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Purpose: To assess magnetic peripheral nerve stimulation (mPNS) for the treatment of chronic or chronic and intractable neuropathic
pain with a retrospective review case series.

Patients and methods: Twenty-four patients with predominantly neuropathic post-traumatic or postoperative pain were treated as
per protocol and followed for 3 months.

Results: Data were analyzed as an observational, one-armed, convenience sample. Graphical evidence backed up by a mixed model
for repeated measures statistical analysis showed a highly significant reduction of pain at one month out from initial treatment with
mPNS. At one month, there was a 3.8 average reduction in pre-pain scores using a visual analogue scale (VAS), and that relief was
generally durable measured out to three months. Two-thirds of patients, deemed responders, showed an 87% reduction in pain. Opioid
reduction was seen in 58.3% of responders as well.

Conclusion: mPNS appears promising for the treatment of chronic or chronic and intractable neuropathic pain for many of the same
indications as traditional electrical peripheral nerve stimulation (PNS). No invasive techniques or implants are needed for mPNS.
Keywords: neuropathic pain, noninvasive, cost effective, pain relief, neuropathy

Introduction
The International Association for the Study of Pain (IASP) has revised the definition of pain to “an unpleasant sensory and
emotional experience associated with, or resembling that associated with, actual or potential tissue damage”, with six accom-
panying descriptors and the etymology of the word “pain”.' One of the descriptors states that “pain is always a personal experience
that is influenced to varying degrees by biological, psychological, and social factors”,' and as such may affect individuals in
different ways. Neuropathic pain (NP) has been defined as “pain caused by a lesion or disease of the primary afferent neurons of
the somatosensory nervous system”, which includes peripheral neuropathy, postherpetic neuralgia, trigeminal neuralgia, nerve
root pain and phantom limb pain. Several recent studies have shown that NP can adversely affect patients’ overall health-related
quality of life (HRQoL), including physical and emotional functioning®® and that it is associated with substantial societal costs.*
The purpose of this retrospective chart review series was to assess initial effectiveness of magnetic peripheral nerve
stimulation (mPNS) on a wide range of chronic neuropathic pain conditions. One perceived initiation of chronic neuropathic
pain is the loss of the inhibitory function of AP nerve fibers, often due to degradation or damage of the myelin sheath. Magnetic
fields pass through soft-tissue unobstructed and, therefore, can be targeted directly at the AP nerves. Delivering stimulation at
0.2-5Hz with a precise pulse-width (240-290us) specifically activates AP nerve fibers. A signal with a frequency and pulse-
width outside of this range cannot recruit AB. The equipment utilized consists of a high current pulse generator able to produce
a large electric discharge current (several thousand amperes). The current flows through a stimulating coil, generating magnetic
pulses with field strength up to several Tesla. Heat is an unavoidable by-product derived from magnetic pulse generation;

therefore, the coil must be contained in a liquid-cooled system. Many types of coils have been manufactured. Two frequently
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used are the round coil and figure of eight coil. Axon Therapy ™ utilizes a figure of eight coil which produces a stronger magnetic
field at the center with an accurate focus.

The primary objective of this retrospective chart review series is to evaluate the initial effectiveness of magnetic
peripheral nerve stimulation (mPNS) in the management of a wide range of chronic neuropathic pain conditions, and
potentially, contribute to the development of more effective, targeted therapies for neuropathic pain.

Methods

The current study was received by our Institutional Review Board-Panel A, Augusta University (Approval Date:
December 20, 2022, IRB study ID #1945823). Based on the retrospective, deidentified nature of the study design, the
current study was deemed to have exempt status and the requirement for consent from individuals was not required. For
this study, the Veterans Administration (VA) electronic medical record, Computerized Patient Record System (CPRS),
was queried. All data utilized in this study were fully de-identified prior to analysis.

Patients were selected as they presented at a busy Pain Clinic with chronic unresolved pain from a multitude of
diagnoses. These were mainly neuropathic in nature but also involved centralized pain such as Phantom limb and
osteoarthritic pain such as degenerative shoulder pain. See “Table 1.

