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Learning Objectives

* Review the role of peripheral nerve stimulation (PNS) in pain
management, highlighting advances in imaging and technology

» Describe an algorithmic approach to patient selection for
peripheral nerve stimulation in orthopedic surgery

» Explain key criteria for patient selection in peripheral nerve
stimulation (PNS) from the perspective of a pain specialist
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Types of Pain

Spinal Cord Stimulation (SCS) Peripheral Nerve Stimulation (PNS)
Neuropathic Pain Nociceptive Pain

a Incisions are made at b A laminectomy is created at T10 and the
T10 in the mid back stimulator lead placed next to the
and into the right flank. spinal cord.
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How Do We Block Peripheral Sensory Nerves?

Electrical Methods

« Transcutaneous Electrical Nerve Stimulation (TENS)
- Non-invasive; uses surface electrodes to modulate nerve activity

* Peripheral Nerve Stimulation (PNS)
- Implantable device delivers pulses near the nerve to block pain signals

+ Kilohertz Frequency Alternating Current (KHFAC)
- Delivers high-frequency current to reversibly block Ad and C fibers

Chemical Methods

* Local Anesthetics (eg, lidocaine, bupivacaine)
- Block sodium channels; reversible nerve conduction block

* Neurotoxins (eg, botulinum toxin, capsaicin)
- Temporarily or permanently impair neurotransmission

* Alcohol or Phenol Neurolysis
- Cause irreversible nerve destruction—used in severe chronic pain

Thermal Methods

* Cryoneurolysis

- Uses extreme cold to disrupt axonal conduction; can be temporary or long-lasting

Modalities to Block a Peripheral Sensory Nerve

VW ) Y

Electrical Radiofrequency Ultrasound
Stimulation Ablation Disrupts axonal
Modulates Generates heat to conduction

nerve activity destroy nerve

Anesthetics (Reversible) Agents
(Reversible) Applies extreme old Causes nerve
Blocks sodium  t5induce axonal destruction
channels degeneration

Verrills P, et al. J Pain Res. 2016;9:481-492. Neuroaxis. Accessed August 21, 2025. https://neuroaxis.com.au/procedures/pain-procedures/spinal-cord-stimulators.



What Is PNS?

 Use of electricity to treat pain

* Neuromodulation is the direct application of electrical current to alter
neural activity, in this case, specific to an affected peripheral nerve

» Goal is to deliver selective stimulation of pain-relieving large sensory
fibers while avoiding the induction excitation of unwanted muscle
contractions, muscle weakness, and reduced proprioception pain and
motor fibers

Lin T, et al. Pain Med. 2020;21(Suppl 1):S6-S12.



Mechanism of Action

Conduction Veloci Myelination _____________[Sensation Carried
mm_Largest Fastest (~80-120 m/s) Yes Proprioception (not pain-related)

Touch lat
AR (Beta) Large Fast (~35-90 m/s) Yes ouch, pressure (can modulate
pain)
Ad (Delta) Small Medium (~5-35 m/s) Lightly myelinated Sharp, acute, localized pain; cold
C Fibers Smallest Slowest (~0.5-2 m/s) No Dull burnlr]g, diffuse pain;
warm/hot; itch

Grace Brandhurst...Vasa D, et al. Presented at: 9th Annual Interdisciplinary Conference on Orthopedic Value-Based Care; April 3, 2025; Dana Point, California.
Bioventus Confidential ©2021



Blocking A3- and C-fiber neural
transmission by sub-kilohertz
peripheral nerve stimulation

Shaopeng Zhang', Longtu Chen', Sajjad Rigi Ladez,
Ahmet Seferge, Jia Liu and Bin Feng*

Department of Biomedical Engineering, University of Connecticut, Storrs, CT, United State
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Appropriateness for PNS

* Block response to identify
Diagnostic Blocks: Are They Necessary? target, nOt pred|Ct efﬁcacy

o - Short-term analgesia with flare
mae o = Surgery/ablate

100%
0.05 2 - 75th %i .
% 80% — '5th %ile
= - Long-term analgesia
]
3 70% — { —ﬂ Median
5 £ 60% i + Mean + SEM .
50% -
fin s ] ~ = Stimulate
@ 0% B 0% | ‘ sal |
80% — £ 0% I ‘ | —l=— 25th %ile
70% 4= Medan 8 2om — L + |
g eon * S am—tE| | .
R i + Moan + SEM _j. |
! 0% Rl LT ®
i e ok St Foce Subcsanes we Can DIOCK | en we can
T W% Y e | Fig. 2. The fraction of paticnts reporting at least 0% relief of pain )
§ 0% 1 B s significantly greater for all 3 “active’ nerve blocks than for the
§ 10% - control subcutancous injection (chi square, P < 0.05). The results for u u
0% — A L cach of the 4 blocks are displayed here as quartile plots (showing
Root Sclatic Facet Subcutaneous median results and istributions) with superimposed
3. Sustained relief of pain for at least | h was reported by a means + SEM of sustained 1-h ratings, as fractions of the baseline
apority of patscats following cach of the active nerve blocks, inched- pain rating. Most paticnts reported sustained relief by at least 90%
distal or collateral blocks, but mot the control subcutanecus after the root blocks, and by at Jeast 75% after the sciatic nerve
., blocks ~ distal or collateral to their known spinal pathology.

- Negative block does not equal
no stimulus

MRI = magnetic resonance imaging; EMG = electromyography; NCV = nerve conduction velocity.
North RB, et al. Pain. 1996;65(1):77-85.



