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Abstract: While paresthesia-based spinal cord stimulation (SCS) has been proven effective to treat
chronic neuropathic pain, initial benefits may lead to the development of “Failed SCS Syndrome’
(FSCSS) defined as decrease over time related to Loss of Efficacy (LoE) with or without Loss of
Coverage (LoC). Development of technologies associating new paresthesia-free stimulation wave-
forms and implanted pulse generator adapters provide opportunities to manage patients with LoE.
The main goal of our study was to investigate salvage procedures, through neurostimulation adapt-
ers, in patients already implanted with SCS and experienced LoE. We retrospectively analyzed a
cohort of patients who were offered new SCS programs/waveforms through an implanted adapter
between 2018 and 2021. Patients were evaluated before, and at 1, 3, 6 and 12-month follow-up.
Outcomes included pain intensity rating with Visual Analog Scale (VAS), pain/coverage mappings
and stimulation preferences. Last follow-up evaluations (N=27) showed significant improvement in
VAS (p =0.0001), ODI (p = 0.021) and Quality of Life (p=0.023). In the 11/27 patients with LoC, SCS
efficacy on pain intensity (36.89%) was accompanied by paresthesia coverage recovery (55.57%) and
pain surface decrease (47.01%). At 12-month follow-up, 81.3% preferred to keep tonic stimulation
in their waveform portfolio. SCS conversion using adapters appears promising as a salvage solution,
with an emphasis on paresthesia recapturing enabled by spatial retargeting. In light of these results,
adapters could be integrated to SCS rescue algorithms or should be considered in SCS rescue.

Keywords: Spinal Cord Stimulation; rescue therapy; salvage therapy; new waveforms; paresthesia-
free waveforms; High-Frequency stimulation; Burst stimulation; spatial neural targeting; temporal
neural targeting; SCS programming; adapter; mapping software; paresthesia coverage; patient out-
come; salvage algorithm.
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1. Introduction

Paresthesia-based Spinal Cord Stimulation (SCS) is a well-established therapy with
robust clinical evidence aimed at treating patients suffering from refractory Failed Back
Surgery Syndrome(FBSS) / Persistent Spinal Pain Syndrome after surgery (PSPS-T2) [1-
4]. In some cases, the initial benefits of the therapy may decrease over time, described as
“Failed SCS Syndrome” (FSCSS), which may lead to explantation of the device [5-7]. In a
retrospective review reporting long-term outcomes in 955 SCS patients, Van Buyten et al.
[8] documented and analyzed the reasons for which a small but substantial proportion of
patients have been explanted over time (7.9% per year). Besides the explants related to
complications (hardware dysfunction, cerebrospinal fluid leak, documented allergy to de-
vice components or infection), this study group also reported that over half of explants
(94/180) were performed because patients had lost the analgesic benefits of SCS therapy
over time, described as Loss of Efficacy (LoE).

LoE may happen over time for various reasons [9,10], and can be dichotomized into
two different subcategories of patients. For patients using paresthesia-based stimulation,
therapy benefits may be reduced over time due to a Loss of pain Coverage (LoC) [11-13].
Some patients may experience a new onset of pain or a change in their initial pain pattern.
For other patients belonging to this subgroup, despite a stable pain condition, they could
no longer perceive their stimulation (paresthesia) in residual painful territories, which
were adequately covered by SCS initially. For these scenarios, when reprogramming re-
mains unsuccessful to “recapture” the residual painful area, this lack of optimal paresthe-
sia coverage (LoC) usually leads to LoE. A second category includes patients who, con-
trary to the first group, do not experience satisfactory pain relief and are no longer respon-
sive to SCS therapy (LoE patients), despite adequate pain coverage (no LoC). In the long
term, these patients may decrease their use of stimulation or abandon the therapy. We
could describe this group as patients experiencing a real “Tolerance” to the treatment [14—
16], i.e. to the electrical delivery of SCS.

Currently, CE-marked adapters could be used for patients implanted with an SCS
device, enabling clinicians to upgrade the IPG with a different stimulation technology,
without changing the existing lead(s). With a simple surgical procedure, previously inac-
cessible SCS programs and waveforms can be used to regain pain relief [17,18]. Proposing
new SCS waveforms to rescue patients presenting with FSCSS was recently introduced in
clinical practice and showed promising results and significant improvements in patient
outcomes [6,11,19-21]. However, the dichotomy between the 2 above-mentioned sub-cat-
egories of FSCSS patients, who might both benefit from this new strategy (i.e. LoE with
LoC or LoE without LoC), has never been precisely examined as regards the need for spa-
tial retargeting (using electrical field fragmentation) and/or temporal adjustments (using
new waveforms).

We designed a retrospective study to further investigate the potential benefit of new
spatial and temporal SCS paradigms proposed to patients for whom SCS has shown LoE.
Patients previously implanted with an SCS system, which no longer provides adequate
pain relief (global VAS > 4), were implanted and assessed with a 12-month follow-up pe-
riod to confirm and to further characterize the outcomes of therapy conversions. In addi-
tion, our team has created a 3D-computerized triple-patented pain mapping tool [22], to
be able to document precise paresthesia coverage in cm?, pain surface and pain typology
changes within time, using objective quantitative metrics, via a tactile interface. These
quantitative measurements can be correlated to classical pain assessment tools, such as
pain intensity, functional incapacity, quality of life, and patient satisfaction, to build a
multi-dimensional composite index [23], aimed at assessing pain, therapy efficacy and
patient outcomes in a holistic manner. Finally, a new proposal for a salvage algorithm was
presented and will be discussed, hereafter, as a synthesis of the discussion.

2. Material and Methods
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2.1. Study design

A retrospective monocentric, observational, longitudinal, real-life cohort study in-
cluding all consecutive patients, in whom an adapter had been implanted in our depart-
ment (Poitiers University Hospital, France) was conducted between 2018 and 2021. Writ-
ten informed consent was obtained from all patients included in the study before data
collection. The study was conducted in accordance with the Declaration of Helsinki, and
the protocol was approved by the Ethics Committee of the Poitiers University Hospital
(N° F20210507150101). The study did not receive any financial support from industry and
industry did not participate in data collection or in data analysis.

