burst SCS, PDN

2 w burst, 67% (8 of 12)

Proportion that preferred stimulation burst SCS
over t-SCS, PDN

2 w burst, 67% (8 of 12)

Galan et al (2021)%°
10 kHz SCS

PPN (nondiabetic), L
in 94%

-

Proportion with 250% pain relief from BL,
Nondiabetic PPN

3 mo, 70% (7 of 10); 6 mo, 70% (7 of 10);
12 mo, 56% (5 of 9)

Proportion with neurological improvement
/maintenance / deficit from BL, Nondiabetic PPN°®

EOT, 47% (8 of 17) / 53% (9 of 17) / 0% (0 of 17)

Proportion with neurological improvement

/maintenance / deficit from BL, Nondiabetic PPN°®

3 mo, 82% (9 of 11) /9% (I of 11) /9% (I of 11)

Proportion with neurological improvement

/maintenance / deficit from BL, Nondiabetic PPN°®

12 mo, 37.5% (3 of 8) / 37.5% (3 of 8) / 25% (2 of 8)

(Continued)

https:

1622

Dove!

Journal of Pain Research 2023:16



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

Dove

Burkey et al

Table 2 (Continued).

Study SCS Modality
Indication, Pain Area

Measure, Subgroup (if Any)

Outcome (n or n of N)

Proportion with improvement in sensory / motor /
reflexes from BL, Nondiabetic PPN

EOT, 87.5% (7 of 8) / 0% (0 of 8) / 12.5% (I of 8)

Proportion with improvement in sensory / motor /
reflexes from BL, Nondiabetic PPN

3 mo, 90% (9 of 10) / 0% (0 of 10) / 10% (I of 10)

Proportion with improvement in sensory / motor /
reflexes from BL, Nondiabetic PPN

12 mo, 75% (3 of 4) / 25% (I of 4) / 0% (0 of 4)

Neurological deficit from BL, Nondiabetic PPN

3 mo and 12 mo, None of the 3 reported deficits

(1 sensory, 2 motor) were stimulation-induced

Sills (2020)**
10 kHz SCS
PPN (nondiabetic), LE

Mean NRS pain score,
Nondiabetic PPN

BL, 6.3 (3); EOT, 3.3 (3); 26.3 mo, 3.7 (3)

Mean NRS pain score reduction from BL,
Nondiabetic PPN

EOT, 47% (3); 26.3 mo, 42% (3)

Proportion with 250% pain relief from BL,
Nondiabetic PPN

EOT, 67% (2 of 3); 26.3 mo, 33% (I of 3)

Proportion with improved sensation from BL,
Nondiabetic PPN

26.3 mo, 50% (I of 2)

Quality of life and functional changes from BL

26.3 mo, All 3 patients reported general

improvements in function

Abd-Elsayed et al
2016)°"

t-SCS

PPN, LE

Mean VAS pain score

BL, 8.7 (3); EOT, 1.3 (3)

Mean VAS pain score reduction from BL

EOT, 85% (3)

Proportion with 250% pain relief from BL

EOT, 100% (3 of 3)

Pain relief description

24 mo, CIN patient reports improvements;
36 mo, PDN patient continues to do well

Quality of life and functional changes from BL

Last follow-up, The 2 permanently implanted patients
reported general improvements in function and sleep

Kumar et al (2006)'°
t-SCS
MS, LE

Proportion with 250% pain relief from BL, MS¢

EOT, 89% (17 of 19); 97.6 mo, 88% (15 of 17)"

Devulder et al (1990)%
t-SCS,

Polyneuropathy, nr

Number of polyneuropathy pts in pain relief category
A/B/C/D"

60 mo max,0/2-3/0-1/0

Koetsier et al (2020)°*
DRGS
PPN, LL

Median daytime NRS pain score

BL, 7.0 (7); EOT, 2.0 (7); | mo, 2.3 (7);
3 mo, 3.7 (7); 6 mo, 3.0 (7)

Median daytime NRS pain score reduction from BL

EOT, 71% (7), p=0.016; | mo, 67% (7), p=0.016;
3 mo, 47% (7), p=0.031; 6 mo, 57% (7), p=0.031

Median night-time NRS pain score

BL, 5.4 (7); EOT, 2.0 (7); | mo, 2.2 (7);
3 mo, 3.0 (7); 6 mo, 1.0 (7)

Median night-time NRS pain score reduction from BL

EOT, 63% (7), p=0.106; | mo, 59% (7), p=0.036;
3 mo, 44% (7), p=0.036; 6 mo, 81% (7), p=0.036
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Study SCS Modality
Indication, Pain Area

Measure, Subgroup (if Any)

Outcome (n or n of N)

Median peak NRS pain score

BL, 9.0 (7); EOT, 4.0 (7); | mo, 3.0 (7);
3 mo, 5.0 (7); 6 mo, 4.0 (7)

Median peak NRS pain score reduction from BL

EOT, 56% (7), p=0.035; | mo, 67% (7), p=0.022;
3 mo, 44% (7), p=0.020; 6 mo, 56% (7), p=0.035

Proportion with 250% daytime and night-time
pain relief from BL

I mo, 86% (6 of 7); 6 mo, 86% (6 of 7)

Quality of life and functional changes from BL

6 mo, Significant improvement in BPI

Ho et al (2020)%*

Mean VAS score

BL, 9.0 (4); EOT, 3.0 (4); | mo, 1.7 (3);

DRGS
PPN (Axonal),
Primarily LE

3 mo, 2.3 (3); 6 mo, 2.3 (3)

