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Abstract: While Spinal Cord Stimulation (SCS) provides satisfaction to almost 2/3 of Persistent
Spinal Pain Syndrome-Type 2 (PSPS-T2) patients implanted for refractory chronic back and/or leg
pain, when not adequately addressed the back pain component, leaves patients in a therapeutic
cul-de-sac. Peripheral Nerve field Stimulation (PNfS) has shown interesting results addressing back
pain in the same population. Far from placing these two techniques in opposition, we suggest that
these approaches could be combined to better treat PSPS-T2 patients. We designed a RCT (CUMPNS),
with a 12-month follow-up, to assess the potential added value of PNfS, as a salvage therapy, in
PSPS-T2 patients experiencing a “Failed SCS Syndrome” in the back pain component. Fourteen
patients were included in this study and randomized into 2 groups (“SCS + PNfS” group/n = 6
vs. “SCS only” group/n = 8). The primary objective of the study was to compare the percentage
of back pain surface decrease after 3 months, using a computerized interface to obtain quantitative
pain mappings, combined with multi-dimensional SCS outcomes. Back pain surface decreased
significantly greater for the ”SCS + PNfS” group (80.2% ± 21.3%) compared to the “SCS only” group
(13.2% ± 94.8%) (p = 0.012), highlighting the clinical interest of SCS + PNfS, in cases where SCS fails
to address back pain.
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1. Introduction

Spinal Cord Stimulation (SCS) has been used for more than 50 years and is nowadays
considered as an effective therapy to treat refractory chronic back and/or leg pain [1–6]
in Failed Back Surgery Syndrome (FBSS) [7–9] or Persistent Spinal Pain Syndrome type 2
(PSPS-T2) patients [10]. While SCS provides satisfaction for 53–62% of implanted PSPS-
T2 patients, with 24-month follow-up [11,12], back pain component has always been
considered as a variable limitation to SCS efficacy and, when not adequately addressed,
leaves patients in a therapeutic cul-de-sac.

Three different scenarios can lead to what could be described as “Failed SCS Syn-
drome”, with persistent back pain component: (i) First scenario, despite SCS implantation,
the patient has never experienced any substantial relief of his back pain; (ii) Second sce-
nario, the patient was initially considered as a good SCS responder since his neuropathic
leg component was addressed by neurostimulation and he was not suffering from any
kind of backpain at the time of implantation, but he later developed a new pain onset at
the back, which became progressively refractory to pain medical management and with no
mechanical cause accessible to any etiological treatment, including further spine surgery.
(iii) Third scenario, the patient has been previously implanted for back and leg pain, and
was initially considered as a positive responder to SCS, but presented a loss of efficacy
over time regarding the back pain component, a phenomenon which is often called ‘SCS
tolerance’, and reported in up to 20–40% of patients [13].

In this specific context, we can assume that Peripheral Nerve field Stimulation (PNfS)
could be considered as salvage therapy for these patients. Indeed, Deer et al. [14] reported
in a systematic review of 14 Randomized Controlled Trials (RCTs) that the PNfS approach
is safe and relatively effective to treat refractory migraine, cluster headache, shoulder
pain, pelvic pain, neuropathic pain of other origins and low back pain. More specifically,
McRoberts et al. [15] showed that PNfS could relieve at least 50% of pain intensity for
69.5% of patients (16 out of 23) suffering from chronic intractable back pain at 1 year. More
recently, Eldabe et al. [16] documented a responder rate of 56.7% of PSPS-T2 patients after a
9-month period using PNfS added to Optimized Medical Management (OMM). Although
these findings clearly show that PNfS can be an interesting option to treat PSPS-T2 patients,
with a responder rate relatively similar to SCS, it remains difficult to determine which
subgroup of PSPS-T2 patients should benefit the most from one approach or the other,
according to practices and reimbursement systems in a given country.

Far from opposing these two techniques to one another, it has been suggested that
for a given patient, these approaches could be combined to treat PSPS-T2 and even that a
potential synergistic effect of SCS and PNfS could ensue. In this perspective, a prospective
multicenter RCT [17] assessed pain intensity decrease in chronic low-back pain patients,
after a 6-month period of either PNfS alone (n = 28) or a combination of PNfS+SCS (n = 74).
The authors reported that without any statistical difference PNfS was as effective as the com-
bination of PNfS+SCS to improve refractory pain relief. In another RCT, van Gorp et al. [18]
compared SCS with SCS + PNfS in PSPS-T2 patients, for whom a combination of SCS +
PNfS techniques was proposed after lead trial, if initial implanted SCS was effective for
leg pain (≥50%), but not sufficiently effective for back pain (<50%). Patients implanted
with SCS + PNfS reported a higher percentage of responders (42.9%) compared to patients
with SCS alone (4.2%), after 3 months of follow-up. All in all, this study showed that PNfS
could be used, as an added therapy to SCS, to address a persistent significant low back pain
component in PSPS-T2 patients, in whom SCS alone help to reduce leg pain but remains
of limited efficacy for the back pain component. However, these encouraging first results
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deserve further investigation, as patient follow-up in this study was limited to 3 months,
and as adding PNfS was proposed starting with initial lead trial, which corresponds to a
scenario different from the “Failed SCS Syndrome” we are describing here.

We hypothesized that considering PNfS as a salvage therapy, rather than any another
alternative approach or other SCS stimulation paradigm, could offer new opportunities to
optimally treat patients already implanted with SCS and suffering from long-term back
pain. To validate this hypothesis, we designed a prospective, comparative, randomized
controlled study aimed at evaluating the potential added value of PNfS as a means of
relieving back pain in PSPS-T2 patients suffering from persistent low back pain despite
previous SCS implantation and initial success.

2. Materials and Methods
2.1. Study Design

CUMPNS is a prospective, randomized controlled open-label monocentric study with
a 12-month follow-up period, which was designed to assess the added value of implanting
PNfS in PSPS-T2 patients previously implanted with SCS, who did not achieve adequate
back pain relief after attempting to achieve optimal pain coverage and relief using all
possible SCS programming modalities and optimized medical management.

Patients were enrolled from the University Hospital of Poitiers between February
2013 and April 2017. Informed consent was obtained from all patients before any data
collection. The study was conducted in accordance with the Declaration of Helsinki and
complied with CONSORT guidelines for RCT, Good Clinical Practice guidelines and was
approved by an ethics committee (CPP-Ouest-III and ANSM: 2012-A00532-41). The study
is registered at clinicaltrials.gov (NCT02110888).

2.2. Patient Selection
2.2.1. Inclusion Criteria

Patients aged between 18 and 80 years were eligible when they were diagnosed as
PSPS-T2 (defined as persistent back and leg pain, present for at least 6 months, following
one spinal surgical procedure) [19] and for whom OMM (including interventional pain
procedures) failed to relieve pain. Patients had to be previously implanted with SCS
for chronic neuropathic refractory pain, with a positive response to DN4 questionnaire
(DN4 [20], and to have experienced effective pain relief of the leg pain component (≥50%)
with SCS, but were still experiencing refractory back pain scored ≥ 40 mm on the Visual
Analog Scale (VAS). Several SCS reprogramming sessions had to be performed to attempt
targeting the back pain component with SCS (without any loss of efficacy in leg pain),
before proposing this study to the patient.

After approving the informed consent, the patient was given the study notebook in
order to report baseline characteristics and questionnaires.

2.2.2. Exclusion Criteria

Patients for whom back pain could be treated surgically (discogenic lumbar pain,
spinal instability, spinal deformation, etc.) and patients presenting surgical, psychiatric,
or anesthetic contraindication to be implanted with a PNfS device were not included. In
line with our daily practice, patients who did not receive any Transcutaneous Electrical
Nerve Stimulation (TENS) treatment within 6 months and who did not respond to this
therapy were likewise excluded. Patients who presented progressive psychosis or history
of severe psychosis that required hospitalization, active cancer pathologies, and women of
childbearing age without effective contraception (hormonal/mechanical: oral, injectable,
transcutaneous, implantable, intrauterine device, or surgical: tubal ligation, hysterectomy,
total ovariectomy) were not included either.
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2.3. Procedures and Additional PNfS Implantation

Eligible patients were randomly assigned to one of two parallel groups in a 1:1 ratio.
Randomization was conducted through a clinical data collection website (https://www.
dirc-hugo-online.org/csonline, accessed on 31 August 2021) designed for the purpose
of this trial, accessible to the investigators through a personal identifier and password.
Neither the study medical staff, nor the patients were blinded to the randomization. In
addition to SCS device implantation, patients in the intervention group (“SCS + PNfS”)
were implanted with PNfS at baseline, whereas patients in the control group (“SCS only”)
were implanted with SCS alone for 4 months and then implanted with a PNfS device at the
4-month visit (Figure 1).
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Figure 1. Study design. SCS: Spinal Cord Stimulation; PNfS: Peripheral Nerve field Stimulation.