2.2. Study population

Patients meeting the following criteria were included in the study: patient presents
refractory neuropathic chronic pain (i.e. regardless of the localization of the pain); had
been implanted with a previous SCS system and had demonstrated significant pain relief
following their lead trial and remained postoperatively satisfied with the stimulation for
months or years; had experienced LoE within time and were finally considered as FSCSS
patients, despite SCS initial success; evaluated by a multidisciplinary team in order to ex-
clude psychological (e.g. new traumatic event) and financial (e.g. secondary gain) reasons
that might explain SCS loss of efficacy and to rule out hardware dysfunctions; were eligi-
ble for an SCS adapter implantation.

Two groups of patients were identified:

- The “loss of coverage” group (LoC group) including patients for whom pain cover-
age was not adequate (< 60%).

- The “SCS tolerance” group (SCStol group), including patients with adequate pain
coverage for whom SCS no longer provided pain relief.

2.3. Clinical strategqy and Procedures

Prior to considering an adapter implantation, patients previously implanted with
SCS device and still presenting with refractory chronic neuropathic pain due to LoE had
to be reassessed in a multidisciplinary pain clinic to (i) identify the potential cause of LoE,
(ii) rule out any hardware dysfunction and (iii) investigate reprogramming issue, lead
impedance. Furthermore, the absence of lead displacement was systematically assessed
using recent imaging data, especially in case of loss of coverage. In case of negative issue
to manage persisted pain, patients were proposed to be implanted with an adapter (Bos-
ton Scientific VerciseTM M8 Adapter or PrecisionTM S8 adapter). An externalized tem-
porary generator was implanted for a seven-day SCS screening trial period. The adapter
screening test was considered as positive if the patient achieved a global pain VAS score
decrease = 50% after a seven-day period trial according to the French Health Authority
guidelines or if the improvement was clinically important according to patient goals and
expectations, and was permanently implanted with a new SCS device at the end of the
SCS adapter screening trial. Patients who did not achieve 50% pain reduction or clinically
important improvement were proposed to either get their previous SCS device recon-
nected or completely explanted (lead(s) was either explanted or not, based on patient pref-
erence).

All patients receiving adapter IPG were upgraded with the same technology (Spectra
Wavewriter, Boston Scientific, Malborough, MA, USA) enabling spatial and temporal re-
targeting, using various reprogramming strategies: The shape of the electrical field could
be adapted using Multiple Independent Current Control (MICCTM) technology to opti-
mize spatial targeting [18], and one or several waveform(s), and combinations of tonic,
burst or HF waveforms were proposed to the patient [17], to adjust temporal resolution
of the signal. Patients were assessed at baseline (before adapter implantation), and at 1, 3,
6 and 12-months of follow-up.
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2.5. Outcome measurements

Pain intensity was assessed using a global visual analogic scale (VAS), Functional
disability using the Oswestry Disability Index (ODI), Health-related quality of life using
the EuroQuol-5 Dimensions 5 Levels (EQ-5D-5L) questionnaire, depression and anxiety
levels using the Hospital Anxiety and Depression Scale (HADS), patient satisfaction using
the Patient Global Impression of Change (PGIC) which measures the patient's belief about
the efficacy of treatment (ranging from 1 “No improvement at all or even worse” to 7
“Very important improvement which makes all the difference”). Pain surface area and
paresthesia coverage were collected from a touch screen, where the patient drew the var-
ious pain and paresthesia areas, which were then represented in maps and diagrams. The
pixels of the patient's drawing were then converted to cm?, using several anatomical land-
marks, patient morphology and morphometry, to optimally and accurately measure the
pain area, using a patented data processing system (Patent Applications n°
PCT/EP2014/067231, n° PCT/FR 14/000 186 and n° PCT/FR 14/000 187) [22]. The pain map-
ping software provides objective and reproducible measurements about the total pain sur-
face and pain surface related to pain intensity expressed in cm?, paresthesia coverage as
the percentage of pain surface covered by paresthesia, and the typology of pain (Figure
1). Paresthesia coverage was considered as adequate when the paresthesia performance
was greater than 60% (i.e. when at least 60% of the pain surface was covered with pares-
thesia). When data were missing, the patient was contacted by a clinical research associate
in order to complete the data collection. When the patient was reachable, their data was
collected over the phone by a clinical research associate who completed the series of ques-
tionnaires and pain mappings, using our touchscreen computer interface. When we could
not reach the patient, the patient was considered as lost to follow-up.

2.6. Statistical analysis

R software (Version 3.6.1, R Foundation for Statistical Computing, Vienna, Austria)
was used for the statistical analysis.

Quantitative variables were described using mean and its standard deviation (SD)
and qualitative variables were described by the number of patients and their percentage
in each modality.

In order to evaluate the significance of global change of the study outcomes following
implantation of an adapter, we used a mixed effect model with a random patient-specific
intercept. When the follow-up effect was significant, each follow-up visit was compared
to baseline using a paired t-test or a Wilcoxon signed-rank test, depending on the normal-
ity of distributions. Normality of distributions was tested using the Shapiro-Wilk test.

Two approaches were used to treat missing data. The first analysis consisted of using
only available cases for each follow-up. This approach might lead to biased results (i.e.
non-responders usually stop attending their follow-up visits). Therefore, a second analy-
sis was carried out using data from the last available observation of the patient for the
remaining follow-up visits (last observation carried forward method). The 7-day screen-
ing trial outcome was considered as the last observation for patients with a negative
screening trial.

We also compared baseline characteristics, percentage of pain surface decrease, par-
esthesia coverage and percentage of pain intensity decrease between the LoC group and
the SCStol group for each follow-up visit (at 1, 3, 6 and 12 months). For quantitative vari-
ables, these comparisons were conducted using a t-test or a Mann-Whitney test depending
on the normality of distributions. An exact Fisher test was used to compare qualitative
variables between the two groups.