Mean VAS score reduction from BL | EOT, 67% (4), p=0.024; | mo, 81% (3), p=0.029;

3 mo, 74% (3), p=0.026; 6 mo, 74% (3), p=0.026

Proportion with 250% pain relief from BL | EOT, 75% (3 of 4); | mo, 100% (3 of 3);

3 mo, 100% (3 of 3); 6 mo, 100% (3 of 3)

Falowski et al (2018)%°
DRGS,
PPN, LE

Mean VAS score | BL, 74 £ 0.7 (8); 6 w, 1.5 £ 1.3 (8)

Mean VAS score reduction from BL | 6 w, 79.5% (8), p<0.001

Proportion with 250% pain relief from BL | 6 w, 88% (7 of 8)

Notes: *Additional FU to Petersen et al (2021) RCT. ®Post hoc published subgroup from Galan et al (2021). “Clinically meaningful improvement in motor, sensory, or reflex
neurological examination scores, without a deficit in any other category. “Postimplantation responder rate recalculated relative to the number of implanted patients with
available data. ®Treatment success: 250% pain relief from BL day or night, or PGIC pain and sleep score 26. ‘Additional follow-up to Slangen et al (2014). &Includes subjects
from Pluijms et al (2012). "Additional follow-up to Tesfaye et al (1996). Treatment success: Proportion with 250% pain relief from BL on day- and/or night-time and/or peak
pain and/or PGIC for pain. 'Additional follow-up to Pluijms et al (2012). “Data extracted from Figure | chart using WebPlotDigitizer, https://automeris.io/
WebPlotDigitizer.May contain subjects from Kumar et al (1996). "A. Good pain relief, no need for medication; B. Good pain relief, need for non narcotic analgesics; C.
Little pain relief, need for narcotic analgesics; D. No longer used the stimulation system. "Full cohort average follow-up (average subgroup duration not available).
Abbreviations: BL, Baseline; BPI, Brief Pain Inventory; CHEP, Contact Heat Evoked Potential; CIN, Chemotherapy-Induced Neuropathy; CMM, Conventional Medical
Management; d, Day(s); DFS, Diabetic Foot Syndrome; DRGS, Dorsal Root Ganglion Stimulation; EOT, End of Trial; EQ-5D, EuroQoL-5 Dimension questionnaire; GAF,
Global Assessment of Function; iPN, Idiopathic Polyneuropathy; ITT, Intention-to-treat; L, Left; LE, Lower Extremities; LL, Lower Limbs; mo, Month(s); LOCF, Last
Observation Carried Forward; MOS, Medical Outcomes Study; MPQ, McGill Pain Questionnaire; MPQ-Qol, McGill Pain Questionnaire-Quality of Life; MS, Multiple
Sclerosis; NPS, Neuropathic Pain Scale; nr; Not Reported; NRS, Numerical Rating Scale; ns, Not Significant; PCS, Physical Component Summary; PDI, Pain and Disability
Index; Postop, Postoperative; PDN, Painful Diabetic Neuropathy; PGIC, Patients Global Impression of Change; PPN, Painful Peripheral Polyneuropathy; PSQ-3, Pain and
Sleep Questionnaire three-item index; R, Right, SCS, Spinal Cord Stimulation; SF-36, 36-Item Short Form Survey; SF-MPQ-2, Short Form-McGill Pain Questionnaire-2;
t-SCS, Traditional Low-Frequency Spinal Cord Stimulation; VAS, Visual Analog Scale; w, week(s).

participants underwent a stimulation trial procedure, and 90 received permanent systems. Subjects could cross over to the
other treatment arm at 6 months if pain relief was inadequate, the current treatment was dissatisfactory, and the
investigator agreed it was appropriate.

Measurements of participants’ pain on the VAS showed that significantly more 10 kHz SCS than CMM subjects met
the composite primary endpoint of >50% pain relief without neurological deterioration at 3 months (10 kHz SCS: 79%,
75 of 95; CMM: 5%, 5 of 94; p<0.001). At 6 months, the responder rate (=50% pain relief) also favored the stimulation
group (85% vs 5%; p<0.001). In addition, stimulation-treated subjects had improved HR-QoL on several scales (EQ-5D,
EuroQol 5-Dimension Questionnaire; GAF, Global Assessment of Functioning; PSQ-3, Pain and Sleep Questionnaire 3-
item index). Pain outcomes in all 4 components of the SF-MPQ-2 (Short Form-McGill Pain Questionnaire-2) ques-
tionnaire—ie, continuous pain, intermittent pain, neuropathic pain, and affective pain—also benefited from treatment,
especially affective pain.

The investigators also evaluated neurological status at baseline and follow-up visits, including sensory, motor, and
reflexes testing. After 6 months of treatment, significantly more individuals treated with 10 kHz SCS were assessed as

having an improvement over baseline in at least 1 neurological function category without worsening in any other (62% vs
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Table 3 Neurological Outcomes Summary

10 kHz SCS

Sensation improved by 25% at 25 mo in the other patient with iPN
No data available for the remaining patient with CIDP

Studies SCS Indication | n Implanted | Sensory / Motor / Reflex Outcomes General /| Other Neurological

Modality Outcomes

Petersen et al (202I)40 PDN, LL Initial 10 kHz Most of the neurological improvements were in sensory function Neurological improvement without deficit

10 kHz SCS SCS: in 62% (52 of 84) at 6 mo©

90 Neurological deficit in 6% (5 of 84) at 6

mo

Petersen et al PDN, LL Initial 10 kHz Most of the neurological improvements were in sensory function Neurological improvement without deficit