Facial nerve

Intercostal nerve

-Shaft: Posterior interosseous
nerve / sensory radial

Supraclavicular
sensory nerve

-Pectoral nerves
-Brachial plexus (C8-T1)
-Phrenic Nerve

-Left recurrent laryngeal
-Saphenous nerve
-Intercostal nerve

-Distal: Palmar cutaneous
branch of median nerve

-Ilioinguinal nerve
-Iliohypogastric nerve
-Genitofemoral nerve
-Subcostal nerve

-Medial dorsal cutaneous
-Lateral sural nerve
-Tibial nerve

Genitofemoral nerve

-Common peroneal
-Lateral sural nerve
-Saphenous nerve
-Infrapatellar branch
-Nerve to vastus
-Genicular nerves

Saphenous and
infrapatellar branch

ORIF = open reduction and internal fixation.
Terkawi AS, et al. Anesthesiol Clin. 2023;41(2):489-502.

-Spinal accesory nerve
-Hypoglossal nerve
-Superficial cervical
plexus

-Dorsal scapular nerve
-Long thoracic nerve

-Pectoral nerves

Recurrent laryngeal

Long thoracic nerve

With axillary lymph
node dissection:
-Intercostobrachial
-Long thoracic nerve

-Ilioinguinal nerve
-Iliohypogastric nerve
-Anterior cutaneous
-Subcostal nerve
-Genitofemoral nerve

-Ulnar nerve

-Median nerve

-Medial brachial -Femoral nerve
cutaneous -Ilioinguinal nerve

-Iliohypogastric nerve
-Genitofemoral nerve
-Anterior cutaneous

-Deep peroneal nerve
-Superficial peroneal
-Common peroneal
-Tibial nerve



-Musculocutaneous nerve
-Axillary nerve
-Suprascapular nerve
-Greater occipital nerve -Lateral pectoral nerve
-Lesser occipital nerve
-Third occipital nerve
-Auriculotemporal
-Supraorbital nerve
-Trochlear nerve

E

-Proximal: Axillary

-Shaft: Radial

-Distal: Median/Radial/Ulnar
-Medial brachial

-Dorsal antebrachial

-Sciatic nerve
-Posterior femoral Uf _
cutaneous nerve
-Saphenous nerve -Pudendal nerve
-Femoral genicular -Sciatic nerve
branches -Lateral femoral cutaneous

-Greater trochanteric sensory
-Femoral nerve

-Obturator nerve

-Superior gluteal nerve
-Superior cluneal nerve

-Tibial nerve
-Common peroneal

-Sural nerve -Pudendal nerve
-Calcaneal branch of -Sciatic nerve
tibial nerve -Femoral nerve

Terkawi AS, et al. Anesthesiol Clin. 2023;41(2):489-502.




Peripheral Nerve Stimulators

 Potential advantages of PNS
- It mostly does not induce sensory, motor, or proprioception deficits

It can produce more sustainable benefits than other conventional methods like
pulsed radiofrequency neuromodulation and cryotherapy

It is less invasive than spinal cord stimulators and easier to remove
The patient can control the amount of stimulation (ie, personalized treatment)
It may help regenerate injured nerves (ie, therapeutic treatment)

* Different mechanisms of action have been postulated for the effect of
PNS
- Modulation of pain gate control pathway (ie, distract the pain pathway)
- Intrinsic capacity to regenerate axons into target tissues after nerve injury

Juckett L, et al. Biomolecules. 2022;12(12):1856.



Peripheral Nerve Stimulators

Cell Body

’}, Neuron
' "'"~~..__.  Electrical stimulation (ES) proximal to injury site

%
En..__ stimulates upregulation of regeneration-
= associated genes (RAG) through a calcium-

dependent mechanism

* Increased expression of BDNF and trkB drives
increased expression of cCAMP, which activates
CREB to maximize the pro-regenerative axon
phenotype, stimulating axonal sprouting and
neuron survival

« ES causes calcium and sodium to flood the
neuron, creating an action potential that
propagates retrograde to the cell body, like that
which occurs naturally following an injury

 In vitro experiments demonstrated that following
ES delivery (20 Hz, 3-5 V, 100 usec for 1hr),
and subsequent calcium influx, there is an
increase in MRNA expression of BDNF and its
?i?(kgf\fﬁnity receptor, tyrosine receptor kinase B
tr

Axon

Nerve Regeneration N

BDNF = brain-derived neurotrophic factor; cAMP = cyclic adenosine monophosphate; CREB = cAMP response element binding protein; mRNA = messenger
ribonucleic acid.
Juckett L, et al. Biomolecules. 2022;12(12):1856.



Postsurgical Electrical Stimulation Enhances Recovery

following Surgery for Severe Cubital Tunnel Syndrome: A
Double-Blind RCT

* 31 patients, 11 surgery, and 20
surgery and PES

* Thr of 20 Hz following surgery
* Followed for 3yrs

* Motor unit number estimation
significantly improved, and grip
strength and key pinch strength
(3x greater)

PES = postoperative electrical stimulation; SE = standard error.
Power HA, et al. Neurosurgery. 2020;86(6):769-777.

A Controls

Force (kg)
w B

w
v

Force (kg)

Post-op (years)

Post-op (years)

IGURE 4. Strength improvements in the hand. A, Postoperative changes in grip strength in the control group (left panel) compared to that in the
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electrical stimulation (ES) group (right panel). B, Postoperative o

black lines and grey bars represent mean & SE at baseline. Asterisks (*) represent statistically significant (P < .05) postoperative improvement.

hanges in key pinch strength between the 2 groups. Layout is the same as in A. The




PNS for Peripheral Neuropathic Pain

Table 4. Primary Efficacy Outcome; Responders by Randomization Group.