All tests were conducted as two-tailed. A p-value of less than 0.05 was considered as
statistically significant.
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Figure 1. Pain mapping software used to assess pain surface and pain coverage where the patient could draw different painful
zones. The pixels in the patient drawing are then converted into cm?, using several anatomical landmarks, patient morphology and
morphometry. Four colors are available for patients to represent the different pain intensities. Pain coverage can then be obtained

by drawing paresthesia (in green) which is converted to a percentage of pain coverage (performance).
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3. Results

3.1. Baseline characteristics

Baseline characteristics of the patients and the study follow-up are presented in Table
1 and Figure 2, respectively. Twenty-seven patients having undergone an adapter implan-
tation in Poitiers University Hospital were identified during the inclusion period and pro-
vided their consent to participate. The screening trial phase was successful in 23/27 pa-
tients (85.2%), implanted with a new stimulator: 3 patients (11.1%) did not achieve ade-
quate pain relief following screening trial and 1 patient (3.7%) was explanted due to in-
fection following lead externalization. Among the 23 patients who received a permanent
IPG, 19 patients (82.6%) were assessed at 1-month, 16 patients (69.6%) at 3-month, 18 pa-
tients (78.3%) at 6-month and 16 patients (69.6%) at 12-month follow-up (the restrictive
displacement during the pandemic explain the high rate of data loss). The mean age of the
27 analyzed patients was 53.2 + 11.6 years. 15/27 (55.6%) of our patients were male. Nine-
teen patients (70.4%) had back and leg pain, 2 (7.4%) had only leg pain, 3 patients (11.1%)
had upper limb neuropathic pain, 2 patients (7.4%) had groin pain and 1 patient (3.7%)
had cluster headache. The mean duration between the initial SCS implantation and the
adapter implantation was 5.9 + 5.2 years. Twenty-six patients used tonic conventional
stimulation before adapter implantation, while 1 patient used tonic and HD stimulations
waveforms. Sixteen out of 27 (59.3%) patients had adequate pain coverage (> 60%) and
were allocated to the SCStol. The 11 remaining patients were allocated to the LoC
group. Before adapter implantation, mean performance of the initial paresthesia coverage
(percentage of pain surface covered by SCS paresthesia) was 37.8 + 39.5 %.

3.2. Pain related outcome following device adapter
3.2.1. Available case analysis

Results of paired comparisons for 1-month, 3-month, 6-month and 12-month follow-
ups are presented in Table 2 for all outcomes.

For the global VAS, the mixed effects model showed a significant time effect (p <
0.0001). The VAS significantly decreased from baseline to 1-month (n =19, 75.26 + 16.45
mm vs 45.56 * 24.31 mm, p = 0.001), 3-month (n = 16, 71.88 + 16.82 mm vs 46.25 + 19.96
mm, p = 0.0045), 6-month follow-up (n =18, 78.33 + 12.0 mm vs 36.67 * 23.26 mm, p <
0.0001), and 12-month follow-up (n = 16, 78.12 + 11.09 mm vs 33.75 + 21.87, p < 0.0001)
(Figure 3).

For the ODI score, the mixed effects model showed a significant time effect (p =
0.0001). A significant decrease in ODI was also observed from baseline to 1-month (n=19,
48.81 £12.55 vs 31.69 + 12.78; p = 0.0014), 3-month (n =16, 45.4 + 16.97 vs 28.12 + 12.36; p =
0.0195) and 6-month follow-up (n =18, 43.11 + 15.77 vs 31.9 + 13.85, p = 0.0423). The de-
crease did not persist at 12-month follow-up (n=16, 47.71 + 14.62 vs 34.0 + 22.84, p=0.098).

For the EQ5D index, the mixed effects model showed a significant time effect (p <
0.0001). The EQ-5D index increased significantly from baseline to 1-month (n=19, 0.25 +
0.17 vs 0.53 £+ 0.23; p = 0.0038), 3-month (n =16, 0.29 + 0.21 vs 0.53 + 0.19; p = 0.0207) and 6-
month (n =18, 0.32 £ 0.22 vs 0.53 + 0.26; p = 0.0223) but not at 12-month follow-up (n =16,
0.27 +0.19 vs 0.48 = 0.36; p = 0.18).

For the HADS depression score, the mixed effects model showed a significant time
effect (p = 0.012). The HADS Depression score also improved significantly from baseline
to 1-month (n =19, 5.82 + 3.52 vs 3.6 £ 2.56, p = 0.0442), 3-month (n = 16, 6.08 + 3.87 vs 3.5
* 3.03, p = 0.0421) and 6-month follow-up (n =18, 5.07 + 3.34 vs 4.3 + 3.89, p = 0.0192) but
not 12-month follow-up (n =16, 6.33 + 3.85 vs 5.0 + 5.55, p = 0.13).

For the HADS anxiety score, the mixed effects model showed a significant time effect
(p = 0.002). The HADS Anxiety score improved significantly from baseline to 1-month
follow-up (n=19, 8.88 £4.55 vs 6.53 + 3.78, p = 0.0488) but not at 3-month (n=16, 8.0 +4.84
vs 6.7 +3.8, p = 0.0562), 6-month (n =18, 7.93 + 4.62 vs 6.6 £ 6.15, p = 0.0545) and 12-month
follow-up (n=16, 8.75+5.19 vs 8.0 £ 5.8, p =0.18).
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For the total pain surface, the mixed effects model showed a significant time effect (p
=0.006). The total pain surface significantly decreased from baseline to 1-month (n = 19,
938.26 + 840.56 cm? vs 441.82 + 597.72 cm?, p = 0.0013), 3-month (n =16, 919.75 + 926.34 cm?
vs 569.79 + 878.56 cm?, p = 0.0144) and 12-month follow-up (n = 16, 887 + 804.4 cm? vs
545.12 + 859.58 cm?, p = 0.0115), but not 6-month follow-up (n =18, 848.22 + 778.08 cm? vs
711.89 + 969.23 cm?, p = 0.0883).