PNfS implantation consisted in implanting patients with one Octad® lead or two
Quad® subcutaneous peripheral stimulation leads (Medtronic, Inc., Minneapolis, MN, USA),
depending on the extent of back pain surface. Lead(s) was/were implanted surgically
under general anesthesia in prone position. Lead(s) was/were positioned subcutaneously
in accordance with back pain surface, documented by tactile informatics pain mapping
interface the day before surgery, and was/were connected to an 8-contact extension, which
was plugged on the preexisting internal pulse generator (IPG) used for SCS. Since available
IPGs contained only two ports at the time of the study, in case the 16 channels (i.e., the
2 ports) were previously used by SCS (two examples of a 16-contact surgical SCS paddle
lead are presented in Figure 2), one of the two ports (i.e., 8 channels/16) was carefully
selected by ultimate SCS reprogramming and was kept “busy” for continued use of the
pre-existing SCS lead in place, the main goal being to preserve optimal leg pain coverage;
while the remaining 8 channels were freed in order to be able to connect, on the correspond-
ing port, the 8 plots of the subcutaneous lead(s) to the IPG (Figure 2). Lead programming
was repeated at each visit in order to optimize both pain coverage and pain relief for the
patients, according to the usual follow-up procedures of patients in our department im-
planted with a neurostimulation system. Lead programming was conducted in accordance
with each patient’s preference. Frequency of stimulation ranged from 40 Hz to 90 Hz, pulse
width ranged from 210 µs to 450 µs and stimulation intensity ranged from 0.1 V to 10.5 V.

The “SCS + PNfS” group was followed up at 1, 3, 6, and 12 months. The “SCS only”
group was followed up at 1 and 3 months, and after PNfS implantation at 1, 3, 6 and
12 months corresponding to 5, 7, 10 and 16 months from baseline. The two groups were
compared at the 1- and 3-month follow-up periods. After the 3-month visit, since all
patients were equipped with PNfS implant, pairwise comparisons were performed to
assess the benefit of PNfS at 6 and 12 months after implantation.
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Figure 2. Post-operative X-ray showing technical considerations of SCS + PNfS combination. (a) For this first patient, the
first channel of the surgical lead wire was disconnected at the lead-extension junction, after selecting the “best” channel
to maintain adequate leg pain coverage by reprograming, between the two. (b) The second channel, selected as “the best
channel” remained connected to the IPG via port n2. (c) A “Y” extension was implanted to connect the PNfS leads, which
were implanted subcutaneously (Quad Plus 4-contact leads, Medtronic) to the 8-contact port n1 of the IPG. (d) Similarly to
Patient 1, the IPG (Restore Advanced, Medtronic) delivers electricity through one channel dedicated to SCS and one other
channel dedicated to PNfS for Patient 2.

2.4. Study Outcomes

The primary objective of the study was to compare the percentage of decrease of back
pain surface between baseline and 3 months between the “SCS only” group and “SCS +
PNfS” group. For the purpose of the study, PRISMap software, specifically dedicated to
assess pain surface changes objectively, was used to obtain quantitative and comparative
metrics [21]. This software has been designed and encapsulated into a tactile computerized
interface, to assess patient painful area(s) in terms of intensity (mild, moderate, intense,
very intense), real surface (available in cm2) and pain typology characterization (noci-
ceptive/neuropathic pain), with objective, quantitative and reproducible measurements.
From a clinical and research perspective, this allows robust comparisons between patients,
neurostimulation devices, programs and waveforms, within time, by including a multi-
dimensional composite pain assessment. In this study, pain mapping was collected from
a touch screen, where the patient could draw different painful zones, which were then
represented as maps and diagrams. The pixels in the patient drawing were then converted
into cm2, using several anatomical landmarks, patient morphology and morphometry, to
measure the pain surface optimally and accurately, using patented data processing system
(Patent Applications n PCT/EP2014/067231 [22], n PCT/FR 14/000 186 [23] and n PCT/FR
14/000 187 [24]).
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Secondary outcomes, collected at baseline and each visit, included back pain relief
assessed with VAS; back pain paresthesia coverage corresponding to the percentage of
pain surface covered (or not) by stimulation-generated paresthesia (using N-3D-LTM soft-
ware/Please see previous publications mentioned above for further details); functional
capacity measured with the Oswestry Disability Index (ODI) score [25]; health-related
quality of life assessed with the EuroQuol-5Dimensions 3-level (EQ-5D-3L) index [26];
psychological state measured by the Hospital Anxiety and Depression Scales (HADS) [27];
medication intake measured by the third version of the Medication Quantification Scale
(MQS-III) [28].

2.5. Statistical Analysis
2.5.1. Sample Size

Based on our clinical experience and available data on PNfS use for back pain, we
hypothesized that we could expect a difference of 40% between the groups, with a common
standard deviation of 25%. With a power of 95% and a significance level of 5%, 19 patients
would allow us to detect statistical significance between the groups. Because of the rela-
tively limited follow-up duration before collection of the primary endpoint (3 months), no
dropout was considered. Per following these calculations, the original plan was to include
20 patients (10 patients per group).

2.5.2. Statistical Methods

Quantitative variables were described by their means and standard deviations (SD)
or by their medians and interquartile range (IQR) depending on the skewness of their
distribution. Qualitative variables were described by the number of subjects for each class
and their percentage. Normality of all the data was verified using a Shapiro-Wilk test.

The primary endpoint (percentage decrease of back pain surface from baseline to
3 months between groups) was compared using the non-parametric Mann-Whitney test.
The secondary quantitative endpoints were compared between the two groups at 1-month
and 3-month follow-up using the parametric Student test for low back pain surface, back
pain VAS, variation in back pain coverage, ODI score, and HAD score, and the non-
parametric Mann-Whitney test for the EQ-5D-3L index.

Qualitative variables were compared between the groups using the Fisher’s exact test.
Quantitative data evaluating the benefit of PNfS at 6 and 12 months after implantation

were compared between baseline (inclusion visit for ”SCS + PNfS” group and 3-month visit
for “SCS only” group) using a one-factor repeated measures ANOVA or the non-parametric
Friedman ANOVA in case of non-normality. When the ANOVA yielded statistically
significant results, pairwise comparisons between baseline and 6-month follow-up and
12-month follow-up were conducted using a paired Student test or Wilcoxon test in case
of non-normality of the difference between visits. Qualitative variables were compared
between visits using a McNemar test.

In the safety analysis, rates of adverse events and severe adverse events were reported.
A p-value < 0.05 was considered as statistically significant. All tests were two-tailed.

The analysis was conducted based on an ITT principle.
Statistical analyses were conducted using the R software (Version 3.6.1, R Foundation

for Statistical Computing, Vienna, Austria).

3. Results

As developed in the statistical plan, 20 patients were planned to be included in the
study initially, but due to prolonged recruitment challenges, we decided to terminate the
study after having included 14 patients with complete follow-up. Early study termination
was approved by the RCT Steering Committee. Figure 3 presents the flow chart of the
patients included in CUMPNS study. The 14 patients included in the study were random-
ized (n = 6 in the “SCS + PNfS” group vs. n = 8 in the “SCS only” group). One patient
withdrew his consent because he was not compliant with the randomization result. The
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final analyzed sample consisted in 6 patients in the SCS + PNfS group and 7 patients in the
“SCS only” group. No patient was lost during the follow-up period. Baseline characteristics
of the patients are presented in Table 1.
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Table 1. Baseline characteristics of the study groups.

Variable at Baseline SCS + PNfS Group
(n = 6)

SCS Only Group
(n = 7) p-Value

Gender 0.56
Male 2 (33.3%) 1 (14.3%)
Female 4 (66.7%) 6 (85.7%)
Age (years) 51.7 ± 12.2 45.1 ± 9.5 0.39
Body mass index (kg/cm2) 28.8 ± 6.7 29.0 ± 2.8 0.95
Time between pain onset and SCS implantation (years) * 6 ± 5.3 4 ± 12.5 0.83
Time between SCS and PNfS implantation (years)* 1.5 ± 1.75 2 ± 2 0.38
Back pain DN4 Positive (≥4) 5 (83.3%) 3 (42.9%)

0.27Back pain DN4 Negative (<4) 1 (16.7%) 4 (57.1%)
Back pain VAS (/100 mm) 76.6 ± 18.0 78.6 ± 14.6 0.99
Back pain surface (cm2) 100.4 ± 57.6 130.6 ± 162.4 0.84
Baseline back pain paresthesia coverage (%) 0.0 ± 13.2 8.9 ± 12.4 0.21
ODI score (%) 50.3 ± 11.8 48.3 ± 16.1 0.83
EQ-5D-3L index 0.34 ± 0.20 0.46 ± 0.26 0.43
Anxiety HADS score 10.3 ± 3.1 6.3 ± 4.6 0.15
Depression HADS score 8.3 ± 4.1 5.4 ± 2.5 0.25
MQS III score 21.5 ± 14.8 15.8 ± 17.1 0.28

SCS Lead implantation level

0.33

T8 1 (16.7%) 0 (0%)
T9 3 (50.0%) 5 (71.4%)
T10 2 (33.3%) 0 (0%)
T11 0 (0%) 1 (14.3%)
T12 0 (0%) 1 (14.3%)

* Median (IQR). DN4: Douleur Neuropathique en 4 questions; EQ-5D-3L: EuroQol 5-Dimensions 3-Level; HADS: Hospital Anxiety and
Depression Scale; ODI: Oswestry Disability Index; VAS: Visual Analog Scale; MQS: Medication Quantification Scale.