Total number of patients Treatment (N= 45) Control (N =49) Difference
G4 17/45 (38%) 5/49 (1089 28%

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

Anatomic location of the implanted lead # of patients Treatment (N = 45)
LIE 26 412 (33%)
LE 27 513 (38%)
Trunk 41 820 (40%)
Total 94 17745 (38%)

Table 6. Comparison of Randomization Groups on Average Pain Reduction by Anatomic Location.

Anatomic location of the implanted lead

Treatrment Control
N Mean S0 N Mean
LIE 12 G2 333 14 65
LE 13 210 308 14 12
Trunk XA 201 056 21 02
Total 45 272 305 4G 23

LE = lower extremity; UE = upper extremity; SD = standard deviation.
Deer T, et al. Neuromodulation. 2016;9(1):91-100.



PNS for Focal Mononeuropathy

« 39 patients, 11 peripheral nerves, from 18 centers
* Average of 71% pain reduction and 72% increase in activity
* 89% of patients had at least a 50% reduction in opioid use

Table 3. Average change in visual analog scale score by peripheral nerve stimulate

A case series on the use of peripheral nerve

Location N Visual analog scale prior to Visual analog scale after Change (%) . .
implant implant stimulation for focal mono-neuropathy treatment
Total 39 8.2 24 70.8 Jessica Oswald MD MPH, Krishnan, Chakravarthy MD PhD
Lateral femoral cutaneous 3 83 00 100.0 Center for Pain Medicine, Department of Anesthesiology, University of California, San Diego
Genitofemoral . 100 10 500 e
Ilicinguinal 1 10.0 10 90.0 Peripheral mono-neuropathy can be A case-series of 39 patients with a total of 42 | Of the nineteen patients on opiates prior to
debilitating for the patient and difficult to implants were enrolled starting in August | their procedure, 94% of them have noticed it
sural 1 8.0 20 75.0 treat. Current  neuromodulation 2017 at various pain management centers in | a 50% or greater reduction in opiate
treatment systems have relied more the United States with no exclusion for ' consymption. Self-reported activity levels -
Peroneal 3 9.0 23 74.1 heavily on dorsal column spinal cord and participation. Patients were surveyed before | | improved in 100% of the patients after = -
dorsal root ganglion stimulators. With the And,Bfred, deviee Implantation.. 345 .of ithe eripheral nerve stimulator implantation. -
Axillary nerve 18 80 24 70.1 localizing source of pain usually being a patients surveyed wess female and 4o vese PeL! P -
peripheral nerve, it is reasonable to Jnaie. -
suprascapular ! 0 i o7 consder 2 more focaly targeted | | -
saphenous 3 77 27 65.2 neuromodulation device that uses less -
overall energy and more selective Of the 39 patients studied, 78% of the b
Tibial 5 7.8 26 66.7 targeting of current. rticipants noticed an improvement in ac %
particip p
Brachiol ol 5 s a5 526 their pain. There was a 71% reduction in | Tablel
rachial plexus . . . . . . . i scores with the average Pre:procadire VASPriorto  VASAfter Change | Figure 1: Percent of patients reporting greater than
In peripheral nerve stimulation (PNS) using pa " 8". o gz pre-pi ‘u Location N implant  Implant (%) 50% opioid reduction pre- and post- implant with
Intercostal 1 7.0 5.0 28.6 the Bioness Stimrouter system, seore, o Improving to post-implant. 3 Bioness Peripheral Nerve Stimulator
g - - intradermal leads are placed along the = The greatest reduction in pain scores were 1. S 24 o7
peripheral nerve sheath and secured via a seen in the lateral femoral cutaneous nerve Taboril Femoral
deployable anchoring system. One prior | | with pre-implant pain scores Improving | cummecws 3 83 00 1000
study has evaluated the efficacy of the from an average of 8 to 0 (100% reduction Genitofemoral 1 100 1.0 900
Bioness Stimrouter system', but there are in pain score) post implantation. The illeoinguinal i 100 10 900 Peripheral nerve stimulators are a new,
Table 4. Percent improvement in activity by peripheral nerve stimulated. no studies describing the specific nerves | smallest pain score improvement (29%) was | Sual 1 80 20 70 minimally invasive  neuromodulation
- . - innervated, or the system’s effects on seen when PNS was implanted into the Peroneal 3 90 23 241 modality that shows promising early
Nerve location n Improvement in activity (%) opioid use and functional activity. We intercostal nerve with (n=1).The axillary 1 results in our 39-patient case-series.
Total 27 720 resent o 39 patient case series looking at. | | (47%) and tiblal nerves (11.9%) were the | | SZevidn T 00 2% 1% Further exploration of use of peripheral
peripheral nerve stimulation on various most commonly implanted and achieved an S 3 77 27 652 nerve stimulation should be encouraged
Axillar 14 735 isolated mono neuropathies in reducing | | average pain reduction score of 69% and | | o 5 - in our pain management treatment
y - VAS score, opioid consumption, and ; o) 3, 2 25 G g
64% respectively. The lateral femoral o A algorithm.
" increased  functional  activity  post . - » SrachitPloce = 2 o= b3S Roed
Brachial plexus 1 80.0 timolath cutaneous implants had the highest pain Intercostal 1 70 50 286 Smaies
b SEaTsation: reduction of 100%. Participants noted on boand L Lo rarsl el bt e sy s SO
Genitofemoral 1 75.0 average a 72% improvement in activity with ooy 3 iy o e Moo Mmoot i
llioinguinal 1 75.0 the greatest noted in the brachial plexus Newromodulat 19(11:91:100.
9 : (80%) and suprascapular nerve (80%) and
Intercostal 1 20.0 smallest in the intercoastal nerve (40%). = }
Sonts o o  faindo of Nowsom Bomadic
Lateral femoral cutaneous 2 70.0 Tharspeutics
Peroneal 2 75.0
Suprascapular 1 80.0
Sural 1 60.0
Tibial 3 733

Oswald J, et al. Pain Manag. 2019;9(6):551-558. Oswald J, et al. Presented at: 26" NANS Annual Meeting; January 12-15, 2023; Las Vegas, Nevada.