For the “very intense” pain surface, the mixed effects model showed a significant
time effect (p = 0.003). The very intense pain surface significantly decreased from baseline
to 1-month (n =19, 638.33 + 862.57 cm? vs 28.24 + 82.65 cm?, p = 0.0021), 3-month (n = 16,
493.12 +920.89 cm? vs 288.5 + 913.49 cm?, p = 0.021), 6-month (n = 18, 562.53 + 903.3 cm? vs
223.61 +809.48 cm?, p =0.021) and 12-month follow-up (n =16, 573.4 = 950.46 cm? vs 240.12
*858.75 cm?, p = 0.0191).
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Table 1. Patients baseline sociodemographic and clinical characteristics

Variable

(N=27)

Age mean + sd

53.2+11.6

Sex: Female / Male (n, percentage)

12 (44.4%) / 15 (55.6%)

Lead type

Octade 45 (18.5%)
Quad 4 (14.8%)
Octrode 1 (3.7%)
Penta 3 (11.1%)
Octade + quad 1 (3.7%)
5-6-5 3 (11.1%)
Octade + linear 3-6 2 (7.4%)
Vectris 2 (7.4%)
5-6-5 + linear 3-6 12 (37.84%)
5-6-5 + octade 1 (3.7%)
5-6-5 + quad 1 (3.7%)
vectris + octade 1(3.7%)
Infinion + octade 1 (3.7%)
Implantation

Percutaneous 7 (26.9%)
Subcutaneous 2 (7.4%)
Surgical 9 (33.3%)
Percutaneous + subcutaneous 5 (18.5%)
Surgical + subcutaneous 4 (14.8%)
Pain localization

Leg pain 2 (7.4%)
Upper limbs pain 3 (11.1%)
Cluster headache 1 (3.7%)
Back and leg pain 19 (70.4%)
Groin pain 2 (7.4%)
Lead placement

Thoracic 13 (48.1%)
Cervical 2 (7.4%)
Occipital 1 (3.7%)
Thoracic + subcutaneous 9 (33.3%)
Conus terminalis 2 (7.4%)
Duration between previous SCS and 5.9 (5.2)
adapter implantation (years)

Follow-up duration

Baseline 27
1-month 19/27 (70.4%)
3-months 16/27 (59.3%)
6-months 18/27 (66.7%)
12-months 16/27 (34.6%)
Baseline VAS (mean + SD) 75.1 (14.9)
Baseline ODI (mean + SD) 48.5 (15.9)
Baseline EQ5D (mean + SD) 0.25 (0.2)

SCS: Spinal Cord Stimulation; VAS: Visual Analogic Scale; ODI: Oswestry
Disability Index; EQ-5D-5L: EuroQol-5 Dimensions 5 Levels.

d0i:10.20944/preprints202110.0235.v1
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Figure 3. Mean VAS scores (and its standard error) obtained at baseline and at each follow-up visit.
*** p <0.001, ** p <0.01 significant difference between baseline and follow-up visits.

3.2.2. Last observation carried forward analysis

In this analysis, we considered the last follow-up available for each patient. 7-day
screening trial data was considered as last follow-up for patients who had a negative
screening trial (n=3), were explanted due to an infection (n=1) and patients for whom no
follow-up was available (n=2).

Differences for global VAS, ODI score, EQ-5D index, HADS depression and anxiety
scores and pain surface between baseline and the last follow-up are presented in Table 3.
We observed a significant improvement from baseline to the last follow-up for the global
VAS (75.1 £ 14.9 mm vs 39.1 £ 27.9 mm, p = 0.0001), the ODI score (48.5 + 15.9 % vs 38.9 +
20.5 %, p=0.021), the EQ-5D-5L index (0.25 + 0.2 vs 0.39 £ 0.3, p = 0.023), the HADS anxiety
score (8.52 £4.32 at baseline to 7.5 £ 4.15, p = 0.036), and the pain surface (1085.19 + 1360.69
cm? vs 718.85 £ 1430.0 cm?, p = 0.0013). However, the HADS depression score did not
change significantly between baseline and the last follow-up (6.19 + 3.71 vs 5.08 + 4.55, p
=0.067).

3.3. Comparisons between the “loss of coverage” group and the "SCS tolerance” group
3.3.1. Outcome comparison

In this analysis, we compared the pain relief, pain surface decrease and paresthesia
coverage between the LoC group (n=11) and the SCStol group (n=16). Table 4 presents the
results of the comparisons between the two groups. We found significant differences be-
tween the groups in the percentage of pain surface decrease at 1-month (64.3 £ 33.9 cm? in
the LoC group vs 11.77 + 65.8 cm? in the SCStol group, p=0.034) and at 3-month (47.01 +
38.69 in the LoC group against 20.13 + 69.85 in the SCStol group, p=0.047). The patients in
the LoC group had significantly better paresthesia coverage at 1-month follow up than
the SCStol group (p=0.048). We did not find any other significant difference in the analysis
in the percentage of VAS decrease at all follow-ups and for the percentage of pain surface
and paresthesia coverage at 6 and 12-month follow-ups.
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Table 2. Outcomes comparisons between baseline and 1-month, 3-month, 6-month and 12-month follow-ups (n=19).

Outcomes Mf:rfO;ZD Me:iterD CI95% of the difference p-value
1-month follow-up (n=19)

Global VAS 75.26 +16.45 45.56 + 24.31 [16.04;43.96] 0.001
ODI score 48.81 £ 12.55 31.69 +12.78 [6.61;23.21] 0.001
EQ-5D index 0.25+0.17 0.53+0.23 [-0.38;-0.13] 0.004
HADS depression 5.82 +3.52 3.6 +2.56 [0;4] 0.044
HADS anxiety 8.88 +4.55 6.53+3.78 [0;4] 0.049
Pain surface (cm?) 938.26 + 840.56  441.82 +597.72 [182.96;903.51] 0.001
Very intense pain surface (cm?) 638.33 £862.57  28.24 £ 82.65 [192;1103.3] 0.002
Perceived pain relief - 68.3/100 + 21.6 - -
PGIC - 6.1+£1.0 - -
3-month follow-up (n=16)

Global VAS 71.88 +16.82 46.25 £ 19.96 [13.17;38.08] 0.005
ODI score 45.4 +16.97 28.12 £12.36 [5.22;36.23] 0.020
EQ-5D index 0.29+0.21 0.53 £0.19 [-0.45;-0.07] 0.021
HADS depression 6.08 +3.87 3.5+3.03 [0.26;6.41] 0.042
HADS anxiety 8.0+4.84 6.7+3.8 [0.08;3.25] 0.056
Pain surface (cm?) 919.75£926.34  569.79 + 878.56 [68.09;403.77] 0.014
Very intense pain surface (cm?) 493.12+£920.89  288.5+913.49 [-57.82;507.82] 0.021
Perceived relief - 722+14.8 - -
PGIC - 6.0+0.7 - -
6-month follow-up (n=18)

