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Practise points

e ® er® million adults in USA experience chronic pain yet current treatment options are limited.

e Peripheral nerve stimulation, possibly through the release of inflammatory neurotransmitters and endorphins
directly involved in the pain pathway, shows potential in increasing pain threshold for certain populations.

e 0 r8 patient case series supports the use of neuromodulation treatment for mononeuropathy through
improvement in visual analog scale pain scores and a decrease in opiate use and improvement in daily function.

e Further studies are necessary to support our conclusion that peripheral nerve stimulation may be a viable
treatment option for focal mononeuropathy.

Aim: Thiscase series looks at outcomes in 39 patients implanted using the Bioness Stimrouter system on
@ rious isolated mononeuropathies. Patients & methods: A case series of 39 patients with a total of 42
implants were enrolled starting August 2017 at various pain management centers. Results: Of 39 patients
studied, 78% of the participants noticed an improvement in their pain. There was a 71% reduction in
pain scores with the average preprocedure score of 8 improving to 2 post-implant. Participants noted on
ae rage a72% improvement in activ ty with the greatest observed in the brachial plexus (806 and supras-
capular nere (80 and smallest in the intercostal nerve (40 . Approximately 89% of those implanted
with a peripheral nere stimulator ep erienced a greater than 50% reduction in opioid consumption. Con-
clusion: Peripheral nere stimulators are a new, minimally invasive neuromodulation modality that shows
promising early results in our 39-patient case series.

First draft submitted: 23 July 2019; Accepted for publication: 23 September 2019; Published online:
5 Noe mber 2019

Kew ords: case series chronic pain  focal mononeuropathy opioids peripheral nerve stimulation

Approximately 10% of the US population experiences chronic neuropathic pain [1]. Despite its widespread preva-
lence, nerve pain remains difficult to treat. Current conservative treatments with anticonvulsants, capsaicin and
antidepressants are marginally effective with less than 50% of the population experiencing a greater than 50%
reduction in pain [2]. Short courses of opioids are effective in treating neuropathy and neuralgia in the intermediate
treatment period (8 days to 8 weeks) but its long-term efficacy is unknown [3]. Long-standing use of opioids for
chronic pain is associated with hyperalgesia [4,5], increased tolerance [6] and increased addiction potential (7. With
the push to move away from prescribing opiate therapy for chronic pain, researchers are developing alternative
nonopioid modalities.
The emerging field of neuromodulation has been successful in treating neuropathic pain [8-10. Neuropathy
remains a common indication to place a spinal cord [11] or dorsal root ganglion (DRG) stimulator [8). Peripheral
nerve stimulation (PNS), first described in 1967 [12], has a similar mechanism of action to traditional spinal cord
stimulation (SCS). It is theorized that overactivation of large sensory afferent nerve fibers decrease transmission
of painful stimuli (13). Despite evidence supporting PNS’s efficacy in treating neuropathic pain [14-18], traditional ~ Futu re"f‘-,:j-,
SCS has been a more popular treatment modality. Other proposed mechanisms utilize the Frankenhauser—Huxley Medicine ™
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Table 1. Implant facility and total number of implants.

Implant facility Number of implants
Stanford 8
Johns Hopkins Health System 1
Kerlan-Jobe Orthopaedic Clinic 2
Oklahoma Heath 1
The Surgical Center of Connecticut 8
Duke Pain Medicine 2
Spine Institute Northwest 3
The Premier Surgical Center New Jersey 1
Surgery Center Camelback 1
HolyCross 1
Surgery Center of Des Moines — East 1
Potomac View Surgery Center 1
Brigham and Women's Hospital 2
VCU Virginia Commonwealth University Health System 1
Mount Sinai 1
University of Michigan 1
Alliance Surgery Center 1
Emory Acute Surgery Center 2

model suggesting the therapeutic mechanism of action is the association between the activation of potassium and
inactivation of sodium channels involved in neuronal conduction block [19].

Up unitil recently, PNS implantation required surgical dissection with the direct placement of a multi-contact
electrode (paddle) along or immediately adjacent to the nerve [20]. The open surgery was complicated by iatrogenic
nerve injury [21,22] and a greater than 85% revision rate [23]. In 1999, Weiner ez al. published favorable results
of a percutancously implanted PNS system for treatment of occipital neuralgia [24]. Subsequent work continued
to support PNS percutaneous implantation as a safe and efficacious treatment for craniofacial (18] and extremity
neuropathic pain [25]. One observed limitation with the first PNS devices was the size of the implantable pulse
generator (IPG). It was difficult to find a peripheral pocket large enough for implantation and installation on the
trunk requiring a long tunneling course.

Subsequently, a new peripheral nerve stimulator was designed for percutaneous placement with an external IPG.
In their manuscript, Deer ¢t al. describes a PNS system that is subcutaneously implanted with either fluoroscopy
or ultrasound that uses a three-clectrode contact with a four-pronged anchoring system. The device is powered and
controlled by an external pulse generator that is mounted with adhesives to the skin adjacent to the PNS [26]. In his
prospective, multicenter, randomized, double-blind, partial crossover study of 94 patients, Deer ¢z /. demonstrated
improvement of neuropathic pain pre- and postimplant of the novel PNS device [26].

With this new minimally invasive, percutaneous implantation technique, it seems logical to consider a potentially
less invasive, peripheral neuromodulation device that directly targets the affected nerve. Since the published study by
Deer ez al., there has been a shortage of recent evidence on the validation of PNS on treating focal mononeuropathy.
The purpose of this study is to show the results from a 39-patient case series using a peripheral nerve stimulator
in treating mononeuropathy. To our knowledge, this is one of the first studies of its kind describing the exact
nerve location of a PNS implantation with an external pulse generator and its efficacy as well as length of time the

disposable user patch was applied.

Patients & methods

A case series of 39 patients with a total of 42 implants were enrolled in a Bioness postimplant survey study starting
in August 2017 at various pain management centers in USA. The centers that participated in the study are provided
in Table 1, the nerve location, technique, number of implants and target nerve are provided in Table 2. There
was a total of 39 participants and 42 PNS evaluated. One participant had a bilateral tibial nerve implant and two
subjects had two PNS implanted on different nerves. Not all participants answered every question on the survey
(see n-values on charts for responders). Patients were surveyed by Bioness before and approximately 3—6 months

10.2217/pmt-2019-0028 Pain Manag. (Epub ahead of print) future science group
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Table 2. Summary of methodological parameters.

Implanted nerve Indication Number of Diagnostic block prior Sedation used Imaging technique Single- or dual-incision
responders to implant total closure
responders
Axillary Poststroke shoulder 13 25 MAC with local (6 6)  US: 6; Fluoroscopy Dual: 8; Unknown: 5
pain (6 13) and US: 1; Unknown:
5
Genital femoral Genital femoral 1 11 Unknown US and paresthesia Dual
neuralgia
Intercostal Unknown 1 11 MAC us Dual
llioinguinal Unknown 1 11 Unknown US and paresthesia Dual
Lateral femoral Unknown 3 23 Unknown US and paresthesia: 2 Dual: 2; Unknown: 1
cutaneous Unknown: 1
Peroneal Unknown 2 12 MAC: 1; Unknown: 1 US: 1; Unknown 1 Dual: 1; Unknown: 1
Intercostal Unknown 1 01 General us Dual
Saphenous Unknown 2 12 Local: 1; MAC: 1 us: 2 Dual
Suprascapular Unknown 1 11 Unknown Paresthesia and US Dual
Sural Unknown 1 11 Unknown Paresthesia and US Dual
Tibial Unknown 5 44 Local: 3; Unknown: 2 Paresthesia and US: 2 Dual: 5
us: 3

MAC: Monitored anesthesia care; US: Ultrasound.

after device implantation. A total of 54% of the patients surveyed were female and 46% were male. Data obtained
from survey were analyzed and presented in this paper.

All patients who received a Bioness StimRouter PNS were included in the study with no exclusions. Indication
for implantation was chronic mononeuropathic pain. Many of the patients in our survey failed conventional SCS,
DRG and nerve ablative procedures. Due to our inability to present each individual technique used for each
target nerve (>17 peripheral nerves targeted with Bioness Stimrouter), we have attempted to summarize the key
elements of the procedural technique in Table 2 for the nerves targeted in our study. We recommend providers
consult Bioness with regard to recommendations on specific techniques and reference guides for more detailed
methodology. The majority of patients in our study received a preprocedure test block along the suspected nerve
with a greater than 50% reduction in pain. Most peripheral nerves were accessed using ultrasound using an in-plane
technique (Table 2). Implants were performed using light sedation and or local anesthetic. After placement and
before implantation, the device was stimulated at least three-times between 0.5 and 1.5 mA, and patient feedback
was obtained to ensure the detected paresthesia mapped the distribution of pain. A dual incision technique was
performed to secure and permanently bury the lead. All implants were adjusted using the following ranges, intensity:
1-30 mA; frequency: 0-200 Hz; phase duration: 70-500 ms. Adverse events were not directly evaluated in this
study but no serious events including infection and lead migration were reported. Bioness had obtained patient
consents for all survey participants in all of the centers as part of standard of care.

Results

Summary of patient demographic

The study demographic mainly consisted of US patients in pain centers nationally that participated in a postimplant
survey without any exclusion criteria. The minimum age of implantation was 18, with 54% of study subjects being
females and 46% of study subjects being males. The average age of female patients was 59, and the average age of
the male patient was 61. There were 24 different peripheral nerve locations that were involved in our study, and
all subjects were asked the same postimplant questions with regard to change in visual analog scale (VAS) score,
activity and postoperative opioid consumption.

Changes in VAS score

The average percent reduction of VAS pain scores ranged from 29 to 100%, differing by the peripheral nerve
stimulated. The average VAS prior to implantation was 8 compared with 2 after PNS implantation with a noted
reduction of 71% (see Table 3). The greatest reduction in pain scores were seen in the lateral femoral cutaneous
nerve with preimplant pain scores improving from an average of 8 to 0 (100% reduction in pain score) post

future science group 10.2217/pmt-2019-0028
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Table 3. Ae rage change in v/ sual analog scale score by peripheral nerve stimulated.

Location N Visual analog scale prior to Visual analog scale after Change (%)
implant implant

Total 39 8.2 24 70.8
Lateral femoral cutaneous 3 8.3 0.0 100.0
Genitofemoral 1 10.0 1.0 90.0
Ilioinguinal 1 10.0 1.0 90.0
Sural 1 8.0 2.0 75.0
Peroneal 3 9.0 2.3 74.1
Axillary nerve 18 8.0 24 70.1
Suprascapular 1 9.0 3.0 66.7
Saphenous 3 7.7 2.7 65.2
Tibial 5 7.8 2.6 66.7
Brachial plexus 2 9.5 4.5 52.6
Intercostal 1 7.0 5.0 28.6

Table 4. Percent improe ment in activ ty by peripheral nerve stimulated.

Nerve location n Improvement in activity (%)
Total 27 72.0
Axillary 14 73.5
Brachial plexus 1 80.0
Genitofemoral 1 75.0
Ilioinguinal 1 75.0
Intercostal 1 40.0
Lateral femoral cutaneous 2 70.0
Peroneal 2 75.0
Suprascapular 1 80.0
Sural 1 60.0
Tibial 3 73.3

implantation. The smallest pain score improvement (29%) was seen when PNS was implanted into the intercostal
nerve with (n = 1).

Effect on activity

Data from all 27 participants who responded to the survey referring to improvement in activity stratified by the
peripheral nerve involved are indicated in Table 4. Participants were asked to estimate their percent improvement
in activity. All (100%) of the questionnaire responders noted improvement in activity with the quantification of
their improvement ranging from 40 to 80%. Participants noted on average a 72% improvement in activity with
the greatest noted in the brachial plexus (80%) and suprascapular nerve (80%) and smallest in the intercostal nerve
(40%).

Table 5 indicates the duration in days the external pulse transmitter and disposable patch were applied prior to
replacement. From the 34 total responders, the PNS was turned on 6.0 days per week requiring patch replacement
every 5.2 days. Most of the data were available for responders with an axillary PNS who indicated using the PNS
on average of 6.2 days per week requiring patch replacement every 4.4 days.

Effect of opioid consumption

Approximately 65% of the participants (11 of the 34 responders) were on opiates prior to PNS implantation. After
implantation, participants noted an average reduction in opioid use by 68%. Figure 1 demonstrates that 89% of
those implanted with a peripheral nerve stimulator observed a greater than 50% reduction in opioid consumption.

10.2217/pmt-2019-0028 Pain Manag. (Epub ahead of print) future science group
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Table 5. Duration in days of ex ernal pulse transmitter and disposable patch application prior to replacement with new

patch by peripheral nere stimulated.

Nerve location n Average days Pt used device Frequency of disposable patch
replacement (in days)
Total 34 6.0 5.2
Axillary 16 6.2 4.4
Brachial plexus 2 5.3 2
Genitofemoral 1 7 3
llioinguinal 1 7 7
Intercostal 1 7 7
Lateral femoral cutaneous 3 7 7
Saphenous 1 7 7
Peroneal 2 7 7
Suprascapular 1 4.5 4.5
Sural 1 2.5 2.5
Tibial 5 5.9 6
Pt: Patient.
100
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& 80
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©
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Figure 1 B rcent of patients reporting greater than 50% opioid reduction post-implant.

Discussion

Chronic pain currently impacts more than 100 million adults in USA [27-29]. It is estimated that approximately
10% of the US population experiences chronic neuropathic pain [1]. Traditional SCS has been a good treatment
option for neuropathic pain but its ability to target specific focal regions is difficult.

The pathophysiology of pain and the mechanism behind neuromodulation is complex. Peripheral nociceptive
pain is mediated by the small free nerve endings of A3 and C fibers. Upon painful stimulation, these small
nerves transmit signals to the interneurons of gray matter on the dorsal horn and stimulate second-order neurons
to send pain signals to the brain. Upon chronic painful stimulation, nociceptors mediate pain transmission via
release of inflammatory neuropeptides (substance P, calcitonin gene-related peptide) at the dorsal horn, stimulating
inflammartory cascades that magnify pain responses [30].

Several mechanisms of action for PNS have been proposed, it has been suggested that PNS works via both the
Gate Control Theory and via inhibition of neurogenic inflammation (31,321. The Gate Control Theory was first

future science group 10.2217/pmt-2019-0028
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described in 1965 by Malzack and Wall and provides the foundation for current understanding of the therapeutic
mechanism behind SCS. Through direct nonpainful orthodromic stimulation by PNS of non-nociceptive AB fibers,
the dorsal horn interneurons are activated and inhibit the transmission of pain signals from the nociceptive A3 and
C fibers [13,31,33].

It has been postulated that PNS modulates the release of inflammatory neurotransmitters and endorphins
directly involved in the pain pathway (51]. Nerve fiber damage during peripheral nerve injury leads to firing and
transmission of ectopic discharges through low-threshold AP and high-threshold A3 and C fibers (31]. Studies
performed in healthy human volunteers have seen increased pain thresholds in patients undergoing PNS likely
attributed to modifications of local inflammatory mediators.