T
Durable Patient-Reported Outcomes following 60-

Day Percutaneous PNS of Medial Branch Nerves

* Multicenter prospective : peed il
case series of 60-day T
PNS SyStem fOr 14 l:EGO/
months (74 patients)

» Clinically meaningful
improvement in at least 1 .. T
OUtCOme Ezzz B Proportion Reportin TCn: ftII sl‘:lrt fo Itlm . tI'It) at Least 1 Outcome

- Pain intensity, disability, :
and interference O O \> \-) O

Time after Start of Treatment

- No serious AE

AE = adverse event.
Gilmore GA, et al. Interv Pain Med. 2023;2(1):100243.



Four-Year Follow-Up from a Prospective, Multicenter Study of 60-day Medial

Branch Nerve Stimulation for the Treatment of Chronic Axial Back Pain
Christopher A. Gilmore, MD,! Timothy R. Deer, MD,2 Mehul J. Desai, MD, MPH,? Sean Li, MD,* Michael J. DePalma, MD,"

'Center for Clinical Research, *The Spine and Merve Center of The Virginias, Yinternational Spine, Pain & Performance Center, *Premier Pain Centers, SVinginia iSpine Physicians

PAIN MEDICINE

Tird Annual Pain Medicine Meeting
Mosember F1-30, 2002 | BASPAFALLEL

| PHS Land femow

Clinically significant pain refief 4+ years after receiving remporary, G60-day PNS
Participants Responding o Suresy 3
Body Mass imdey (BAM) 29.0(4.5)
Age (years) 53.B(13.4)
LEF Duraton {years) 13.1(13.5])
‘Bex (% Female) BESE
HAverage LBF Intensty at Baseline 6.5 (1.5]
Resuits ans Me=an (S0} uniess otherwise staied

Short-term, §0-Day percutanecus PNS treatment has demonsirated
sustained reductions in pain and disability at least one year after treatment
in patients with chronic low back pain (LBF) patients. 12
= Prior Prospeciive Multicenter Siudy Resuffs: 14 Months after starting
reatment, 77% of subjects (n=48/62) expenenced dinically significant
improvements in pain, disabdity, andior pain interference.

¥

HFain intensiy
M Disability
HFain Inefennce

100% 10
20% ~
20% -
T0% 4
G0% -
50% 4
40%

~ go-day
PHS

£3% avg. reportsd pain rellaf
among lang-term respondens at an
avy. 4.7 years after G0-day PHS ..\

L

[ L

Majority of Survey Respondenis
Reported Relief 4+ Years affer PNS
= 65% reported clinically significant
(=30%) relief of their LBF
= 709 reported highly dinically significant
(250%) pain relief and/or improvemnent in
disability (210-pt ODI)
Improvements in Pain, Disability, and PGIC Quality of Life

100% 7 16 +
0% 14 1

Propartion of Subjects Exparkens ing
Clinically Significant improvem enis
R R
Significant (230% ) Pain Ralief
Average Pain Intensity among
Long-Tenm Responders
= AR -

2 14
= Time after Start of
" Treatment {months)
Objectiva: Further explore the potantial
for long-term durabliity of rellsf following
B0-day PMS for chronlc axlal LBP.

L

;
4 5

Proportion Responding with Clinically

Long-Tarm

1 2
Follow-Up Time after Start of s0-day Treatmant (years)

4.1 5.3 5.0
Duratlon of Lang-Term Follow-Up 4_0

for Long-term Respondsrs 37 47
{years after Start of Treatment): e

Parcutanscus PNS

Long-term Follow-Up Survey Eligibility:
Subjects completing prior study were eligible to paricipate
in the follow-up survey if they had dinically significant
improvement(s) at final study visit 14 months afier start of
G0-day medial bramch PMS with at least one of:

= = 30% reduction n pain ntensity (BP15)

= 2 10-pt reduction in disability (ODH)

= 2 30% reduction pamn interference (BP1B)
Farticipating Clinical Sifes:
G Sites from the prior study were invited to participate
(sites with = 1 subject meeting the survey eligibility criteria
were not invited).

- b Sites participated (1 dedlined due to administrative

bandwidth)

Survey Data Collection:
Subjects reported levels of pain relief, disability, pain
interference, change in quality of life, LBP treatments
usad since last study visit, and satisfaction with PMNS
treatment

» Safety outcomes were not assessed in sundey.

Prior Multicenter Study

Long-Term Follow-Up Survey

of thie Lumbar

Medlal Branches 5
B0 days, 12 Hz, 0-12 hesiday
+

2 Months after Start of Treatment
n=74 completed freatmeant”
l—i m=12 Lost to Follow-LUp
14 Monthe after Start of Treatment
n=c2 completed Tolow-up
n=14 Incligibie for Folow-Ug survey
n=1 at non-partiipating sita [P1 daparture)

n=47 meet criteria for Long-Term Folow-Up |

——& R=10 Unavailabie for Partcpation
- 1 deceased & 2 dacined partkpation
7 from sie Mat was unabis to paricipae

N=37 Long-Term Follow-Up surveys malled |

=14 Lost to Tollow-up or falled
complete and retum suvey

T

4.6 = 0.1 Yoars after Start of Treatment®
n=23 Completed Survey [

"Ful stoy enrciimen delrled it orewous

2 0%
'Em%- 2]
10

Long-term Healthcare Resource Utilization in Foflow-Up

=4 B+ years after G0-day PNE, a majority (T0%, n=16/23) of survey respondents

avoided progression to more costly, invasive, andfor destructive LBP pain
interventions (Le., radiofrequency ablation, neurostimulation implant, and/or lumbar

Dwie piciied ms

= a0% -
a

g 4
4
2 4
o

Avg. Reduwction Disability (001)

Mean |5 EM

= Percutanecus PNS treatment provided clinically significant pain relief andior
improvements in disability among a majority of surveyed respondents an average

of more than four years afier the treatment.