Treatment was administered using the Axon Therapy™ (NeuraLace Medical) mPNS device, see “Figure 1”. The
treatment protocol consisted of three daily sessions in a row during the first week of therapy. This was followed by
a weekly treatment for the remainder of the month totaling 6 treatments. There were treatments every second week in
the second month. Monthly treatments were continued as needed for pain exacerbations.

Each treatment involved mapping the putative nerve in question using the handheld coil. Using increasing stimulation
thresholds, paresthesia was elicited in the painful anatomic area of pain and energy setting was backed off from the
maximum attained to just below that level where a clear paresthesia was maintained so as not to overstimulate the nerve.
Stimulation frequency is limited to a maximum of 2 Hz per pulse in the whole range of stimulation intensity (1-100% of
magnetic stimulator output). Stimulation pulse waveform (electrical stimulation in the coil, from which the magnetic field
corresponds) is approximately one harmonic wave with a total duration of 280-290 ps. The patient receives approximately
400 pulses in the 13.33-minute treatment. Technical specifications of the Axon Therapy ™ device are described in Table 2.

Outcome measures included VAS pretreatment and post treatment using the VAS. Opioid use was determined by
inquiry of the Georgia PDMP website (GA PMP AWARE) for Morphine Milligram Equivalents (MME) from the first
date of treatment to the final treatment recorded.

Descriptive statistics are calculated for central tendencies with means and standard deviations for continuous data,
while percentages are calculated for dichotomous data. Change in pre-pain scores over time were evaluated with a mixed
model for repeated measures analysis.

Results

Data were analyzed as an observational, one-armed, convenience sample. Outcome measures included VAS and opioid
MME. There was a striking immediate response seen on first time treatment in a majority of patients as you can see in
“Figure 2”. Graphical evidence showed a highly significant reduction of pain at 1 month out from initial treatment with
mPNS. There was a 3.8 average reduction in pre-pain scores using VAS. A mixed model for repeated measures was
utilized to estimate the relationship between pre-pain score and treatment number. The model estimated a —0.273 (95%
CI = —0.141 to —0.405) pre-pain score reduction per treatment (p-value <0.0001 for test of coefficient significance) as
shown in “Figures 3” and “4”. Two-thirds of patients, deemed responders, showed an 87% average reduction in pain as
seen in “Figures 5 and “6”. Opioid reduction was seen in 29% of patients looking at starting morphine milligram
equivalents (MME) and three-month follow-up MME. The original 24 patient population was reviewed using data from
Georgia PDMP. Of the original 16 pain responders, 12 were on prescription opioids 90 day data from each patients Initial
to Current Rx in MME units. 58.3% of the responders (7 responders) with opioid Rx’s showed opioid reduction while
undergoing Axon Therapy ™. The average opioid reduction for the 7 responders was 51%. The absolute reduction is
MME for the 7 responders was 169.1 MME or 24.1 MME per patient. Durability of pain relief was demonstrated at 3
month follow-up as seen in “Figure 7”. We compared typical costs for the first year of therapy comparing mPNS (using
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Table | Patient Selection and Diagnoses

Patients treated 24
Treatment sites 32
Treatments completed 95
Nerves treated Tibial
Fibular
Median
Radial

Intercostal
Suprascapular
Greater Occipital

Sciatic

Diagnoses Post-surgical neuropathy
Posttraumatic neuropathy
Post amputee stump pain
Phantom limb pain
Post thoracotomy pain
Painful diabetic neuropathy
Idiopathic neuropathy

Greater occipital neuralgia

the electronic catalogue (E-Cat) pricing from the VHA), the 60-day treatment PNS, implanted PNS systems and SCS.
This analysis included 10 additional monthly mPNS treatments which may or may not be required. It did not include the
professional fees for the 60-day PNS, implanted PNS and spinal cord stimulation (SCS) systems or the costs of any
revisions to these systems. The mPNS system represents the lower end of the cost scale, see “Figure 8”.