Our case series suggest PNS is effective in controlling pain. Approximately 56% of the participants received
upper extremity peripheral nerve stimulators. These regions have historically been considered at higher risk and
technically difficult to target with traditional dorsal column SCS. Early PNS symptoms required open surgical
implantation and were associated with high levels of iatrogenic nerve [21,22] injury and lead migration [23]. The new
PNS system as described previously by Deer ez al. in his large randomized controlled trial (RCT) study, observed
zero device-related severe adverse events and a response rate of 38% [26]. For isolated peripheral mononeuropathies,
early evidence suggests peripheral nerve stimulators are less invasive, safer and more effective than traditional SCS.
Odur results showed that 100% of the patients noted an improvement in their activity and an average VAS reduction
score of 71%. Adverse events were not directly evaluated in this study but none were reported to the manufacturer.
In contrast, the severe device-related complications for dorsal column SCS or DRG is 18% in refractory neuropathic
back and leg pain [34], 11.1% in patients with recurrent radicular pain undergoing SCS after lumbosacral spine
surgery [35] and 14% in newer studies on SCS in failed back surgery syndrome [36] compared with 0% severe
device-related complications as seen in Deer ez al. study.

Our data confirm findings seen in Deer e a/. with overall improvement in self-reported pain scores and increase
in functional activity in patients receiving PNS [26]. Notable was a self-reported reduction of opiates by 68%.
Additionally, 89% of those implanted with a peripheral nerve stimulator observed a greater than 50% reduction
in opioid consumption. As dependence and tolerance to prescription opioid medication continues to rise with
increase in morbidity and mortality secondary to opioid use [27,37,38], PNS offers one treatment modality for
patients refractory to medical management who continue to suffer from chronic neuropathic pain of peripheral
origin.

All (100%) of the questionnaire responders noted improvement in activity with an average of 72% improvement,
the greatest being among patients with axillary nerve implantation. The axillary nerve is commonly affected in
patients with poststroke shoulder pain. The sensory and motor fibers of the axillary nerve are stimulated as it
exits the quadrangular space. The motor portion can be stimulated to reduce subluxation and improve functional
activity. Though more randomized controlled trials with PNS are necessary to reaffirm findings seen in our study,
the use of PNS may lead to improvement in activity and ultimately quality of life. Studies have shown that chronic
pain leads to significant debilitation and depression [39-411. Thus, PNS may not only help alleviate pain but also
provide significant improvement in an individual’s overall wellbeing.

With PNS, it is difficult to decide where to place the IPG. If implanting an upper extremity or distal nerve,
implantation will have long tunneled leads. The system evaluated in our case series used an IPG secured with
adhesive table superficial to the lead’s contact points. On average, patients changed their patch every 5 days. From
our data, it appears that the more proximal peripheral nerves required more frequent IPG changes while the more
distal nerves were changed less frequently. On average, patients used their device 6 out of 7 days of the week.
Sustained relief experienced longer than the devices’ use is an expected outcome with peripheral neuromodulation.

Our study is limited by its retrospective nature and small sample size making it difficult to draw definitive
conclusions. This is a self-reported survey collected by Bioness that is subject to participant response and collection
bias. The follow-up time period was limited to 6 months, conclusions on long-term efficacy are unable to be drawn.
While we attempted to obtain data from multiple centers, for unclear reasons some locations contributed more to
the dataset than others. The data were raw and independently analyzed with no influence by the manufacturer.
Adverse events and lead migration was not measured. This is one of the first studies describing the exact nerve
location of a PNS implantation and its efficacy. Finch ez al. published a double-blind crossover trial of 11 PNS
patients showing decreased pain response in patients undergoing PNS [25,42]. Our study adds to the literature and
supports the conclusions published by Finch ez al. Further randomized control studies with long-term follow-up
are needed to confirm the utility of PNS in alleviating chronic pain.

10.2217/pmt-2019-0028 Pain Manag. (Epub ahead of print) future science group
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Early results support the use of PNS as a neuromodulation treatment for mononeuropathy. Our patients
experienced improvement in VAS pain scores, reported a decrease in opiate use and improvement in daily function,
suggesting that this may be a very viable treatment option for focal mononeuropathy.
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STIMROUTER PATIENT SURVEY RESULTS

As the market leader in Peripheral Nerve Stimulation, Bioness

is the only company to survey our own implanted patients to learn
about the performance of our chronic pain solution. Through better
understanding how patients use the StimRouter each day, we can learn
from them how to improve our products and support materials. As part
of our continuous improvement effort, the StimRouter Team surveyed

nearly 500 patients about their experience with StimRouter. 133 patients

responded representing 17 different nerves. Here is what they had to say stk JM 4

about how the StimRouter helps them manage their chronic pain:

v 88% of patients surveyed report actively using their StimRouter to treat their chronic pain
v 719% of patients who have had their StimRouter for one year or longer still actively use their device

:X: 76% of patients surveyed reported that they are satisfied with their device, and almost 40%
reported that they are extremely satisfied

v A majority of patients surveyed reported that their activity level increased by at least 50% after
receiving their StimRouter

StimRouter patients continue using their device because it helps them significantly reduce their pain,

become more active, and get back parts of their lives that they feared they had lost. In their own words:

5% Awesome product that provides a non narcotic solution

LY

v+ | wish | had gotten it sooner

3::3 The StimRouter has significantly reduced pain in my paralyzed arm and helped return some function

NY

v | love my StimRouter device!

N

v Because of the StimRouter, | got my life back!

FOR MORE INFORMATION ABOUT STIMROUTER OR TO SPEAK WITH
OUR LOCAL STIMROUTER REPRESENTATIVE, CALL 800.211.9136.

Individual results vary. Patients are advised to consult with a qualified physician to determine
if this product is right for them.

Important Safety Information and Risks: For Indications for Use, Contraindications, Warnings,
Adverse Reactions, Precautions and other safety information please refer to www.stimrouter.com/risks

7
(also available in the StimRouter Clinician s Guide). %/“\é Bioness

StimRouter , Bioness and the Bioness Logo are trademarks of Bioness Inc. | www.bioness.com | Rx Only
©2019 Bioness Inc.
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CLINICAL REPORT

Ultrasound-Guided Percutaneous Peripheral
Nerve Stimulation for the Treatment of Lower
Extremity Pain: A Rare Case Report

Guilherme Ferreira-Dos-Santos @, MD, MSc*'T; Mark Friedrich B. Hurdle, MD¥;
Sahil Gupta, MBBS*; Steven R. Clendenen @, MD?®

* Department of Physical Medicine and Rehabilitation, Central Lisbon University Hospital
Center, Lisbon; TNOVA Medical School, NOVA University of Lisbon, Lisbon, Portugal;
tDepartment of Pain Medicine, Mayo Clinic, Jacksonville, Florida; SDepartment of
Anesthesiology and Perioperative Medicine, Mayo Clinic, Jacksonville, Florida U.S.A

W Abstract

Objective: This case report presents an application of per-
cutaneous peripheral nerve stimulation to the right superfi-
cial peroneal nerve to treat a patient with chronic intractable
L5-S1 radiculopathy pain that conventional treatment failed
to ameliorate.

Methods: The patient underwent an uneventful implanta-
tion of a percutaneous peripheral nerve stimulator. The
implanted lead (15 ¢cm in length and 1.2 mm in diameter)
containing the receiver coil and 3 stimulation electrodes
(Bioness Stimrouter®, Valencia, CA, U.S.A.) was implanted
parallel with the trajectory of the right superficial peroneal
nerve.

Results: Two weeks after implantation of the percutaneous
peripheral nerve stimulator, the patient experienced excel-
lent pain relief and reported a significant increase in mobil-
ity. At the 3-month follow-up consultation, the patient
reported maintenance of the reduction of pain in his right
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lower extremity as well as improved performance in his daily
activities.

Conclusion: Percutaneous peripheral nerve stimulation
offers an alternative treatment option for intractable pain
associated with chronic radiculopathy, especially for patients
in whom conventional treatment options have been
exhausted. Further clinical series involving larger numbers
of patients are warranted in order to assess the definitive role
of percutaneous peripheral nerve stimulation for the treat-
ment of chronic intractable radiculopathy pain. l

Key Words: chronic pain, neuropathic pain, lumbosacral
radiculopathy, percutaneous nerve stimulation, peripheral
nerve stimulation, case report

BACKGROUND

Lumbosacral radiculopathy (LSR), like other forms of
radiculopathy, results from nerve root impingement
and/or inflammation that has progressed enough to
cause neurologic symptoms in the dermatome and
myotome that are supplied by the affected nerve root
(s). In the United States it is believed to occur in
approximately 3% to 5% of the population, with men
and women being affected in equal proportion, although
men are most likely to develop symptoms in their 40s,
whereas women are affected most commonly between
the ages of 50 and 60 years. Of the patients who suffer

ﬁ
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from this condition, 10% to 25% develop symptoms
that persist for more than 6 weeks."

The pain associated with LSR usually arises from
damage caused to the sinuvertebral nerve and/or the
nerve root, the 2 structures capable of transmitting
neuronal impulses that result in the experience of pain.
The impingement of these structures, most commonly
the nerve root by herniation of the intervertebral disc
into the epidural space, is thought to initially result in
direct toxic injury to the nerve root by chemical
mediation (eg, phospholipase A2, thromboxanes, met-
alloproteinases, among other agents) and then exacer-
bation of the ensuing intramural and extraneural
swelling, which results in venous congestion and con-
duction block."? Treatment options include lifestyle
modifications, medications, physical therapy, corticos-
teroid injections, and decompressive surgery. Addition-
ally, in carefully selected patients with chronic LSR,
previously unresponsive to medical and surgical treat-
ment, spinal cord stimulation (SCS) has been used, with
moderate to high success rates.>*

Chronic radicular pain in the extremities, presumably
the most commonly occurring form of neuropathic pain,
may present a challenge in terms of long-term manage-
ment." Over the past 2 decades, electrical neuromodu-
lation techniques have re-emerged as a viable technical
approach in the surgical treatment of medically refrac-
tory neuropathic pain, eclipsing several other available
procedures. For instance, in an extensive review and
meta-analysis of conventional SCS by Taylor et al.,
more than half of all patients with chronic back and leg
pain experienced significant pain relief. The researchers
observed that this was maintained for a mean follow-up
period of 24 months. This review is one of several
demonstrating that electrical neuromodulation is an
effective treatment option for a cohort that is notori-
ously difficult to treat.*’

Despite their growing popularity, electrical neuro-
modulation techniques do not come without shortcom-
ings.>*® One of the issues in the use of spinal cord
neuromodulation for pain in the extremities is the
frequently encountered inability to keep the stimulation
field steady enough to match the area of paresthesia with
the area of pain.> Furthermore, central neuraxial stim-
ulation approaches often fail to discretely provide
sustained therapeutic paresthesia over the patient’s
painful area.®*® Among different types of neuromod-
ulation, percutaneous peripheral nerve stimulation
(PNS) holds the unique position of being the least
invasive and at the same time the least established in
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terms of scientific evidence and regulatory approvals.
However, it is now gaining tremendous momentum in
terms of accumulation of clinical experience and
development of new indications, and may be partic-
ularly effective, either as a stand-alone therapy or as
an adjuvant to SCS, when the pain is localized to a
part of a single extremity.>*°

It has been hypothesized that pain relief from PNS, as
sensed through paresthesia, is mediated by antegrade
(orthodromic) stimulation of non-nociceptive AP fibers
present in the free nerve endings of the peripheral
nervous system, which results in the activation of the
same interneurons that are involved in the processing
and transmission of nociceptive information by periph-
eral AB and C nerve fibers in the superficial layers of the
dorsal horn of the spinal cord.*%”

This case report presents the story of an elderly male
patient who underwent implantation of a percutaneous
PNS along the trajectory of the right superficial peroneal
nerve to treat a chronic L5 radicular pain, previously
unresponsive to SCS. To our knowledge, this is the first
English-language literature description of a case where a
percutaneous PNS was successfully implanted distally to
the site of pain generation (in this case the L5-S1 neural
foramen) for the treatment of chronic lumbosacral
radiculopathy pain.

CASE DESCRIPTION

A 73-year-old male patient with a medical history
significant for multiple lumbar surgeries complicated by
methicillin-resistant  Staphylococcus aureus, epidural
abscess, post-laminectomy syndrome, and SCS implan-
tation/explantation presented at our pain medicine
outpatient clinic for further evaluation of chronic,
intractable, right lower extremity pain. He characterized
the pain as shooting and shock-like, located predomi-
nantly in his right lateral leg and dorsal foot, with
corresponding ambulatory limitation.

Prior to presenting at our pain medicine outpatient
clinic, the patient had undergone implantation of an SCS
at a different institution. SCS leads had been implanted
at the level of T10 and paresthesia obtained at the heel
and arch of the right foot, which was partially successful
in decreasing the pain intensity. However, the SCS was
inconsistent in regards to ameliorating the symptoms in
the right lateral leg, the area where the patient com-
plained the pain was most intense.

Physical examination was notable for significant
weakness with great toe extension, toe flexion, foot
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eversion, and inability to rise up onto his toes or
heels. MRI revealed extensive scar tissue in the right
L5-S1 lateral recess and neural foramen (Figures 1
and 2). Electromyography (EMG) revealed chronic LS
and S1 radiculopathies and length-dependent sensori-
motor peripheral neuropathy, primarily axonal in
nature.

While multiple lines of evidence congruently identi-
fied a right L5 radiculopathy and a length-dependent
sensorimotor peripheral neuropathy, the patient pre-
dominantly experienced pain distally in the right super-
ficial peroneal distribution. Therefore, a
diagnostic ultrasound-guided superficial peroneal nerve
block was performed using 2 mL of 0.25% bupivacaine.
This block provided 80% reduction in pain for 2 days.
Within a few months, after informed decision making,
he underwent placement of a percutaneous PNS
(Bioness StimRouter®, Valencia, CA, U.S.A.) along the
trajectory of the right superficial peroneal nerve. Ultra-
sound (US) guidance was used to identify the superficial
peroneal nerve between the anterior and lateral leg
compartments (Figure 3). Intraoperative stimulation of
the nerve was obtained at 1.5 milliamps.

Two weeks after implantation of the percutaneous
PNS, the patient reported he was walking 5 times farther

nerve

Figure 1. MRI revealing extensive scar tissue in the right L5-S1
lateral recess and neural foramen (sagittal view). White arrow
points to the L5-S1 neural foramen.
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Figure 2. MRI revealing extensive scar tissue in the right L5-S1
lateral recess and neural foramen (axial view). Red arrow points
to the L5-S1 neural foramen.

than his typical morning walk and experienced a
reduction of pain from 8 out of 10 to 1 out of 10 on
the numeric rating scale (NRS). At the 3-month follow-
up consultation, the patient reported maintenance of the
reduction of pain in his right lower extremity with the
implanted percutaneous PNS and improved perfor-
mance in his daily activities.

