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ARTICLE INFO ABSTRACT

Keywords: Objectives: A significant proportion of patients with chronic pain exhibit mixed pain and thus do not display

Spiﬂ'ﬁl Co'rd stimulation symptoms exclusively associated with either nociceptive or neuropathic pain syndromes. We aimed to explore

ancept;/'e whether Fast-Acting Sub-Perception Therapy, FAST — a new Spinal Cord Stimulation (SCS)-based approach
europathic

capable of inducing a rapid-onset of analgesia using electrical neurostimulation applied below patient-perception
X X . threshold - could potentially be useful as a treatment for chronic mixed pain.
spinal cord stimulation
Mixed pain Methods: Fourteen consecutively-enrolled patients diagnosed with chronic mixed pain and implanted with an SCS
scs device were enrolled in this single-center case-series. All patients completed a validated, self-administered
painDETECT questionnaire prior to SCS-device implantation (baseline). The painDETECT questionnaire was
used to characterize each patient's chronic pain as likely neuropathic only, uncertain (but potential for presence of
a non-neuropathic component), or likely presence of a non-neuropathic component. Overall pain scores (Numeric
Rating Scale, NRS), Oswestry Disability Index (ODI) and Quality-of-life (EQ-5D-5L) were collected (per standard-
of-care) at baseline, 3-months, and 6-months post-implantation.
Results: The average age of those assessed in this study was 64.7 + 11.5 (SD) years and 43% (6/14) were female.
Fifty-percent (7/14) of patients were classified with non-neuropathic pain (painDETECT), while the remainder
exhibited chronic pain that could not be characterized as either neuropathic or non-neuropathic (uncertain).
Mean overall pain (NRS) among all patients was 8.3 + 0.3 (SE) at baseline. At 6-months post-implant, a mean 6.9-
points NRS score reduction was observed (1.4 + 0.3 (SE); p < 0.0001). Notable improvements in disability (ODI)
and Quality of Life (EQ-5D-5L) were also observed at 6-month follow-up.
Conclusions: The data from this observational case-series indicate that FAST-SCS can improve outcomes in patients
reporting complex symptoms of mixed pain with a likely non-neuropathic component. These results suggest that
neurostimulation modalities such as FAST may be a suitable treatment approach for non-neuropathic pain
indications.

Sub-perception

Source(s) of financial support modality for pain, and the clinical indications that have been repeatedly
demonstrated to be most effectively treated using SCS are Failed Back
Surgery Syndrome (FBSS), now also termed as Persistent Spinal Pain
Syndrome (PSPS) and Complex Regional Pain Syndrome (CRPS) [1].
Both of these pain syndromes are well-established as indications that are

neuropathic in nature (i.e., pain resulting from a lesion or disease

This work was sponsored by Boston Scientific.

1. Introduction

Spinal cord stimulation (SCS) involves the surgical implantation of a
pulse generator interconnected to one or more leads containing stimu-
lating electrodes that overlay the dorsal column within the epidural space
of the spinal cord in order to electrically disrupt dysregulated pain
signaling. Since its inception, SCS has been used as a therapeutic

affecting the somatosensory system due to nerve injury) [2]. Hence, SCS
has traditionally been used for these and other pain disorders that are
known or at very least suspected to be etiologically neuropathic.