= These results demonstrate that percutaneous PMS can provide remarkably durable

Results Among Long-term Responders at 4+ Years after 60-day PNS

surgery) in long-term follow-up:

= The ate of progression o
interventions wars 0.1 per
subject per year of follow-up.

Uss of Other Intsrventionc
L=, RF&, Msuroctim., Surgery)
Im Long-Termn Fodlow-Up

.1 procedures
per subject - pEar

= Medication usage by survey respondents at long-term fiollow-up was most commoniy
mild analgesics (e.g., MSAIDs). 6 subjects reported weak opicid use.

References:
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outcomes that are often sustained for multiple (4+) years after the 60-day treatment

for LBP, which may mitigate the need for more invasive treatment intersentions.
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BPI = Brief Pain Inventory; ODI = Oswestry Disability Index; Pl = principal investigator; PGIC = Patient Global Impression of Change; RFA = radiofrequency ablation;
NSAIDs = non-steroid anti-inflammatory drugs.
Gilmore GA, et al. Presented at: 239 Annual Pain Medicine Meeting (ASRA); November 21-23, 2024; Las Vegas, Nevada.



Five-Year Longitudinal Follow-Up of Restorative Neurostimulation
Shows Durability of Effectiveness in Patients with Refractory Chronic
LBP Associated with Multifidus Muscle Dysfunction

* Prospective 5yr follow-up of Reactiv8-B pivotal
trial

* Permanent multifidus stimulator implant
« 30 min BID

 N=204

* VAS, Oswestry disability, QoL

* VAS 7.32>2.4

* 71.8% had 250% reduction

* 46% discontinued opioids, 23% decreased
iIntake

« No migration or IPG replacements

LBP = low back pain; BID = twice daily; VAS = visual analogue scale; QoL = quality of life; IPG = implantable pulse generator.
Gilligan C, et al. Neuromodulation. 2024;27(5):930-943.



Case Analysis Comparison
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Figure 4. A comparison of the completed-cases analysis for VAS, ODI, and BQ-50-5L index and the analysis with stratified imputation for missing data following the
intention-to-treat principle (N = 204). a-c. The top panels show continuous outcome variables. d-f. The bottom panels show proportion of responders relative to
various thresholds. MMRM, mixed model for repeated measures,

MMRM = mixed model for repeated measures.
Gilligan C, et al. Neuromodulation. 2024;27(5):930-943.



Head and Neck Pain

* Due to mechanism and efficacy, occipital stimulation has been studied
more than other types of neuromodulation

- Central and peripheral mechanisms
- Promising for other types of head pain/headache

* ONS currently has most clinical evidence
- Migraine, chronic headache, and occipital neuralgia

* Prior to newer technologies
- Using leads made for SCS and internal pulse generator
- 50-85% improvement

- High complication rates—migration, erosion—up to 71%
o IPG difficult

ONS = occipital nerve stimulation.
Salmasi V, et al. Pain Med. 2020;21(Suppl 1):S13-S17. Anthony AB, et al. Pain Physician. 2019;22(5):447-477. Slide used with permission from Matt Pingree, MD.



PNS of Occipital Nerves for Chronic Migraine

Safety and Efficacy of PNS of Occipital Nerves for
Management of Chronic Migraine: Long-Term Results
from a Randomized, Multicenter, Double-Blinded,
Controlled Study

» 157 patients randomized to active or control for
12 weeks, then open label for 40 weeks

 HA days reduced by 6.7
» Excellent relief reported by 65.4%

« 183 adverse events, with 40.7% requiring
and 8.6% requiring hospitalization

all
| ]

ITT (me111)

surgery

3 Baseine B 52 Weeks

Figure 2. Headsche days were signficantly reduced by 6.7 (184) duys (p < 0.001) In the ITT popatation and by 7.7 (£8.7) daps
(p < 0.001) in the KCM population. After week 12. ail patsents (active avd control) were colapsed into one group. Error bars represent
standard deviations.

RCT = randomized controlled trial; RR = relative risk; HA = headache.

Occipital Nerve Stimulation for the Treatment of
Intractable Chronic Migraine Headache: ONSTIM
Feasibility Study

75 patients to multisite RCT

Adjustable or Preset stimulation vs medical
management

Field stimulation using epidural-style leads
RR (>50% reduction in HA days or VAS decrease >3)

Con: industry funding and underpowered for efficacy,
adverse events (24% migration)

Table 4. Percentage change in number of headache days

Mean £+ SD
Percentage change
Treatment group N Baseline 3 months from baseline
Adjustable stimulation 28 22.4+63 15.7+10.0 27.0+448
Preset stimulation 16 23.4+5.1 21.9+78 8.8+28.6
Medically managed 17 23.7+43 228+6.3 44+ 19.1
Ancillary 5 25.3+50 16.3x14.3 39.9+51.0

Dodick DW, et al. Cephalalgia. 2015; 35(4):344-358. Saper JR, et al. Cephalalgia. 2011;31(3):271-285.