Global VAS 78.33+12 36.67 +23.26 [28.76,54.57] <0.001
ODI score 43.11+15.77 31.9+13.85 [-0.12;25.52] 0.042
EQ-5D index 0.32+0.22 0.53 +0.26 [-0.43;-0.08] 0.022
HADS depression 5.07+£3.34 4.3 +3.89 [0.61;2.51] 0.019
HADS anxiety 7.93 +4.62 6.6 +6.15 [-0.1;2.54] 0.055
Pain surface (cm?) 848.22 £778.08 711.89 +969.23 [-106.8;379.47] 0.088
Very intense pain surface (cm?) 562.53 £903.3  223.61 + 809.48 [45.48;606.05] 0.021
Perceived relief - 72.8+21.9 - -
PGIC - 58+0.8 - -
12-month follow-up (n=16)

Global VAS 78.12+11.09 33.75 £21.87 [33.03;55.72] <0.001
ODI score 47.71 + 14.62 34 +22.84 [-6.66;73.86] 0.098
EQ-5D index 0.27 £0.19 0.48 £ 0.36 [-0.88;0.1] 0.181
HADS depression 6.33+3.85 5+5.55 [-2.13;13.13] 0.125
HADS anxiety 8.75+5.19 8+5.8 [-1.5;8] 0.181
Pain surface (cm?) 887 + 804.4 545.12 + 859.58 [60.19;623.56] 0.012
Very intense pain surface (cm?) 573.4+950.46 240.12 +858.75 [16.84;617.7] 0.019
Perceived relief - 67.5+289 - -
PGIC - 6.4+05 - -

VAS: Visual Analogic Scale; ODI: Oswestry Disability Index; EQ-5D: EuroQoL 5-Dimensions; HADS: Hospital Anxiety and De-
pression Scale; PGIC: Patient Global Impression of Change.

Table 3. Outcome comparisons between baseline and last follow-up visit (n=27).
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Outcomes Before After CI95% of the p-value
Mean = SD Mean * SD difference
Global VAS 75.06 + 14.91 39.13 £27.90 [23.7;48.16] <0.001
ODI score 48.48 +15.93 38.89 + 20.45 [2.05;28.15] 0.021
EQ5D 0.25+0.20 0.39 +0.30 [-0.34;-0.05] 0.023
HADS depression 6.19+3.71 5.08 +4.55 [-0.45;5.25] 0.067
HADS anxiety 8.52+4.32 7.50 +4.15 [0.35;3.65] 0.036
Pain surface 1085.19 + 1360.69  718.85 = 1430.0 [117.26;509.82] 0.001

VAS: Visual Analogic Scale; ODI: Oswestry Disability Index; EQ-5D: EuroQoL 5-Dimensions; HADS:

Hospital Anxiety and Depression Scale.

Table 4. Comparisons of percentage of pain intensity decrease, percentage of pain surface decrease, and paresthesia cov-
erage between the "loss of coverage" group (n=11) and the "SCS tolerance" group (n=16).

Variable LoC group (n=11) SCStol group (n=16) p-value
Age 54.6 +11.6 522+11.8 0.68
Sex

Male 7 (63.6%) 8 (50.0%) 0.76
Female 4 (36.4%) 8 (50.0%)

Duration between SCS implantation 64451 56454 0.73
and adapter rescue therapy (years)

1-month follow-up n=10 n=9

Percentage of VAS decrease 32.56 + 41.81 26.13 +33.33 0.60
Percentage of pain surface decrease 64.3 +33.86 11.77 + 65.81 0.034
Paresthesia coverage 73.88 +35.77 27.6 +32.99 0.048
3-month follow-up n=8 n=8

Percentage of VAS decrease 36.89 £29.98 31.75+39.61 0.75
Percentage of pain surface decrease 47.01 + 38.69 20.13 £ 69.85 0.047
Paresthesia coverage 55.57 £ 46.23 30.5 + 47.49 0.35
6-month follow-up n=8 n=10

Percentage of VAS decrease 50.56 + 31.83 36.36 +43.69 0.59
Percentage of pain surface decrease 34.47 +44.77 18.13 + 64.32 0.60
Paresthesia coverage 51.25 + 48.66 38.56 £ 52.7 0.92
12-month follow-up n=8 n=8

Percentage of VAS decrease 58.68 + 32.79 35.77 +44.09 0.19
Percentage of pain surface decrease 51.32 £42.31 26.61 £54.39 0.21
Paresthesia coverage 63.62 +46.26 21.5+£47.25 0.14

SCS: Spinal Cord Stimulation; VAS: Visual Analogic Scale.

3.3.2. Waveform comparison

The comparisons between the two groups of programs applied can be found in Fig-
ure 4. At 1-month follow-up, in the LoC group (n=10), 6 patients (60%) used only one
program while 4 patients (40%) preferred to have 2 programs in their stimulation portfo-
lio. Three patients (30%) used only TONIC+BURST simultaneously. TONIC stimulation
only was used by 2 patients (20%). TONIC+HF simultaneous combination was used by 1
patient (10%). Among the 4 patients who used 2 programs, 2 patients (20%) used
TONIC+BURST combination and TONIC, 1 patient (10%) used TONIC+BURST combina-
tion and BURST and 1 patient (10%) used TONIC and BURST. In the SCStol group (n=9),
6 patients (66.7%) used only one program while 2 patients (22.2%) used 2 programs and 1
patient (11.1%) used 3 programs. Four patients (44.4%) used only the TONIC+BURST
combination therapy and 2 patients (22.2%) used only BURST stimulation. Among the 2
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patients who preferred to have 2 programs in their stimulation portfolio, 1 patient (11.1%)
used TONIC stimulation and TONIC+HF combination therapy and 1 patient (11.1%) used
TONIC and TONIC+BURST combination. The 1 patient (11.1%) who preferred to use 3
programs used TONIC, BURST and HF stimulation.