3.1. Primary Endpoint

The percentage of back pain surface decreased significantly more in the ”SCS + PNfS”
group compared to the “SCS only” group at 3 months (p = 0.012) (Table 2).

Table 2. Absolute or percentage of decrease for the primary and secondary endpoints comparisons between the “SCS +
PNfS” group and “SCS only” group at 1- and 3-month follow-up.

SCS + PNfS Group (n = 6);
Mean ± SD

SCS Only Group (n = 7);
Mean ± SD p-Value

At 1 month

Back pain surface −89.2 ± 9.4% −19.3 ± 84.9% 0.003
Back pain paresthesia coverage 10.5 ± 17.0% −8.9 ± 15.3% 0.017

Back pain VAS −65.4 ± 20.4% 8.6 ± 26.6% 0.001
ODI score −33.8 ± 39.9% 12.3 ± 41.1% 0.034

EQ-5D-3L index 0.20 ± 0.30 −0.04 ± 0.27 0.40
HADS anxiety score 0.83 ± 2.66 2.0 ± 1.03 0.190

HADS depression score 1.67 ± 3.67 0.0 ± 1.38 0.40
MQS-III score −3.57 ± 5.63 3.94 ± 6.73 0.07

At 3 months

Back pain surface −80.2 ± 21.3% 13.2 ± 94.8% 0.012
Back pain paresthesia coverage 16.05 ± 16.16% −0.94 ± 2.2% 0.016

Back pain VAS −68.8 ± 19.9% 4.0 ± 15.0% <0.0001
ODI score −31.5 ± 34.1% 5.0 ± 29.7% 0.07

EQ-5D-3L index 0.23 ± 0.33 0.02 ± 0.17 0.18
HADS anxiety score −0.33 ± 2.34 0.14 ± 2.79 0.70

HADS depression score 1.83 ± 4.07 0.57 ± 1.51 0.80
MQS-III score −6.32 ± 10.72 7.29 ± 12.20 0.07

EQ-5D-3L: EuroQol 5-Dimensions 5-Level; HADS: Hospital Anxiety and Depression Scale; ODI: Oswestry Disability Index; VAS: Visual
Analog Scale; MQS: Medication Quantification Scale.
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3.2. Secondary Endpoints
3.2.1. Between-Group Analyses

The relative and absolute change in secondary and primary outcomes at 1-month and
3-month follow-up for each group are presented in Table 2.

At 1-month, decrease was significantly greater in the “PNfS+SCS” than the “SCS only”
for the back pain surface (p = 0.003), back pain paresthesia coverage (p = 0.017), back pain
VAS (p = 0.001), ODI score (p = 0.034), but not for EQ-5D-3L (p = 0.40), HADS anxiety
(p = 0.190) and depression (p = 0.40) scores, or MQS-III score (p = 0.07).

Pain VAS at 3-month follow-up was significantly greater in the “SCS + PNfS” com-
pared to the “SCS only” group (p <0.001). No difference was observed in the percentage
of decrease of leg pain VAS at 3-month between groups (p = 0.4). At 3-months, back pain
paresthesia coverage increase was significantly greater in the “SCS + PNfS” compared to
the “SCS only” (p = 0.016). At-3 months, our results did not show any significant difference
between “SCS + PNfS” and “SCS only” for the ODI (p = 0.07), EQ-5D-3L (p = 0.18), HADS
depression (p = 0.8) and anxiety (p = 0.7), or MQS-III score (p = 0.07).

3.2.2. Within-Group Analyses

The mean back pain surface and back pain VAS at baseline and at 1 and 3-month
follow-up for the two groups are presented in Figure 4. The secondary outcomes at baseline,
1-month and 3-month follow-up are presented in Table 3.
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Table 3. Secondary outcomes (mean ± SD) at baseline, 1- and 3-month follow-up for the “SCS + PNfS” and “SCS only” groups.

Endpoints SCS + PNfS Group (n = 6) SCS Only Group (n = 7)
Baseline 1-Month 3-Month Baseline 1-Month 3-Month

Leg pain VAS (mm) 23.5 ± 26.6 19.7 ± 18.7 25.1 ± 25.4 31.5 ± 13.6 33.5 ± 20.1 42.1 ± 22.0
ODI score 50.3 ± 11.8 35.0 ± 21.2 * 37.3 ± 24.0 48.3 ± 16.1 49.1 ± 8.2 46.9 ± 8.6

EQ-5D-3L score 0.34 ± 0.20 0.54 ± 0.24 0.57 ± 0.29 0.46 ± 0.26 0.42 ± 0.21 0.48 ± 0.21
HADS anxiety score 10.3 ± 3.1 9.5 ± 2.9 10.7 ± 4.0 6.3 ± 4.6 4.3 ± 4.2 6.1 ± 4.0

HADS depression score 8.3 ± 4.1 6.7 ± 5.0 6.5 ± 5.5 5.4 ± 2.5 5.4 ± 2.3 4.9 ± 2.9

* p <0.05: significant change compared with baseline. VAS: Visual Analogic Scale; ODI: Oswestry Disability Index; EQ-5D-3L: EQ-5D-3L:
EuroQol 5-Dimensions 3-Level; HADS: Hospital Anxiety and Depression Scale.

We found significant change between baseline and 1-month follow-up for the “SCS +
PNfS” group in back pain surface (p = 0.03), back pain VAS (p = 0.03) and ODI (p = 0.04),
but not in EQ-5D-3L (p = 0.06), HADS depression score (p = 0.39) and HADS anxiety score
(p = 0.37). At 1-month, no significant changes were found for the “SCS only” group. At
3-month follow-up, we found a significant change for the “SCS + PNfS” group in back
pain surface (p = 0.01) and back pain VAS (p = 0.03) but not in EQ-5D-3L (p = 0.17), HADS
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depression score (p = 0.28) and HADS anxiety score (p = 0.78). At 3-months, no significant
changes were found for the “SCS only” group.

3.3. Paired Comparisons of “SCS + PNfS” and “SCS Only” with a 6- and 12-Month Follow-Up

For this analysis, the data of the two groups were pooled. The mean differences and
paired comparisons for all outcomes are presented in Table 4. Repeated measures ANOVA
analysis showed a main effect of time of PNfS on back pain surface (p = 0.015). Paired
comparisons showed that back pain surface significantly decreased at 6-month follow-up
after PNfS implantation (p = 0.013). The significant decrease in back pain surface observed
at 6 months did not persist at 12 months (p = 0.27).

Table 4. Paired comparisons of the primary and secondary outcomes between baseline and 6- and 12-month follow-up.

Endpoints Difference between Baseline and 6-Month
Follow-Up

Difference between Baseline and 12-Month
Follow-Up

Difference CI95% p-Value Difference CI95% p-Value

Back pain surface −79.81 cm2 (−182.92; 23.30) 0.013 −32.98 cm2 (−107.61; 40.66) 0.27
Back pain VAS −41.6 mm (−59.4; −23.8) 0.0003 −39.4 mm (−57.7; −21.0) 0.001
Leg pain VAS −5.8 mm (−21.7; 10.1) 0.4 −2.2 mm (−18.9; 14.5) 0.8

ODI score −11.9% (−21.6; −2.1) 0.02 −10.8% (−20.6; −1.1) 0.03
EQ-5D-3L score 0.19 (0.04; 0.33) 0.017 0.16 (0.02; 0.34) 0.1

HADS anxiety score −2.1 (−3.9; −0.3) 0.03 −2.0 (−3.3; −0.7) 0.008
HADS depression score −0.9 (−3.3; 1.4) 0.4 −1.0 (−3.5; 1.6) 0.4

EQ-5D-3L: EuroQol 5-Dimensions 5-Level; HADS: Hospital Anxiety and Depression Scale; ODI: Oswestry Disability Index; VAS: Visual
Analog Scale.

Repeated measures ANOVA analysis showed a main effect of time of PNfS on back
pain VAS (p < 0.0001). In the paired comparisons, we found a significant difference of back
pain VAS between baseline and 6 months (p = 0.0003) and 12 months (p = 0.001) following
PNfS implantation. Time effect of PNfS on leg pain VAS score was not significant (p = 0.7).

Repeated measures ANOVA analysis showed a main effect of time of PNfS on ODI
score (p = 0.001). The ODI score showed a significant decrease at 6 months (p = 0.02) and
12 months (p = 0.03) after PNfS.

Repeated measures ANOVA analysis showed a main effect of time of PNfS on
EQ-5D-3L score score (p = 0.03). The EQ-5D-3L score showed a significant increase between
baseline and the 6-month (p = 0.017) but not between baseline and 12-month (p = 0.1)
follow-up. Repeated measures ANOVA analysis showed a main effect of time effect of
PNfS on HADS anxiety score (p = 0.006). Anxiety score showed a significant decrease
6 months (p = 0.03) and 12 months (p = 0.008) after PNfS implantation from baseline. Time
effect of PNfS on HADS depression score was not significant (p = 0.5).