(2022)*'2 SCS: in 68% (52 of 76) at 12 mo®

10 kHz SCS 90

Petersen et al PDN, LL CMM Neurological improvement without deficit

(2022)*'2 crossover to 10 in 62% (32 of 52) at 12 mo®

10 kHz SCS kHz SCS: 64

Galan et al (2020)*2° PDN, LL 8 Sensory improvement in 57% (4 of 7) at 12 mo Neurological improvement without deficit

10 kHz SCS Motor improvement in 0% (0 of 7) at 12 mo in 71% (5 of 7) at 12 mo©

Reflexes improvement in 43% (3 of 7) at 12 mo Neurological deficit in 0% (0 of 7) at 12

mo

Sills (2020)** PDN, LL 3 Sensation improved in 3 of 3 pts at an average of 33.3 mo All patients reported general

10 kHz SCS and/or LE improvements in function

Galan et al (2021)%° PPN, LL in 18 Sensory improvement in 75% (3 of 4) at 12 mo Neurological improvement without deficit

10 kHz SCS 94% Motor improvement in 25% (1 of 4) at 12 mo in 37.5% (3 of 8) at 12 mo©

Reflexes improvement in 0% (0 of 4) at 12 mo Neurological deficit in 25% (2 of 8) at 12

mo; none of the deficits were stimulation-
induced.

Sills (2020)* PPN, LE 3 No change in sensation at 28 mo in | patient with iPN All patients reported general

improvements in function

(Continued)
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Table 3 (Continued).

(2021)*®
©-SCS

Significantly improvements in motor nerve conduction velocities after activation of the trial leads

Studies SCS Indication | n Implanted | Sensory / Motor / Reflex Outcomes General / Other Neurological
Modality Outcomes
Tesfaye et al (I996)49 PDN, LL 8 No change in vibration perception threshold at 6 mo
t-SCS No change in sensory nerve conduction velocities at 6 mo
No change in motor nerve conduction velocities at 6 mo
Pluijms et al (2015)>* PDN, LL I No significant differences in upper limb N2 latency, P2 latency, or N2—-P2 amplitude at EOT,
t-SCS except for a significantly shorter P2 latency on the dorsal forearm (p=0.002). However, the pre-
post tests were conducted to verify measurement repeatability, not to assess changes in nerve
function.
Zhou and Bhao PDN (DFS) 19 Significant improvements in sensory nerve conduction velocities after activation of the trial leads

Notes: *Additional FU to Petersen et al (2021) RCT. ®Post hoc published subgroup from Galan et al (2021). “Clinically meaningful improvement from baseline in motor, sensory, or reflex neurological examination scores, without a deficit

in any other category.

Abbreviations: CMM, Conventional Medical Management; DFS, Diabetic Foot Syndrome; EOT, End of Trial; iPN, Idiopathic Polyneuropathy; LE, Lower Extremities; LL, Lower Limbs; mo, Month(s); PDN, Painful Diabetic Neuropathy;

PPN, Painful Peripheral Neuropathy; SCS, Spinal Cord Stimulation; t-SCS, Traditional Low-Frequency Spinal Cord Stimulation.
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3%; p<0.001), with most improvements observed in sensory function. The investigators noted a meaningful neurological
deficit at 6 months versus baseline in 19% of the CMM group (17 of 92) and 6% of the 10 kHz SCS group (5 of 84).

At the end of the 6-month randomized phase, no participants treated with 10 kHz SCS crossed over to the CMM alone
arm. In contrast, 81% (77 of 95) of the CMM cohort crossed to the stimulation group, resulting in a further 64 permanent
implantations.*! Both groups subsequently had significantly improved pain relief over their pre-implant value at the 12-
month assessment, with at least 70% mean pain relief (p<0.001) and a responder rate exceeding 80%. In addition, the
investigators noted neurological improvement (particularly in sensory function) at the 12-month follow-up in 68% (52 of
76) of those initially treated with 10 kHz SCS and in 62% (32 of 52) of the CMM-to-SCS crossover cohort.

Prospective Studies
A smaller, prospective cohort study by Galan et al evaluated the use of 10 kHz SCS to treat various types of peripheral
polyneuropathy.®® Among the 26 subjects, 9 had PDN of the lower limbs with pain refractory to conservative treatment
and a VAS pain score >5 cm (0—10 cm scale). Eight of these subjects received permanent systems after a successful trial.
A published post hoc analysis of the PDN subgroup documented 74% pain relief at the 12-month assessment and a
responder rate of 88% (6 of 7).+

The investigators also conducted sensory, motor, and reflexes testing throughout the study using the same battery of
tests as the previous Petersen RCT. The 12-month tests indicated improvements over baseline in at least 1 neurological
function category without worsening in any other in 71% (5 of 7) of the cohort. At the same time, the remaining
participants maintained their neurological status (ie, none worsened in any category relative to baseline). All postim-
plantation neurological improvements were observed during the sensory and reflexes tests. In parallel, participants had
improved mean disability (Pain Disability Index, PDI), functioning (GAF), and sleep (PSQ-3) scores at 12 months. In
addition, pain outcomes assessed with the SF-MPQ-2 showed that all 4 pain descriptors benefited from treatment.