At 3-month follow-up, in the LoC group (n=8), 3 patients (37.5%) used only one pro-
gram while 5 patients (62.5%) preferred to have 2 programs in their stimulation portfolio.
2 patients (25%) used only TONIC+BURST simultaneously and 1 patient (12.5%) used
TONIC stimulation only (below the paresthesia threshold). Among the 5 patients who
used 2 programs, 3 patients (37.5%) used TONIC+BURST combination and TONIC stim-
ulation, 1 patient (12.5%) used TONIC+BURST combination and BURST and 1 patient
(12.5%) used TONIC and BURST. In the SCStol group (n=8), 6 patients (75%) used only
one program while 2 patients (25%) used 2 programs. Six patients (75%) used only the
TONIC+BURST combination therapy. Among the 2 patients who preferred to have 2 pro-
grams in their stimulation portfolio, 1 patient (12.5%) used TONIC stimulation and HF
stimulation and 1 patient (12.5%) used TONIC stimulation and BURST stimulation.

At 6-month follow-up, in the LoC group (n=8), 6 patients used only one program
while 5 patients preferred to have 2 programs. Three patients (37.5%) used only
TONIC+BURST combination therapy, 2 patients (25%) used TONIC stimulation only (be-
low the paresthesia threshold for 1 patient) and 1 patient (12.5%) used TONIC+HF com-
bination therapy. Among the 2 patients who used 2 programs, 1 patient (12.5%) used
TONIC+BURST combination and TONIC stimulation and 1 patient (12.5%) used TONIC
and BURST stimulation. In the SCStol group (n=10), 8 patients (80%) used only one pro-
gram while 2 patients (20%) used 2 programs. 4 patients (40%) used only the
TONIC+BURST combination therapy, 2 patients (20%) used only BURST stimulation, 1
patient (10%) used only BURST+HF combination therapy and 1 patient (10%) used only
TONIC stimulation. Among the 2 patients who preferred to have 2 programs in their stim-
ulation portfolio, 1 patient (10%) used TONIC stimulation and HF stimulation and 1 pa-
tient (10%) used TONIC stimulation and BURST stimulation.

At 12-month follow-up, in the LoC group (n=8), 5 patients (62.5%) used only one pro-
gram while 3 patients (37.5%) preferred to have 2 programs in their stimulation portfolio.
3 patients (37.5%) used only TONIC+BURST combination therapy. TONIC stimulation
only was used by 2 patients (25%) (under paresthesia threshold for 1 patient). Among the
3 patients who used 2 programs, 1 patient (12.5%) used TONIC+BURST combination and
TONIC, 1 patient (12.5%) used TONIC+BURST combination and BURST and 1 patient
(12.5%) used TONIC and BURST. In the SCStol group (n=8), 6 patients (75%) used only
one program while 2 patients (25%) used 2 programs. Four patients (50%) used only the
TONIC+BURST combination therapy and 2 patients (25%) used only BURST stimulation.
Among the 2 patients who preferred to have 2 programs in their stimulation portfolio, 1
patient (12.5%) used TONIC stimulation and HF stimulation and 1 patient (12.5%) used
TONIC stimulation and BURST stimulation.
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Figure 4. Pie chart of the waveforms used by the "loss of coverage" and "SCS tolerance" groups for each follow-up. The sign
'+" represents combination therapies (i.e. when two waveforms are used simultaneously) and the sign "&" represents pro-
grams that are used separately (e.g. TONIC & HF might be TONIC during the day and HF during night).
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4. Discussion

With a positive conversion rate of 85.2%, following a new screening trial allowed by
an adapter implantation on the existing SCS system of patients experiencing a FSCSS char-
acterized by LoE, this retrospective study highlights the clinically significant results ob-
served with new SCS spatial and temporal modalities delivered through new systems, as
a salvage therapy. Indeed, a significant reduction in VAS was observed at all follow-ups
and the Quality of life and functional capacity improved at 1, 3 and 6-month follow-up.
Objective mapping data allowed us to dissect, within adapter technology, where the
added value would be and for which patient this alternative should be prioritized. We
observed that regained SCS efficacy was accompanied by paresthesia coverage recovery
up to 63.6% at 12-month follow-up for the LoC group. In addition, pain surface decreased
by 51.3% in the LoC group and 26.6% in the SCS tolerance group at 12-month follow-up.
In light of these results, it appears possible to convert a FSCSS back to a new SCS success.

Surprisingly, patient preferences indicated that, despite substantial use of waveform
combinations, tonic stimulation was finally adopted by most of our patients at 12-month
follow-up (87.5%, combined with new modalities = 75% or as a standalone waveform =
12.5%). Although Karri and al (2020) [24] showed the superiority of burst over tonic in
reduction of pain through a meta-analysis of 5 studies comparing burst versus tonic, our
study demonstrates that patients seem to still appreciate paresthesia-based stimulation.
These results need to be confirmed on a larger cohort with long-term follow-up [25].

4.1 Clinical potential added value of adapters in case of FSCSS

While SCS is effective to manage pain in about 50% of implanted patients, and by
extension improve quality of life [26] one of the more challenging conditions is to find
solutions in case of SCS pain relief failure [27,28] or LoE over time [12,29,30]. While the
ultimate decision in SCS failure could be IPG and lead(s) explantation [11,27,28] alterna-
tive could nowadays be proposed to the patient with introduction of a device adapter to
switch from conventional to independent source spatial targeting [31] and from tonic to
new paresthesia-free waveforms, such as Burst or HF [20,25,32-34].

Regarding waveforms, Hunter et al. (2020) [20] reported significant pain decrease
following replacement of the IPG with or without replacement of the lead, in a cohort of
307 patients already implanted with conventional SCS, by using Burst as either a salvage
therapy or as an upgrade to conventional SCS. Interestingly, they did not show any dif-
ference in pain relief between patients, who had their entire system changed (leads and
IPG) compared with those who simply changed the IPG. This first step suggested the po-
tential use of adapters in patients presenting LoE, while preserving the preexisting leads
already in place. Similarly, Andrade et al. (2021) [35] showed that combination of multiple
waveforms Burst and HF, used as a salvage therapy, was safe and efficient to decrease
pain in 37 patients already implanted with conventional SCS.

All in all, in this study we have reinforced findings previously published, with an
added value of our ability to stratify FSCSS patients and to have performed subgroup
analysis, allowed by 3D-computerized mapping data and objective metrics.