3.4. Safety

All in all, 33 adverse events (AE) were reported during the study of which 4 were
severe. The most frequent AE was postoperative pain at the site of lead/IPG implantation
(15.2%), followed by falling (12.1%) and early depletion of IPG battery (9.1%), fatigue
induced by stimulation (6.1%), digestive disorders (6.1%), nausea with headache (3.0%),
leakage and delayed healing in the left lumbar scar (3.0%), bursitis of the gluteus medius
(3.0%), hematoma in the lumbar region (3.0%), displacement of the neurostimulation device
(3.0%) and others AE such as allergy to TENS patch, unstable diabetes, anxiety, etc. (36.4%).
No infection occurred and no patient required any explantation of the PNfS or SCS device
during this study.

4. Discussion

Our study shows that PNfS added to SCS can significantly reduce back pain surface by
more than 80% in comparison with SCS alone after 3 months in PSPS-T2 patients, already
implanted with SCS and experiencing SCS failure to address their back pain component.
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Long-term follow-up (6 and 12 months) results also showed a significant decrease of
pain intensity, a significant increase of back pain paresthesia coverage provided by the
combination of PNfS and SCS, and a significant decrease of ODI and Anxiety scores.

4.1. Back Pain: A Real Target for Neurostimulation? Episode 2

While SCS has shown some limitations in pain relief specifically for the back pain
component in the past [29,30], PNfS has more recently demonstrated an interesting level of
evidence to treat refractory back pain effectively [14]. In opposition to SCS, PNfS should be
considered as a peripheral neurostimulation technique, since it targets small peripheral
nervous branches, distributed randomly at the subcutaneous interface between skin layers
(including hypoderma) and musculoskeletal fascia and aponeurosis. This neurostimulation
technique indeed targets distal branches of the peripheral nervous system and aims at de-
livering permanent electrical “field” stimulation directly at the center of maximal pain area
via subcutaneously inserted lead(s) [31,32]. In contrast, SCS is considered as a central ner-
vous system approach, requiring access to the spinal canal, to deliver electrical current via
electrode(s) placed in the dorsal epidural space [1,4]. The concept of combining peripheral
and central stimulation to modulate peripheral pathways and neural structures, at the level
of the injury / central pathways and neural structures, above the lesion appears appealing
as a synergistic approach. This could represent an alternative offering new perspectives
of managing patients suffering from PSPS-T2, especially in case of SCS Failure. This also
reactivates a debate regarding the place of the different neurostimulation techniques in
our therapeutical armentorium: Beyond these questions: how to select SCS candidates, the
type of lead to be implanted, IPG, program(s), waveform(s), and the surgical approach,
have we thought about which neural target to stimulate, as a pre-requisite?

From PNfS, through Peripheral Nervous System, Dorsal Root Ganglion, SCS, Deep
Brain Stimulation and Motor Cortex Stimulation, it appears that the selection of the ap-
propriate target, all along the pain nociceptive transmission pathway, becomes more and
more difficult as time goes by. Given this nebulosity, it would be artificial but useful to
distinguish: (a) a central SCS approach, mainly targeting neuropathic pain components,
affecting the periphery (such as the leg pain component, resulting directly from a clearly
identified L4, L5 or S1 nerve root lesion, which would expresses its neuropathic component
on the corresponding dermatomal distribution of its anterior branches, becoming lombo-
sacral or cervical plexus afferences) from (b) a peripheral PNS/PNfS approach, mainly
targeting mixed nociceptive and neuropathic pain components, affecting axial dermatomal
distribution of the trunk (such as the back component in PSPS-T2 patients), which is charac-
terized by a pain typology, which is rarely pure, often mixing neuropathic and mechanical
features, insofar as this anatomical organization depends on axial architecture, centered on
spine anatomy (a complex musculo-skeletal structure), and for which innervation depends
on the posterior branches of the corresponding nerve roots, in opposition to (a) [9,33–35].
This complex puzzle might require several conceptual approaches, dedicated to several
anatomical components with a distinct innervation, defining “neuro-compartments”, so
as to involve separate targets of neurostimulation, requiring different mechanisms of ac-
tion and combinations. However, the lack of possible comparisons between the different
techniques, on the same implanted patient, euphemizes the potential impact of practical
considerations and reinforces the need for RCTs, involving several targets, addressed by
several techniques, eventually combined, on the same individual [36]. That is precisely the
purpose of such a study.

4.2. Mechanical and Neuropathic Back Pain Component Typology Patient Characterization
Suggests a Specific Role of PNfS on Mechanical Back Pain Features, as a Synergistic Approach

It is well-established that radicular pain refers mainly to neuropathic pain, whereas
the nature of back pain can be associated with neuropathic and/or mechanical pain. Our
results suggest that the neuropathic pain component corresponding to the leg level could
be adequately treated by SCS and it appeared legitimate, as SCS was failing to relieve
pain in these PSPS patients, to try using PNfS for neuropathic/mechanical residual pain



J. Clin. Med. 2021, 10, 5094 12 of 20

components localized at their back. The potential overlap between SCS and PNfS efficacy
on the same patient has yet to be the subject of analysis and publication.

In this context, we observed that patients experienced a substantial gain in function af-
ter PNfS implantation, associated with back pain coverage increase, back pain decrease and
improvement in quality of life. In parallel, it is interesting to note that whereas all patients
had a positive global DN4 neuropathic assessment at the time of SCS implantation and dur-
ing their follow-up, only 8/13 patients had a specific back pain DN4 positive score, before
additional PNfS implantation. Similar back pain relief was observed between patients with
positive and negative back pain DN4, that clearly shows that SCS + PNfS appears to work
not only on back pain neuropathic features, but also on mechanical aspects. The differential
response on this potential partially mechanical back pain component is a strong argument
for potential synergistic action of SCS + PNfS combination, especially when significant
residual mechanical back pain occurs, and also a strong argument confirming that SCS
alone is not working well on mechanical aspects (−13.2% of back pain decrease for SCS
alone vs. 80.2% for SCS + PNfS), as largely suggested in the literature [29,30].

We would carefully hypothesize that PNfS, as peripheral nerve stimulation, implanted
in front of paravertebral muscles, innervated fascia and aponeurosis, could have an elec-
trical influence on proximal structures, and could play an indirect role as a spinal mus-
culoskeletal system electronic booster, helping to regain function by improving muscular
adaptation and to increase proprioceptive feedback coming from this complex musculature.
This concept has been the subject of new developments in peripheral nerve stimulation, as
published by Eldabe’s team [37,38], and could be transposed to the differential role and
added-value of PNfS to SCS.

We could also hypothesize that PNfS could retrogradely influence other spinal struc-
tures, likewise innervated by the posterior distribution of the spinal nerves, which consti-
tute the “electrical vehicle” transporting PNfS information towards the central nervous
system, up to DRG and the Spinal Cord (SC) junction [34,35]. These anatomical structures
correspond to the facet joints (innervated by posterior articular ramii), the dural envelopes
and the corresponding intervertebral discs (innervated by Luschka’s nerve), as described in
an anatomical review of the structures potentially involved in post-operative back pain [35].
Lastly, we could discuss the notion of temporality, leading to chronification of pain, not
regarding the biopsychosocial dimension but rather the neural circuitry plasticity induced
by the inaugural nervous lesion, which defines neuropathic pain genesis [39] and leads to
progressive chemical and structural changes over time. This concept supports the notion
of primary and secondary hyperalgesia [9], predisposing to future allodynia at a later stage
in the temporal process, and it could be transposed to this study. In a temporal sequence
and as a stable lesioned component, SCS would have been an effective tool to address the
neuropathic leg pain component, whereas back pain would still remain under “transforma-
tion” from a mechanical predominant component to the progressive development of the
above-described neuropathic chemical and then structural plasticity, thereby explaining the
limited response to SCS, since central neural plasticity has yet to appear, and also explaining
the better response to PNS, since peripheral plasticity precedes central plasticity [9]. While
the above extrapolations would need more robust substrate to be documented, they could
eventually influence our choice of neural structures to target and, consequently, our choice
of neurostimulation technique in favor of PNS, if and when the mechanical component is
still present, if not predominant, on an axial dermatomic painful distribution. Objective
pain mapping tools, including pain typology characterization, would be of great help to
design future research.

4.3. The Predictive Role of TENS before Considering Implanted Neurostimulation, with a Focus
on PNfS

Interestingly, echoing on the previous discussion, as a non-invasive tool, the TENS
application can be placed on specific residual pain locations, eventually mechanical ones,
in patients already implanted with SCS. This is desirable for two main reasons. First, it
matters to try to recapture a therapeutical effect when SCS shows its limitations, and as a
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symptomatic treatment for this population, TENS is altogether non-invasive. However,
patients are exposed to long-term skin allergy or discomfort [40,41], decreased efficacy
over time [42–46], and a limitation on the functional impact of stimulation insofar as TENS
constraints represent a concrete burden, limiting daily life activities. This factor would con-
stitute a major argument in favor of switching to implanted stimulation. Second, regardless
of the pathophysiological hypothesis supporting the different mechanisms of action of
SCS and PNfS, TENS might be considered as a positive predictive tool before implanting
PNfS, as it has been studied for SCS over the last decade [32,47]. Mathew et al. [47], for
example, showed that TENS can be used to assess patient ability to tolerate paraesthesia
induced by SCS. Furthermore, assuming that SCS, PNfS and TENS have commonly based
mechanisms of action, since they relay information along the same nociceptive pathway (a
classical example is the gate control theory) [48], it is not unreasonable to assume that a
positive TENS trial would lead to optimized PNfS and/or SCS outcomes, especially on a
tonic-based argumentation. This explains the choice we made to recruit our patients in this
study, after a TENS positive trial on the back.