The mechanism thought to underlie the capability of SCS therapy to
control pain is known as the “gate control theory”, which suggests that
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electrical stimulation of non-nociceptive Ap fibers can block transmission
of nociceptive pain signals via inhibitory interneurons in the spinal cord
[3]. Simultaneously, stimulation of these Ap fibers induces orthodromic
action potentials that ultimately reach higher centers of the brain and
may produce a tingling sensation, called paresthesia [4]. Thus, the
presence of overlapping paresthesia (SCS-induced) at targeted pain areas
has long-been associated with successful therapy and extensively used to
guide SCS device “programming” (i.e., the application of variable stim-
ulation field conformations, parameters, and/or waveforms). Interest-
ingly, the purported mechanisms underpinning gate control theory
indicate that SCS should in theory be capable of preventing the trans-
mission of signals arising from acute nociceptive pain [5]. Nonetheless,
traditional paresthesia-based SCS has been consistently shown to be
ineffective in modulating the acute sensory perception of external stimuli
(e.g., thermal, touch, pressure) as well as management of
nociceptive-derived chronic pain (i.e., pain resulting from damage to
non-neural tissue due to activation of nociceptors) [6,7]. Over the last
decade however, new SCS-based techniques have been developed
including the use of sub-perception-based (paresthesia-free) methods
that do not require the production of paresthesia in order to provide
analgesia to patients with chronic pain. Multiple observable aspects of
sub-perception-based SCS including the absence for required paresthesia,
longer time duration until analgesic onset, and lower applied stimulation
amplitudes have led to various proposals regarding alternate mecha-
nism(s) of action that might mediate this therapeutic approach (in
contrast to traditional paresthesia-mediated SCS and/or gate control
theory) [8-10].

Among the chronic pain patient population, those suffering from
what is referred to now as “mixed pain” (defined as overlapping pain
made up of different known pain types such as nociceptive, neuropathic,
and/or nociplastic in any combination that can be experienced simulta-
neously and/or concurrently) are typically classified as challenging cases
given the potentially heterogenous manifestation of their symptoms of
chronic pain [11]. As SCS is a treatment option frequently employed as a
last resort, SCS device-implanted patients are often observed to exhibit
symptoms that are characteristic of mixed pain consisting of different
pain components thought to be specifically neuropathic and/or noci-
ceptive in origin [12]. In prior work, our group demonstrated that a
sub-perception-based SCS methodology now termed Fast-Acting Sub--
Perception Therapy (FAST) was effective for the treatment of chronic
neuropathic pain using a biphasic-symmetric waveform precisely applied
at 90 Hz (corresponding with a neural dose using optimized stimulation
parameters [i.e., pulse-width and amplitude]) when combined with the
use of paresthesia-guided stimulation field targeting [13].

Intriguingly, using the FAST approach we witnessed the induction of
profound analgesia in patients implanted with an SCS device within
seconds to minutes in contrast to much longer analgesic onset times
observed using conventional sub-perception-based methods (e.g., 1-10
kHz) [14-16]. This observation suggested the potential involvement of a
mechanism of action not previously associated with SCS given the unique
clinical response phenomenology (i.e., rapid analgesia without pares-
thesia). As such, we thus considered whether the FAST-SCS methodo-
logical approach could help to improve pain relief outcomes in a
population of SCS-implanted patients exhibiting symptoms of mixed pain
consistent with the presence of different neuropathic and suspected
non-neuropathic components.

2. Materials and methods

This observational case-series (Clinicaltrials.gov ID: NCT01550575)
was carried out on the basis of retrospective chart review of 14 consec-
utive patients who were implanted with a permanent SCS system
(Spectra WaveWriter/WaveWriter Alpha/Precision Montage, Boston
Scientific, Valencia, CA) for treatment of chronic pain of the lower back
and/or lower limbs. These systems are equipped with Multiple Inde-
pendent Current Control (MICC) technology allowing for a specific
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current source per lead electrode as well as a model-based programming
algorithm that can be adjusted rostrocaudally and mediolaterally
simultaneously at high resolution (~300 pm increments) [17,18]. All
patients were implanted and treated at University Hospital Cologne,
Department of Stereotactic and Functional Neurosurgery, Cologne, Ger-
many. Ethics Committee approval was obtained, and the study was
conducted in accordance with Good Clinical Practices (ISO14155)
guidelines and the Declaration of Helsinki. This study was sponsored by
Boston Scientific Corporation.