DISCUSSION

Pain modulation in the peripheral nervous system is
mainly controlled by the nociceptive system. Primary
nociceptive neurons in the periphery contain free nerve
endings (Ad and C fibers) that respond to noxious
stimuli or tissue injury (eg, thermal or chemical). These
stimuli originate nociceptive signals that travel into the
spinal cord, where they synapse with second-order
neurons in the grey matter of the dorsal horn. Some of
these second-order neurons contain axons that ascend
the spinal cord and project to the brainstem or thala-
mocortical system, where the conscious pain response is
generated.®” Another way through which nociceptors
can mediate pain signaling is by the release of neu-
ropeptides (eg, substance P, calcitonin gene-related
peptide) at the terminal end of peripheral nerve fibers,
leading to an increased inflaimmatory response, also
known as neurogenic inflammation, and causing further
local changes that magnify the pain response (eg,
vasodilation, plasma extravasation, attraction of macro-
phages, degranulation of mast cells).®
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Pre-PNS Implantation

Post-PNS Implantation

Figure 3. A, Intraoperative ultrasound imaging showcasing the trajectory of the superficial peroneal nerve between the anterior and
lateral leg compartments (before stimulator implantation). Blue arrow points to the superficial peroneal nerve (fascicular bundle to the
right of the arrow). L, lateral; M, medial; PNS, peripheral nerve stimulator. B, Intraoperative ultrasound imaging showcasing the
percutaneous PNS placement along the trajectory of the superficial peroneal nerve between the anterior and lateral leg compartments
(after stimulator implantation). *Peripheral nerve stimulator (bright white spot to the left of the asterisk. Blue arrow points to the
superficial peroneal nerve (fascicular bundle to the right of the arrow).

The original explanation for the mechanism of action
of PNS, based on the Gate Control Theory by Wall and
Melzack (1965)7%, postulates that orthodromic stimu-
lation of non-nociceptive AP nerve fibers results in the
activation of the interneurons of the superficial layers of
the dorsal horn of the spinal cord, the same interneurons
that are involved in the processing and transmission of
nociceptive information by peripheral AB and C nerve
fibers. This nonpainful stimulation provided by PNS
inhibits these interneurons, therefore decreasing or
interrupting the transmission of pain signals.” Further-
more, some studies have suggested that PNS may also
directly change the excitability of peripheral nerve
fibers, increasing the threshold for nociceptive stimula-
tion to occur.®” It is possible that this direct peripheral
inhibition happens through an alteration in the local
concentrations of biochemical mediators that enhance
pain response. By altering the local concentrations of
neurotransmitters and endorphins, it is possible that
PNS directly inhibits some of the mechanisms respon-
sible for peripheral neurogenic inflammation.®’

In this case, an elderly male patient underwent a
successful implantation of a percutaneous PNS along the
trajectory of the right superficial peroneal nerve to treat
a chronic lumbosacral radiculopathy pain, which had
previously been unresponsive to SCS.

Considering the patient’s medical history strongly in
favor of chronic LS radiculopathy pain, as noted by leg
pain in the context of previous multiple lumbar surg-
eries, post-laminectomy syndrome, and asymmetric leg
muscle weakness on physical examination, associated
with the findings of extensive scar tissue in the right L5—
S1 lateral recess and neural foramen in the MRI, some
controversy might arise when discussing the utilization
of EMG in this case. Although a lot is debatable in
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regards to the usage of EMG for the diagnosis of
extremity pain, in this case in specific the patient
underwent the examination taking the following into
consideration:

1. EMG may be used to effectively exclude other
conditions that might mimic radiculopathy, such
as an entrapment neuropathy or other forms of
peripheral neuropathy. As demonstrated by Haig
et al.,® the diagnostic impression may often be
altered after electrodiagnostic testing.

2. Electrodiagnostic testing can to some extent
suggest severity, or extent of the disorder beyond
the clinical symptoms. Involvement of other
extremities can be delineated or the involvement
of multiple roots may be demonstrated.

3. There is utility in solidifying a diagnosis. An
unequivocal radiculopathy on EMG helps in
reducing diagnostic uncertainty and may identify

avenues of management previously not consid-
ered.’

When analyzing this case in detalil, it is also important
to consider the hypothesis of a double crush syndrome
(DCS) as a possible etiology for the patient’s complaints.
Considering the lower limb, currently available litera-
ture on DCS is sparse, and although a few investigators
have established a possible overlap of distal peripheral
entrapment in the lower extremities in patients with
lumbar neural compression,” at this time a complete
understanding of the disease process remains elu-
sive.'®!! Recently, US has been proposed as a useful
adjuvant tool to improve electrodiagnostic testing for
the diagnosis of peripheral nerve conditions. Given the
inexpensive, noninvasive nature of US, its use is likely to
become more common in the future. However, at this
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time there is still no absolute confirmatory test, and thus
no method for an accurate diagnosis of DCS.'" In this
case, we find the hypothesis of DCS unlikely when
compared to an isolated LS5 radiculopathy pain based on
the following: (1) no evidence of entrapment neuropathy
in the electrodiagnostic testing; (2) no evidence of
peripheral nerve injury to the superficial peroneal nerve
during the pre-procedural US scan, namely, no evidence
of nerve swelling/neuroma or pain during sonopalpation
of the emergence of the superficial peroneal nerve at the
lateral side of the fibular head/neck; and (3) right L5-S1
nerve root impingement at the lateral recess and neural
foramen, confirmed by both MRI and EMG.

This case report is unique in the sense that the
stimulator was implanted proximally to the area where
the pain was the most intense, instead of proximally to
the area where the pain stimulus was being generated
(right L5-S1 nerve root impingement at the lateral recess
and neural foramen, confirmed by both MRI and EMG).

This case report raises new important questions
concerning our understanding of the physiology of pain
signaling and the mechanism of action of PNS. Specif-
ically, it is likely that the mechanism of pain suppression
with PNS is far more complex than simple peripheral
and spinal inhibition. This question has been addressed
in recent neuroimaging studies of patients with chronic
migraine, which convincingly indicate the presence of
central mechanisms of PNS action. These may include
both suppression of activity in pain-processing cerebral
circuits and activation of areas that are involved in the
descending system of pain control and modulation.®’

CONCLUSIONS

Chronic lumbar radiculopathy pain is often treated with
lifestyle modifications, physical therapy, medications,
epidural steroid injections, surgeries, and SCS. The
volume and diversity of therapeutic approaches are a
testament to the challenging nature of providing lasting
pain relief for this condition.

This case report suggests that for patients experienc-
ing chronic radicular pain predominantly confined to the
superficial peroneal nerve distribution, implantation of a
percutaneous PNS may provide pain relief where other
options have failed.

Further clinical series involving larger numbers of
patients are warranted in order to assess the definitive
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role of percutaneous PNS for the treatment of chronic
intractable radiculopathy pain.
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CASE DESCRIPTION

outpatient clinic for further evaluation of a chronic,isevere,-inlmuuMe ;'w}n of rhae, :Zﬁnl:.[')per
extremity after being diagnosed with a Lipofibromatous Hamartoma (LFH) of the left median nerve (MN? dur'mg ~ur’g|ca\l”r::;a:,:)d;:’f ;::zm’ed s!m.m‘
Al observation the patient described left upper extremity pain that she rated as an 8-9/10 onA(hc numeric rurmgksc::f-.(n ’. .“‘sm! ;'” Ol:lhc il
shooting, squeezing, throbbing pain that worsened with .nsin.y_ hc; left hand as well as loss of sensation and weakness in the distal p:

e 8 i she noted, T want to cut off my hanc
Il])]i!inx:)r::.:lll(r).nqlllli(;:ll: !I;Z\r;:xltl:)ccc\(lzdl IF) ultrasound (US) (at S()M{!z) the boundarics of the LFH to the unalfected MN were de
an US-guided block of the MN was performed, which proved 1o be succe
success of the block was established the

A 50-year-old woman presented at our Pain Medicine

termined (Figures 1 and 2) and
ssful in ameliorating the pain in the patient’s forearm and hand. After the
atient was submitted 1o an US-guided placement of a percutaneous peripheral nerve stimulator (;’n\.s)
i ia, CA) i j i ofi Two stimulator electrodes were implanted los vitudinally just distal to the elbow
(Bioness Stimrouter®, Valencia, CA) in the trajectory of the lL'll MN. ‘Two sgmln.n(m: electrodes were impl u.)u.d 1.‘ lj;_ 5 y;; o 4)‘

but proximal to the LFH with excellent stimulation coverage of the nerve achieyed at 1.2 and 1.4 milliamp, respectively ( Igures 3 a {' 1 —
Alter an uneventful procedure, (he pain score immediately decreased from 8-9/10 10 <6 on the NRS. Two weeks alter the procedure the patie
reported continued significant pain relief, with an average pain level of 6/10, located mainly in the distal part of the hand, Ar the

)
consultation the patient maintained continued pain reliel and reported no

six-month follow-up
adverse events of any kind with the implanted PNS.

FIGURES

LA

adipocytes within the epineurium

FIGURE 1 (LEFT) - Transverse UHE ultrasound image (at 50Ml1z) of the left MN showing proliferation of mature
and the perineurium of the nerve; FIGURE 2 (CENTER LEFT) - ‘Transverse UHF ult

rasound image (at 50MHz) of the normal
proximal to the LFH; FIGURE 3 (CENTER RIGHT) - Longitudinal UHE ultrasound image (ar 50,
the trajectory of the MN just distal to the elbow; FIGURE 4 (RIGHT) - Peripheral nerve stimu},
the trajectory of the leads implanted in the patient,

appearing MN
MLIz) of the stimulator electrode implanted along

ator placed over a volunteer's forearm skin, showcasing

DISCUSSION
I'he original explanation for the mechanism of action of PNS, based on ¢
orthedromic stimulation of non-nociceptive AB nerve fibers results in the
spinal cord, the same interneurons that are involved in the pi
I'his non-painful stimulation provided by PNS inhibits the
Furthermore, some studies have suggested that PNS may

ne ptive stimulation to oceur [1,2]. It is possible thar t}
chemical medi

he Gate Control Theory by Wall and Melzack (1965), postulates that
activation of the interneurons of the superficial layers of the dorsal horn of the
rocessing and transmission of naciceptive informarion by peripheral AP and C nerve fibers.
se interneurons, therefore decreasing or interrupting the {ransmission of pain signals [1],
also directly change the excitability of peripheral nerve fibers, increasing the threshold for

his direct peripheral inhibition happens through an alteration in the Joca) concentrations of
ators that enhance pain response, By altering the local concentrations of heurotransmitters and e

i ndorphins, it is possible thar PNS
directly inhibits some of the mechanisms responsible for peripheral newrogenic inflammarion [1,2].

In this case, a 50-year-old female Patient underwen; 3 successful implantation of 5 percutaneous Pj
chronic, severe, intractable left upper extremity pain. This js unique and innovative in regards thar

NS along the trajectory of the left
English literature of a case where a LFH was successfully treated by way of impl

o our knowledge this js the first de
antation of a percuraneous PNS.,

MN 1o treat a
scription in the

MAYO
CLINIC

1y K. Nava A, Clicisto PY, Williams K Review of Recent Advances in Peripheral Nerve Stimularion (PNS). Crerr Pris Hen foche Rep. 2016. 20-60
V. Periphieral nerve sii ot for hevropathic patn, Neurotherapenties. 2008 5(1):100-106
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Neuromodulation: Technology at the Neural Interface
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Prospective, Multicenter, Randomized,
Double-Blinded, Partial Crossover Study

to Assess the Safety and Efficacy of the Novel
Neuromodulation System in the Treatment
of Patients With Chronic Pain of Peripheral
Nerve Origin
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Introduction: Currently available central nervous system treatment strategies are often insufficient in management of peripheral
neuropathic pain, prompting a resurgence of neuromodulation focused on peripheral pain. A new peripheral nerve stimulation
device was investigated in a prospective, randomized, double blind, crossover study, looking specifically at efficacy and safety,
with Food and Drug Administration oversight.

Methods: Prospective, multicenter, randomized, double-blind, partial crossover study to assess safety and efficacy. After IRB
approval, patients were enrolled, implanted, and then followed for three months to assess efficacy and one year for safety based
on Food and Drug Administration guidance.

Results: One hundred forty-seven patients were consented and screened for the study. Thirty-five did not meet inclusion or
exclusion criteria. Ninety-four patients were implanted and then randomized to the treatment (45) or the Control group (49). The
primary efficacy endpoint, three months after randomization to treatment, demonstrated that patients receiving active stimula-
tion achieved a statistically significantly higher response rate of 38% vs. the 10% rate found in the Control group (p = 0.0048).
Improvement in pain was statistically significant between the randomized groups, with the Treatment group achieving a mean
pain reduction of 27.2% from Baseline to Month 3 compared to a 2.3% reduction in the Control group (p < 0.0001). During the
partial crossover period, patients again demonstrated statistically significant improvement in pain relief with active stimulation
compared to baseline. Further, the Treatment group had significantly better improvement than the Control group in secondary
measures including but not limited to quality of life and satisfaction. Safety, assessed throughout the trial and with follow-up to
one year, demonstrated no serious adverse events related to the device. All device-related adverse events were minor and self-
limiting.
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Conclusion: The novel peripheral nerve stimulation device is a safe and effective treatment strategy to address neuropathic pain
of peripheral nerve origin.

Keywords: Bioness, chronic pain, peripheral nerve, StimRouter, study
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INTRODUCTION

Neuromodulation has recently experienced a steep climb in inno-
vation, with advances in new targets, waveforms, and implantable
leads (1,2). Although these new innovations may improve pain cov-
erage not historically captured with traditional spinal cord stimula-
tion (SCS), they may fail to cover discrete mononeuropathies, or the
pain pattern simply may not merit central nervous system access.
Peripheral nerve stimulation (PNS) offers a possible solution, but has
been hindered by the lack of devices designed specifically for the
periphery (3). One limitation to adapting current SCS style devices
for peripheral use is the size of the required implanted pulse genera-
tors. Whether radio-frequency (RF) coupled or fully implantable
placement in the proximity of the peripheral lead is often difficult
requiring lead extension tunneling and less than optimal siting of
the implanted pulse generators. A design-specific PNS system offers
an alternate choice (3), by providing a less invasive, less expensive,
and energy efficient treatment (3,4).

The investigative device is specifically designed for the treatment
of peripheral nerve pain in the lower and upper extremities, pelvis,
and trunk. Craniofacial pain was not studied. The Food and Drug
Administration (FDA) recommended avoidance of stimulation of the
craniofacial region. The system requires implantation of a specially
crafted lead that is powered by an external pulse transmitter (EPT).
This pivotal study follows after a successful feasibility study with the
purpose of demonstrating safety and efficacy in the treatment of
peripheral nerve-related neuropathic pain.

The prevalence of neuropathic pain of peripheral origin is difficult
to estimate, but contributes to nearly 8-10% of adults with neuro-
pathic pain (5). As opioids continue to come under fire for lack of
safety and efficacy (6-8), pain providers are looking to advanced
techniques to manage pain more safely and cost effectively (9).

The features of this novel lead and inductively powered system is
a significant innovation in the field of PNS. The fully implanted one-
piece StimRouter lead (Fig. 1) containing the receiver, electrodes,
and anchoring mechanism, is implanted using nerve stimulation via
a test probe with the option of image guidance. Once implanted,
the EPT is then utilized to power the system. The patient employs
the Patient Programmer (Fig. 2) and EPT (Fig. 3) utilizing RF signals
for communication.

The implanted lead is 15 cm in length and 1.2 mm in diameter,
containing the receiver coil and three stimulation electrodes. The sili-
cone anchor employed in the StimRouter System is four pronged in
design, and ensures that the lead is adequately secured to the
tissue.

