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Editorial

Spinal Cord Stimulation – New Technical Advancements
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Spinal cord stimulation (SCS) is a 50-year-old neuro-
modulation therapy option for patients with chronic pain.
It was in 1965 that Melzack and Wall published the famous
“Gate theory” stating that the activation of the large fibers
increases the inhibitory effect exerted by substantia gelati-
nosa on the afferent fiber terminals (1). Two years later, Wall
and Sweet reported the first clinical results after stimu-
lating peripheral nerves in patients with ‘cutaneous pain’.
The outcomes were found to be consistent with this theory
(2). Some months later, the first clinical SCS lead implant
was performed. The patient suffered from a diffuse pain
in the right lower part of the chest and the upper part of
the abdomen as a result of a bronchogenic carcinoma. On
March 24, 1967, Shealy et al. undertook a thoracic laminec-
tomy (T2-3) and approximated a Vitallium electrode to the
dorsal columns by suturing it to dura (3). The stimulation
began with a frequency of 10 - 50 Hz and a pulse width
of 400 msec (0.8 - 1.2 Volts, 0.36 - 0.52 mA). The patient
reported a significant pain relief but, sadly, 6 days later
passed away from an undiagnosed endocarditis.

Since then, tonic stimulation (associated with a tin-
gling sensation) has been the gold standard. Numerous
studies have been published investigating the effect of
tonic stimulation on patients with many conditions, in-
cluding failed back surgery syndrome, complex regional
pain syndrome, angina pectoris, peripheral vascular dis-
ease, etc. Over the last years, however, the neuromodula-
tion field has witnessed a new trend towards subpercep-
tion waveforms (stimulation without any tingling sensa-
tions). In 2010, De Ridder et al. implanted a spinal cord
electrode (Lamitrode) in 12 patients via laminectomy (4 at
the C2 level; 7 at the T8–T9 level; and 1 at T11 at another cen-
ter) and tested a new stimulation paradigm (burst stimu-
lation; 40 Hz burst with 5 spikes at 500 Hz per burst). The
researchers showed that the new method could suppress
neuropathic pain without the mandatory paresthesia (4).
Five years later, a new paresthesia-free waveform (high fre-

quency, HF) was presented. In a randomized trial by Ka-
pural et al., the subjects received 30 µs pulses delivered at
10,000 Hz with amplitude adjusted to optimal analgesic
response. The authors found that two-thirds of patients
achieved remitter status, and over one-third decreased or
eliminated opioid analgesic usage after 12 months (5).

The next step was to evaluate the effectiveness of com-
bining different waveforms. Metzger et al. assessed the
efficacy of a sequential or simultaneous delivery of neu-
rostimulation (i.e., combination therapy) in 122 patients af-
ter 12 months and reported a 4.5-point pain decrease on
Numeric Rating Scale (NRS), concluding that customizable
SCS approaches may allow for highly effective pain relief
(6). Andrade et al. showed that multiple combinations
of SCS paradigms (tonic, burst, 1.2 KHz, Contour for dorsal
horn stimulation) in the context of a rescue therapy was as-
sociated with significant pain relief in patients with failed
conventional SCS (7).

Neuromodulation is an evolving field. New technolo-
gies and new waveforms are constantly under develop-
ment, substantially helping patients with chronic pain to
achieve a greater pain relief. An excellent example is the
closed loop therapy (CLT). This therapy addresses the need
to avoid any over- (while bending, twisting, walking, or
coughing) or under-stimulation, which can be observed
when using the classic tonic stimulation. CLT automat-
ically adjusts the stimulation within a preferred range.
This is possible because the SCS system provides an in
vivo, real-time, and continuous objective measure of spinal
cord activation in response to therapy via recorded evoked
compound action potentials (ECAPs). In 2018, Russo et
al. published some very encouraging results using this
technology. At six months postimplant, 85.7% of patients
with back pain and 82.6% of patients with leg pain re-
ported a pain relief of 50% or greater (8); at 12 months,
the corresponding proportions were 76.9% and 79.3%, re-
spectively. More importantly, this prospective open-label

Copyright © 2021, Interventional Pain Medicine and Neuromodulation. This is an open-access article distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in
noncommercial usages, provided the original work is properly cited.

http://dx.doi.org/10.5812/ipmn.117725
https://crossmark.crossref.org/dialog/?doi=10.5812/ipmn.117725&domain=pdf
https://orcid.org/0000-0002-1046-2829


Matis G

study (Avalon) showed that patients spent 84.9% (median)
of their stimulation time in their therapeutic window, and
68.8% could eliminate or reduce their opioid intake (9). An-
other double-blind, randomized, controlled trial (Evoke)
was carried out by Mekhail et al. The results were published
last year (2020), highlighting the superiority of CLT over
the open-loop SCS. In detail, at 12 months, 83.1% of the CLT
patients reported a pain relief of at least 50% as compared
to 61% of open-loop patients (10).

Two new SCS algorithms should also be mentioned.
The first one uses multiple electrical pulsed signals (differ-
ential target multiplexed, DTM) modulating neuronal and
glial gene expression back toward the non-pain state. The
role of glial cells here is of utmost importance, since the
glial cells outnumber the neurons in the spinal cord (12:1).
It seems that DTM may impact the neuronal-glial interac-
tion (11). Fishman et al. conducted a prospective multi-
center feasibility study using DTM (12). The responder rate
for low back pain relief was 80% at the end of the trial pe-
riod. The patients could evaluate the standard program-
ming, and 85% of them preferred the DTM approach. Of
note, DTM patients did not feel any tingling.

The second algorithm is called Fast-acting sub-
perception therapy (FAST). As the name implies, this
waveform elicits a quick pain relief and is paresthesia-
free. Moreover, it requires less energy than conventional
subperception paradigms (13). The advantage of this
paradigm is that it presents a fast analgesic “wash-in”
in contrast to the other subperception waveforms that
are currently available. In a recently published observa-
tional case-series, Metzger et al. employed physiological
(paresthesia) mapping to guide subperception stimu-
lation field targeting (symmetric biphasic waveform,
frequency 90 Hz, pulse width of 210 ± 50 µs, amplitude
65% of perception threshold). At 6 months, 18 patients
reported a significant reduction in pain scores (NRS: 1.7
± 0.4; baseline: 8.4 ± 0.2 (n = 41)) (13). The rapid onset of
analgesia (within 11.2 ± 1.9 minutes (n = 34)) could imply
that alternative mechanisms of action are at play.

Although the pace of change has been exponentially
speeding up, all those advances could begin to look trivial
within a few years. At this point, most patients with neuro-
pathic pain can achieve adequate pain relief using an SCS
system. The next big goal will be the treatment of nocicep-
tive pain or of mixed-pain syndromes, where the nocicep-
tive component is the dominant one.
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