Retrospective Studies

Chen et al real-world, retrospective review assessed pain relief for 89 consecutive PDN patients treated with permanent
10 kHz SCS after achieving at least 50% pain relief during their trial phase.*® The investigators used data extracted from
a commercial database, including patient-reported percentage pain relief (PRPPR). After a mean follow-up of 22 months,
the average PRPPR was 61%, and 79% of the group (58 of 73) were responders (>50% pain relief). In addition, over
three-quarters of the participants reported general improvements in sleep and function.

Another retrospective case series by Sills examined 10 kHz SCS outcomes in patients with various etiologies of PPN,
including 3 individuals with PDN of their lower limbs and/or extremities.** All patients were implanted with a permanent
system after a successful trial. After a mean follow-up of 33 months, the average NRS pain score among the PDN
subgroup decreased by 74%, and 2 of the 3 individuals had at least 50% pain relief. In addition, all 3 patients had a
general improvement in sensation, with anecdotal reports of improved function.

Traditional SCS (t-SCS)
Among the studies that documented the use of t-SCS in PDN subjects, 2 open-label, multicenter RCTs compared CMM
(also known as best medical treatment) with and without adjunctive t-SCS.*>*® A further 5 prospective studies**>® and 2

19:57 also observed the outcomes of t-SCS treatment.

retrospective reviews
Randomized Controlled Trials
In the larger RCT by de Vos et al, 40 individuals were assigned to CMM with adjunctive t-SCS and 20 to CMM alone.*
Participants were refractory to conservative treatments and had an average VAS pain score >50 points (0—100 points
scale), with upper limb neuropathic pain <20 points at rest. Subjects with inadequate improvement could cross over to the
other treatment arm after 6 months. Of the 40 individuals assigned to t-SCS, 37 were converted to a permanent system
after a successful trial; however, one individual dropped out early after choosing to enter another study.

In the ITT analysis with last observation carried forward (LOCF), subjects in the t-SCS group reported a 55%
decrease in average pain score after 6 months of treatment compared with no pain relief in the CMM group (p<0.001).
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Furthermore, 60% of the stimulation-treated subjects (25 of 40) in this analysis had >50% pain relief compared with only
5% of the control group (1 of 20) (»<0.001). Relative to the number of implanted subjects with available data, the t-SCS
responder rate was 69% (25 of 36). In addition, investigators observed significantly improved HR-QoL and pain
characteristics among the t-SCS group on various scales (EQ-5D; MPQ-QoL, McGill Pain Questionnaire-Quality of
Life; MPQ, McGill Pain Questionnaire pain quality). Neurological outcomes were not reported.

In the other RCT by Slangen et al, 22 individuals were assigned to CMM with adjunctive t-SCS and 14 to CMM
alone.*® Participants were refractory or intolerant to conventional drug treatments and had an average NRS score >5
points (0—10 points scale), with minimal or no upper limb neuropathic pain. Seventeen of the t-SCS subjects had a
successful trial phase and proceeded to permanent implantation. After 6 months of treatment, the ITT analysis found a
44% decrease in average daytime pain score among participants treated with t-SCS compared with no change in the
control group (p<0.001), with corresponding reductions during the night of 38% and 12% (p<0.003). In addition, the
responder rate (>50% pain relief) during both day and night also favored t-SCS (day: 41% [9 of 22] vs 0% [0 of 14],
p<0.001; night: 36% [8 of 22] vs 7%, [1 of 14], p<0.01). Our recalculation of the responder rate relative to the number of
implanted subjects with available data yielded day and night time proportions of 56% (9 of 16) and 50% (8 of 16),
respectively. However, we could not calculate an overall responder rate since the study report did not clarify if there was
an overlap between day and night-time responders. The investigators noted significantly improved neuropathic pain
characteristics (McGill NPS, McGill Neuropathic Pain Scale) in the t-SCS recipients compared to the CMM group.
However, the change in HRQoL (EQ-5D) did not differ between the groups.

After 2 years of treatment, the subjects initially implanted with t-SCS had significantly reduced average pain from
baseline during both the day (45%, p<0.001) and night (48%, p<0.001), with respective day and night responder rates of
53% (8 of 15) and 40% (6 of 15).*" Significant improvements were also observed in HR-QoL and neuropathic pain
measures (modified BPI; MOS SF-36 PCS, Medical Outcomes Study Short Form-36 Physical Component Scale; MOS
sleep scale; McGill NPS). The authors did not report any neurological outcomes.

In a later publication, the investigators reported 5-year follow-up data from all RCT participants that completed the 6-
month follow-up (n=33)* combined with participants from a pilot study by Pluijms et al (n=15).>> Among the 48
subjects, 40 had a successful trial phase and were converted to permanent systems. At the 5-year follow-up, data were
available from 55% of the implanted cohort (22 of 40). These individuals had average pain relief of 36% (p<.05) during
the day and 31% during the night (»p<.05), with corresponding responder rates of 36% (8 of 22) and 32% (7 of 22). As per
the earlier study publications, it was impossible to infer an overall responder rate.