All patients included in this study completed a validated, self-
administered painDETECT questionnaire at baseline (i.e., prior to per-
manent device implantation) [19]. After completing the questionnaire,
each patient was classified according to the following types of pain: likely
neuropathic pain only (painDETECT score >19), uncertain (but still po-
tential) for presence of non-neuropathic pain component (12 < pain-
DETECT score <19), or likely presence of a non-neuropathic pain
component (painDETECT score <12). FAST-based programming was
applied using stimulation parameters as previously described [13]. As
part of their routine clinic follow up, patient demographic information,
medical history, and pain intensity data were collected. The following
outcome measures were collected and assessed at 3- and 6-month after an
initial, post operative FAST-SCS programming optimization visit: overall
pain intensity (Numerical Rating Scale, NRS), quality of life (EQ-5D-5L),
and disability (Oswestry Disability Index, ODI) [20]. All data collection
was completed by site research personnel with no involvement by the
study sponsor. Statistical analyses carried out in this evaluation included
descriptive statistics (mean, standard deviation, or standard error).
Paired t-test or Wilcoxon signed ranks test were used to assess differ-
ences, and p-values less than or equal to 0.05 were considered statisti-
cally significant. Prior to paired t-test assessments, the normality of the
distribution was assessed based on plots and using the
Kolmogorov-Smirnov test.

3. Results

Fourteen patients who completed the painDETECT questionnaire at
baseline were included in this study. The characteristics of these patients
at baseline are indicated in Table 1. The mean age was 64.7 + 11.5 years
(SD). The mean NRS pain score of this cohort at baseline was found to be
8.3 + 0.3 (SE). At baseline, all included patients were determined to
exhibit mixed pain as defined by the presence of a neuropathic pain
component combined with either a “very likely” non-neuropathic pain
component (i.e., painDETECT score <12) or a “potential” non-
neuropathic component (i.e., 12 < painDETECT score <19) (Fig. 1). A
majority of the assessed patients (13/14) were diagnosed with Persistent
Spinal Pain Syndrome (PSPS) associated with at least one other pain
ailment and/or syndrome (see Table 1).

Follow-up outcomes out to 6-months, demonstrated that mean overall
pain intensity was reduced by a mean 6.9-points (versus mean baseline
NRS score) to 1.4 £+ 0.3 (n = 14, p < 0.0001) (Fig. 2a), and all patients

Table 1
Baseline demographic characteristics in analyzed patients.

Baseline Patient Demographics

Age (mean years + SD) 64.7 +11.5
Gender — Female % (n/N) 43% (6/14)
Baseline NRS Pain Score (Mean + SE) 8.3+ 0.3

Baseline Key Diagnosis (n)”

Persistent Spinal Pain Syndrome (PSPS) 12
Kyphoplasty (T12 Fracture) 1
Lumbar Spinal Stenosis 1
Peripheral Vascular Diseases 1
Sacroiliac Joint Pain 2
Spinal Facet Join Pain 1

1

Follow-up Duration (Mean + SD) 89.3 (6.3) days

 Patients may have multiple diagnoses.


http://Clinicaltrials.gov
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Fig. 1. PainDETECT Scores Across Patient at Baseline

The painDETECT questionnaire categories are defined according to the
following: likely neuropathic pain only (painDETECT score >19), uncertain (but
still potential) for presence of non-neuropathic pain component (12 < painDE-
TECT score <19), or likely presence of a non-neuropathic pain component
(painDETECT score <12).
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Fig. 2. Pain Reduction and Individual Pain Scores using FAST

(A) Mean overall pain scores: Pre-Implant Baseline (Red bars; n = 14): NRS
before device implantation. Follow-Up visit (Blue bars; n = 14): NRS as
measured at the 3- and 6-months. Error bars denote standard error. Significant
difference (p < 0.0001) from Baseline is denoted by an asterisk (*).