4.4. Technical Considerations to Take into Account, When Converting a Patient Already Implanted
with SCS to SCS + PNfS

As illustrated on Figure 2, implanting additional subcutaneous leads to the existing
SCS system requires anticipation and careful management. First, the limited amount of
available ports and channels on the IPG, might lead the clinical team to reprogram the
existing SCS device, and to disconnect one of the two channels dedicated to SCS in order to
make one port free for a PNfS extension. Second, the limited capabilities of generating pain
surface coverage (having the size of a credit card) implies that the implanter carefully select
the “triggers” and most sensitive painful areas to cover with subQ-stim, the objective being
not to disappoint the expectations of patients, who would like to observe a pain decrease
on the entire back pain surface, which is sometimes disproportionate compared to PNfS
possibilities [14,32]. This represents a clear limitation of CUMPNS strategy. Third, due to
the relative distance between the subcutaneous implanted lead and neural micro-structures
to target, with hazardous distribution in a fatty environment, a considerable loss of energy
occurs. This explains why the addition of PNfS would require much higher battery
capabilities and expose the patient to early battery depletion and a need for replacement.
This energetic aspect delineates a clear limitation to the CUMPNS approach, initially
designed in 2011, due to the launch of new waveforms, in order to change the paradigm of
the temporal resolution of the electrical signal delivered to the SC. The new waveforms
also require a sizable amount of energy, which constitutes a real limitation if PNfS was
added previously. Lastly and but most importantly, any new surgical procedure, any new
material implanted can drastically increase complication rate in a vulnerable population
of multi-operated patients [49,50]. As an illustration, we reported pain located at the lead
and IPG implantation site for 15.2% of the patients and early pacemaker battery failure for
9.1% of the patients in this study. Fortunately, no infection occurred, but at the extreme, in
case of infection, the worst scenario could lead to total explantation of SCS + PNfS system,
which would leave these patients in a dramatically worsened condition. These parameters
must be carefully taken into account (1) to find the best compromise between invasiveness
and patient objectives, and (2) to entrust these techniques to experienced physicians in
experimented neuromodulation centers.

4.5. Study Limitations

Despite its originality and robust methodology, this study presents some limitations.

4.5.1. PNfS and SCS Compatibility

Up until now, only a few devices have allowed physicians to plug subcutaneous leads
without substantial impact on SCS programming capacity. Indeed, the vast majority of
IPGs comprise 2 ports to welcome 2 channels of stimulation, enabling management of one
8-contact cylindrical SCS lead and one 8-contact PNfS lead or two leads with 4 contacts.
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But in the event that a patient has already been implanted with a more sophisticated
lead, whether a 16-contact cylindrical SCS lead or a surgical paddle lead, any attempt
at implanting PNfS weaken the opportunities offered by the SCS device by reducing the
number of available contacts to deliver the electrical current, and consequently restrict-
ing the number of programming capabilities. As detailed above, we were compelled to
disconnect one channel in order to be able to plug in the PNfS devices used by most of
our patients. While our results did not show any decrease of SCS efficacy on leg pain
component after 12 months, we cannot rule out a potential loss of efficacy over time, which
would necessitate finding a new spatial target(s) of stimulation localized under deliberately
inactive contact of the initially implanted SCS lead. Long-term follow-up would thereby
be necessary to determine the possible loss of efficacy over time. To prevent patient this
occurrence, a new generation of IPGs has been specifically developed over recent years,
adding two channels to support the use of two 8-contact PNfS leads if required. These IPGs
represent a great opportunity to add PNfS without losing what SCS has accomplished for
the patient and will avoid research bias in future studies, bias arising from inter-individual
outcome variability due to technical limitations and variability.

4.5.2. Methodological Limitations

First, due to paresthesia generated under tonic stimulation, it was impossible to blind
the SCS + PNfS combination. This was the price to pay to respect a RCT design with
techniques combined on the same patient, in the context of a “salvage therapy” concept.

Secondly, the patients assigned to the “SCS only” group might be susceptible to
developing a waiting effect. However, this limitation could rather be considered as a
potential strength of this study since patients were their own control and since it has been
demonstrated that waiting effect in chronic pain patients can also impact negatively on
patient outcome. In this scenario, our conclusions and the added value of PNfS would
be reinforced.

Our last study limitation arises from the sizable length of time since the initial design
of this study in 2011, the challenging recruitment of patients between 2013 and 2017, and
the confusion which appeared in the implantation community, exactly at the same time of
this study. Indeed, after having spent four decades of SCS trying to find the best spatial
neural target to stimulate [1,2,51–55], with an emphasis on lead design [53] and electrical
field modeling [56,57], around 2014 neuromodulation philosophy adopted a radically
different direction, due to innovations in the temporal resolution of the signal, thereafter
focusing on new waveforms. Burst stimulation appeared in 2013 [58], paresthesia free-high
frequency techniques were developed contemporarily and it took about 5 years for our
community to publish counter-studies, counterbalancing the “overly promising” initial
results of some of these techniques [59–62], the objective being to orient us toward the
right compromise for our patients, mixing the two approaches as complementary tools:
(i) Spatial resolution can be adjusted by the choice of the neural target and new programing
capabilities, based on electrical fragmentation of the current; and (ii) temporal resolution
can be adjusted by the IPG, as an alternative to tonic conventional SCS or a combination of
several waveforms delivered to the patient, the objective being to enhance our ability to
personalize SCS therapies [2,63]. As a consequence, some recently marketed adapters play
on the temporal resolution of SCS and give the patient the opportunity to extensively test
the different existing waveforms with promising results [64–66]. These new insights need
to be integrated in our approach to reflect the state of the art, since this paper’s ambition is
to propose a salvage algorithm.

4.6. Proposal of a Salvage SCS Algorithm for Back Pain Component

As a synthesis of our clinical experience and the research conducted over the last
10 years, we present two different algorithms built at a 10-year interval.

The first algorithm (Figure 5) corresponds to the initial view we had on the notion
of salvage therapy in 2011, as we were designing the CUMPNS study. Only tonic con-
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ventional stimulation was available at that time. As regards a PSPS-T2 patient, already
implanted with SCS, with adequate coverage and pain relief of the leg pain component
but insufficient pain coverage and/or pain relief of his back component, our approach
consisted in: (1) checking impedance and hardware dysfunction before (2) attempting
to reprogram the patient, using a spatial retargeting approach, given the possibilities of
the IPG and existing lead and, in case of “Failed SCS Syndrome” (FSCSS), as regards the
back component, (3) proposing to add TENS to SCS, as a predictive screening trial in
the framework of a potential CUMPNS approach following a positive trial by combining
PNfS implantation using the existing SCS system. With this salvage algorithum in mind,
we proposed to reassess refractory patients in a MultiDisciplinary Team (MDT) context,
thereby reconsidering patient selection and ruling out any etiology that would require
an approach different from neurostimulation, in light of re-imaging, clinical evaluation,
including a new psychological assessment (Figure 5).
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In 2021, given the new context brought about by recent changes in the paradigm of
neurostimulation (i.e., new isolated waveforms, or associated waveforms/Figure 6), our
approach regarding salvage options to consider for a FSCSS patient is slightly different.
Inspired by the previous algorithm and using a similar substrate, our approach now
consists in: (1) checking impedance and hardware dysfunction before (2) attempting to
reprogram this patient, using either a spatial and/or a temporal retargeting approach, if the
patient is complaining of a loss of coverage, or a temporal resolution retargeting approach,
if the patient is complaining of a loss in SCS efficacy, despite adequate back pain coverage,
given the possibilities of the IPG and existing lead(s). This approach could require SCS
system reexploration and, for some patients, conversion using an implanted adapter, after
a new external lead trial [64,65,67–69].
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It is only in case of “Failed SCS Syndrome” (FSCSS) on the back component, refractory
to spatial and temporal retargeting that: (3) we would propose to add TENS to SCS as a
predictive screening trial, of our potential CUMPNS approach, using the same modalities
as those described above (for Figure 5). All algorithm proposals can be the substrate of
discussion but will require further research.