4.2 The need for objective metrics to characterize two FSCSS patient profiles

When patients are experiencing SCS LoE over time, several options can be discussed
in a multidisciplinary pain reassessment. First, lead revision, raising several questions,
especially in case of LoC: (a) Should we add new lead(s) or use different SCS leads? (b)
Should we change the target of neurostimulation (i.e. switching from SCS to Dorsal Root
Ganglion (DRG) or Peripheral Nerve Field Stimulation (PNfS), as examples recently doc-
umented in the literature [36]? To take the best decision for the patient, one needs to put
into the balance the potential drawbacks of the invasiveness of such procedures, given the
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risk of infection and total explantation. Second, Internal Pulse Generator (IPG) upgrade;
addressing the following question: Should we keep the lead(s) in place and change the
way they are programmed [20,35,37]? Indeed, over the last 15 years, new SCS paradigms
have been developed, relying on different mechanisms of action [38,39] and offering new
ways to shape the electrical field, both spatially and temporally. Thanks to these recent
advances in SCS hardware and programming technologies, patients can have access to
various waveforms (standard rate, high frequency (HF), burst, high dose (HD))
[17,25,31,40-42] and tailored advanced targeting (multisource IPG) [17,18] of the chronic
pain experienced by SCS-implanted patients [43,44].

As described in the introduction, FSCSS patients might observe LoE with or without
LoC. This also largely depends on the type of SCS program(s) used: Tonic stimulation
and/or sub-paresthetic stimulation modalities. Some authors state that LoE is preferen-
tially observed with patients using tonic stimulation [24]. It is interesting to note that in
our cohort all FSCSS patients, independently of their initial device, had the opportunity
to try waveforms other than Tonic stimulation, HD and Differential Target Multiplexed
by Medtronic, BurstDR by Abbott, and Burst and HF by Boston Scientific. Therefore, it is
not possible to conclude that SCS failure, due to LoE, results from a non-availability of
sub-perception waveforms and we must admit that their potential use, aiming to solve
the problem, left these patients in failed SCS condition.

Moreover, independently of the waveform chosen and used by the patients, the ma-
jority of these FSCSS patients, considered for this study, were complaining of LoE, without
LoC, at their initial evaluation:

- The first group includes patients facing LoC (n=11), which potentially leads to LoE
and surprisingly, once again independently of the waveform used. This lack/loss of cov-
erage might also result from neural plasticity but the fact that some neurons were ade-
quately depolarized to create an analgesic effect initially, but no longer, could correspond
to the notion of “SCS Resistance” rather than “SCS Tolerance”. There appears to be a phys-
ical, architectural change in the localization of the targeted fibers (so-called “sweet-spot”)
and the fact that we were able to spatially recapture all patient sweet-spots with adapters,
and that they remained stable within time, shows that: (i) this is a spatial problem, and
that (ii) it was probably a technological limitation in the way of delivering the electrical
field, which was responsible for previous SCS device failure to recapture the new target.
This spatial recapturing corresponds to a major added value of the technology connected
to the adapter. Arising from this argumentation, we can conclude that LoE recovery,
through LoC spatial recapturing, has clearly not to be attributed to any waveform change
or temporal resolution adjustment of the electrical signal. We can thereby assume that
“SCS Resistance”, characterizing this first group of patients, is a topographic matter. This
topographic matter has been addressed by spatial optimization of the signal in this study.

- Examining the specificities of this new technology, the difference in terms of spatial
targeting abilities, compared to other SCS systems, might come from anatomically guided
neural targeting, using a three-dimensional finite element model of the spinal cord, de-
rived from the Twente University computational bio-electrical model [45,46]. This model
is applied to shape the electrical field, when delivering paresthesia-based SCS therapy,
through multi-source generation of the electrical field, involving independent electrical
sources at the level of the IPG. This signal processing, called “Multiple Independent Cur-
rent Control (MICC™)”, places a dynamic but constant electrical field along dorsal horn
intra-spinal structures, in axial distribution, as well as a uniform electrical influence on
longitudinal spinal cord tracts, thereby optimizing “sweet spot” targeting.

- The second group includes patients facing LoE, without LoC, who have developed
the notion of “SCS Tolerance” (n=16), leading to another type of FSCSS. The notion of
electric tolerance has been introduced more recently and is still the subject of debate. Tol-
erance could correspond either to local neurochemical adaptation to the electrical field
delivered by the SCS lead [47] or to neurochemical “desensitization” at the level of spinal
pathways/supra-spinal projections, even at the cortical integration level [48,49] or local
architectural plasticity, including fibrotic developments, or else neural plasticity observed
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at the level of the central nervous system pathways/cortex. It is interesting to note that
SCS tolerance has been reported in both sub-categories of stimulation: tonic stimulation
and novel sub-perception waveforms [50,51]. The reasons for this phenomenon are not
completely understood, but neural plasticity and fibrosis around the electrodes have been
postulated as contributing factors [14]. When exposed to the same stimulation input in the
long term, changes in synaptic connections may indeed occur in the pain transmission
neural network, which becomes less sensitive to SCS. This neural adaptation could explain
why some patients lose the therapeutic effect over the long term despite a stable electrical
field producing the adequate pain coverage.

- It appears here, in contrast to the LoC group, that the solution might not come from
spatial retargeting, since the electric field generated by the new SCS device stimulates the
same fibers as the initial device, while the susceptibility of these fibers has changed and
could benefit from non-spatial modalities. This has been achieved in this study by tem-
poral adjustments of the electrical signal, with clinically significant outcome, for this spe-
cific population, using various waveforms and combinations (such as Tonic in combina-
tion with Burst or HF). As an echo to recent data regarding the interest of combination
therapy and the ability to customize programs for patients so as to give them a certain
level of autonomy to combine waveforms [52,53] by cycling them when necessary (e.g.
patients switching to sub-perception mode when sleeping), our findings should help to
personalize the therapy, encompassing patient variability in terms of electrical suscepti-
bility, and even tolerance.