Prospective Studies
In the earliest prospective observational evaluation of t-SCS in the PDN indication, Tesfaye et al analyzed outcomes in
10 subjects with severe PDN, unresponsive to conventional drugs.*” After a trial of both active and sham stimulation, 8
participants received a permanent system. Fourteen months later, the investigators reported significantly reduced back-
ground and peak pain VAS scores for stimulation on versus off (p=0.06 and p=0.03, respectively). Our examination of
the 14-month data showed that 29% of participants (2 of 7) had >50% background pain relief from baseline, while 71%
(5 of 7) had >50% peak pain relief from baseline. In a later report that analyzed data at 7.5 years postimplantation, the
difference between pain scores for stimulation on versus off did not reach statistical significance (p=0.06). However, 2 of
the 4 individuals had >50% background pain relief from baseline. Pain-related disability scores also markedly improved
in all 4 subjects on the PDI.*°

The investigators also conducted several neurological function tests at baseline, 3 months, and 6 months postim-
plantation, including (i) vibration perception-threshold (VPT) over the index fingers, great toes, and medial malleoli; (ii)
sensory (median, ulnar, superficial peroneal, and sural) nerve conduction velocities; and (iii) motor (median, ulnar,
peroneal, and tibial) nerve conduction velocities. The tests revealed no changes in any of these measures at either
postimplantation assessment. In contrast, other outcomes measured at 6 months showed a significant improvement,
including exercise threshold (vs baseline) and all 4 MPQ pain characteristics (on vs off).

Later studies by de Vos et al and Pluijms et al also examined t-SCS outcomes in treatment-refractory PDN
subjects.S]’52 In the de Vos study, 11 participants underwent a stimulation trial. Of these, 9 received a permanent
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system.”' After 30 months of treatment, the average VAS pain score decreased from baseline by 71%, and 75% of
subjects (6 of 8) were responders to therapy (=50% pain relief).

Among the 15 trialed participants in the Pluijms study, 11 met the criteria for trial success and received a permanent
system.”? At 12 months postimplantation, median day and night NRS pain scores had significantly decreased by 60%
(»<0.001) and 47% (p<0.01), respectively. Among the implanted subjects, 64% (7 of 11) responded to therapy (=50%
pain relief) during the day and 27% (3 of 11) during the night. The investigators also documented significant improve-
ments in neuropathic pain characteristics (NPS, Neuropathic Pain Scale) and HR-QoL (SF-36 PCS; quality of sleep
NRS). In addition, 36-month follow-up data published by Slangen et al demonstrated sustained daytime pain relief
(62%), and 64% (7 of 11) of the implanted group were still responders. The authors also noted improved HR-QoL in 64%
of the cohort (EQ-5D).>

During the Pluijms study, investigators also assessed small fiber nerve function at baseline and the end of the 2-week
trial using contact heat evoked potentials (CHEPs).54 The test results showed no significant differences in upper limb N2
latency, P2 latency, or N2—P2 amplitude, except for a significantly shorter P2 latency on the dorsal forearm (p=0.002). In
addition, the correlation between the CHEP measurements was high.

In another mixed indication prospective study, Denisova et al provided subgroup outcome data from 4 PDN subjects
treated with t-SCS.”> After 12 months of stimulation, the investigators noted a reduction in VAS pain score of
approximately 5 points (0—10 points scale).

Finally, Zhou and Bao (2021) evaluated t-SCS in individuals with diabetic foot syndrome (DFS).’® All 19 recruited
subjects had foot lesions of grades 1 to 4 on the Meggitt—Wagner 0 to 5 classification system. While the authors did not
confirm a neuropathy diagnosis, the vascular disease exclusion criterion implied a PDN etiology. After the activation of
trial stimulation, the investigators noted a 74% decrease from baseline in the subjects’ average VAS pain score (p<0.05).
They also observed a significant improvement in both sensory (right phoebra, left superficial peroneal, and right sural)
and motor (common peroneal and tibial) nerve conduction velocities. In addition, after 6 months of permanent
stimulation, the cohort’s HR-QoL significantly improved (Quality of Life-Liver Cancer v2.0).

Retrospective Studies
Two retrospective reviews by Kumar et al published t-SCS outcomes from predominantly PDN subgroups.'*>” In the
earlier study, a group of 5 neuropathy patients comprised 4 with PDN and 1 with idiopathic neuropathy.’’” After a
successful trial phase, all 5 patients received a permanent t-SCS system and were followed for a minimum of 36 months.
At their last follow-up, 4 of the 5 patients (80%) reported at least 50% pain relief (VAS), including 3 PDN patients.
The investigators subsequently published outcomes from 17 individuals with PDN in a review spanning 22 years,
with a minimum follow-up of 6 months.'® The cohort may include PDN patients from the 1996 dataset. However, given
the long period between the reports, we retained the 2006 cohort separately. Of the 17 patients, 14 (82%) were converted
to a permanent system after a successful trial. According to a modified VAS, 12 implanted patients (86%) reported >50%
pain relief at their last assessment.

Dorsal Root Ganglion Stimulation (DRGS)

One study in our review by Eldabe et al retrospectively documented the outcomes of DRGS in PDN patients.>® The
cohort comprised 10 individuals refractory to drug treatment and/or previous SCS. Of these, 7 received a permanent
implant after a successful trial or intraoperative test; however, 2 patients were explanted within a week because of poor
efficacy or personal reasons. After 12 months of treatment, 4 patients with available data reported a 64% reduction in
average VAS pain score (p<0.001), and 2 of the 4 (50%) experienced at least 50% pain relief.

Burst SCS

One prospective study in our review tested burst SCS in postlaminectomy syndrome and PDN patients over 2 weeks in a
single-arm study.”” All participants had at least 6 months of prior treatment with t-SCS before being reprogrammed with
burst SCS for the 2-week test period. Among the 12 PDN participants, burst SCS reduced the average VAS pain score
from the mean t-SCS value by 43% (p<0.05). In total, 8 of the 12 subjects (67%) reported additional pain reduction from
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t-SCS during the burst SCS test. Compared with the preimplant average pain score, burst SCS provided 77% pain relief
(»<0.001).