PNS of Occipital Nerves for Chronic Migraine

Safety and Efficacy of ONS for the Treatment

of Chronic Migraines: Randomized, Double-  ONS Stimulation for Chronic Migraine: A
Blind, Controlled, Single-Center Experience Randomized Trial
« 20 patients active or control for 12 weeks, then open « 30 patients for migraine and medication overuse

label for 40 weeks

« HAdays reduced by 8.51

« Crossover at 4 weeks

« Significant difference P<.05 in HA intensity and
35% had 50% reduction in HA days (0% in control frequency

group) « Con: Single center, unblinded, small, lack of control
« 15/20 (75%) patients had adverse event; 45% beyond 8 weeks

hardware-related

Table 2. Patients with 30% and 50% Average Daily =
Visual Analog Scale (VAS) Reduction and No Increase in
Headache Duration or Frequency

Contral (n=6) Active (n=14) AlI(N=20) Pvalue

Withan Wity s
a a £

30% Reduction in VAS (n [%])

12 weeks 4 (20%) 12 (60%) 16 (80%) 0.373*
52 weeks 12 (60%)

50% Reduction in VAS (n [%])
12 weeks 0 (0%) 4 (29%) 4 (20%) 0.018*% b : : : :
52 weeks 7 (35%) e

Fig. 3. Median menthly dese of friptans ( N=22) and NSAIDs ( N=16) during the sudy peried.

Mekhail NA, et al. Pain Pract. 2017;17(5):669-677. Serra G, et al. Pain Physician. 2012;15(3):245-253.




Safety and Efficacy of ONS for Attack Prevention in
Medically Intractable Chronic Cluster Headache (ICON)

Summary

« Background occipital nerve stimulation (ONS) has shown promising results in
small, uncontrolled trials in patients with medically intractable chronic cluster
headache (MICCH)

+ We aimed to establish whether ONS could serve as an effective treatment for
patients with MICCH

Methods and Results

« Randomized, double-blind, multi-center, Phase 3, electrical dose-controlled trial

« 24 weeks of occipital nerve stimulation at either 100% or 30% of the individually
determined range between paraesthesia threshold and near-discomfort (double-
blind study phase)

+ 131 patients; 65 (50%) patients to 100% ONS and 66 (50%) to 30% ONS

* 100% ONS reduced weekly HA frequency from 17-58 to 9.50, at 21-24 weeks;
the 30% ONS group from 15.00 to 6.75

« 17 with 100% ONS and 8 with 30% ONS were labelled as serious, given they
required brief hospital admission for minor hardware-related issues

« The most common adverse events were local pain, impaired wound healing, neck
stiffness, and hardware damage

* This study was interpreted as positive, although there was no sham control

Wilbrink LA, et al. Lancet Neurol. 2021;20(7):515-525.

Weekly attack frequency (logarithmic scale)

Mean attack frequency (logarithmic scale)

A 100% ONS

30% ONS
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Figure 3: Attack frequency at baseline (A) and throughout the study period (B)



PNS for Occipital Neuralgia

« US-guided lead placement
» After successful block

* 5 leads implanted in 3 patients
- 2 bilateral

Age,y, TimetoLast ~ Percent Stimulation
andSex  Laterality Secondary Diagnosis*  Other Comorbidities Follow-up,mo ~ Pain Relief ~ Use, h/d
1 62male Right Migraine headache History of sinus surgery, hypertension, 16 25 8

obstructive sleep apnea, coronary
artery disease
2 63mak’  Left Migraine headache History of sinus surgery, hypertension, 8 25 8

obstructive sleep apnea, coronary
artery disease

3 29female Right Cervicogenic headache  None 6 100 7
4 70female Bilaeral  Migraine headache History of lung cancer, chronic obstruc- 6 70 24
tive pulmonary disease, bilateral hip
and right knee arthroplasty

*Primary diagnosis for all these patients is “occipital neuralgia”’; TfSame patient as number 1.
US = ultrasound.
Salmasi V, et al. Pain Med. 2020;21(Suppl 1):S13-S17.




Proximal Occipital Nerve Stimulation




* Doppler confirms no
vertebral artery near
target, and black circle is
nerve, not vessel

GON = greater occipital nerve; OCI = osteitis condensans ilii; TP = transverse process; DRG = dorsal root ganglion.



PNS of the Greater Occipital Nerve Feasibility and Efficacy As
Both Prophylactic and Abortive Therapy for Migraine

« Xiang Qian, PhD, MD, is Pl—no funding

* Meredith Barad and Einar Ottestad are co-investigators
* GON blocks can treat migraine HAs in the short term

« Will PNS provide extended relief?

* Primary endpoint abortive: Percentage of abortive stimulations that result in minimal HA after
2 hrs at 1, 2, and 3 months

* Primary endpoint prophylactic: Percentage of days with mod/sev HA

« Secondary: Percent of days with abortive medication usage; PROMIS Profile CAT v1.0 and
Migraine-Specific QOL (MSQOL); responder rates

PROMIS = patient-reported outcomes measurement information system; CAT = computer adaptive test.
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Systematic Reviews
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Appropriateness for PNS
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Level 1

Level T

Level 1M1

Level IV

Level V

Strong

Moderate

Limited

Consensus

based

Evidence obtained from multiple relevant high-quality randomized controlled trials for effectiveness

or

Evidence obtained from multiple relevant high-quality observational studies or large case series for assessment of
tiveness of other measures

preventive measures, adverse cons

Evidence obtained from at least one ant high-quality randomized controlled trial or multiple relevant moder-
ate- or low-guality randomized controlled trials

or

Evidence obtained from atleast two high-guality relevant observational studies or large case series for assessment

of preventive measures, adverse consequences, and effectiveness of other measures

Evidence obtained from at least one ant high-guality nonrandomized trial or observational study with multi-
ple moderate- or low-quality observational studies

or

At least one high-quality relevant observational study or large case series for assessment of preventive measures,
adverse consequences, and effectiveness of other measures

Evidence obtained from multiple moderate- or low-quality relevant observational studies

or

Evidence obtained from moderate-quality observational studies or large case series for assessment of preventive
measures, adverse consequences, and effectiveness of other measures

Ovpinion or consensus of a large group of clinicians and/or scientists for effectiveness, as well as to assess preventive

measures, adverse consequences, and effecoveness of other measures

Deer TR, et al. Pain Med. 2020;21(8):1590-1603.