Discussion

The concept of generating a magnetic field by running electricity through a coil goes back to Michael Faraday. Faraday
(1791 —1867) was an English scientist who contributed to the study of electromagnetism, and electrochemistry. His
main discoveries include the principles underlying electromagnetic induction, diamagnetism, and electrolysis. All
magnetic stimulation operates based on Faraday’s law of electromagnetic induction which describes the process by
which a changing magnetic field induces the flow of electric current in a nearby conductor preferentially standing at 90
degrees to the magnetic field. The use of a time-varying magnetic field to induce a sufficiently strong current to
stimulate living tissue was first reported by d’Arsonval in 1896.° Jacques-Arséne d’Arsonval (1851-1940) was
a French physician, physicist, and inventor of the moving-coil D’Arsonval galvanometer and the thermocouple
ammeter. D’Arsonval was an important contributor to the emerging field of electrophysiology. Magnetic stimulation
of nerve tissue was demonstrated by Oberg (1973).° The first magnetic stimulation of peripheral nerves was reported
by Polson in 19827 He established that magnetic stimulation as compared to electrical stimulation was pain free and
could reach deep nerves. Another advantage over electrical stimulation is that higher current densities near the surface
of the skin which can cause tissue damage are not seen in magnetic stimulation. Polson and Baker stated in their 1982
paper that “the potential advantages of pain-free, noninvasive magnetic stimulation of deep nerves suggest that further
development of this technique will prove valuable”. The current report bears witness to this thesis and shows an
advantage in cost, comfort, safety, and efficacy which can be investigated for many more applications. Professor
Anthony Barker, along with Mike Polson and Ian Freeston, combined efforts earlier in 1978 to form a research team at
Sheffield University to find an alternative to electrical nerve stimulation.® To quote from this article: While at
a neurophysiology/clinical meeting showcasing the magnetic stimulator, Anthony Barker and Reza Jalinous were
asked, “What happens if you put the coil on your head?” Barker placed the coil on his head, fired the stimulator and
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Figure | Magnetic Peripheral Nerve Stimulation Device. This is an image of the Axon Therapy mPNS Device.

subsequently elicited a motor response. This on-the-spot experiment led to the suggestion that Transcranial Magnetic
Stimulation would replace Transcranial Electric Stimulation in the breakthrough publication of “Magnetic stimulation
of the human brain”.” Their pioneering transcranial magnetic stimulation work was then taken up commercially by
Novametrix Medical Systems Inc. In 1987, Novametrix Model 200 Magstim (first-generation Magstim 200) received
FDA clearance. In 2014,'° Leung et al reported a case series using an mPNS device in alleviating post-traumatic
peripheral neuropathic pain states.

The perceived sustained relief of chronic pain follows the concepts and tenets as developed by Deer et al'' in their
landmark paper on peripherally induced reconditioning of the central nervous system. Chronic pain is well known to affect
peripheral and central sensitization. Activation of the large-diameter fibers has the potential to attenuate nociceptive signaling
in the spinal dorsal horns. mPNS enjoys the benefits of remote selective targeting as described by Deer et al. It also produces
activation of efferent fibers in mixed nerves resulting in strong, physiologic contraction without discomfort. Almost all studies
used for suprathreshold stimulation are based on the rationale that muscle contraction would produce proprioceptive afferents
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Table 2 Technical Specifications of the Axon Therapy"" Device

Input 110 V-240V, 50/60 Hz

Power supply 800W max, idle power consumption | I5W max

Peak Magnetic Field Strength (at 5 mm test distance) 1.62 T (Tesla)

Peak Magnetic Field Strength Gradient (at 5 mm test distance) 38.6 kT/s

Frequency of stimulation The standard frequency of stimulation for Axon Therapy is 0.5 Hz. The equipment is

capable of stimulation frequency of a maximum of 2 Hz over the whole range of

stimulation intensity (I — 100% of Magnetic Stimulator output).
Discharged energy (intensity 100%) 265 |
Stimulation pulse waveform (electrical stimulation in the One biphasic wave with a total duration of approximately 280-290 ps.

Coil, to which the magnetic field corresponds)

to induce neuroplasticity.'* Seeing that mPNS can produce far more robust stimulation of the peripheral and central nervous
systems, it suggests that at least the same reconditioning of the CNS can be expected and possibly to a greater effect than
electrical stimulation, given the field properties and power outputs described earlier. Standard electrical PNS devices have
been utilized for both acute and chronic pain conditions. Electrical PNS has been utilized to offer substantial analgesia in pain
conditions including complex regional pain syndrome, postherpetic neuralgia, cranial neuralgias, migraines and cluster
headaches, amputee pain, back pain, cancer-related pain® as well as painful diabetic neuropathy (PDN) and knee

osteoarthritis'> 13

related pain. It appears that our patients represented a wide array of similar patients and further studies
will validate the similarly expanded role for mPNS.