As with other neuromodulation therapies for the central axis, the
patient has a programmer to select desirable settings and the
clinician/representative has a device programmer. For programming
and daily use, the EPT is positioned directly over the receiver of the
implanted lead by mounting it on a disposable electrode patch
placed on the skin. Customization of the patient’s waveform, inten-
sity, pulse rate, phase duration, and treatment time, among other
parameters, can be programmed and wirelessly downloaded to the
EPT and Patient Programmer to allow for optimal, repeatable deliv-
ery of stimulation. Once programmed by the clinician, the patient
can turn the unit on and off, change programs, and titrate intensity
at an in-home environment. A rechargeable, lithium battery powers
the EPT, under which lies the disposable electrode that is designed
to be replaced every two to three days.

METHODOLOGY

Study Design, Patient Selection, and Randomization

The purpose of this study was to evaluate the safety and efficacy of
the StimRouter System for use in the treatment of severe, intractable
pain of peripheral nerve origin associated with posttraumatic or post-
surgical neuralgia, exclusive of the craniofacial region. The study
design is a prospective, multicenter, randomized, double-blind, par-
tial crossover, three stage group (upper extremities, lower extrem-
ities, trunk) sequential study. Primary outcomes included pain relief
and safety, measured by average pain at rest using a numerical rating
scale (NRS) followed for three months (10), and safety, determined by
assessment of adverse events (AEs) during the one-year study period.
Analysis of primary and secondary measures was compared to base-
line pre-implant values. A Responder was defined as having at least a
30% decrease in the NRS with no upward titration in the patient’s
pain medicine regimen. Secondary outcome measures included
changes in medication dose, type, and frequency; quality of life using
the Brief Pain Inventory (BPI) and Quality of Life SF-12v2 Health Sur-
vey (QoLSF-12v2); patient impression of improvement with treatment
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A PNS SYSTEM FOR THE TREATMENT OF CHRONIC PAIN

Receiver Anchor Stimulation

\/ \ El(\e[ctrodes

Figure 1. StimRouter lead illustration.

using the patient global impression of change scale (PGIC); change in
worst pain using the NRS; change in interference of pain with physical
and emotional functioning; patient satisfaction; and long-term safety
at one year. The trial was performed at 13 independent study sites
(Table 2) and Internal Review Board (IRB) approval was obtained by
each site. The study was conducted with approval from the FDA and
served as a pivotal study for clearance of the StimRouter Neuromodu-
lation System in the United States.
Inclusion criteria:

adults (>22 years) suitable for an implanted electrode for pain
relief

severe intractable chronic pain of peripheral nerve origin associ-
ated with posttraumatic/postsurgical neuralgia for >3 months
worst chronic pain level in the last 24 hours >5/10 (on 0-10 NRS),
where such pain is attributable to a lesion or disease of the soma-
tosensory nervous system

stable regimen of pain medications for at least four weeks prior to
screening and willing and able to maintain an equivalent dosage
of their current pain medications from randomization to three-
month follow-up

tolerate skin surface stimulation when using transcutaneous elec-
trical nerve stimulation

complete all required visits.

Exclusion criteria:

decline to provide written consent or follow-up
pregnant, plan on becoming pregnant, or are breastfeeding
presence of active systemic infection

-3:& Bioness’

Figure 2. StimRouter patient programmer.

T Pe——

Figure 3. StimRouter EPT and disposable electrode patch.

* immunocompromised

may need diathermy or therapeutic ultrasound at the implant site
have an implanted medical device within 15 cm of the intended
target for placement of the StimRouter System

allergy to components of the device

have bleeding disorders or active anticoagulation that cannot tol-
erate cessation for device placement.

Once the inclusion and exclusion criteria were met, patients were
then implanted with the StimRouter Device and postoperative stabi-
lization occurred, allowing 14-24 days postimplant for healing and
recovery. The patient was then randomized using a centralized web-
based system in a 1:1 fashion to either the Treatment or Control
group. Randomization used the Pocock-Simon covariate adaptive
randomization procedure so that approximately an equal number of
patients were assigned to the Treatment and Control groups within
each anatomical subgroup and within each study center. Please
refer to Table 1. Both groups are well matched, demonstrating suc-
cessful randomization, noting the lack of statistical difference by p-
value comparison. The Treatment group received electrical
stimulation from the StimRouter System and stable dosing of pain
medications, while the Control group received no therapeutic stimu-
lation and a stable dose of pain medications, both for 90 days.
Patients had planned visits at 30, 60, and 90 days following the ran-
domization, with continued follow-up for safety and secondary
measures at 6 and 12 months. After the 90 day period, crossover to
the Treatment group was offered to the Control group, and medica-
tions were then titrated as needed (Fig. 4).

At crossover, Control patients that began stimulation using the
device were then followed over a 90-day treatment period for a sec-
ondary efficacy analysis. All participating patients were monitored
for safety at each visit through 12 months (Fig. 5).

Intent to treat analysis and power justification was used to detect
a difference in safety and efficacy outcomes. This required a mini-
mum 90 patient enrollment with at least 70 patients completing
three-month follow-up after receiving treatment with the Stim-
Router device for at least three months: 45 from the Treatment
group, 25 from the Control group who crossed over to treatment
and received electrical stimulation for three months. Using this sam-
ple size, the treatment could be claimed to be significantly better
(p <0.05) than the control when the Cochran—-Mantel-Haenszel test
statistic, adjusting for anatomic location and study center, is larger
than 2.17.

Implant Procedure
The implant procedure has been described previously (3). After
informed consent and appropriate preoperative comorbidity
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Variable Demographics All
Gender Male 39 (41.5%)
Female 55 (58.5%)
Age (years) Mean * SD 530111
Ethnicity Caucasian 86 (91.5%)
African-American 3 (3.2%)
Native American 1(1.1%)
Hispanic 3 (3.2%)
Other 1 (1.1%)
Work status Employed 40 (42.6%)
Worker's compensation 1(1.1%)
Unemployed 19 (20.2%)
Retired 18 (19.1%)
Other 16 (17.0%)
Pain subgroup LE 27 (28.7%)
Trunk 1 (43.6%)
UE 26 (27.7%)

LE, lower extremity; UE, upper extremity; SD, standard deviation.

Table 1. Comparison of Baseline Characteristics Between Randomization Groups.

Treatment (N = 45) Control (N = 49) p value

20 (44.4%) 19 (38.8%) 0.577

25 (55.6%) 30 (61.2%)

528 =100 532+ 121 0.875

40 (88.9%) 46 (93.9%) 0.571

2 (4.4%) 1 (2.0%)

1 (2.2%)

1 (2.2%) 2 (4.1%)

1 (2.2%)

18 (40.0%) 22 (44.9%) 0.749
1 (2.0%)

11 (24.4%) 8 (16.3%)

8 (17.8%) 10 (20.4%)

8 (17.8%) 8 (16.3%)

13 (28.9%) 14 (28.6%) 0978

20 (444%) 21 (42.9%)

12 (26.7%) 14 (28.6%)

management, the region of the body overlying the peripheral nerve
is sterilely prepped and draped. Fluoroscopic or ultrasound imag-
ing may be used to aid lead placement of the stimulation probe.
A 1.0-1.5 c¢m incision is created approximately 7-10 cm from the
desired stimulation target nerve. The distal end of the stimulation
probe is placed in the desired location, near identified nerve, and
evidence of target PNS is obtained via test stimulation through
the probe. Once confirmed, the introducer set is placed over the
stimulation probe and the probe is subsequently removed, allow-
ing introduction of the lead. Stimulation is again confirmed by
testing using the lead, and once reconfirmed; the introducer
sheath is removed, deploying the four-pronged-anchor system
(Fig. 3). A lead adapter is then connected to the lead for another
confirmation of lead placement by test stimulation. The stylet in
needle assembly is then utilized to tunnel the proximal end of the

Screening Visit

I Randomization and Programing I

60 day visit

Partial Cross-Over: Ability to cross over to Treatment from Control

6 month visit
12 month visit

Figure 4. Trial design.

lead subcutaneously. Care needs to be taken to ensure the exter-
nal electrode patch (Fig. 6) can be easily placed over the proximal
end of the lead (Fig. 7), overlying the receiving electrode. The inci-
sions are then closed in standard fashion based on the surgeon’s
preference. A radiograph of the implanted system is subsequently
performed to document location. Importantly, no additional
sutures, strain relief loops, or tunneling around major joints was
performed in this study, as the novel device eliminates the need
for altering the surgical technique.

The EPT is designed for two to three days of continuous use,
however, subjects were instructed to charge it daily to assure
uninterrupted treatment. A second EPT would be assigned and
registered to same Patient Programmer if the subject required
constant stimulation. Parameters varied with Phase duration
70-500 p/sec, Pulse rate 1-200 Hz, time on ranging from 10 min

DATA SET AFTER
CROSSOVER TO
ACTIVE
STIMULATION

ANALYSIS

A

ELIGIBLE FOR

( )
SAFETY ANALYSIS
ELIGIBLE FOR ALL
SAFETY SAFETY ANALYSES AFTER ACTIVE
(94): TREATMENT STIMULATION (75):
(45) CONTROL (49) TREATMENT (45)
CONTROL
- 7 CROSSOVER (30)
( B ELIGIBLE FOR
ELIGELE FOR SECONDARY
EFFICACY PRIMARY EFFICACY ORBAY ERRAC
ANALYSIS (94): AACYETS
AREATMENT 149). CROSSOVER:
\SENIBOIR) J CONTROL (30)

Figure 5. Study design and outcome assessment.
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Disposable Electrode Patch

Figure 6. External user device components.

Figure 7. Implant (lead).

to 12 hours (mean six hours per day at three-month study visit).
Typical settings were 200 p/sec; 100 Hz; with amplitude set
for paresthesia. Multiple programs were loaded (different
parameters) on Patient Programmer if subject reported attenua-
tion of response. Subjects were able to select program and con-
trol amplitude as subjectively required.

RESULTS

After IRB approval, 147 patients were consented and screened for
the study. Fifty-three patients did not meet either the inclusion or
exclusion criteria or elected not to participate. Ninety-four patients
were then implanted and randomized to either the Treatment
(N=45) or the Control group (N=49). Demographics of the
patients enrolled in the study are described in Table 1.

The patients were recruited for participation in the trial from 13
centers. All centers recruited at least 2 patients, an average of 7 per
site and a median of 11. Please see the following table on site
recruitment.

/

ﬁl‘.—v

EPT snapped on Electrode Patch

Table 2. Enrollment Site.

Site Patients recruited Treatment (N = 45) Control (N=49)
1 12 3/5 (60%) 0 (0%)

2 10 0 (0%) 2/5 (40%)
3 4 0 (0%) 1/2 (50%)
4 4 2/2 (100%) 0 (0%)

5 3 0 (0%) 0 (0%)

6 11 4/6 (67%) 0 (0%)

7 11 3/6 (50%) 0 (0%)

8 22 3/10 (30%) 2/12 (17%)
9 7 1/3 (33%) 0 (0%)

10 2 0 (0%) 0 (0%)

11 4 0 (0%) 0 (0%)

12 2 1/2 (50%) 0 (0%)

13 2 0 (0%) 0 (0%)
Total 94 17/45 (38%) 5/49 (10%)

Table 3. Mean Reduction in Pain From Baseline to Month Three, by
Randomization Group.

Study Treatment Control Difference t-test

participants (N=45) (N=49)

94 272% 23% 24.5% p < 0.0001
Efficacy

Table 3 describes summary information for the primary out-
come regarding efficacy. Forty-five patients were randomized
to the Treatment arm following the implant. The primary out-
come of the study was to determine pain relief achieved using
the new peripheral lead system, where at least a 30% decrease
in pain without an increase in pain medicine use defined the
Responders. The difference between overall mean reduction in
average pain from Baseline to three-month follow-up in the
Treatment group vs. the Control group was statistically signifi-
cant (p < 0.0001 by t-test) with 27.2% improvement in the Treat-
ment group vs. 2.3% in the Control group.

Table 4 presents primary endpoint results with the Responder
rate statistically significantly higher (p = 0.0048) for the Treat-
ment group compared to the Control group. Employing
the Cochran-Mantel-Haenszel one-sided test as described in
Methodology, the primary endpoint was achieved at planned
interim analysis. This analysis resulted in a corresponding test
statistic of 2.59 which exceeded the prespecified study stop
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Table 4. Primary Efficacy Outcome; Responders by Randomization Group.

Total number of patients Treatment (N = 45)

94 17/45 (38%) 5/49 (10%)

Control (N=

49) Difference Cochran-Mantel-Haenszel one-sided test
28% p = 0.0048

Table 5. Comparison of Randomization Groups on Number (Percent) of Responders by Anatomic Location.

LE, lower extremity; UE, upper extremity; SD, standard deviation.

Anatomic location of the implanted lead # of patients Treatment (N = 45) Control (N = 49) Difference
UE 26 4/12 (33%) 0 (0%) 33%
LE 27 5/13 (38%) 2/14 (14%) 24%
Trunk 41 8/20 (40%) 3/21 (14%) 26%
Total 94 17/45 (38%) 5/49 (10%) 28%
LE, lower extremity; UE, upper extremity.
Table 6. Comparison of Randomization Groups on Average Pain Reduction by Anatomic Location.
Anatomic location of the implanted lead Treatment Control Difference

N Mean SD N Mean SD Mean SD
UE 12 29.2 333 14 6.5 200 22.7 269
LE 13 210 308 14 1.2 318 198 313
Trunk 20 30.1 306 21 0.2 26.3 299 284
Total 45 27.2 309 49 23 26.0 250 285

Table 7. Crossover Data at Day 90.

Study participants Control group that Rate of
in control group crossed over responders
45 30 30% (9/30)

cutoff of 2.17. Once this endpoint was verified, safety follow-up
was completed and the study was stopped.

Anatomic location of implant is defined in Table 1. Of the total
number of patients in the Treatment group, 12 were in the
upper extremity, 13 in the lower extremity, and 20 in the trunk
which is comparable to that of the Control group. The
Responder rate was statistically higher for the Treatment group
as compared to the Control group for all anatomical areas
(Tables 5 and 6).

Efficacy of the device was measured again during the partial
crossover period. The Control group was allowed to cross over
to the stimulation (Treatment) group and they were followed for
90 days for efficacy. Nine (9/30) were classified as Responders
(30% reduction in pain without upward titration of pain medi-
cine) (Table 7).

Secondary outcomes are described in Table 8 at day 90. The Treat-
ment group had better improvement than did the Control group,
including worst pain score, BPI score for general activity, mood,
walking, normal work, relations to other people, sleep, and enjoy-
ment in life. The Treatment group also had significantly better
improvement than the Control group in quality of life; PGIC in activ-
ity limitations, symptoms, emotions, and overall quality of life
related to the painful condition; patient global impression of degree

of change since beginning care at the study clinic; and patient
satisfaction.

Safety

Ninety-four (94) patients underwent implantation with mean
follow-up of 320 days postimplantation. No serious device-related
AEs were reported. No unanticipated device-related events were
reported. All available patients were followed up to one year. Over-
all, the rate of AEs was equal in both groups. One hundred forty-
seven patients were consented and screened for the study. Thirty-
five did not meet inclusion or exclusion criteria. Ninety-four patients
were implanted and then randomized to the treatment (45) or the
Control group (49).

Table 8 describes the patient satisfaction with the device. The
study did not capture the reason for the dissatisfaction in the Patient
Satisfaction Scale (poor coverage or for other concerns).