5. Conclusions

Adding PNfS to existing SCS in previously successfully implanted PSPS-T2 patients,
when back pain component remains difficult or impossible to address despite multiple
SCS reprogramming, appears promising as a salvage therapy. In this study, we were
able to document patient improvement using objective quantitative measurements, and
to correlate 3D back pain surface decrease to patient pain relief using multidimensional
composite pain assessment tools. The place of PNfS, in the therapeutical armentorium
should be discussed as a potential added-value to existing SCS but might benefit from
further clarification, especially given the new temporal modalities, which can now be
tried by simple reprogramming and/or connecting to an adapter, depending on implanted
devices and patient preference. These various strategies appear as promising as their goal is
noble: pushing back the technological limitations to be able to convert SCS failure into new
success. However, these new insights need robust studies to document clear added-value
and establish legitimacy for the novel modalities.
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13. Waszak, P.M.; Modrić, M.; Paturej, A.; Malyshev, S.M.; Przygocka, A.; Garnier, H.; Szmuda, T. Spinal Cord Stimulation in Failed
Back Surgery Syndrome: Review of Clinical Use, Quality of Life and Cost-Effectiveness. Asian Spine J. 2016, 10, 1195–1204.
[CrossRef]

14. Deer, T.R.; Esposito, M.F.; McRoberts, W.P.; Grider, J.S.; Sayed, D.; Verrills, P.; Lamer, T.J.; Hunter, C.W.; Slavin, K.V.; Shah, J.M.;
et al. A Systematic Literature Review of Peripheral Nerve Stimulation Therapies for the Treatment of Pain. Pain Med. 2020, 21,
1590–1603. [CrossRef]

15. McRoberts, W.P.; Wolkowitz, R.; Meyer, D.J.; Lipov, E.; Joshi, J.; Davis, B.; Cairns, K.D.; Barolat, G. Peripheral Nerve Field
Stimulation for the Management of Localized Chronic Intractable Back Pain: Results from a Randomized Controlled Study.
Neuromodulation J. Int. Neuromodulation Soc. 2013, 16, 565–574, discussion 574–575. [CrossRef] [PubMed]

16. Eldabe, S.S.; Taylor, R.S.; Goossens, S.; Bouche, B.; Gültuna, I.; Green, C.; Tinsley, J.; Luyet, P.-P.; Buchser, E. A Randomized
Controlled Trial of Subcutaneous Nerve Stimulation for Back Pain due to Failed Back Surgery Syndrome: The SubQStim Study.
Neuromodulation J. Int. Neuromodulation Soc. 2019, 22, 519–528. [CrossRef] [PubMed]

17. Kloimstein, H.; Likar, R.; Kern, M.; Neuhold, J.; Cada, M.; Loinig, N.; Ilias, W.; Freundl, B.; Binder, H.; Wolf, A.; et al.
Peripheral Nerve Field Stimulation (PNFS) in Chronic Low Back Pain: A Prospective Multicenter Study. Neuromodulation J. Int.
Neuromodulation Soc. 2014, 17, 180–187. [CrossRef]

18. van Gorp, E.-J.J.A.A.; Teernstra, O.P.M.; Gültuna, I.; Hamm-Faber, T.; Bürger, K.; Schapendonk, R.; Willem Kallewaard, J.;
Spincemaille, G.; Vonhögen, L.H.; Hendriks, J.C.M.; et al. Subcutaneous Stimulation as ADD-ON Therapy to Spinal Cord
Stimulation Is Effective in Treating Low Back Pain in Patients With Failed Back Surgery Syndrome: A Multicenter Randomized
Controlled Trial. Neuromodulation J. Int. Neuromodulation Soc. 2016, 19, 171–178. [CrossRef] [PubMed]

19. Schug, S.A.; Lavand’homme, P.; Barke, A.; Korwisi, B.; Rief, W.; Treede, R.-D. IASP Taskforce for the Classification of Chronic Pain
The IASP Classification of Chronic Pain for ICD-11: Chronic Postsurgical or Posttraumatic Pain. Pain 2019, 160, 45–52. [CrossRef]

20. Bouhassira, D.; Attal, N.; Fermanian, J.; Alchaar, H.; Gautron, M.; Masquelier, E.; Rostaing, S.; Lanteri-Minet, M.; Collin, E.;
Grisart, J.; et al. Development and Validation of the Neuropathic Pain Symptom Inventory. Pain 2004, 108, 248–257. [CrossRef]

21. Rigoard, P.; Nivole, K.; Blouin, P.; Monlezun, O.; Roulaud, M.; Lorgeoux, B.; Bataille, B.; Guetarni, F. A Novel, Objective,
Quantitative Method of Evaluation of the Back Pain Component Using Comparative Computerized Multi-Parametric Tactile
Mapping before/after Spinal Cord Stimulation and Database Analysis: The “Neuro-Pain’t” Software. Neurochirurgie 2015, 61
(Suppl. S1), S99–S108. [CrossRef]

22. Philippe, R.; Farid, G. Mapping method and system, method and system for evaluating the efficacy of medullary simulation.
International Patent Application No. PCT/EP2014/067231, 19 March 2015.

23. Philippe, R.; Farid, G. Device and method for evaluating analgesic neurostimulation devices. International Patent Application
No. PCT/FR2014/000 186, 19 March 2015.

http://doi.org/10.1016/j.pain.2007.07.028
http://doi.org/10.1227/01.NEU.0000144839.65524.E0
http://doi.org/10.1097/j.pain.0000000000002035
http://doi.org/10.1093/pm/pnz353
http://doi.org/10.1155/2019/3126464
http://www.ncbi.nlm.nih.gov/pubmed/30911339
http://doi.org/10.1016/j.neuchi.2014.10.107
http://doi.org/10.1016/j.neuchi.2014.11.001
http://doi.org/10.1093/pm/pnab015
http://doi.org/10.1111/papr.12095
http://doi.org/10.1097/01.brs.0000149199.68381.fe
http://doi.org/10.4184/asj.2016.10.6.1195
http://doi.org/10.1093/pm/pnaa030
http://doi.org/10.1111/ner.12055
http://www.ncbi.nlm.nih.gov/pubmed/23577773
http://doi.org/10.1111/ner.12784
http://www.ncbi.nlm.nih.gov/pubmed/29704437
http://doi.org/10.1111/ner.12139
http://doi.org/10.1111/ner.12385
http://www.ncbi.nlm.nih.gov/pubmed/26890014
http://doi.org/10.1097/j.pain.0000000000001413
http://doi.org/10.1016/j.pain.2003.12.024
http://doi.org/10.1016/j.neuchi.2014.09.003


J. Clin. Med. 2021, 10, 5094 19 of 20

24. Philippe, R.; Farid, G. Device and method for evaluating and monitoring physical pain. International Patent Application No.
PCT/FR2014/000/187, 19 March 2015.

25. Fairbank, J.C.; Couper, J.; Davies, J.B.; O’Brien, J.P. The Oswestry Low Back Pain Disability Questionnaire. Physiotherapy 1980, 66,
271–273. [PubMed]

26. Herdman, M.; Gudex, C.; Lloyd, A.; Janssen, M.; Kind, P.; Parkin, D.; Bonsel, G.; Badia, X. Development and Preliminary Testing
of the New Five-Level Version of EQ-5D (EQ-5D-5L). Qual. Life Res. Int. J. Qual. Life Asp. Treat. Care Rehabil. 2011, 20, 1727–1736.
[CrossRef]

27. Zigmond, A.S.; Snaith, R.P. The Hospital Anxiety and Depression Scale. Acta Psychiatr. Scand. 1983, 67, 361–370. [CrossRef]
28. Harden, R.N.; Weinland, S.R.; Remble, T.A.; Houle, T.T.; Colio, S.; Steedman, S.; Kee, W.G. Medication Quantification Scale

Version III: Update in Medication Classes and Revised Detriment Weights by Survey of American Pain Society Physicians. J. Pain
2005, 6, 364–371. [CrossRef]

29. Rigoard, P.; Delmotte, A.; D’Houtaud, S.; Misbert, L.; Diallo, B.; Roy-Moreau, A.; Durand, S.; Royoux, S.; Giot, J.-P.; Bataille, B.
Back Pain: A Real Target for Spinal Cord Stimulation? Neurosurgery 2012, 70, 574–584, discussion 584–585. [CrossRef]

30. Duarte, R.V.; McNicol, E.; Colloca, L.; Taylor, R.S.; North, R.B.; Eldabe, S. Randomized Placebo-/Sham-Controlled Trials of Spinal
Cord Stimulation: A Systematic Review and Methodological Appraisal. Neuromodulation J. Int. Neuromodulation Soc. 2019, 23,
10–18. [CrossRef]

31. Sator-Katzenschlager, S.; Fiala, K.; Kress, H.G.; Kofler, A.; Neuhold, J.; Kloimstein, H.; Ilias, W.; Mozes-Balla, E.-M.; Pinter, M.;
Loining, N.; et al. Subcutaneous Target Stimulation (STS) in Chronic Noncancer Pain: A Nationwide Retrospective Study. Pain
Pract. Off. J. World Inst. Pain 2010, 10, 279–286. [CrossRef] [PubMed]

32. van Gorp, E.-J.; Eldabe, S.; Slavin, K.V.; Rigoard, P.; Goossens, S.; Mielke, D.; Barolat, G.; Declerck, C.; Gilmore, C.; Gültuna, I.;
et al. Peripheral Nerve Field Stimulation for Chronic Back Pain: Therapy Outcome Predictive Factors. Pain Pract. Off. J. World
Inst. Pain 2020, 20, 522–533. [CrossRef] [PubMed]