Outcomes in Other Painful Peripheral Neuropathies and Mixed Etiology Populations
High-Frequency 10 kHz SCS

Two studies in our review reported outcomes from mixed etiology PPN patients treated with high-frequency 10 kHz

SCS, including 1 prospective cohort study® and 1 retrospective case series.**

Prospective Studies

As described above, Galan et al evaluated 10 kHz SCS treatment in 26 subjects with various types of PPN.®® Among the
cohort, 9 had PDN, while the remaining 17 had other forms of PPN, most commonly idiopathic in etiology and present in
the lower limbs (94%, 16 of 17). Of the 17 participants with PPN, 10 had a successful trial and underwent permanent
implantation. After 12 months of treatment, 56% (5 of 9) were responders (=50% pain relief). The investigators also
observed that almost half of the cohort (3 of 8) had improved over baseline in at least 1 neurological function category
without worsening in any other. While improvements were predominantly in the sensory domain (75%, 3 of 4), 1
participant experienced increased motor function. None of the 3 neurological deficits recorded throughout the study (1
sensory, 2 motor) were stimulation-induced.

Retrospective Studies

In Sills’ retrospective case series (discussed previously), the nondiabetic PPN population comprised 2 individuals with
iPN and 1 with CIDP, all of whom had bilateral lower extremity pain.** Of the 3 patients, 2 received a permanent 10 kHz
SCS system after reporting pain relief >50% during the trial phase, and 1 proceeded to permanent implantation after
experiencing a 33% reduction in pain during the trial.** After a mean follow-up of 26.3 months, patients’ average NRS
pain score decreased by 42%. In addition, 1 patient (CIDP) had >50% pain relief, 1 individual (iPN) had improved

sensation, and all patients reported generally improved function.

Traditional SCS (t-SCS)

Among the studies included in our review, 3 retrospective reviews evaluated the use of t-SCS to treat PPN.'%-*!%% In the
most recent study, Abd-Elsayed et al presented outcomes from 3 PPN patients with bilateral lower extremity pain treated
with t-SCS.°! Among these were diagnoses of PDN, HIV-induced peripheral neuropathy, and chemotherapy-induced
neuropathy (CIN). At the end of the stimulation trial, patients’ average VAS pain score was 85% lower than baseline, and
all individuals reported at least 50% pain relief. Of the 3 patients, 2 proceeded to permanent implantation and continued
to benefit at long-term follow-up. Both individuals also reported general improvements in their function and sleep. The
remaining patient postponed permanent implantation for other health reasons.

In their long-spanning 2006 retrospective review (previously discussed), Kumar et al presented outcomes from a
subgroup of 19 patients with lower extremity pain secondary to multiple sclerosis.'® Of these, 17 (89%) had a successful
stimulation trial and were converted to a permanent system. At their last follow-up, 15 of the 17 implanted patients (88%)
reported a reduction in pain score of at least 50%, according to a modified VAS.

In the last of the 3 retrospective reviews, Devulder et al included 3 patients with polyneuropathy treated with t-SCS.%*
The authors reported good pain relief in 2 to 3 patients, while little relief was noted in 0 to 1.

Dorsal Root Ganglion Stimulation (DRGS)
Three studies in our review reported outcomes from mixed etiology PPN patients treated with DRGS, including 1

prospective cohort study® and 2 retrospective reviews.®*%>

Prospective Studies

In the only prospective evaluation, Koetsier et al recruited 9 individuals with painful polyneuropathy in the lower
limbs.®® Subjects were refractory to conventional drug treatment and had a pain intensity of >5 points on the NRS (0-10
points scale). Etiologies included diabetes (n=3), iPN (n=3), CIN (n=1), and CIDP (n=1). Of the 9 participants, 8 had a
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successful stimulation trial, and 7 received a permanent system. At 6 months postimplantation, the subjects had
significantly decreased median pain during the day (57%, p=0.031) and night (81%, p=0.036); this was also true for
median peak pain (56%, p=0.035). The interference of pain with general functioning, measured using the BPI, also
significantly decreased. However, the investigators observed no significant change in other HR-QoL and mood measures.

Retrospective Studies

In the most recent of the 2 retrospective reviews, Ho et al analyzed DRGS outcomes from 4 patients with pharmacologic-
refractory axonal polyneuropathy, primarily in their feet.** The etiology was hereditary in 1 individual, suspected as
hereditary in another, and idiopathic in the remaining 2 patients. Three of the 4 patients had a successful trial phase and
proceeded to permanent implantation. After 6 months of treatment, patients’ average VAS pain score had decreased by
74% (p=0.026), and all 3 patients had at least 50% pain relief.

In the final study included in our review, Falowski et al examined DRGS outcomes in § patients with peripheral
neuropathy in their lower extremities.®> All individuals had failed conventional treatment before their DRGS trial and
permanent implantation. Among the patients, 5 had sensory polyneuropathy, 2 had PDN, and 1 had chronic L5
radiculopathy. After 6 weeks of treatment, the investigators reported an 80% (p<0.001) reduction in the average VAS
pain score across the group.

Discussion
Peripheral neuropathy represents a group of disorders with many and varied etiologies, with diabetes being a common
cause. The painful symptoms associated with the condition are often inadequately treated. Alternative treatment options,
such as SCS, are required to address the large and growing need for effective pain relief in this patient group.