Table 9 demonstrates the number of patients that experienced
AEs. There were a total of 55 subjects, out of the implanted 94 that
had an AE. Twenty-eight patients experienced AEs in the Treatment
group and 27 patients experienced AEs in the Control group. No
device related serious adverse events (SAEs) occurred in either
group. Nine patients experienced SAEs, nondevice related, in the
Treatment group while 11 patients had SAEs, nondevice related, in
the Control group, totaling 20 SAE patients.

Table 10 lists the total number of events that occurred out of
those 55 patients described in Table 9. Seventy-four AEs occurred in
28 patients in the Treatment group. Seventy-two AEs occurred in 27
patients in the control group. Fourteen patients experienced 28
device-related AEs in the Treatment group, while 13 patients experi-
enced 23 related AEs in the Control group, totaling 51 device-
related AEs in 27 patients.
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Table 8. Secondary Efficacy Measures at Three Month Follow-Up.

Variable

BPI worst pain score

BPI average score for general activity

BPI average score for mood

BPI average score for walking ability

BPI average score for normal work

BPI average score for relations with other people

BPI average score for sleep

BPI average score for enjoyment of life

Pain medication (at three-month)

Quality of life

Patient global impression of change in activity
limitations, symptoms, emotions, and overall
quality of life related to your painful condition
(range 1-7, with 1 indicating no change and 7
indicating a great deal better/considerable
improvement)

Patient global impression of degree of change
since beginning care at this clinic (range 0-10,
with O indicating much better, 5 indicating
no change, and 10 indicating much worse)

Patient satisfaction (range 0-10, with 0 indicating

not satisfied at all and 10 indicating completely satisfied)

Label All

Baseline (V1) 8i1=E1a
Three months (V6) 67+23
Change (V6-V1) —13%22
Baseline (V1) 66*+20
Three months (V6) 51227
Change (V6-V1) =1:3%25
Baseline (V1) 6.3 %22
Three months (V6) 48+30
Change (V6-V1) —14x27
Baseline (V1) 5.1:=32
Three months (V6) 3733
Change (V6-V1) —-12x27
Baseline (V1) 66+ 21
Three months (V6) 52327
Change (V6-V1) —13%x26
Baseline (V1) 57*24
Three months (V6) 45*+30
Change (V6-V1) —=31227
Baseline (V1) 63+25
Three months (V6) 52%31
Change (V6-V1) —-08+*28
Baseline (V1) 67+22
Three months (V6) 54+31
Change (V6-V1) —13x28
Not Increased 91
Increased 3
Baseline (V1) 357 *46
Three months (V6) 363+44
Change (V6-V1) 06+48
1 22

2 10

3 1

4 12

5 10

6 13

7 8
Missing 8

Mean = SD 3621
0 8

1 3

2 10

3 16

4 14

5 22

6 4

8 4

9 3

10 2
Missing 8

Mean =+ SD 40+*23
0 24

1 1

2 4

3 4

4 6

5 4

6 6

7 4

8 9

Treatment

8111
S7E22
—24+x23
66£22
42+26
2327
66*23
43*31
—2:2253.1
52:F33
27x£27
—24*30
66:£23
42*26
—24+26
5925
40x29
—=2.0:34
64x27
4131
—20£28
70222
45*3.1
—25%29
44 (97.8%)
1 (2.2%)
355%49
369+45
14£59
1 (2.2%)
1(2.2%)
6 (13.3%)
9 (20.0%)
10 (22.2%)
9 (20.0%)
5 (11.1%)
4 (8.9%)
48=*15
5(11.1%)
3 (6.7%)
7 (15.6%)
13 (28.9%)
7 (15.6%)
5(11.1%)
1 (2.2%)

4 (8.9%)
28x16
2 (44%)

3 (6.7%)
3 (6.7%)
1 (2.2%)
5 (11.1%)
4 (8.9%)
4 (8.9%)

Control p-value
8011 0.562
76x20 0.000
=03t 116 <0.0001

65+18 0.748

60x25 0.003
—04=%20 0.001

6021 0.134

5329 0.148
=06:+21 0.012

51,32 0.930

47 *35 0.008
—0.1,x:19 <0.0001

66*19 0.898

62:E25 0.001
—03x21 <0.0001

54+22 0.263

49*29 0.179
—-03*20 0.007

62%23 0.568

63+ 28 0.001

03%22 <0.0001

64+%22 0.184

62+28 0.009
—-01%20 <0.0001

47 (95.9%) 0.608

2 (4.1%)

360%43 0.389

358+43 0.250
—02*34 0.037

21 (42.9%) <0.0001

9 (184%)

5 (10.2%)

3 (6.1%)

4 (8.2%)

3 (6.1%)

4 (8.2%)

25x19 <0.0001

3 (6.1%) 0.002

3 (6.1%)

3 (6.1%)

7 (14.3%)

17 (34.7%)

3 (6.1%)

4 (8.2%)

3 (6.1%)

2 (4.1%)

4 (82%)

50*24 <0.0001

22 (44.9%) <0.0001

1 (2.0%)

4 (8.2%)

1 (2.0%)

3 (6.1%)

3 (6.1%)

1 (2.0%)

5 (10.2%)
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Table 8. Continued

Variable Label

9

10

Missing
Mean = SD

BPI, Brief Pain Inventory; SD, standard deviation.

Plus-minus values are means = SD. All BPI scores range from 0 to 10, with O indicating no pain and 10 indicating “Pain as bad as you can imagine.”
Quality of Life was assessed by using the SF-12v2 Health Survey, and a higher score is better for the outcome.

All Treatment Control p-value
7 5 (11.1%) 2 (4.1%)
17 14 (31.1%) 3 (6.1%)
8 4 (8.9%) 4 (8.2%)
50*39 73+29 30£36 <0.0001

Table 9. Adverse Events by Number of Patients.

Event

Device related SAE(s)
Nondevice-related SAE(s)
Total SAE patients
Device related AE(s)
Nondevice-related AE(s)
Total AE patients

Serious adverse events

Adverse events (not serious)

Either SAE or AE

Randomization group Total patients

Treatment (N = 45) Control (N = 49)

0 0 0

9 " 20
9 1" 20
14 13 27
5 3 8

19 16 35
28 27 55

Table 10. Adverse Event Finding by Type and Number of Events.

Event

Serious adverse events Device-related SAE(s) 0
Nondevice-related SAE(s) 14
Total SAE(s) 14

Adverse events (not serious) Device-related AE(s) 28
Nondevice-related AE(s) 32
Total AE(s) 60

Either SAE or AE 74

Treatment (N = 45)

Randomization group Total number of adverse events

Control (N =49)

0 0
1 25
11 25
23 51
38 70
61 121
72 146

Twenty patients experienced 25 SAEs, nondevice related (9
patients experienced 14 SAEs in the treatment arm and 11 patients
experienced 11 SAEs in the control arm). Table 11 demonstrates the
SAEs by category. Table 12 demonstrates the number overview of
AEs by the number of patients.

Fifty-five total patients experienced an AE, 25 of which were SAEs.
Of note, there were no SAEs that were study device related
(Tables 10-12). Thirty-five total subjects experienced non-SAEs,
which were similar in number and nature for both the Treatment
and Control groups.

Fifty-one device-related AEs were reported in this 94-subject pop-
ulation none of which were serious, with a similar occurrence for
both the Treatment and Control groups. These events typically
occurred and resolved early within the first three months of the
study, and were largely localized to the stimulation area or site of
surgery and were superficial in nature (e.g., skin rash, redness, sore-
ness). The investigators reported that of the 51 related events, 41
(80.4%) were mild in intensity.

Transient skin irritations were reported in 13 subjects. Two sub-
jects were eventually discontinued after experiencing prolonged
skin sensitivity to the electrode patch.

Of the 94 subjects implanted, 15 did not participate in the 6- and
12-month follow-up and 33 patients lack follow-up at the 12 month
visit, representing an attrition of 51% (48/94). Despite this, the safety
data are compelling, both at the 6- and 12-month endpoints dem-
onstrating no serious device-related events and treatment success.
Ten patients exited the study before the 12 month visit. Seven
patients had the device explanted, five of which were related to dis-
satisfaction with the pain relief, one patient developed chronic
dermatitis/sensitivity to the electrode patch and elected to exit the
study at the six month visit, and another rejected the lead after pick-
ing at the initial implant site, creating a dehiscence near the knee.
All explants were performed without complication. Because of
encapsulation tissue around the device, one patient elected to retain
a portion of the lead in situ (Table 12). No SAEs occurred related to
the device.
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Table 11. Number of Serious Adverse Events by Category.

SAE category

Resulting in death

Life-threatening

Inpatient hospitalization or prolongation of hospitalization
Resulting in persistent or significant disability/incapacity
Congenital anomaly/birth defect

Required intervention to avoid permanent damage/impairment
Total SAEs

Related to study treatment

Not related to study treatment

Treatment Control Total

0 0 0

1 0 1

10 7 17

0 0 0

0 0 0

3 4 7

14 11 25

0 (0%) 0 (0%) 0 (0%)

14 (100%) 11 (100%) 25 (100%)

Table 12. Overview of Adverse Events by Number of Patients.

Severity of AE

No. of patients with no SAE(s) Mild
Moderate
Severe
Total

No. of patients with no SAE(s), with at least

one device-related AE

No. of patients with at least one SAE Mild
Moderate
Severe
Total

No. of patients with at least one device-related SAE

Treatment related mortality rate

No. of patients with at least one device-related AE leading to withdrawal from the study

Treatment (N=45)  Control (N=49)  Total (N=94)
13 (28.9%) 11 (22.4%) 24 (25.5%)
6 (13.3%) 5 (10.2%) 11 (11.7%)
0 (0%) 0 (0%) 0 (0%)

19 (42.2%) 16 (32.7%) 35 (37.2%)
14 (31.1%) 13 (26.5% 27 (28.7%)
1 (2.2%) 3 (6.1%) 4 (4.3%)

7 (15.6%) 7 (14.3%) 14 (14.9%)
1 (2.2%) 1 (2.0%) 2 (2.1%)
9 (20.0%) 11 (22.4%) 20 (21.3%)
0 (0%) 0 (0%) 0 (0%)

1 (2.2%) 1 (2.0%) 2 (2.1%)
0 (0%) 0 (0%) 0 (0%)

DISCUSSION

Treatment innovation to adequately address chronic pain patients
requires intensive study, specifically to determine efficacy and
patient safety. Interest in neuromodulation of the periphery, and the
development of a device suited for treatment of distal extremity
peripheral nerve neuropathic pain challenges, drove the innovation
and interest in this clinical study. The study, focused on a novel stim-
ulation system and method, achieved a statistically significant extent
of pain relief with at least 30% pain reduction in the afflicted area, as
compared to the Control, based on the Cochran-Mantel-Haenszel
test. Seventeen of the forty-five (37.5%) patients were defined as
Responders, as compared to the Control group (5/49 or 10.2%) at
three months.

Until this paper, there is no well-designed PNS study and all
claims of 50% reduction have been anecdotal or based on lim-
ited evidence. The FDA felt the previous RF PNS delivery-based
approvals were no longer valid and based on minimal data. This
is not an SCS device so an SCS reduction rate was not consid-
ered. It is also important to note, that the comparative variabili-
ty in the patient populations indicated for SCS vs. PNS is
arguably much higher for the latter given the diverse etiologies/
mechanisms of pathology and subsequent variety of implant
locations. With that being said, the FDA gave guidance that a
prospective study was needed with patients serving as their
own control.

Interestingly, 13 patients had a six-point change in the PGIC. On
further review, these patients’ dramatic response was not readily

explained, even though they may represent optimized disease indi-
cation and implementation of the therapy.

No device-related SAEs occurred during the implantation or ten-
ure of the device placement in patients implanted with this therapy.
The safety profile is unparalleled and demonstrates that of the 75
patients that received stimulation, comprised of the original Treat-
ment group and the crossed-over group from the Control, no
patient experienced serious or unanticipated device related adverse
reactions.

Not only is pain reduction and safety important, but so too is a
closer examination of the secondary outcomes. Outcomes in reduc-
tions or lack of increase in baseline pain medication, improvement
in the quality of life, patient satisfaction, and global impression of
change were more favorable in the Treatment group beyond those
found in the nonstimulation Control group.

The device was designed for treatment of mononeuropathies
excluding the face. The study criteria and population was based
on the agreed targets with the FDA collaboration. Notwithstand-
ing, future studies are warranted to illuminate the potential
cranio-facial use of the device on efficacy and safety. Although in
the present study efficacy divided into the regional analysis of
the trunk, upper extremity, and lower extremity all produced
meaningful statistical change as defined, future studies focused
on specific nerve pathologies or locations may be beneficial to
further profile patients and optimize outcomes. The attrition rate
reported does not predict failure with the device, and 33 patients
lack data at the 12 month visit. Only seven patients had the
device explanted out of the 94 implanted.
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CONCLUSION

The data satisfied the primary efficacy and safety outcome meas-
ures of the study: patients reported significant pain reduction at
three months and safety follow-up to one year demonstrating
this tested system to be a safe and viable tool in the pain
treatment algorithm. Innovation in neuromodulation therapies
have recently been focused on the central neural axis. Periph-
eral nerve targets and neuromodulation techniques directed
to the periphery will continue to improve patient safety and
treatment outcomes. The StimRouter Neuromodulation Sys-
tem is FDA cleared for adults who have severe intractable
chronic pain of peripheral origin, as an adjunct to other modes
of therapy (e.g., medications) and is therefore accessible to
patients, allowing for additional larger scale use.
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historic challenges, and future successes of PNS in the management of
chronic peripheral pain syndromes.

Kenneth M. Alo’, MD
Houston, TX, USA

AN

Peripheral nerve stimulation for selected intractable pain syndromes is
undergoing a resurgence as new technologies are applied to specific
mononeuropathic conditions. This paper demonstrates one method of
reducing peripherally mediated pain, which can be considered as addi-
tional armamentarium for the pain treatment physician.

Richard Weiner, MD
Dallas, TX, USA

FHRH

Methods of performing peripheral nerve stimulation continue to evolve.
This particular study focuses on a device that is a hybrid between the
fully implantable and the partially external. In many cases, it would
appear to provide very suitable therapy for the more simple and classic
cases of neuralgia. As a viable alternative to more expensive approaches
capable of small, region specific coverage (i.e, fully implantable DRG sys-
tems), this concept could have significant economic impact. The authors
have done a credible job of presenting the findings of their sponsored
research. It remains for the attending physician to decide appropriate
patient selection for application of this therapy.