(B) Distribution of individual pain scores using FAST at 3- and 6-months. . (For
interpretation of the references to colour in this figure legend, the reader is
referred to the Web version of this article.)
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reported an NRS pain score of 3 or less (Fig. 2b). Nearly identical results
were observed at 3-month follow-up. When analyzing overall pain in-
tensity at follow-up by stratified group according to painDETECT score,
no statistically significant difference in the magnitude of pain relief was
found between those patients with pain that was unlikely to have a
neuropathic component versus those whose pain was uncertain. A
notable improvement (p < 0.001) in patient quality of life was observed
on the basis of a 53.1-point increase in EQ-5D-5L score at both 3-month
(data not shown) and 6-month follow-up (Fig. 3). In addition, disability
improvement (p < 0.0001) evaluated according to mean ODI score was
reduced by 48.9-points at both 3-month (data not shown) and 6-month
follow-up (note: the smallest change in ODI score perceived by patients
as clinically beneficial is reported to be at least ~10-points) (Fig. 4) [20].
This degree of improvement thus represents a change in the categorical
classification of patient disability from that of “crippling” (at baseline) to
that of “minimal” disability (at follow-up) [21].

4. Discussion

This single-center, observational case-series provides initial evidence
for the utilization of FAST-SCS methodology as a potentially effective
treatment approach in patients reporting complex-symptom complaints
characteristic of chronic mixed pain. Given the apparent lack of
neuropathic-based pain in at least half (or possibly more) of those
examined in this study, we hypothesize that the FAST-SCS technique
could therefore represent a possible neuromodulatory approach for
treatment of pain syndromes that are not thought or presently known to
be neuropathic in origin. Traditional approaches of SCS, have been
conventionally thought to be exclusively suited for the treatment of
chronic neuropathic pain disorders [22-26]. Thus, the pain relief (and
improvement in physical function and quality of life), as observed in this

Quality of Life

EQ-5D-5L Scores

6-Months

3-Months

Baseline

* p<0.0001

Fig. 3. Change in Quality of Life (EQ-5D-5L)

Pre-Implant Baseline (Red bars; n = 14): EQ-5D-5L before device implantation.
Follow-Up visit (Blue bars; n = 14): EQ-5D-5L as measured at the 3- and 6-
months. Error bars denote standard error. Significant difference (p < 0.0001)
from Baseline is denoted by an asterisk (*). . (For interpretation of the references
to colour in this figure legend, the reader is referred to the Web version of
this article.)
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Fig. 4. Change in Oswestry Disability Index (ODI)

ODI score at Pre-Implant Baseline, 3- and 6-months. The scale is interpreted as:
0%-20% (minimal disability), 20%-40% (moderate disability), 41%-60% (se-
vere disability), 61%-80% (crippled), 81%-100% (bed-bound or exagger-
ating symptoms).

pilot evaluation, offers initial evidence and support for the further study
of FAST-SCS as a ‘proof-of-concept’ in patients who display symptoms of
mixed pain.

Accurate diagnosis of neuropathic versus non-neuropathic pain is an
essential aspect for the validation of any clinical approach as a potential
treatment strategy for mixed pain and/or other pain disorders that
typically are not treated using SCS. Yet, no validated screening tool
specific for the diagnosis of mixed pain is currently available [27].
Therefore, for this preliminary study, we used painDETECT, a
well-established, questionnaire-based tool designed to identify clinical
symptoms of neuropathic pain [28]. To date, painDETECT has been
reportedly used by hundreds of thousands of patients with chronic pain
representing a range of different conditions and validated in subsequent
studies conducted in several different countries [29-34]. The ability to
effectively discriminate predominant neuropathic pain from predomi-
nant nociceptive pain in patients displaying mixed pain by relying on
single metric (such as painDETECT) may have shortcomings [35].
However, we elected to utilize painDETECT given its prior validation as a
screening tool, its long-established use as described in the published
literature, and its readily available implementation per the preliminary
nature of this evaluation of mixed pain-diagnosed patients.

