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= Patents
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Percutaneous Peripheral Nerve Stimulation
Hemiplegic Shoulder Pain =

o

= Percutaneous electrode(s)
anchored in deltoid, a muscle
surrounding the painful shoulder

= External stimulator: stimulate the
motor branches of axillary nerve to
the deltoid

= Muscle contraction
» Afferent feedback to central nervous

system (Ci’:H '4

* Treat for 30-60 days
* Remove lead(s)
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Percutaneous Peripheral Nerve Stimulation
Hemiplegic Shoulder Pain

RESEARCH ARTICLE

Intramuscular Electrical Stimulation

for Hemiplegic Shoulder Pain

A 12-Month Follow-Up of a Multiple-Center,
Randomized Clinical Trial

of treatment (lead removal)
2. Postulated mechanism

ORIGINAL RESEARCH ARTICLE

Peripheral Nerve Stimulation

Compared with Usual Care for Pain
Relief of Hemiplegic Shoulder Pain
A Randomized Controlled Trial

1. Pain relief and reduction in pain interference that persist after end

-Afferent feedback to central nervous system

-Modulation of central sensitization
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Contralaterally Controlled FES
(CCFES)

By participating in

“Open both hands at the same time” CCFES mediated
/ | functional tasks,
When patient | ...stimulation activity dependent
hi “thi e e .
hand. | opensthishand  neuroplasticity is
induced to facilitate

Stimulate the

weak hand motor recovery.

Use the

normal hand |

to control the : BT :

stimulation " ~ Pl
Normal aaddl Weak
Hand ‘ \ \ Hand
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Electrical
Stimulation-mediated
Activity-dependent
Neuroplasticity




Electrical
Stimulation-mediated
Activity-dependent
Neuroplasticity

BASELINE



Electrical
Stimulation-mediated
Activity-dependent
Neuroplasticity

AFTER
TREATMENT
(90 Days)




Contralaterally Controlled
Functional Electrical Stimulation Therapy

CNS Injury Chronic Musculoskeletal Pain
Stroke/TBI Musculoskeletal Tissue Injury
CNS Neuronal Injury Maladaptive CNS Neuroplasticity (central sensitization)
Paralysis Chronic Pain
y
Activity

|

Activity Dependent Neuroplasticity

l

Motor Restoration
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Contralaterally Controlled
Functional Electrical Stimulation Therapy

CNS Injury Chronic Musculoskeletal Pain
Stroke/TBI Musculoskeletal Tissue Injury
| |
CNS Neuronal Injury Maladaptive CNS Neuroplasticity (central sensitization)
Pariysis ChronJic Pain
Activity

|

Activity Dependent Neuroplasticity

/\

Motor Restoration Pain Reduction
Functional Restoration

RVPl CASE WESTERN RESERVE
A2 UNIVERSITY

School of Medicine

MetroHealth 10



Beyond Hemiplegic Shoulder Pain...

= |f central sensitization is the convergent mechanism for
chronic musculoskeletal pain in general, and...

= |f percutaneous PNS reduces hemiplegic shoulder pain
via modulation of central sensitization...

= Then, percutaneous PNS should reduce chronic
musculoskeletal pain in general...
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Percutaneous Peripheral Nerve Stimulation
Multiple Clinical Indications

Avg r73%

—{ Study Cohort Legend ]—

Shoulder Pain
StudyJCohortiil

i 'Study/Cohort /2"

Study Cohort 3
Study Cohort 4
Study Cohort 5

Study Cohort 6

Neuropathic Pain
Study Cohort 7

Study Cohort 8

Low Back Pain
Study Cohort 9

Study Cohort 10

Overall
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Pritzlaff et al., Pain
Management, 2024

Composite Responder Rate at EOT (%)

>50% pain reduction or pain
. interference
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Huntoon et al., Pain
Medicine, 2023
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Responder Rate 250% pain relief
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Percutaneous Peripheral Nerve Stimulation
Multiple Clinical Indications

Annual Cumulative

12000 40000

35000

10000

30000
8000
6000
4000

10000
2000

5000

- 1

0
2017 2018 2019 2020 2021 2022 2023 2024

CASE WESTERN RESERVE
........ " UNIVERSITY
+: MetroHealth 13 School of Medicine

Number of Patients
Number of Patients
[ N N
() o (O3}
o o o
o o o
o o o

2017 2018 2019 2020 2021 2022 2023 2024




High Frequency Block

. Gastrocsoleus
l Stimulate

Stimulator

Distal
Stimulating
Electiode

Stimulating

ANANNY

Signal
Generator

Bhadra & Kilgore, Muscle Nerve 2005
NIBIB RO1
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Amputee
Pain
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High
Frequency
Block
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Amputee
Pain

Other Pain
Indications?