This study has potential limitations. The effects of the therapy on pain scores is limited by the retrospective nature of
the study. In addition, the sample size is small and may not reflect the population as a whole. The collection of pain
scores by VAS is subjective by nature. It is recommended that multicenter prospective RCTs be conducted to further

understand the effect of this therapy in a more robust fashion.
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Figure 2 Acute Therapy Impact and Progressive Pain Score Improvement. Each colored line on this graph represents a different patient’s post-therapy pain score after
receiving each treatment. This graph highlights the immediate pain-reduction response after | treatment.
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Figure 3 Average Pain Scores Extending to Treatment 7. This graph shows the average pre/post pain scores over time for 24 patients over 7 weeks of treatment. The upper
light green line represents the average pre-pain score for each treatment number, while the lower dark green line represents the average post-pain score.

Term Estimate Std Error DFDen t Ratio Prob>[t| 95% Lower 95% Upper
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Figure 4 Mixed Model Results as a Function of Treatment Number. This statistical analysis consists of 24 patients over 7 weeks of treatment. The asterisk denotes that this
probability was determined using a 2-sided statistical test. The different color text was provided to highlight the statistical significance of the data. Figure 5 shows a Marginal Model
Profiler plot. This illustrates how our chosen predictor variable, number of treatments, influences the response variable, pre-pain score, when all other predictor variables are held
at their average values. The plot suggests that as number of treatment increases, the pre-pain score decreases, indicating a negative correlation between these variables.

Conclusion
mPNS generates lower electric fields at the surface of the body, resulting in greater penetration and the ability to
stimulate deep nerves without pain. It has both practical and theoretical advantages over conventional electrical PNS as
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Figure 5 Number of Treatment Responders. This pie chart shows 2/3 of patients saw 250% reduction in pain.
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Figure 6 Average Percent Pain Relief for All Patients. The dark green bar on the left shows minimal relief for the non-respondent patient population while the lighter green
bar on the right shows significant relief for the respondent patients.

described herein which is the current standard of care (no pun intended). It is delivered as a standard protocol with the
flexibility to deliver as-needed treatments over a longer-term course of therapy. Multiple nerves can be treated within
each session. mPNS is capable of delivering higher intensities at and above motor threshold leading to maximal
recruitment of the Aa & AP nerve fibers.

mPNS would appear to have the ability to mimic similar applications of standard PNS without invasive techniques or
the need for any short-term or long-term implants. This renders it more cost-effective and moves it farther up the
treatment algorithm. mPNS is currently FDA cleared to stimulate peripheral nerves for relief of chronic intractable, post-
traumatic and post-surgical pain for patients 18 and older. A multicenter, randomized, clinical trial comparing the safety
and effectiveness of Axon Therapy™ plus conventional medical management (CMM) versus CMM for the treatment of
post-traumatic and post-operative neuropathic pain (SEAT Study) is currently underway. In addition, a multicenter,
randomized, clinical trial comparing the safety and effectiveness of Axon Therapy'™ and CMM for the treatment of
painful diabetic neuropathy to Sham and CMM is currently underway.
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Figure 7 Average Pain Scores Extending to Treatment 10. The light green colored line represents the average pre-therapy pain score for each patient while the dark green
line represents the post-therapy pain score. The data shown here is for 24 patients in total over a 90-day period.
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Figure 8 Competitive Average Annual Therapy Costs. The red color on the leftmost bar highlights the lower average |st year cost for Axon Therapy per patient, while the
green color on the remaining bars indicates other types of intervention costs per patient.

Abbreviations: mPNS, magnetic peripheral nerve stimulation; VAS, visual analogue scale; PNS, peripheral nerve stimulation; VA, veterans administration; CPRS,
computerized patient record system; SCS, spinal cord stimulation.
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