Interest in uncovering the putative mechanism(s) mediating the
clinical effects of FAST-SCS was first inspired by unexpected observations
of rapid-onset of pain relief experienced by patients when treated ac-
cording to optimized active recharge-driven stimulation parameters (i.e.,
biphasic, symmetric waveform at 90 Hz). These specific parameters were
applied below the threshold of perception (sub-perception) while also
utilizing patient-perceived paresthesia as a marker for stimulation field
targeting (and not as a necessary constituent of actual therapy) [13]. In
parallel, In silico analysis using realistic spatial and biophysical models
demonstrated that application of low frequency, sub-threshold stimula-
tion parameters consistent with those utilized when employing FAST-SCS
to treat pain in humans (i.e., 90 Hz, 225 us, sub-threshold), induced a
marked and prompt reduction in the response of wide dynamic range
(WDR) neurons (an established proxy for pain), and this finding was
corroborated in acute in vivo recordings [36,37]. These findings under-
score the importance of precise waveform parameter selection and
spatial targeting for suppression of neuronal activity and inhibition of
pain signals from within the neural network of the dorsal horn. Intrigu-
ingly, from these reports, the strongest reductions by simulated
FAST-SCS of in silico WDR and in vivo neuronal firing rate appeared to
require the inclusive targeting of sensory fibers from laterally-situated
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receptive fields that were found adjacent to sites that were more cen-
trally located within the overall field of stimulation, and the outcomes of
these pre-clinical studies align significantly with the previously
well-characterized neurophysiological mechanism known as surround
inhibition [36-40]. Surround inhibition is hypothesized to play impor-
tant roles in sensory processing and tuning from multiple systems
[41-44], including pain [45-49], but its role in mediating SCS responses
has only begun to be elucidated [50]. Our initial investigation as
described in this report was therefore pursued, at least in part, on the
premise that should FAST-SCS elicit pain relief via this (or any other)
novel, putative SCS-enabling mechanism, this could in turn provide pa-
tients with mixed or other complex pain syndromes an opportunity to
achieve improved clinical outcomes (versus that of using only
traditionally-implemented SCS strategies).

As a “proof-of-concept” assessment conducted as a single-center,
observational case-series, we acknowledge that conclusions regarding
the use of FAST-SCS for mixed pain based on this current analysis are
preliminary, and that this described clinical evaluation comes with ex-
pected limitations. Future studies will require larger cohorts incorpo-
rated by multicenter, prospective, and/or randomized controlled designs
in order to establish more conclusive evidence for the ability of FAST-SCS
to treat mixed pain. In addition, as noted above, sole use of painDETECT
is not without risks for misdiagnosis, and had it been feasible to integrate
other diagnostic tools as part of the practical implementation of this pilot
study, a higher level of confidence regarding the neuropathic or non-
neuropathic nature of the pain components displayed by the patients
assessed in this study could have been achieved. Nonetheless, the aim of
this current evaluation was to utilize readily available tools to prelimi-
narily address whether FAST-SCS might display any capability as a
treatment option for mixed pain and by extension presumably other
chronic pain syndromes that are not exclusively neuropathic in origin.
Given that most chronic pain in general is not neuropathic in nature and
that a substantial proportion of SCS-implanted patents are thought to
exhibit characteristics of mixed or complex pain, the opportunity to
discover whether such patients in need may be successfully treated using
FAST-SCS as a therapeutic treatment option is a question that we would
contend is of considerable importance. Our study therefore provides for
an indirect line of evidence for this possibility, and thus serves to support
the rational pursuit of future investigations of FAST-SCS in the context of
mixed pain.

5. Conclusion

As a ‘proof-of-concept’, pilot evaluation, data obtained from this
single-center case-series indicate that FAST-SCS methodology may help
improve clinical outcomes in patients reporting complex-symptom
complaints characteristic of mixed pain. Thus, evaluation of FAST in
future clinical studies of SCS-implanted patients with mixed pain as well
as other non-neuropathic pain syndromes) is now warranted. Additional
studies are also needed to evaluate the long-term impact of FAST-SCS in
patients with mixed pain.
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