FDA PMA
Clearance
August, 2024
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Meuromodulation: Technoiogy at the Newral Interface
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Long-Term Treatment of Chronic
Postamputation Pain With Bioelectric Nerve
Block: Twelve-Month Results of the
Randomized, Double-Blinded, Cross-Over
QUEST Study

Leonardo Kapural, MD, PhD' ©; Billy Kim, MD?; John Eidt, MD?;
Erika A. Petersen, MD"; Jason M. Schwalb, MD"; Konstantin V. Slavin, MD*;
Nagy Mekhail, MD, PhD*®

ABSTRALCT

Ohjective: The multicenter, randomized, double-blinded, active-sham controlled trial (high-freQUERcy nenve block for posST
amputation pain [QUEST]) was conducted to show the safety and efficacy of a novel, peripherally placed high-frequency nemrve
block (HFMB) system in treating chronic postarnputation pain (PAP) in patients with lower limb amputations. The primary out-
earmes from QUEST were reported previously. This study presents the long-term, single—cross-over, secondary outcomes of on-
demand HFNE treatment for chronie PAP.

Materials and Methods: After the three-month randomized period, subjects in the active-cham group were erossed over o
receive therapy for 12 manths. Subjects self-administered HFMB therapy as needed snd repormed their pain (nurmerical rating
scale [MASE; range, 1-10) before and 30 and 120 minutes after each treatment. Pain medication wse was reported throughout the
study. Pain-days per week and quality of fife {Q0L) were sisessed uding the Brief Pain Inentory (BPT). Adverse events (AE) wems
recorded for all subjects implanted for 12 maonths.

Results: Of 180 subjects implanted in QUEST, 164 (91%) were included in the cross-over perod, and 146 (B2%) completed follow-
up. By month 12, average NRS pain in the combined cohon wad reduced by 23 + 22 paints (95% O, 1.7-28; 5 < 00001}
30 rinuted after treatment and 29 £ 2.4 points (95% C1, 22-3.5; g < 0L.0001) 120 minutes after reatment. Mesn pain-days per
wesk were significantly reduced (-35 £ 27 days; p < 0007), and subject dadly opioid wse was reduced by 6.7 = 290 marphine
eguivalent dose from baseline 1o month 12 [p = 0.013). Mean EPHmerfersnce scores (0L} improved by 2.7 + 2.7 points fram
baseling (p < 0.001). The incidence of nondeiows AES and demious AES was 72% (130¢180) and 42% (76/180), respectively; serious
device-related AR ocowred in 15 of 180 subjects (B9%).

Conclusion: Overall, HFNE defivered directly to the damaged peripheral nerve provided suttsined, on-demand relief of acute
PAP exacerbations, reduced epioid utilization, and improved QOL for patients with lowes limb amputations with chrenic PAP.

eywards: High-fr nerve block, neu ie pain, peripheral nerve stimulation, phantorm limb pain, postamputation pain

Address covrespondence ta: Leonasd Kapural, MD, PhD, Carolinas Pain institime and Canter for Clindcal Research, 145 Kimal Pask Detve 8200, WinstareSalem, BC 27103,
USA Emaik lapuralmd@genai com

1 Casolinas Pain lnstitne and Center for Clinical Research, WinstonSalem, NC, USA;
s

* meusology Section, Jesse Erown VA Medical Cernor, Chicaga, I, USA; and
* Depanment of Pain Management, Cleveland Clink, Cleveland, OH, USA

For mose in on aenhor guidelines, an of Bur posr Ieview Do, and conflct of incesest informiad comsent poll cies, pkease see this joumals Guide
for Authews.

Souneis] of financial suppon: The highnfreQUEncy nerve block for poST amputation pain IQUEST) siedy and publication of this amicle wene funded by Neuros Medical,
Inc {Alisa Vigjn, CA).
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