4.3 Two patient profiles to consider according to FSCSS pathophysiology, two directions to re-
explore neural retargeting but one philosophy to delineate, aiming to salvage SCS failure

The originality of our approach comes from the perspective of using 3D-computer-
ized pain mapping assessment to make it possible to better understand the relationships
between pain coverage and pain relief, thereby justifying two different electrical ap-
proaches, the objective being to modulate either spatial or temporal parameters, in two
different patient populations (i.e. loss of coverage and SCS tolerance). The main advantage
of this approach resides on its versatility and flexibility. The possibility of combining sev-
eral innovations in spatial and temporal adjustments, centralized by one technology,
should be viewed as an opportunity to solve several patient concerns almost simultane-
ously: using an example of one of the patients in this cohort, who was implanted with an
adapter: (i) a recapture of his right arm pain coverage (via MICC), (ii) an extension of its
previous coverage to the distality of the right forearm down to the hand (which had never
been possible with its previous implanted SCS), (iii) the possibility to generate paresthesia
to the opposite upper-limb, which had become the subject of a new pain onset in the in-
terval, with a decompensated capsulitis at the level of the left shoulder (which was strictly
impossible to obtain despite several extensive reprogramming sessions using the previous
SCS system, because of a subtle lead lateralization to the right side) and once this spatial
retargeting was accomplished, switching to sub-paresthesia waveforms gave us the op-
portunity to: (iv) increase his comfort in SCS perception, (v) avoid any positional effect of
the stimulation, since this patient was implanted with a percutaneous lead at the cervical
level, (vi) observe a significant decrease of the neck pain component, which had been a
limitation of SCS for him (possibly via other SCS mechanisms of action supported by these
new waveforms), we can easily understand that the balance risks/benefits between SCS
lead revision, IPG systematic replacement and undergoing a new SCS screening trial
thanks to an adapter, connected under local anesthesia, could be in favor of considering
this approach, as a salvage therapy, when facing FSCSS.

4.4 Proposal of a salvage SCS algorithm for Failed SCS Syndrome (FSCSS)
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In light of these study results, the optimization of the use of adapters, the target pop-
ulation and their place in our therapeutic armentorium can be discussed. Our ambition is
to describe general principles of a salvage algorithm (Figure 5), proposing to implant an
adapter and to test the capacity of alternative technologies to perform spatial and/or tem-
poral retargeting, if it has been proven impossible to obtain it by reprogramming the ex-
isting SCS device. Per following the distinction between our two subgroups of FSCSS pa-
tients:

4.4.1. Proposal for LoC Group: SCS Resistance characterized by LoE associated with LoC

Facing a chronic pain patient, already implanted with SCS, with a loss of efficacy due
to loss of coverage, (and as a result, under Tonic stimulation), after checking for imped-
ance dysfunction and for lead potential displacement (with X-Ray), we can propose to
convert to an adapter and to use a spatial approach with MICC first, aiming to recapture
the sweet-spot, if possible [31], and to switch, as a second step, to a temporal approach,
by proposing one or several available waveform(s) (presented by * in Figure 5), compris-
ing Burst, HF, a combination of them, or a combination with Tonic stimulation, which can
be delivered synchronously, or cycled, based on patient preference [40].

4.4.2. Proposal for SCStol Group: SCS Tolerance characterized by LoE without LoC

Facing a chronic pain patient, already implanted with SCS, with an adequate cover-
age but insufficient or lack of pain relief of his neuropathic pain component, our approach
consists in: (i) checking impedance systematically (adequate coverage presumes that, at
least at the level of involved contacts, impendences are acceptable) and checking hard-
ware dysfunction (idem: no particular reason here since paresthesia cover the appropriate
painful territory) (ii) proposing conversion to a new screening trial, through adapters, al-
lowing for temporal retargeting with a different technology, following the same modali-
ties as those presented above, and if the trial is positive, SCS IPG is replaced without any
change in the lead(s).

We propose to reassess patients refractory to all available measures presented in this
salvage algorithm (** in Figure 5), in a Multidisciplinary Team (MDT) context (i) to recon-
sider patient selection, (ii) to rule out any etiology that would require a different approach
than neurostimulation, including re-imaging, clinical re-evaluation and a new psycholog-
ical assessment.

In case the indication of neurostimulation is still relevant, with positive predictive
factors regarding patient selection, with no clear indication to any further surgery or in-
vasive procedure to treat the potential pain generator and in the event that the conclusion
of MDT assessment is oriented towards an SCS technical failure, which is not accessible
to revision, one last option would be to discuss changing the anatomical target of neu-
rostimulation (DRG stimulation, PNfS, etc.), given the fact that 4 ports, instead of 2, are
now available in this new generation of IPGs, making it possible to manage 4 different
leads, with 32 contacts.
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Figure 5. An original proposal of SCS rescue algorithm in case of Failed SCS Syndrome.
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4.5 Study limitations

Despite its originality and robustness, this study suffers from several limitations.
First, limited available waveform profiles. Our limited sample size did not offer us the
opportunity to have many patients/waveform groups and the relatively high number of
available choices, especially when combination therapy is applied, cannot reflect all pos-
sibilities of stimulation modalities. However, interestingly, most patients went back to
Tonic, with or without a combination therapy. This must be confirmed on larger sample
size studies. In addition, the retrospective nature of the study implies to consider our
promising results as a starting point for future prospective studies.

In case of FSCSS, with a patient implanted with Hybrid stimulation (e.g. SCS+DRG,
SCS+PN{S, etc.), we could wonder if the potential new IPG, implanted following a positive
lead trial, would not interfere with the other neurostimulation targets. Ongoing studies
[54] and recent publications [36] consider this important question. We should note that
one of the advantages of this new technology is to propose 4 channels of stimulation, with
a multi-source generation of the current. This could open the gate to multi-target hybrid
therapies, in case of potential developments.

5. Conclusion

This study highlights the clear added value of implanting adapters to test alternative
SCS modalities, when a patient is experiencing SCS failure despite good initial results,
after checking hardware dysfunction and extensive SCS reprogramming with the existing
implanted device. Whether FSCSS is a consequence of SCS Resistance or of SCS Tolerance,
a salvage algorithm could guide patients and implanters, through a standardized repro-
gramming approach, towards a possible conversion from FSCSS back to an SCS success.
Objective quantitative pain and paresthesia 3D mapping assessments appear to be of im-
portance, in order to (i) more precisely document the potential cause of FSCSS, which
might correspond to a specific patient profile and (ii) to delineate objective comparisons
between devices, targets, helping us to hierarchize our therapeutic options in the near
future, by coupling these metrics into multidimensional composite pain indexes.

6. Patents
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