Our literature search identified a substantial body of literature (20 studies) that presented evaluations of SCS to treat
the painful lower limb and/or lower extremity symptoms associated with peripheral neuropathy. Of these, 3 were RCTs
with 6-month randomized phases,***>*¢ and the remainder were observational studies. Among the studies, stimulation

modalities included 10 kHz SCS, t-SCS, DRGS, and burst SCS.

Interpretation of Results

Pain Relief

Based on the minimum clinically important difference of at least a 2-point or a 30% reduction in pain,°® our analysis
found (when available) clinically meaningful pain relief (range: 31-81%) at the last assessment (range: 0.5-90 months)
after permanent implantation, regardless of stimulation modality.*!~#%:48:30:51.53.38.59.63°65 1) aqdjtion, the responder rate
(when available) was at least 50%" %! 745:50-51.33.57.38.60.63°65 iy 1] pyt 2 studies.***® These are important findings, given
the current and growing need for efficacious treatments in patients with drug-refractory PPN.

Fifteen studies in our review documented outcomes in PDN,'**°? including 1 RCT that evaluated 10 kHz SCS*
and 2 that investigated t-SCS.*>*¢ Results from all 3 RCTs supported the efficacy of SCS in this indication during 6-
month randomized periods. However, 10 kHz SCS was associated with markedly higher pain relief than t-SCS (76% vs
38-55%). In addition, the proportion of responders to 10 kHz SCS at 6 months exceeded that of t-SCS (85% vs 50-69%).
Extended RCT follow-up to 12 months also underscored this differential response to therapy (86% vs 38-56%).*'**” The
more robust pain relief observed in the 10 kHz SCS RCT compared to the t-SCS studies is consistent with the results of
an RCT that directly compared the 2 modalities in patients with chronic back and leg pain. In this study, 10 kHz SCS was
found to provide statistically superior pain relief to t-SCS over 24 months.'**

Study data in our review also suggested that pain relief from t-SCS may diminish over time in PDN patients.*” For
example, in one study cohort, daytime pain relief decreased from 59% to 44% between 3 and 12 months of follow-up,
with reduced pain relief persisting at 24 months (45%).*” A similar pattern of reduction occurred in nocturnal pain relief.
Such diminishing pain relief (often referred to as therapy “tolerance” or “habituation”) has also been observed in other

S'¢2% and is the most common reason for explantation.'® In contrast, 12-month RCT follow-up

pain indications after t-SC
of PDN patients demonstrated sustained pain relief with 10 kHz SCS and replicated outcomes in crossover patients.*' In

addition, multiple observational studies of at least 12 months duration support these results.**** Experience with 10 kHz
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SCS in other chronic pain etiologies also indicates that pain relief is durable after several years.?>**>’% Our review also
showed promising outcomes in PDN patients with DRGS and burst SCS.’ 859 However, the very small sample sizes in
both studies (n<10), the lack of control groups, and the very short follow-up period in the burst SCS test (2 weeks)
significantly limited the clinical significance of the findings.

During our review, we observed a recent interest in using newer SCS modalities to treat other forms of PPN,
including idiopathic, chemotherapy-induced, radiation-induced, and hereditary types. Pain relief results from 10 kHz SCS
and DRGS (when available) were promising in the mixed etiology populations, with a similar range of pain relief from
baseline (42-81%)**%% to PDN (61-77%).*'**¥ In another cohort with mixed etiology, burst stimulation resulted in
additional pain relief after patients had been reprogrammed from t-SCS to burst stimulation for 2 weeks.>’

While t-SCS remains a valuable option for treating PPN, the newer modalities may mitigate some of its limitations.
For example, in contrast to t-SCS, 10 kHz SCS provides pain relief without paresthesia, which may be a more
comfortable and tolerable option for patients. This factor may be especially useful in PPN patients with nerve damage
that manifests as paresthesia. In addition, DRGS provides higher paresthesia concordance in the feet than t-SCS, with
reduced stimulation sensation in nonpainful areas.”””’" The specificity of DRGS paresthesia coverage may be beneficial
in PPN patients with predominant pain in the lower extremities and feet.

Neurological Outcomes
Among the 10 kHz SCS studies in our review, we observed that many patients experienced clinically meaningful
neurological improvement, an important finding not yet observed with other modalities. In the RCT by Petersen et al,***!
the results indicated potentially disease-modifying neurological improvements over 6 to 12 months in almost two-thirds
of individuals (66%, 84 of 128), with most improvements observed in sensory function. The 12-month prospective study
by Galan et al substantiated this outcome, with 71% (5 of 7) of PDN participants exhibiting neurological improvement in
sensory and/or reflexes testing.***® Over a third of the remaining PPN subjects (37.5%, 3 of 8) also had improved
neurological status, mainly in sensory function. In Sill’s retrospective evaluation of 10 kHz SCS in a mixed PPN group, 4
of the 5 patients with available data self-reported general sensory improvement after 10 kHz SCS, 3 of whom had PDN
and 1 of whom had iPN.*

Only 2 other studies in our review provided neurological outcomes. In these studies, the investigators conducted

S,%-¢ with conflicting results. One study

sensory and motor nerve conduction velocity tests before and after t-SC
reported no change in PDN patients,*” while the other found significant improvements in a PDN (DFS) cohort.>®
Unfortunately, the investigators did not measure clinical sensory or motor characteristics; such complementary data

may have provided insight into whether nerve function changes were clinically meaningful.