Level | for occipital nerve stimulation
- 9 RCTs

Level | for LBP
- 3RCTs

Level |l for sphenopalatine ganglion
- 1RCT

Level Il for post-stroke shoulder pain
- 1RCT

Level Il for mononeuropathy of trunk or
extremities

- 1RCT

Level Il for posterior tibial nerve stimulation
- 3RCTs




PNS in Pain Management
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ABSTRACT

Peripheral nerve stimulation (PNS) was the first
application of peuromodulation, Widespread
application of PNS was limiled by technical
concerns, Recent advances now allow the per-
cutaneous placement of leads with ultrasound
or [luoroscopic  guidance, while (he
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§, Helm (L) - 8, Shah

Department of Ancsthesiology and Pain
Management, Universily of California, livine,
Orange, CA, USA

enail: drhelmé@thehelnenter.com

N. Shirsat
School of Medicine, University of California, lrvine,
Orange, CA, USA

A, Calodney
Predision Spine Care, Tyler, TX, USA

A Abd-Elsayed

Department of Anesthesiology and Pain
Management, University of Wisconsin School of
Medicine and Fublic lleallh, Madison, W1, USA

D. Kioth
OrthoCT, Danbury, CA, USA

A. Soin
Ohio Pain Clinic, Dayton, OH, USA

A, Trescot
Physic

Fartners of America, Orange Park, FI, 1S4

transcutaneous powering of these leads removes
the need for leads to cross major joints. This
systematic review was writien to assess the
aarrent status of high-quality evidence sup-
porting the use of PNS for pain conditions
treated by interventional pain physicians. The
available literature on PNS, limited to condi-
tions lrealed by Interventional pain physicians,
was reviewed and the quality assessed. Litera-
ture from 1966 to June 2021 was reviewed. The
oulcome measurcs were pain reliel and func-
tional improvement. One hundred and Lwo
studies were identified. Fve randomized con-
trolled rials (RCT) and four observational
studies, all case series, met the inclusion criteria,
One RCI was of high quality and four were of
moderate guality; all four case series were of
moderate quality. Three of the RCTs and all four
case series evaluated peripheral nerve neuro-
pathic pain. Based upon these studies, there is
level 1T evidence supporting the use of PNS to
treat refractory peripheral nerve injury. One
moderate-quality RCT evaluated tibial nerve
stimulation for pelvic pain, providing level T
cvidence for this indication. Onc moderale-
quality RCT evaluated surgically placed cyline
cal leads for cluster headaches, providing
vel 111 evidence lor this indicalion. The evi-
dence suggests that approximately two-thirds of
palients with peripheral neuropathic pain will
have al least 50% sustained pain relicl, Adverse
cvents [rom PNS arc gencerally minor. A major
advantage of PNS over spinal cord stimulation is

Published onfine: 03 September 2621

Helm S, et al. Pain Ther. 2021;10(2):985-1002.

102 studies identified 1966-2021
5 RCTs, 4 observational

Level Il evidence to use PNS to trea
peripheral nerve pain

2/3 of patients have at least 50%
Improvement

» “Therefore, there is level Il evidence
supporting PNS in the treatment of
refractory peripheral nerve
neuropathic pain.”




ASPN Guideline

3 REVIEW
Evidence-Based Clinical Guidelines from the
American Society of Pain and Neuroscience for
the Use of Implantable Peripheral Nerve
Stimulation in the Treatment of Chronic Pain

Natalie Strand @', Ryan S D'Souza®?, Jonathan M Hagedorn@®’, Scott Pritzlaff*, Dawood Sayed ®°,

Nomen Azeem@°, Alaa Abd-Elsayed’, Alexander Escobar®, Mark A Huntoon®,
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'Department of Anesthesiology, Division of Pain Medicine, Mayo Cimic. Scottsdale, AZ, USA. *Department of Anesthesiology and Peroperative
Medicine. Division of Pain Medicine. Mayo Cini. Rochester. MN. USA: *iSpine Pain Physicians. Bumsville. MN. USA: “Department of Anesthesiology
and Pain Medicine, Division of Pain Medicine. University of Calornia-Davis, Sacramento, CA. USA: ¥The University of Kansas Medikal Center, Kansas
City. KS. USA; *Fiorida Spine & Pain Specialists. Bradenton. FL. USA: "Department of Anesthesiology. University of Wisconsin, Madison. W1, USA.
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USA: '®The Spine and Nerve Center of the Virginias, Charleston, WV, USA

Correspondence: Natalie Strand. Department of Anesthesiology. Division of Pain Medicine. Mayo Clinic, Scottsdale, AZ, USA. Tel +| 480.301-8000.
Fax +| 480-342-2986. Emall strand natalie@mayo.edu