Thomas Yearwood, MD, PhD
Pascagoula, MS, USA

Comments not included in the Early View version of this paper.

www.neuromodulationjournal.com

03182_SR_NANS_studybk_r07v01_CMPLT_single.indd 54

© 2016 International Neuromodulation Society

Neuromodulation 2016; 19: 91-100

12/13/19 2:33 PM



SANIINI 4NO SNIANVYdX3

ONIL3I3IN TYNNNY LSLC

'6£6-9€6 (0661) G "ou ‘gf| ABojoun jo [euinop ay] , uled JejnoKsa) d1uoIyd Jo Juswabeuew pue
sishjeuy,, 1SNGa|\ "M UOISUIM PuE ‘J8104 @ uyor ‘[aBIop "M UYor ‘B|qoN el <3 As|pelg ‘sineq “L
‘€66-616 :(8002) € "ou ‘081 ABojoin Jo [euinor 8y ,18)uad o|buls e wouy s)nsal wus}-buol :eibjelyoio
91UOJYO 40} PJ0D ljeuLiads 8y} JO UONEAISUSP [ed1BINSOIDIN, OUIAST "y SOUSINET PUE “H UNY ‘WOAS "9
Vil (¥661)
LGl 100 [, BIB|BIYDIO D1UOIYD JO Jal[al J0} BISSYISAUE [BOO] JO UON0S(uI oNejsoiduad, *H ' ‘UI0Z °G
¥1S1-12G1 «(1661) 9 "ou ‘9| ABojoin Jo [eunor ay,
[EOIUIIO By} Juaned suoid uted ay) ul BIB[EIY9IO D1U0IYD, "POSTON 'O A PUE ‘UYeH ‘I ©

‘aAnoadsiad

"¥62-69¢ (2661) € "0U ‘€LUlEd ,'SaWOIPUAS

c_ma |ejoal pue _E_:mmoh: ayl, .m‘_mnc_mI ‘[ 81|87 pue ‘Jaulng " JNYUY ‘ensin ‘UuBW|aSSapN ‘€
"€16-606 :(L00Z) Z "ou ‘Z6 eIsableuy g eiselisauy , Juswabeuew

uted 21UCIYO pue BNdE Ul B0l S} :eIsabjeueoos|3, "NIYD M uar pue ‘I Buopys 4 |ned ‘eium

'666-766
:(6¥61) £9G9 "OU ‘€GZ 190UBT 8y, UoHES|[eo0| pue @oueoylubis syl tuled Jejnosa), “YsiouelS ‘umolg ‘|

o

EERIVEFETE) ]

‘uonyedtpaw ured
uo 3duel)a) 3dNpas djay ued pue elSjelyd.4o diyyedolpl S)qeIdeuL YIm 3soy) 1oy A1a8ins
uey) uol}do SAISBAUL SS3] © SALS PUE SHD0)q SAIU URYY Ja112. Sulise) Ja5uo) Jualyed

e ap1ro.d Aew eiSielyd.o dryyedolpl dluoIyd Jeas) 03 uolje)nwils aAIdu yesayduad Suisn

uoisnpuo)

*aAIU
1J0WSJ0)LUSS JO YdURI] |ILUSS puR PIod dljewads SY3 JSAO UOIIeAISUUL AL ASY3}
se sljeulSeA edluny ay) Jo siahe) 1eladsia/jelatied SUlA1I9A0 pue s13sa) ay3 yioqg Suppoyq
Aoy p40d d1pewnads ay3 SULA|ISAO 3)1353) DY) SPJemO) pes) ay3 JO UoLasuL Y3
YIm ‘uted 1e1nd13sa) Jo S5e19A00 9331dwod Joy ydoeoldde pue asn j9A0U B S93RAISUOWSP
3sed UNQ *J91124 uted SA11D3)J9 SALS 0} pa)Ley e Sey JudwaSeuew edLpal
pue JUSWISFRURL SALIRAISSUOD ‘S)sljerdads A5010.N Se 1)aM Se |232)9%SoNdsNW SNOLIRA
Sutpnpout systjerdads ajdinw Y dnyiom ek 7 pajuswindop e sem a1ay3 ‘ased Jno uj

*(£°9) Awoydaiydio
PUE UOIJRAISUSP JRINDLISS) “PJI0D dLjewiads Jo UoL3eAISUSP 1eDL5INS0LDIW SulpnuL
suo1do 1ed151Nns se 1am se (G‘p) sy201q snxayd d1ajad pue syo0)q pJod diyewads
se yons suoldo SAlseAul Ajjewuiw SulpnpuL SYUSWIRaI) PaqLIDSIP d)dINW U] sey
219U *(€) *9AIDU |RIOWSJONUSS dY3 JO Yduriq 15 Y3 A PaLLIED SIS ISR
pue sieLuSeA ea1uny ay3 Jo s1aAe) 1esadsiA/je3aLied ay) pue ‘sjassaA dljewads jeulajut
3y SulAuedwodde siaqly 9AISU LA snxa1d d1ew.ads Joriadns ayy wouy Ajurew s13say
Y3 ‘suolyeAlauul 31diNW SAL3I31 S3)I13S3) AL “eLSelyd.o diyedolpl se 3t j1aqe) pinoys
U0 910J3q sasned Jedt5ojoyyed Y10 Aue se |1om se A1essadau aJe sasned snotjddul Aue
1IN0 3)nJ 03 Jo dnpiom 11Ny (1) *d1yredolpl aue sasNED BY3 ALY U0 ‘Uoljee)uL
pue uo1d3JuL AQ Pasned USO St 31 YSNOYI|Y *ISID1a%3 AQ pajeqladexs aq Aew Jo
“Sutyoe pue ))Np se paqLIdsap U0 st uted Sy pue 33533 Y3 UL SuLLIND0 uted dLUoIYD
e s| e15jelyd1Q *(z) 91iS UOLIRINWILIS 0] JRISIP SI UOIS) SAISU dY3 USYM U0 ‘uted
J1y3edonau JO JuSWILRSL) JOJ PISN UG AJUOWIIOD JSOW Sey | *SaWoIpuAs uted yim
sjuaLyed Joy e1Sa5)eur0.1I3)9 JO SPOYISL S} JO SUO SI (SN) UoLIRINWIS SAISU esaydLIdd

o "9llqe}so)

“Joje|nwiys aAsau [esayduad auy jo uonejue|dwi jsod Jaljas [99) 0} panuUOD
pue juswjuiodde dn moj|o} 1o}y pauinjal Jualjed sy} siowIBYHNy ‘UolEINWINS
ay} 0} asuodsal aasau pue uopnqgusip uled siy ojul Bubun poob Bunuoda.

juaned ay} ypm pawlopad sem Bujwesboid ainpasoid-jsod seem om)

‘uawiopge ay} sptemo} Ajjewixo.d
pajauun} uay} Sem JaAIgoal 8] "PJod By} JO SaINJONJ)S dy} 0} Jusdelpe
S9p0IJO8I8 aY) Bulpes| paAowal Sem Yjeays Jaonpoijul 8y | “pPaAslyoe
SEM 9J01}$8} 8y} Ojul uolje|nwis Jeaday "pIod 8y} ol papInb sem pes)

J9IN0YWIIS ssauolg 8y} uay] "pJod ojewsads ay) ojul paoeld sem yjeays
J32NPOJJUl BY} PUB PBABIYOE SEM PJOD dljewlads 8y} Ojul Uolenwis
‘panowal a|paau [eulds ay} pue niyy sassed uay} sem anmapinb diy uniq
V "PpJ02 onjewlads ay) ojul paoe|d sem ajpasu |euids abneb g| e ‘yoeoidde
aueld Jo 1o pue [ejsip 0} [ewixoid e Buisn "UONO8S SSOJO Ul SAIBU pue
sauape ‘sjassan oijeydwA| ‘snxald wioyuidwed ‘suaiajep seA ay} SUlejuod
UoIym pJod onjewlads ay) azijensiA AlJes|d 0} 8|qe aJom S\ "USas Jou Usyo
pue punoseJ}n Yim azijensia o} Buibuajjieyo A1aA s| aAIdU |eiowa)o}iuab
8y} Jo youelq [eyuab ay] Jeonpsuel} Aedse Jeaul| zHw g| e Buisn
punoseJ)n yym pajyenieasa sem uioib Jamoj Ya| ay} ‘euidns juaned ay} Uup

sanBU
|esowsyojuab pue [euinBulol| Ya| ayy ol uonejue|dwi Joy Spes| Jojenwins
anIaU [elayduad Joj panpayds sem a1ojaiay} pue Jaljal uled Jejnoyse}
|NJSS820NS Y)IM ‘pawiopad SEM 300|q SAI8U [BIOWSJOHUSE U} JO Youeiq
|e)uab e 0s ‘a[o1)sa} dY} Jou Ing ‘Uswopde ay} ol Jalja. uled ajuyap
pey 300|g aAau [eulnbuloll uy “ainjeu ul olyyedolpl Jey os si elbjelyoio
pue ABojoyjed Aue Jo} aaebau usaqg sey dnxom 2160j0INn SEe ||om
se ‘BuiBew uloib pue [eulwopge oeq JamoT "awl} JOA0 paroidwl jou sey
uted pue ‘ja1ja.1 UaAlb Jou aney sQIvSN pue Adesayy [edIsAyd “seniwalxa
JBMO| BU} 0} UOjeIpES JO SSBUNEam ou Ing ulolb Yya| ayy jo Bulbun pjiw
sey pue ‘Buiyojalls ypm pajelns|ie Apybis si uied ‘siojoey Buneqgleoexs
Aue sajuap jusijed ‘uswopde }a| 8y} 0} Uohelpel se ||am se ‘uloib Ya)
ay} ui Buind pue BuiBbn} 819A8S 0} pji SB PaLIOSapP SeMm Uled '||e} B Jaye
Joud sieah g papels yoiym ured ulolb ya| yim pajuasald ajew pjo Jeah G v

uondiiasaqg ased

UOI}99S SSOIO Ul PI0D dNewIadS
J1oje|nwis aalau [elayduad ssauolg
pes| aalau |esayduad Jo aunjoid oidoosolon|4

K

sadew|

e15]e1yo.10 dy3edoLpl DLUOIYD 104 JL JO 3SN DALIDD}D A3 S)RJIISUOWIP
M 35BD SIY} UL InNq suted pajeial SAISU pUR 1B}319¥S0INISNW
31UO0JYD 10} Pasn AJUOWIWOD St UoLjeINWIS dAISU |eIaydLIad
(1)2tyyedotpt a1e sasned ayj saWL} U0 ‘UoljewWR UL pUR
uo13234ul AQ pasned aq ued 31 YSNoy3y "Syuow 31y3 J9A0 SULIINDI0
41 DlUOJYD PaJIPLSUOD USYJO puR S33s3) A3 Ul uted st eiSjelydlQ

uopndnposu|

s_...msm AN 1JOA MON ‘IRULS JUNOW 1B SUIDLPAW JO 100YDS Uyed| ay) JO 3Ly ‘Suldipaw uoljeiljiqeysy Jo Juswiiedag
g 0Q Jauulds piaeq ‘gw oJpunns njAueq uelpy

W

e15)eLy24Q dlyyedolp| JLuoay) 404 uoliejnwils aAIaN elayduisd

55

12/13/19 2:33 PM ‘

ybk_r07v01_CMPLT _single.indd 55

03182_SR_NANS_stud



03182_SR_NANS_studybk_r07v01_CMPLT_single.indd 56 12/13/19 2:33 PM



Ty6613s5;

57

G8-//:% £110Z 81nS 10NN S0.d "SaWOIPUAS Sydepeay a)qeldelul
J0j uoneINWS uoiSas 1epdiddo snoauendgng Ty JSUBM €

£1-60G:91 {9107 9211081d UlRd MIIASY D1FRW)SAS V :2ULRIBIW
10} UolRINWIS SAJSN 1endddQ ) ew ‘A ueq ‘W Suos ‘A Suex ‘7

L0€-962:1T ‘8107 92B4193U] 1enaN
ay) e ASojouyda| :uoleNpowoINaN ApNIS IANYW V :uolieinwing
9AIBN 1eudIdDdO UMM paleldossy  suoljedndwo)  SuryeSiisaau|
1Y SlWWew ‘W jjouewn ‘g JaAouysed ‘g pJem ‘W pJem ‘r uedoq °|L

FERLVEEEEL.

*asn jo asea pue Adrdwis
S} UaAIS walsAs slyl yum padnpas Aoyl oue
UOIS0JS UYS pue ‘ainjdely ‘uoljessiw pes) Sulpn)dul
SWa)sAs 19P)0 YItm pajerdosse suoledljdwod ‘papasu
a.e salpnjs A3nenb-ysiy pue ejep jeuol3ippe ysnoyny

wa3sAs SNd Mau siy3 1oy 3198.e3 1eapt ue st NOO
3y} ‘punosesyn UOIINIOS3AI-YSIY UILM UOLIRZIensIA
Asea pue asinod a)qeidlpaid S)L Jo  asnedag

*}1J2Uaq d)qeINp © pey JoU dARY ING SHD01q

aAJau dlsouSelp 0) AjqeloAe) papuodsas dAey oym
NO UM sjualjed 1oj UOLIRISPISUOD B SI JIINOYWIIS

NOISSNJsia

*3)nsaJ Jewydo ue 3INSUS 0} |eIIUSSSD
aJe SupjJew pue Suruueds |ed18ins-a.d 1adoug

1d3 ay3
sieam Jualied oy} 2J9YM SSIRIDLP SIYY SB USALIDDI
3Y3 JO UOLIRDO] JeUL} 33 SI SUOLIRISPISUOD ISI5BLq
3y} JO 3UQ 7D B dAIBU 3y} 03 Yyoroudde siyy yym

“J9ALD34 3Y) JIA0 Ja)3LwisueL} ds)nd Jeulalxa ayy
Jo Sutuoryisod ayy Sutmoys 1a3e) S}29M eISAIS Jualied
ayl (g) () payJew osje sem uoljisod I9AL9I3I
3yl *(g) 49pnoys ayy ssoude A)jesaie) pue (z) AoLiajut
pajauun} uay)y sem pea) ayl ‘(1) umoys st jutod
A1jua 9)paau jenjiul ayyl ‘anbruyday jauuny-aygnop
2y} Buwmoys ojoyd aAnesadoenul (v) ‘¢ 3uNOI4

IEYSETET
40 yyed ayy 03 1euaje) pue soriajut (X) jutod A1jus ayy
yum yoeoudde aue)d-j0-1no ue elA palasie} aq ued |
*ss920.4d 9si9ASURIY LD Y} pJemo) pajSue Jadnpsuesy
punosesj\n Y3 Jo 95pa edaje] Ayl Yum zJ e
paziensiA 3q ued NO9 aYL “ZD pue L) 03 12adsal yim
2qo.d punosesnn ayy Jo uolejudlio (g ‘v) "€ JUNOIA

*9AI2U 3Y3 0 19)1eJed pue Jelale] Isn( ‘uolyiasul
pea) Joy Kioydafesy palisap ayy sajousp au
paJ ayl ‘7D e sasnw (1H0) Jotiajul sitded snnbrjqo
pue (9ss) siided sneurdsiwas ayy UsaM3Iaq UOLysey
anbygo ue ur suns (molre) NOO 9yl ‘Z 3J¥NOI4

jeigjer] 1eIPOW

RIS
T ——

INDINHI3L ANNOSYYLIN

‘(¥ 3¥N9I14) Japnoys Jaddn ay3 uo Ajqelojwod
194 0} (1d3) J9niwsuesy asjnd  jeulaIxe  ayy
10} Sulmo)|e ‘Ajjelale] usyj pue jsily ape|q JSp|noys
3y} piemo) Ajowdjul psjduun) si pes] ayl

*eaJle Jap|noys sy} piemol Suljauuny
Asea 10j smojje pue SAIdU 8y} 03 |9)jesed pes)
ayj saoseld anbiuydal syl (¢ 3YN9OI4) yoeoudde
aue)d-jo-1no ue Sulsn uolysey 1eo1dhy
ay3 ulL paoeyd st pes) wag) ay] ‘ssad04d asidAsuURI)
1D 9y} pJemoy pajSue Jadnpsuel} punosesyn Ay}
J0 95pa 1eJale] Y3 Yyum pajejod uayy st aqoid ayy