Strengths and Limitations of the Review
This study is a comprehensive and systematic review of SCS that reports state-of-the-art research, The reviewer carried
out the searches in a structured manner without time limitations to ensure the capture of both older and newer SCS
modalities. In addition, the eligible studies were conducted in multiple countries and institutions and included several
RCTs. Finally, while most reviews of SCS in this disease area limit their scope to the diabetic population, our study
addressed the broader peripheral neuropathy indications.

As with all studies, our results should be interpreted with some caution, given the limitations of our review. Firstly, we
restricted our search to the PubMed database, which means we may have missed some citations that are only indexed in
other databases, including trials with negative findings that were not published. In addition, we noted substantial hetero-
geneity between studies in terms of study designs, interventions, and populations, complicating data synthesis and
precluding meta-analysis. In addition, the articles presented responder rate data in various ways.’> To provide a more
consistent overview of the data, we attempted to standardize responder rates relative to the number of implanted patients
with available data, which may have resulted in minor inaccuracies in our presented ranges. In addition, our responder rate
measure deviated from the study-defined primary endpoint (PE) in several trials. For example, the Slangen RCT had a
composite PE in which patients could achieve treatment success if they met 1 of 4 criteria (day or night pain relief >50% or
Patient Global Impression of Change pain or sleep score >6). The Petersen RCT also had a composite PE; however, this was
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narrower and comprised only a single pain threshold measure (>50% pain relief) combined with no observed neurological
deterioration. Our use of a different endpoint to the original study analyses may have introduced bias.

The studies included in our review also had shortcomings that limited the clinical significance of their findings.
Principally, the RCTs did not include a sham control arm, making it impossible to blind participants or personnel to the
treatment allocation. Consequently, we cannot rule out a meaningful placebo effect; this also applies to the remaining
observational studies in our review, which have an inherent risk of bias due to their open-label design. In addition, some
studies in our review may be particularly susceptible to a placebo effect due to their lack of a control group or short-term
nature (eg, the 2-week burst SCS test’” and 6-week retrospective DRGS review®®). However, in some studies, longer-
term follow-up durations of at least 12 months may mitigate placebo-effect concerns if the attrition rate over time is low.
The t-SCS PDN RCTs also had asymmetric allocation ratios that resulted in a low sample size for the control group in
each study, creating uncertainty in the t-SCS treatment effect relative to control.””

We noted in our review that clinical neurological assessments have recently been introduced in 10 kHz SCS studies; this is
a welcome step towards a more holistic approach to SCS therapy, especially in a patient population with sensorimotor issues.
However, the tests used in the prospective 10 kHz SCS studies relied on clinical examination and judgment, factors that should
be considered when interpreting their results.****° That said, independent neurologists developed the standardized neuro-
logical examinations in collaboration with the US Food and Drug Administration for a previous RCT.*’

Interestingly, several prospective t-SCS studies incorporated quantitative neurological measurements, including
sensory and motor nerve conduction velocities. However, despite statistically significant effects in one study, we gained
little or no insight into the clinical meaning of the outcomes.>®

Finally, it should be remembered that all studies in our review performed SCS evaluations in patients with lower limb
and/or lower extremity pain. Therefore, our results cannot be generalized to patients with neuropathy symptoms in their

upper limbs/extremities.

Implications for Practice, Policy, and Future Research

The results of our review suggest that SCS is a valuable treatment option in patients with lower limb and/or lower
extremity pain symptoms associated with PPN. High-level evidence exists for 10 kHz SCS and t-SCS treatment in
diabetic patients, supported by observational studies. Outcomes from pilot studies conducted in primarily nondiabetic
PPN patients were also promising. In particular, the potential for beneficial neurological effects after 10 kHz SCS
deserves attention, especially in patients with sensorimotor problems. Considering the known complications associated
with all types of SCS,” pain specialists should consider the therapy after the failure of conservative medical
management.

Additional RCTs and long-term, real-world studies performed in the PDN indication will strengthen the evidence base
for SCS in this large patient group. Given the absence of controlled studies in other forms of PPN, implementing RCTs in
this field is also important, with a careful selection of indication for use based on the existing pilot study data. Additional
controlled studies that compare waveforms will also help identify the most appropriate SCS modality for individual
etiologies.

In any future study, it would be advantageous to incorporate a range of outcome measures to help provide a broad and
patient-centered view of treatment benefits. These measures could include, for example, HR-QoL, function, and
medication use. Analyzing neurological change would also be helpful; ideally, using objective, quantitative, and
validated measures that characterize whether changes are clinically meaningful to the patient and/or their caregivers.
We should also bear in mind that neurological benefits could occur in the context of limited or no analgesic effect,
requiring a shift away from viewing SCS success only through the traditional lens of pain relief. In t-SCS studies, due
consideration should be given to the challenge of assessing quantitative sensory changes in patients with overlapping
stimulation- and disease-induced paresthesia. Future studies may also benefit from the inclusion of sensory profiling to

determine how subgroups with various sensory characteristics respond to treatment.”®
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Conclusions

Our review found clinically meaningful pain relief after SCS treatment in patients with PPN of the lower limbs and/or
lower extremities. High-level evidence supports the use of 10 kHz SCS and t-SCS in PDN patients, with more robust
pain relief observed with 10 kHz SCS. The results in other PPN etiologies were also promising for 10 kHz SCS.
Moreover, a majority of PDN patients experienced neurological improvement with 10 kHz SCS, as did a notable subset
of nondiabetic PPN patients; this may be particularly beneficial in peripheral neuropathy patients with reduced sensation
in their legs and/or feet. Additional RCTs and long-term, real-world studies will help confirm the effectiveness and
durability of SCS in PPN patients.
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