33. Assaker, R.; Zairi, F. Failed Back Surgery Syndrome: To Re-Operate or Not to Re-Operate? A Retrospective Review of Patient
Selection and Failures. Neurochirurgie 2015, 61 (Suppl. S1), S77–S82. [CrossRef] [PubMed]

34. Mertens, P.; Blond, S.; David, R.; Rigoard, P. Anatomy, Physiology and Neurobiology of the Nociception: A Focus on Low Back
Pain (Part A). Neurochirurgie 2015, 61 (Suppl. S1), S22–S34. [CrossRef]

35. Rigoard, P.; Blond, S.; David, R.; Mertens, P. Pathophysiological Characterisation of Back Pain Generators in Failed Back Surgery
Syndrome (Part B). Neurochirurgie 2015, 61 (Suppl. S1), S35–S44. [CrossRef]

36. Rigoard, P.; Roulaud, M.; Goudman, L.; Ounajim, A.; Adjali, N.; Voirin, J.; Perruchoud, C.; Bouche, B.; Page, P.; Guillevin, R.; et al.
Comparison of Spinal Cord Stimulation vs. Dorsal Root Ganglion Stimulation vs. Association of Both in Patients with Refractory
Chronic Back and/or Lower Limb Neuropathic Pain: An International, Prospective, Randomized, Double Blinded, Crossover
Protocol Trial (BOOST-DRG Study). 2021; Submitted. Available online: https://clinicaltrials.gov/ct2/show/NCT04852107
(accessed on 31 August 2021).

37. Deckers, K.; De Smedt, K.; Mitchell, B.; Vivian, D.; Russo, M.; Georgius, P.; Green, M.; Vieceli, J.; Eldabe, S.; Gulve, A.; et al. New
Therapy for Refractory Chronic Mechanical Low Back Pain-Restorative Neurostimulation to Activate the Lumbar Multifidus: One
Year Results of a Prospective Multicenter Clinical Trial. Neuromodulation J. Int. Neuromodulation Soc. 2018, 21, 48–55. [CrossRef]
[PubMed]

38. Mitchell, B.; Deckers, K.; De Smedt, K.; Russo, M.; Georgius, P.; Green, M.; Gulve, A.; van Buyten, J.-P.; Smet, I.; Mehta, V.; et al.
Durability of the Therapeutic Effect of Restorative Neurostimulation for Refractory Chronic Low Back Pain. Neuromodulation J.
Int. Neuromodulation Soc. 2021, 24, 1024–1032. [CrossRef]

39. West, S.J.; Bannister, K.; Dickenson, A.H.; Bennett, D.L. Circuitry and Plasticity of the Dorsal Horn—Toward a Better Understand-
ing of Neuropathic Pain. Neuroscience 2015, 300, 254–275. [CrossRef] [PubMed]

40. Deyo, R.A.; Walsh, N.E.; Martin, D.C.; Schoenfeld, L.S.; Ramamurthy, S. A Controlled Trial of Transcutaneous Electrical Nerve
Stimulation (TENS) and Exercise for Chronic Low Back Pain. N. Engl. J. Med. 1990, 322, 1627–1634. [CrossRef]

41. Rushton, D.N. Electrical Stimulation in the Treatment of Pain. Disabil. Rehabil. 2002, 24, 407–415. [CrossRef]
42. Gibson, W.; Wand, B.M.; Meads, C.; Catley, M.J.; O’Connell, N.E. Transcutaneous Electrical Nerve Stimulation (TENS) for Chronic

Pain—An Overview of Cochrane Reviews. Cochrane Database Syst. Rev. 2019, 4, CD011890. [CrossRef] [PubMed]
43. Gibson, W.; Wand, B.M.; O’Connell, N.E. Transcutaneous Electrical Nerve Stimulation (TENS) for Neuropathic Pain in Adults.

Cochrane Database Syst. Rev. 2017, 9, CD011976. [CrossRef]
44. Almeida, C.C.; de Silva, V.Z.M.; da Júnior, G.C.; Liebano, R.E.; Durigan, J.L.Q. Transcutaneous Electrical Nerve Stimulation and

Interferential Current Demonstrate Similar Effects in Relieving Acute and Chronic Pain: A Systematic Review with Meta-Analysis.
Braz. J. Phys. Ther. 2018, 22, 347–354. [CrossRef] [PubMed]

45. Wu, L.-C.; Weng, P.-W.; Chen, C.-H.; Huang, Y.-Y.; Tsuang, Y.-H.; Chiang, C.-J. Literature Review and Meta-Analysis of
Transcutaneous Electrical Nerve Stimulation in Treating Chronic Back Pain. Reg. Anesth. Pain Med. 2018, 43, 425–433. [CrossRef]
[PubMed]

46. Khadilkar, A.; Milne, S.; Brosseau, L.; Wells, G.; Tugwell, P.; Robinson, V.; Shea, B.; Saginur, M. Transcutaneous Electrical Nerve
Stimulation for the Treatment of Chronic Low Back Pain: A Systematic Review. Spine 2005, 30, 2657–2666. [CrossRef] [PubMed]

47. Mathew, L.; Winfree, C.; Miller-Saultz, D.; Sonty, N. Transcutaneous Electrical Nerve Stimulator Trial May Be Used as a Screening
Tool Prior to Spinal Cord Stimulator Implantation. Pain 2010, 150, 327–331. [CrossRef] [PubMed]

http://www.ncbi.nlm.nih.gov/pubmed/6450426
http://doi.org/10.1007/s11136-011-9903-x
http://doi.org/10.1111/j.1600-0447.1983.tb09716.x
http://doi.org/10.1016/j.jpain.2005.01.350
http://doi.org/10.1227/NEU.0b013e318236a57c
http://doi.org/10.1111/ner.13018
http://doi.org/10.1111/j.1533-2500.2009.00351.x
http://www.ncbi.nlm.nih.gov/pubmed/20230450
http://doi.org/10.1111/papr.12880
http://www.ncbi.nlm.nih.gov/pubmed/32145131
http://doi.org/10.1016/j.neuchi.2014.10.108
http://www.ncbi.nlm.nih.gov/pubmed/25662850
http://doi.org/10.1016/j.neuchi.2014.09.001
http://doi.org/10.1016/j.neuchi.2014.10.104
https://clinicaltrials.gov/ct2/show/NCT04852107
http://doi.org/10.1111/ner.12741
http://www.ncbi.nlm.nih.gov/pubmed/29244235
http://doi.org/10.1111/ner.13477
http://doi.org/10.1016/j.neuroscience.2015.05.020
http://www.ncbi.nlm.nih.gov/pubmed/25987204
http://doi.org/10.1056/NEJM199006073222303
http://doi.org/10.1080/09638280110108832
http://doi.org/10.1002/14651858.CD011890.pub3
http://www.ncbi.nlm.nih.gov/pubmed/30941745
http://doi.org/10.1002/14651858.CD011976.pub2
http://doi.org/10.1016/j.bjpt.2017.12.005
http://www.ncbi.nlm.nih.gov/pubmed/29426587
http://doi.org/10.1097/AAP.0000000000000740
http://www.ncbi.nlm.nih.gov/pubmed/29394211
http://doi.org/10.1097/01.brs.0000188189.21202.0f
http://www.ncbi.nlm.nih.gov/pubmed/16319752
http://doi.org/10.1016/j.pain.2010.05.018
http://www.ncbi.nlm.nih.gov/pubmed/20554391


J. Clin. Med. 2021, 10, 5094 20 of 20

48. Melzack, R.; Wall, P.D. Pain Mechanisms: A New Theory. Science 1965, 150, 971–979. [CrossRef] [PubMed]
49. Eldabe, S.; Buchser, E.; Duarte, R.V. Complications of Spinal Cord Stimulation and Peripheral Nerve Stimulation Techniques: A

Review of the Literature. Pain Med. Malden Mass 2016, 17, 325–336. [CrossRef]
50. North, R.; Desai, M.J.; Vangeneugden, J.; Raftopoulos, C.; Van Havenbergh, T.; Deruytter, M.; Remacle, J.-M.; Shipley, J.; Tan, Y.;

Johnson, M.J.; et al. Postoperative Infections Associated with Prolonged Spinal Cord Stimulation Trial Duration (PROMISE RCT).
Neuromodulation J. Int. Neuromodulation Soc. 2020, 23, 620–625. [CrossRef]

51. Law, J.D. Targeting a Spinal Stimulator to Treat the “Failed Back Surgery Syndrome”. Appl. Neurophysiol. 1987, 50, 437–438.
[CrossRef]

52. Holsheimer, J.; Barolat, G. Spinal Geometry and Paresthesia Coverage in Spinal Cord Stimulation. Neuromodulation J. Int.
Neuromodulation Soc. 1998, 1, 129–136. [CrossRef]

53. North, R.B.; Kidd, D.H.; Olin, J.C.; Sieracki, J.M. Spinal Cord Stimulation Electrode Design: Prospective, Randomized, Con-
trolled Trial Comparing Percutaneous and Laminectomy Electrodes-Part I: Technical Outcomes. Neurosurgery 2002, 51, 381–389,
discussion 389–390.