*(Z 3¥NO14) s3)2snwi (1D0) Jowiaut
siyided snnbijqo pue (Jss) shided syeutdsiwas ay3
uaam3aq uotysey anbljqo ue ul sund 3L se palylIudpL
9q ued dAI3U NOO 9yl ‘7D Sunyuasaidals pazijensia
st ssadoud snoulds pylq 3Isily dY) 1un Ajepned
paAow uayy pue dduesagniosd epdidd0 JeussIxd

‘uted )eloejoLueld
Jo) Jerosdde oAey swalsAs  SNd  snoaueindisad
MU 8y} Jo SuoN -ulBuo  aAJou  jessyduad
J0 uted dluoayd 3)qeIdRIIUL ‘D19A3S 10j panosdde
Va4 st waishAs SNd J49Inoywnis dyl ‘L 3¥NOI4

e —

(1 3¥NoI14)
3)qgejleAR MOU SI NOD 9Yy3) Sul3asie) Joj uonndo (SNd)
uone)nwils aAJau jesayduad mau e ‘(yD ‘eldualep
‘Ul ssauolg) JIINOYWIIS JO UOLDdNPOIIUL BYI YUM

*juswadeld pea) Jo AOUISISUOD SINSUS 03 JNJLHLP
3 Supjew pakoydwa alom sanbiuyday drdodsolonyy
10 ylewpue) ‘ssed  }sow Ul ‘S}NSaJ  paxiw
UUM Swa)sAs awosiaquind ‘afie) jo juawadeyd o)
pajwi] sem NO9 ay3 jo uoneinwis Aj3usdas juun

*915ueLy yeydiddogns
39U} WoJy S9549Wa L Se 9SIN0D SNOILNDILD SIL 03 anp
NO ul pajeondwt AjSuodis st (NOD) aA1au jejrdidoo
193eas8 oyl -uted Supeuue)] ‘auaads  ‘dieys
aquasap Ajjuanbauy sjualjed pue saAsau jejrdiddo
pJlyy Jo 4U3ss3] ‘U9jeals ayj Jo suolIngLiisip

wa1qo.d P10 ue 03 yseouddy MaN V :uoliejnwils aAlaN 1ealdiddQ Jajealr PIOJUEIS

91qIseay SI 19IN0YWILIS YILM NOO 33 JO uolie)nwils ay3 je padeld Ajjeltut st Jadnpsuely punosedin ayj ayr ur unddo  Aew (NO) elBjeansu  1e3diooQ
1N3IN3OV1d IDIAIA ANV AV3l NOILONAOYLNI
ddld ‘SdID ‘aW ‘PeIsa1IQ Jeuty ‘gw ‘5Uoa 19eYdIW ‘ddid ‘SdID ‘AW ‘}je1ZiLid 1300S INIDIAIW

12/13/19 2:33 PM ‘

ybk_r07v01_CMPLT_single.indd 57

03182_SR_NANS_stud



03182_SR_NANS_studybk_r07v01_CMPLT_single.indd 58 12/13/19 2:33 PM



ONIL33N TYNNNY 1SL¢

'00L-16:(1)61 :UBl 9107 "UOEINPOWOINSN

‘ULBLIQ aAJISN 1eJaydiiad JO uted dtuoJYD UM sjualied

JO JUSWIIRSI| SY3 UL W)SAS UOLIRINPOWOINAN 19A0N

a3 jo Aoeduyy3 pue A3ajes ay) ssassy 03 ApNiS JSA0SSOL)

Jellled ‘papulig-91qnoq ‘paziwopuey 4ajuddinw
‘9A1309ds0.d *1e 19 ‘Y uwweAuag ‘r adod ¢ 493Q °|

ECRIVEIETE) |

*2Jnpadoud pea) jeLs} 93eJedss e oy pasu
a3 Sullelagqo “¥oeqpaay Juatied YlIM eISSyISaue 1ed0)
KAuo Buisn Ajsnoaueinaiad pea) ay) adeyd o3 pakoydwa

9q ued sanbluyday uotjezijensia adiyiny *dAIaU Jessyduad

9)qisuodsal ay3 uo uted dwI0IYD JO JUSWSTRURW Y}

JO} SUOLIN|0S DAISBAUL Ajjewulw ‘91qIsiaAal ‘proido-uou
“Juauewsad o) moje A5010UYd3} SN Ul S9OURADR JUSIDY

uoisnppuo)

‘9oue||dwod Juswiead] 1911a¢

pue asn Aep-031-Aep yum asuaiiadxa juaiied 49119 e 10j SMO||e

uawade|d (1d43) yoled sadoud "uoiiedo| ydled Joj UOIIeISPISUOD

yum juswade|d pesj o) senbiuyael papind sn |anou

OM] 9q1I2S3pP S\ "yeme S| Jualied ay3 a|IyMm eIsayisaue |edo|

Y1m aAJBU 1931e) Y3 01 Juddelpe Juawade|d pes| Jo poyisw

d|gelja] pue ‘ajes ‘Dn10aye “Ases ‘1sey e sapinoad punosesyn

4O 9sn 9y "uoldo Juawiea.] SAISeAUl Ajjewiuiw e Joj SMo||e

11 Od| Ou S| 3J3Y} 3snedaq Juswadeuew uled J1vy3 Jo adieyd ul

9( 01 Jualied ay) SuIMO||e ‘|0JIU0D SJ0WaJ ||BLS B SB|quIasal 1ey)

Jawweldoud Juslied,, ||jews e Aq pajjos3uod juaned ayy Aq uiom

L2lgeJeam,, |eusalxs ue Yum apoJidsle padeld Ajsnosueindsad

[9AOU € S| JaInoywils 3y ‘Asaneq yum (odj) Joressuad asind

9|gejuejdwi e Jo Juswade|d pue ‘Suijduun) quawade|d 9poJdd|D

‘UoI1eZI|BNSIA BAJBU J0J SUOIIIBSSIP YUM eISaylsaue |esauasd
Japun a4npado.d uado ue saAjoAul Juswiade|d apou1ds|e ‘Ajedisse;)

uoissnasiq

UIIM PaUuLquIod aduepLng g 40 asn ay| “a4npado.d juejduiy

*aAJaU 138.e) ay3 0} Juade(pe saP0JIIS
pea) ay3 Jo uor3ed0) Jado.d ay3 O 3oUSPLIUOD JeUOLIPPE
SJ9ANp pea) Jusuew.ad ay) o Juswadeld snosueindiad

pue UOIIRINWLIS IN0YSNO.Y) Yoegpas) Jusiyed

U3 03Ul P3YRIBUL S JeL3,, SY) JSINOYWINS SUI YIM

‘panowal snajos ‘Ausjjeq pue

pes| jo uonisod | anbiuyos) Buimoys
Bo| Jo maia Jousysod :ybu doy ¢ Bi4
'sSna|os

0} deap Asaue |eiqi 0} Juadelpe pue
Wb 8y} 0} BAIBU [BIqH ‘[BUUN} [ESIE)}
10 jewixoud woy :ya)| 9|ppiw Z Bi4
‘anJBU [eign SI Moule Big ‘Maln

SIXe Joys [puuny [esJe| :ya| doy | Bi4

'Sn|o3||ew |elpaw ay) wod) Aeme pejeydad
pajauun) usyl S JaAISd3J By dAJSU By uo ,8uo|, pade|d
9 Ued ped| aYy3 0s apIS [eIAANS Y3 151y S1981e) AUIMBPINS By |
‘yoeoudde 9|pasu aue|d-j0-1no |ewixoud 03 |elsip e Suizijian SIym
Sixe J4oys 3day| S1aAIBU Ay “wd /-G 3noge Ajjewixoid padeJy
S 9AJ2U DY "SUISA pue AialJe |elqi} 9yl 01 Juade(pe pazijensia
SI'9AJBU |BIgIL 9YL ‘SNjO3|jew |elpaw ay3 03 Judde(pe sixe
1I0ys paljuspl si [puuny [esiel ayl :anbjuyda) aue|d-40-InNQ ¢
‘89 |e1paw 4ano paoe|d aq 01 Hd3 sMmo|e
UaoIym |e1paw pue pejeydad psjauuny si J9AI92a4 8y "Sha|os
Japun pue aAJaU |elqll Jano 31| 01 sue|d |e1de) oyl ySnouyy pes|
ay1 Suioe|d pasn si yoeoudde |eipaw 0} |eda1e| i *snajos 01 dasp
S| 9AJU IBYM WD /-G |ewixoid padeJ] usy) MIIA SIXe-Loys
ul [9uuny |esJe) Ul PaIIIUap! SI 9AJSU [elql] :anbiuyda) aueld-u| ‘T
*/T/S 01 £LT/T wouj 22uepingd s Suisn eidjednau |eiqiy 1o}
sjuejdwi Ja3noywins pey syusiied QT ‘suoiniiisul aesedss € 1y

'sanbiuyda} om1 3uIsn aAISU Y}

03 Juddefpe A;3oauip uswade(d pea| Jadoud ainsus 03 sjJead pue
Sylewpue| SN yum aoueping (SN) punosetln Jo asn ay3 aqIIsap
M "awade(d [ewndo-gqns 03 pea| pue ‘|njuied Ynoiyp

9q ued yaiym uiddew eisayisased uish pawiopad aq ued pes|
9y1 JO JuaWade|d "Juanled syl Ag UJoM 32un0S JaMod |euISIxa
Asaneq pue (1d3) J911wsuel] as|nd |euta1x3 ‘|lews e Aq
paJamod si 1eyl waisAs uonejnwis anJau [esayduad pajuedwi
AIn4 ‘|aA0U B SI gI91N0oYWNS 3y ‘uondo JUsWIeaI]} SAIDDYD
pue 3|jgeuoseal e 3q Aew uole|nwils aAsau |esaydLuad jo

95N 3Y1 ‘S|1BJ 94D SAI}PAISSUOD [BUOIYIPEI] §| 'SSDUXEIM INOYUM
JO Y1IM dAJBU |eIqil 9Y3 JO uoingLiasip ay3 ul uted d1yiedoinau
pue ‘Bul3un ‘sssuquinu yum juasaisd Ajuowwod sjusailed
‘ewineJ) Jo ‘saunful ysnuo ‘(swolpuAs

[auun} [esJe}) uoissaidwod :apnpaul saidojone Atewnd

9y ‘uled spjue pue 1004 JO 924NOS UOWWOI E S| eIS|ednau |elqi|

uononpouj

0dQ pineq 4auulds ‘QIN Jeuld ‘pe1sani0 ‘0Oq 4asshop ‘uosydasor
suoljelapisuo) |ealwojeuy YjIMm juswaoe|d peaT Jajnoywils snoaueinoiad
10} anbiuyosa] asueping punoseu}|n Jo asn ay3} jo uonduosaq :eibjeinapN |jeiqiL
JO Judwijeal] ayj 1o} uone|nwils aAI9N |esdyduad Jo asn aylL

59

12/13/19 2:33 PM ‘

ybk_r07v01_CMPLT_single.indd 59

03182_SR_NANS_stud



03182_SR_NANS_studybk_r07v01_CMPLT_single.indd 60 12/13/19 2:33 PM



Neuromodulation: Technology at the Neural Interface

Received: October 31, 2017 Revised: November 25, 2017 Accepted: November 26, 2017

(onlinelibrary.wiley.com) DOI: 10.1111/ner.12749

Peripheral Nerve Stimulation for
Chronic Shoulder Pain: A Proof of Concept
Anatomy Study

Michael Gofeld, MD; Anne Agur, PhD

Objectives: Although spinal cord and dorsal root ganglia stimulation may be effective for managing regional pain syndromes, a
more targeted approach is perhaps more appealing for discrete anatomical structures. Chronic shoulder pain is a common muscu-
loskeletal problem with significant socioeconomic impact. A peripheral nerve stimulation of the axillary and suprascapular nerves
may prove to be effective as a long-term solution for this indication. In anticipation of the future experimental research and clini-
cal utilization, a sound methodology for the lead placement was developed, and its feasibility is tested in a cadaveric study.

Materials and Methods: Normal anatomy was corroborated with ultrasound scans of live models and cadaver specimens. A
step-by-step ultrasound-guided implantation technique was designed. The procedure was completed targeting both the axillary

and suprascapular nerves. The accuracy of the lead placement was confirmed by dissections.

Results: The implanted devices were found adjacent to the target nerves within 0.5-1 cm distance.

Conclusions: The anatomical dissections confirmed the accuracy of ultrasound-guided placement of the lead. The described
method is based on normal anatomy and appeared to be reproducible by following the outlined procedural steps.

Keywords: Anatomy, implantation, peripheral nerve stimulation, shoulder pain, technical report
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INTRODUCTION

Chronic shoulder pain is the second most common musculoskele-
tal complaint after the knee (1). Diagnoses are different and include
relatively manageable problems, such as the rotator cuff pathology
and osteoarthritis, and more convoluted conditions poorly respond-
ing to conventional conservative and surgical remedies. Examples of
latter are frozen shoulder (FS) and hemiplegic shoulder pain (HSP).
While the prevalence of FS among the general population is 2%-
4%, it affects up to 59% of patients with long-term diabetes mellitus
(2). HSP is a frequent unfortunate stroke sequel with the reported
incidence of shoulder pain of 47% at 12 months (3). HSP has signifi-
cant adverse effect on functional recovery and quality of life and
proven to be challenging to control by conventional methods (4).
Both, FS and HSP, may become debilitating and recalcitrant to local
and systemic therapies. One of the explanations of such persistence
may be related to the neurobiological transformation and modula-
tion of a nociceptive pain. A long-standing chronic pain, regardless
of the initial anatomical cause, may become neuropathic. Thus,
peripheral and central modulation may play a more significant role
in seemingly obvious musculoskeletal disorders, such as osteoarthri-
tis and rotator cuff syndrome (5-8). The premise of a neuropathic
component presents an opportunity for managing shoulder pain by
neuromodulation.

Although, spinal cord and dorsal root ganglia stimulation may be
effective for the regional pain syndromes, a more targeted approach
might be considered for discrete peripheral nerves or anatomical

structures. Chronic shoulder pain may be treated by either surface
or internalized peripheral nerve stimulation (PNS). Published studies
were focused on an intramuscular stimulation of terminal axillary
nerve (AN) branches (9-11). Conversely, Kurt et al. successfully man-
aged chronic shoulder pain by a fully implanted spinal cord
stimulator-type lead onto the suprascapular nerve (SSN) (12).

In anticipation of future experimental research and clinical utiliza-
tion, a sound methodology for PNS lead placement needs to be
developed, and its feasibility challenged in a cadaveric study.
Because peripheral nerves' location is variable, and they are sur-
rounded by blood vessels, muscles, and tendons, precise imaging
guidance is desirable. Ultrasonography is a proper imaging tool to
localize the target nerve and to guide PNS lead placement. The
objective of this cadaveric study was to assess SSN and AN
ultrasound-guided PNS lead placement and confirm the procedural
accuracy by anatomical dissections.
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(shoulder) joint

Deltoid

Teres minor

Axillary nerve

Posterior circumflex
humeral artery

Superior lateral cutaneous nerve of arm
Radial nerve
Profunda brachii artery (deep artery of arm)

Triangular interval

Lateral head of triceps brachii

Tendon overlying medial
head of triceps brachii

Figure 1. Gross anatomy of the axillary and SSN s (adapted from the Grant’s atlas of anatomy, 14th ed, with permission). In the inset: a, ultrasound transducer
orientation for the access to the SSN; b, ultrasound transducer orientation for the access to the AN; black lines, the direction of insertion. [Color figure can be viewed

at wileyonlinelibrary.com]

MATERIALS AND METHODS

Approval was received from the University of Toronto Health
Sciences Research Ethics Board.

Ak llary Nerve

The detailed topography of the AN and quadrangular space was
reviewed using anatomy textbooks (13) and embalmed dissected
specimens. The AN is a terminal branch of the C5 and C6 nerve
roots. It stems from the posterior cord of the brachial plexus at the
level of axilla and courses inferior to the border of the subscapularis
muscle. The nerve exits the axilla posteriorly via the quadrangular
space along with the posterior circumflex humeral artery. After
leaving the quadrangular space, the main nerve trunk gives off two
branches. The posterior branch provides motor innervation to the
teres minor muscle and innervates the skin over the inferior part of
the deltoid. The anterior branch provides motor innervation to the
deltoid muscle and sends articular branches to the shoulder joint.

The quadrangular space is a square-shaped hiatus in the muscles of
the posterior scapular region (Fig. 1). The borders of this space are:
superiorly the teres minor, inferiorly the teres major, laterally the sur-
gical neck of the humerus, and medially the long head of triceps
brachii. The posterior circumflex humeral artery lies adjacent and
typically distal to the nerve.

The topographic anatomy was corroborated with anonymized
ultrasound images obtained in clinical practice. The anterior branch
of the AN can be easily identified when the ultrasound transducer is
placed longitudinally on the postero-lateral aspect of the proximal
humerus (Fig. 2). Since an ideal lead position requires placement of
the lead so it lies in contact and parallel to the main trunk of the AN,
a long-axis view of the artery was obtained as shown in Figure 1
(inset) and Figure 3. The nerve itself cannot be easily found in its
long axis; however, shifting the transducer cephalad keeping with
the same orientation would inevitably result in determining the ana-
tomically correct trajectory for the lead placement. Additional topo-
graphic anchors were identified. In a more proximal position, the
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ANATOMY OF PERIPHERAL NERVE STIMULATION FOR SHOULDER PAIN

Figure 2. Distal AN sonoanatomy. Arrow, the AN (short axis); red, posterior
circumflex artery (short axis); 1, deltoid muscle; 2, teres minor muscle; 3,
humerus. [Color figure can be viewed at wileyonlinelibrary.com]

belly of the teres minor was seen, whereas more inferiorly. The ten-
dinous part of the lateral head of triceps brachii (adjacent to the
bone surface) and the teres major (deep plane) were visualized.

The implantation was performed in lightly embalmed anatomic
specimens. A commercially available device (StimRouter, Bioness,
Valencia, CA, USA) labeled for PNS was used. The specimen was
retained in a lateral decubitus position. A linear high-frequency ultra-
sound transducer (LogicE, GE, Milwaukee, WI, USA) was placed in a
long-axis to the AN view (Fig. 1). After obtaining the desired orienta-
tion and visual localization of the quadrangular space, a stab incision
was done. The implantation was performed per the manufacturer
guideline as the following. The deltoid muscle was penetrated with
an 18-gauge Crawford needle. Next, a guide probe was inserted and
placed in the quadrangular space under in-plane ultrasound guidance
(Fig. 4). The needle was removed and a plastic dilator was placed over
the probe. After reaching the desired position, the probe and internal
component of the dilator were removed leaving only a plastic sheath.
A metallic lead holder with the electrode was placed through the
sheath and after the tines were deployed, both the sheath and lead
holder were removed. In a clinical case, the lead tunneling is needed
to keep the receiver (proximal end of the lead) under the skin at the
posterolateral deltoid area. This step was omitted. The dissection of
the specimen was performed exposing the quadrangular space and
the lead. The distance between the lead to the AN was measured.

Figure 3. Sonoanatomy of the quadrangular space. Color, posterior circum-
flex artery (long axis); 1, deltoid muscle; 2, humerus (short axis). [Color figure
can be viewed at wileyonlinelibrary.com]

Figure 4. StimRouter guidewire (arrows) is inserted into the quadrangular
space. 1, deltoid muscle; 2, humerus (short axis). [Color figure can be viewed at
wileyonlinelibrary.com]

Suprascapular Nerve

The SSN, a branch of the superior trunk of the brachial plexus (C5
and C6), innervates the supraspinatus and infraspinatus muscles, as
well as the shoulder joint (13). It does not have cutaneous branches.
After passing through the suprascapular notch, inferior to the superior
transverse scapular ligament, the SSN courses inferolaterally in the
supraspinous fossa at the periosteal level to reach the lateral border
of the spine of the scapula. The nerve course around the spinogle-
noid notch to reach the infraspinous fossa where if gives off terminal
muscular branches to infraspinatus. At the level of the suprascapular
notch, the nerve has a fixed position in the fibro-osseous tunnel
roofed by the superior transverse scapular ligament. The suprascapu-
lar artery most commonly passes superficial to the ligament. The
majority of sensory branches to the shoulder joint and capsule are
leaving the main trunk proximally to the suprascapular notch.

The nerve can be accessed at the suprascapular notch using fluo-
roscopy. The nerve block and PNS lead placement can be done by
using this method. However, it would require a prone position that
may be uncomfortable. Ultrasound-guided SSN block is a routinely
practiced technique. Usually, an in-plane injection is performed. Nev-
ertheless, a PNS lead placement using this technique is suboptimal
due to a risk of migration—the only tip of the lead would be placed
close enough to the nerve, and any subsequent traction created by
overlaying trapezius and supraspinatus muscles may result in its dis-
lodgement. An out-of-plane, identical to the fluoroscopy-based
method is theoretically possible. However, the spine of scapulae
may limit the feasibility of such approach.

Therefore, we have developed and tested a unique approach. A
linear high-frequency ultrasound transducer (LogigE, GE Healthcare,
Milwaukee, WI, USA) was placed in the short-axis view (Fig. 1, inset).
The SSN was localized at the infraspinous fossa as it coursed around
the spinoglenoid notch (Fig. 5). The specimen was retained in a lat-
eral decubitus position. After obtaining the desired short-axis orien-
tation to the SSN, a stab incision was done 2-3 cm distally to the
transducer. The skin and infraspinatus muscle was penetrated with
18-gauge Crawford needle. A guide probe was inserted and placed
adjacent to the SSN under out-of-plane ultrasound guidance. The
needle was removed and the guide was advanced in the cephalad-
medial direction. The transducer was shifted to the supraspinatus
fossa. The guide was advanced parallel to the nerve and its tip was
identified as a bright hyperechoic signal at the supraspinous fossa.
The rest of the implantation was performed following the same
steps as described above. The dissection of the specimen was
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Figure 5. T e SSN in the spinoglenoid fossa. Arrow, SSN (short axis); 1, del-
toid muscle; 2, infraspinatus muscle; 3, scapula. [Color figure can be viewed at
wileyonlinelibrary.com]

performed by exposing the supraspinous fossa and the lead. The
distance between the lead and the SSN was measured.

RESULTS

The dissections confirmed PNS lead placements adjacent to the
target nerves within 0.5 cm distance (Figs. 6 and 7). The contacts
and the tines were found in the connective adipose tissues
surrounding each nerve. No visible damage to the nerves or corre-
sponding blood vessels was identified.

DISCUSSION

PNS is entering a new era of technological renaissance that pre-
dictably relaunched following the Food and Drug Administration

Figure 6. T e lead (black arrowhead) is placed adjacent to the AN (open
arrow). White arrow, posterior circumflex humeral artery (cut); 1, teres minor
muscle; 2, lateral head of triceps brahii; 3, long head of triceps brahii. [Color fig-
ure can be viewed at wileyonlinelibrary.com]

Figure 7. The lead (black arrowhead) is placed adjacent to the SSN (white
arrow). Black arrow, suprascapular artery; 1, supraspinatus muscle; 2, transverse
ligament; 3, acromion process; 4, humerus. The specimen is in a ventral supe-
rior view. [Color figure can be viewed at wileyonlinelibrary.com]

(FDA) approval of novel devices (14-16). These devices are designed
to address the evident problems of off-labeled PNS systems, that is,
a long-term stability, complexity, and effectiveness. The new minia-
turized wireless technologies make possible to stimulate discrete
peripheral and autonomic nerves and manage chronic neuropathic
pain and functional disorders by electrical stimulation outside of the
central nervous system. Among these new indications, the HSP
deserves special consideration. HSP affects up to 84% of the survi-
vors at an early poststroke period (4) and up to 47% after one year
(3). Traditionally, a poststroke loss of muscle tonus and subluxation
were considered the main reason for the development of HSP (17).
More recently, HSP was found to be multifactorial and rather related
to spasticity than to subluxation (18). Both motor function and sub-
luxation may be partially improved with surface stimulation; how-
ever, it was not as beneficial at reducing pain (19). Neuromuscular
electrical stimulation of the AN branches was initially thought to be
effective for management of the shoulder joint subluxation and
pain. However, clinical studies demonstrated only pain reduction
without changes in the objective status (10,20). Moreover, the most
recent paper provided compelling evidence for the successful allevi-
ation of HSP independently to the anatomic status of the glenohum-
eral joint (10). The results are not surprising considering the
mechanism of action: surface stimulation at the motor points acti-
vates the deltoid muscle, whereas stimulation of the distal branches
of the AN would be predominantly sensory. The anatomically sound
approach is to access the main trunk of the AN to be able to activate
both motor and sensory functions.

Because the SSN is stemming from the same C5, C6 nerve roots,
its stimulation may provide results similar to the axillary neuromodu-
lation. Excluding the case report of Kurt et al., there were no publica-
tions related to PNS of SSN (11). Stimulation of the terminal
branches of the SSN in case of a neuropathic postsurgical shoulder
pain was suggested by Theodosiadis et al. (21). In both publications,
the shoulder pain was successfully managed by the implantation of
an off-labeled system that included a four-contact lead and an inter-
nal pulse generator (IPG). Conceivably, this method may be used for
the treatment of other chronic shoulder pain conditions.

The current trends in the PNS technology are focusing on the lead
miniaturization, adding stability by adding tines, and utilization of a
wireless induction models, thus eliminating the need for an IPG. All
recently approved by FDA devices are following the same principles
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(13-15). We utilized the leads provided by the Bioness Inc.
(StimRouter, Bioness Inc,, Valencia, CA, USA). It is a monopolar
stretchable lead that maintains stability by deployable silicone
tines. It is activated percutaneously via simple electric induction
mechanism. This unique design allows elimination of IPG and simul-
taneous transcutaneous activation of both the lead and the deltoid
muscle motor points. The implantation process is facilitated by a
special lead holder to deliver the lead to a predetermined depth and
position adjacent to the AN. The nerve must be contacted at the
quadrilateral space to assure optimal stimulation of the main trunk.

The described method should help practicing physicians to per-
form anatomically sound image-guided PNS implantation. Other
commercially available leads can be inserted using this approach.
Review of the device clinical efficacy is beyond the scope of this
article. Nevertheless, a precise implantation is a sine qua non for a
clinically effective long-term stimulation.

Although a fluoroscopy-guided procedure aimed at the medial
aspect of the surgical neck of the humerus (axillary PNS) or the
suprascapular notch (suprascapular PNS) is possible, theoretical and
practical disadvantages should be considered, such as the prone
position, inability to control depth, potential risks of vascular
damage, and intramuscular placement.

Conceivably, ultrasound guidance is the best imaging method to
facilitate an accurate placement of percutaneous PNS leads. Most of
the current and future PNS targets are readily sonographically con-
spicuous and implantations can be accomplished using either a
short- or long-axis views. Moreover, pertinent regional anatomy can
be learned, and the implantation can be carefully planned and exe-
cuted. Ultrasonography is immeasurably helpful in localization the
desired segment of the nerve, thus circumventing implantation adja-
cent to an injured part. A large nerve can be tested intraoperatively
under vision to find a better sensory zone and to avoid an unwanted
motor stimulation. Ultrasonography may improve procedural safety
preventing damage to blood vessels and tendons.

Presently, PNS practice is repeating the developmental stages of
regional anesthesia: from landmark-based to electric stimulation to
ultrasound-guided methods. Educational publications and hands-on
practical sessions are needed to increase competency and assure
the safety of PNS. The described method is based on normal anat-
omy and appeared to be reproducible by following the outlined
procedural steps.
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StimR::uter
COMMON STIMROUTER APPLICATIONS

Which patients are candidates for StimRouter? Almost anyone suffering with Chronic Pain of peripheral
nerve origin. StimRouter has been implanted on over 25 discrete peripheral nerves with remarkable results.
A recent patient survey found that on average, patients pain has reduced from an 8 to a 2. Additionally, 94%
of patients who were taking opioid based medications for pain relief reported reducing their opioid use by

at least 50% after being implanted with StimRouter.* Common uses for StimRouter include:

UPPER EXTREMITY SHOULDER

5% POST STROKE SHOULDER PAIN

~» POST TOTAL SHOULDER
“* REPLACEMENT

v TRAUMATIC INJURY

£ OSTEOARTHRITIS
5% CRPS

a. POST-HERPETIC
“* NEURALGIA

| HIP/PELVIS / LOWER LEG & FOOT

£% POST HERNIA REPAIR
5% HIP PAIN
©* PELVIC/GENITAL PAIN

<% KNEE PAIN
5% FOOT PAIN
%" DIABETIC NEUROPATHY

CONTACT BIONESS TODAY AT 800.211.9136 TO LEARN MORE!
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IDENTIFYING ADDITIONAL STIMROUTER CANDIDATES

StimRouter physicians frequently ask about identifying more patients who might benefit from their
own StimRouter implant, especially after witnessing patient outcomes firsthand. Many clinical

specialties have patients that experience chronic pain from a variety of disorders:

SPECIALTIES EXAMPLE DISORDER

Nuclear Medicine Bone Cancer
Plastic Surgery Mastectomy
Anesthesiology CRPS

Obstetrics and Gynecology Vulvodynia
Preventive Medicine Work place injury
Dermatology Herpes Zoster

Orthopedic Surgery TKR

Radiation Oncology Sarcoma
Family Medicine Osteoarthritis

Surgery Post Herniorrhaphy
Internal Medicine Neuropathy
Thoracic Surgery Intercostal Neuralgia
Medical Genetics and Genomics Neurofibromatosis
Pediatrics Erb s Palsy
Neurological Surgery Nerve Sheath Tumor
Physical Medicine and Rehabilitation Phantom Limb
Urology Orchalgia
Neurology Post Stroke Shoulder Pain

CONTACT BIONESS TODAY AT 800.211.9136 TO LEARN MORE!

*Oswald, J., & Chakravarthy, K. (2019, January). A case series on the use of peripheral nerve stimulation for focal mono neuropathy treatment.
Poster session presented at the North American Neuromodulation Society annual convention, Las Vegas, NV.

Individual results vary. Patients are advised to consult with a qualified physician to determine
if this product is right for them.

Important Safety Information and Risks: For Indications for Use, Contraindications, Warnings,

Adverse Reactions, Precautions and other safety information please refer to www.stimrouter.com/risks ;\IVL

(also available in the StimRouter Clinician s Guide). S
71NN
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