54. Rigoard, P.; Jacques, L.; Delmotte, A.; Poon, K.; Munson, R.; Monlezun, O.; Roulaud, M.; Prevost, A.; Guetarni, F.; Bataille, B.;
et al. An Algorithmic Programming Approach for Back Pain Symptoms in Failed Back Surgery Syndrome Using Spinal Cord
Stimulation with a Multicolumn Surgically Implanted Epidural Lead: A Multicenter International Prospective Study. Pain Pract.
Off. J. World Inst. Pain 2015, 15, 195–207. [CrossRef]

55. Veizi, E.; Hayek, S.M.; North, J.; Brent Chafin, T.; Yearwood, T.L.; Raso, L.; Frey, R.; Cairns, K.; Berg, A.; Brendel, J.; et al. Spinal
Cord Stimulation (SCS) with Anatomically Guided (3D) Neural Targeting Shows Superior Chronic Axial Low Back Pain Relief
Compared to Traditional SCS-LUMINA Study. Pain Med. Malden Mass 2017, 18, 1534–1548. [CrossRef]

56. Le Tutor, T.; Collin, S.; Elhouari, K.; Ye, W.; Germaneau, A.; Caillé, L.; Roulaud, M.; Ounajim, A.; Billot, M.; North, R.; et al. The
Challenge of Spinal Cord Stimulation Computerized Modeling. Past and Future Directions. J. Clin. Med.. submitted.

57. Rigoard, P.; Le Tutor, T.; Collin, S.; Elhouari, K.; Ye, W.; Germaneau, A.; Caillé, L.; Roulaud, M.; Hervochon, R.; Ounajim, A.; et al.
The “Neuro-Fiber-Mapping”: An Original Concept Using Live Electrostimulation Mapping to (Re)Explore Spinal Cord Neural
Networks with a Focus on the Conus Medullaris. J. Clin. Med. submitted.

58. De Ridder, D.; Plazier, M.; Kamerling, N.; Menovsky, T.; Vanneste, S. Burst Spinal Cord Stimulation for Limb and Back Pain.
World Neurosurg. 2013, 80, 642-649.e1. [CrossRef]

59. De Andres, J.; Monsalve-Dolz, V.; Fabregat-Cid, G.; Villanueva-Perez, V.; Harutyunyan, A.; Asensio-Samper, J.M.; Sanchis-Lopez,
N. Prospective, Randomized Blind Effect-on-Outcome Study of Conventional vs. High-Frequency Spinal Cord Stimulation in
Patients with Pain and Disability due to Failed Back Surgery Syndrome. Pain Med. Malden Mass 2017, 18, 2401–2421. [CrossRef]

60. Bolash, R.; Creamer, M.; Rauck, R.; Vahedifar, P.; Calodney, A.; Fox, I.; Özaktay, C.; Panchal, S.; Vanquathem, N.; Yasin, M. Wireless
High-Frequency Spinal Cord Stimulation (10 KHz) Compared with Multiwaveform Low-Frequency Spinal Cord Stimulation in
the Management of Chronic Pain in Failed Back Surgery Syndrome Subjects: Preliminary Results of a Multicenter, Prospective
Randomized Controlled Study. Pain Med. Malden Mass 2019, 20, 1971–1979. [CrossRef]

61. Karri, J.; Orhurhu, V.; Wahezi, S.; Tang, T.; Deer, T.; Abd-Elsayed, A. Comparison of Spinal Cord Stimulation Waveforms for
Treating Chronic Low Back Pain: Systematic Review and Meta-Analysis. Pain Physician 2020, 23, 451–460.

62. Hagedorn, J.M.; Romero, J.; Ha, C.T.; Bendel, M.A.; D’Souza, R.S. Paresthesia-Based Versus High-Frequency Spinal Cord
Stimulation: A Retrospective, Real-World, Single-Center Comparison. Neuromodulation Technol. Neural Interface. 2021. [CrossRef]

63. Billot, M.; Naiditch, N.; Brandet, C.; Lorgeoux, B.; Baron, S.; Ounajim, A.; Roulaud, M.; Roy-Moreau, A.; de Montgazon,
G.; Charrier, E.; et al. Comparison of Conventional, Burst and High-Frequency Spinal Cord Stimulation on Pain Relief in
Refractory Failed Back Surgery Syndrome Patients: Study Protocol for a Prospective Randomized Double-Blinded Cross-over
Trial (MULTIWAVE Study). Trials 2020, 21, 696. [CrossRef]

64. Hunter, C.W.; Carlson, J.; Yang, A.; Patterson, D.; Lowry, B.; Mehta, P.; Rowe, J.; Deer, T. BURST(Able): A Retrospective,
Multicenter Study Examining the Impact of Spinal Cord Stimulation with Burst on Pain and Opioid Consumption in the Setting
of Salvage Treatment and “Upgrade”. Pain Physician 2020, 23, E643–E658.

65. Andrade, P.; Heiden, P.; Visser-Vandewalle, V.; Matis, G. 1.2 KHz High-Frequency Stimulation as a Rescue Therapy in Patients
With Chronic Pain Refractory to Conventional Spinal Cord Stimulation. Neuromodulation J. Int. Neuromodulation Soc. 2021, 24,
540–545. [CrossRef] [PubMed]

66. Rigoard, P.; Ounajim, A.; Goudman, L.; Banor, T.; Héroux, F.; Roulaud, M.; Babin, E.; Bouche, B.; Page, P.; Lorgeoux, B.; et al. The
Challenge of Converting “Failed Spinal Cord Stimulation Syndrome” Back to Clinical Success, Using SCS Reprogramming as
Salvage Therapy, Through Neurostimulation Adapters Combined with 3D-Computerized Pain Mapping Assessment. A Real-Life
Retrospective Cohort Analysis. Preprints 2021. [CrossRef]

67. Haider, N.; Ligham, D.; Quave, B.; Harum, K.E.; Garcia, E.A.; Gilmore, C.A.; Miller, N.; Moore, G.A.; Bains, A.; Lechleiter, K.; et al.
Spinal Cord Stimulation (SCS) Trial Outcomes After Conversion to a Multiple Waveform SCS System. Neuromodulation J. Int.
Neuromodulation Soc. 2018, 21, 504–507. [CrossRef]

68. Reddy, R.D.; Moheimani, R.; Yu, G.G.; Chakravarthy, K.V. A Review of Clinical Data on Salvage Therapy in Spinal Cord
Stimulation. Neuromodulation J. Int. Neuromodulation Soc. 2020, 23, 562–571. [CrossRef]

69. Ghosh, P.E.; Gill, J.S.; Simopoulos, T. The Evolving Role of High-Frequency Spinal Cord Stimulation as Salvage Therapy in
Neurostimulation. Pain Pract. Off. J. World Inst. Pain 2020, 20, 706–713. [CrossRef] [PubMed]

http://doi.org/10.1126/science.150.3699.971
http://www.ncbi.nlm.nih.gov/pubmed/5320816
http://doi.org/10.1093/pm/pnv025
http://doi.org/10.1111/ner.13141
http://doi.org/10.1159/000100757
http://doi.org/10.1111/j.1525-1403.1998.tb00006.x
http://doi.org/10.1111/papr.12172
http://doi.org/10.1093/pm/pnw286
http://doi.org/10.1016/j.wneu.2013.01.040
http://doi.org/10.1093/pm/pnx241
http://doi.org/10.1093/pm/pnz019
http://doi.org/10.1111/ner.13497
http://doi.org/10.1186/s13063-020-04587-6
http://doi.org/10.1111/ner.13278
http://www.ncbi.nlm.nih.gov/pubmed/32929797
http://doi.org/10.20944/preprints202110.0235.v1
http://doi.org/10.1111/ner.12783
http://doi.org/10.1111/ner.13067
http://doi.org/10.1111/papr.12898
http://www.ncbi.nlm.nih.gov/pubmed/32277865

	Introduction 
	Materials and Methods 
	Study Design 
	Patient Selection 
	Inclusion Criteria 
	Exclusion Criteria 

	Procedures and Additional PNfS Implantation 
	Study Outcomes 
	Statistical Analysis 
	Sample Size 
	Statistical Methods 


	Results 
	Primary Endpoint 
	Secondary Endpoints 
	Between-Group Analyses 
	Within-Group Analyses 

	Paired Comparisons of “SCS + PNfS” and “SCS Only” with a 6- and 12-Month Follow-Up 
	Safety 

	Discussion 
	Back Pain: A Real Target for Neurostimulation? Episode 2 
	Mechanical and Neuropathic Back Pain Component Typology Patient Characterization Suggests a Specific Role of PNfS on Mechanical Back Pain Features, as a Synergistic Approach 
	The Predictive Role of TENS before Considering Implanted Neurostimulation, with a Focus on PNfS 
	Technical Considerations to Take into Account, When Converting a Patient Already Implanted with SCS to SCS + PNfS 
	Study Limitations 
	PNfS and SCS Compatibility 
	Methodological Limitations 

	Proposal of a Salvage SCS Algorithm for Back Pain Component 

	Conclusions 
	References