Abstract: The objective of this peripheral nerve stimulation consensus guideline 15 to add to the current famuly of consensus practice
guidelmes and incorporate a systematic review process. The published literature was searched from relevant electromic databases,
including PubMed, Scopus, Cochrane Central Register of Controlled Trials, and Web of Science from database mception to March 29,
2021. Inclusion criteria encompassed studies that described peripheral nerve stmulation in patents in tenms of chinical ovtcomes for
vanous pan conditions, physiological mechanzsm of action, surgical techmque, technique of placement, and adverse events. Twenty
randonuzed controlled tnals and 33 prospective observational studies were mchuded 1n the systematic review process. There is Level
I evidence supporting the efficacy of PNS for treatment of chronic nugraine headaches via occpital nerve stumulation. chromc
henuplegic shoulder pamn via stumulation of nerves mmervating the trapezius, supraspinatus, and deltosd muscles; falled back surgery
syndrome via subcutaneous penpheral field stmulation. and lower extrenuty newropathic and lower extrenuty post-amputation pain
Ewvidence from current Level I smudies combined with newer technologies facilitating less ivasive and easier electrode placement
make peripheral nerve stimulation an attractive altemative for managing patients with complex pain disorders. Penpheral nerve
stimulation should be used judiciously as an adjunct for chronic and acute postoperative pain following adequate patient screening and
positive diagnostic perve block or stimulation trial

Keywords: post-amputation patn, low back pan, penpheral neuropathy, chronic postoperative pan

ASPN = American Society of Pain and Neuroscience.
Strand N, et al. J Pain Res. 2022;15:2483-2504.

Summary of Evidence Level
o Sumulaton of ocaipital nerves may be offered 1o patients with chronic nugrame headache when conservanve
treatments have tailed. The average effect size for relief of migraine symptoms is modest 1o moderate (Level 1.
Grade B)
e There is presently insufficient evidence to recommend stimulation of supraorbital and infraorbital nerves for
neuropathic craniofacial pain (Level II-3, Grade C).
Summary of Evidence Level
* PNS may offer modest and short-term pain relief. maproved physical function. and better quality of life for chronic
hemiplegic shoulder pain. (Level 1. Grade B)
* PNS for mononeuropathies of the upper extremity may be offered following a positive diagnostic ultrasound-guided
nerve block of the targeted nerve and is associated with modest to moderate pain relief. (Level II-2, Grade B)

Summary of Evidence Level

o Subcutaneous peripheral field stimulation combined with optimal medication management may offer moderate

improvement m pain mtensity for failed back surgery syndrome compared to optimal medication management alone
(Level L Grade B)

¢ There 1s evidence that PNS of medial branch nerves may mmprove pain intensity, physical function, and paim
interference i patients with axial, mechanical low back pain (Level 11-2, Grade B)

o There 1s imited evidence that PNS alleviates pain in neuropathic pain syndrome mvolving the tmunk and back
mcluding radiculopathy and post-herpenc newralga (Level 111, Grade C)

Summary of Evidence Level
¢ PNS may be considered for lower extrenuty neuropathic pain following failure of conservative weatment options
and is associated with modest pain relief (Level I, Grade B).
¢ PNS may be considered for lower extremuty post-amputation pam following failure of conservative treatment
options and 1s associated with modest to moderate pain relief (Level 1, Grade B).

Summary of Evidence Level
¢ As a less-invasive modality compared to SCS therapy. PNS may be offered to patients with CRPS Type I'Il or
peripheral causalgia, and may be associated with modest improvement in pain intensity and functional outcomes.
However, high-quality evidence is limited and other neuromodulation interventions such as dorsal root ganglion
SCS are recommended. (Level III, Grade C).



PNS by Nerve

Table 2. Individual nerves of the lower extremity described by level of evidence as well as a summary

of findings.
Nerve Evidence Level Summary of Evidence
- Four patients decreased pain scores by 5-9 points,
. Ilioinguinal nerve Level V decreased pain medicine use, and improved functional
Review ability [8,37].
Peripheral Nerve Stimulation for Lower Extremity Pain ~ Four patients reported 70-90% pain improvement,
Genitofemoral nerve Level V decreased opioid use, and improved functional
A . . ability [8,9,38].
Clayton Busch 1, Olivia Smith 2, Tristan Weaver !, Jayesh Vallabh ! and Alaa Abd-Elsayed * ty [89,3]
Lateral femoral cutaneous nerve Level V - Total of 80-100% improvement in symptoms [8,39].
! Department of Anesthesiology, The Ohio State University Wexner Medical Center, Columbus, OH 43214, USA, - Inan RCT PNS in PLP provided significantly improved
clayton.busch@osumc.edu (C.B.); tristan.weaver@osumc.edu (T.W.); jayesh.vallabh@osumc.edu (J.V.) L benefit over placebo and reduced opioid use by 71% [40].
d . X o X ; Femoral and sciatic nerves Level II L . .
2 Wright State University Boonshoft School of Medicine, Dayton, OH 45324, USA; smith.2651@wright.edu - Sciatic and femoral nerve PNS may provide relief for
3 Department of Anesthesiology, University of Wisconsin School of Medicine and Public Health, acute post-operative pain [12,13,41,42].

Madison, W1 53792, USA

*  Correspondence: abdelsayed@wisc.edu; Tel.: +1-(608)-263-9550 - One case report with robust response. Prior to PNS the

Obturator nerve Level V patient consumed 255mg of morphine daily but was able
to discontinue analgesics after PNS [43].

- Total of 90-100% improvement in knee pain in 2 case
Level V reports [8,44,45

Saphenous, infrapatellar saphenous,
- Decrease in VA% from 7.7 to 2.7 in another case report [8].

and genicular nerves

Peroneal nerve Level V - Total of 60-80% pain relief or in]ore with PNS [8,46,47].

- 75% improvement in activity [8].

- Most patients report at least 50% improvement in pain

Posterior Tibial nerve Level V after 6 sessions of PNS [48].

Level V - Total of 50-75% improvement in pain at 6 months [8,49].

Sural nerve - 60% improvement in activity [8].

PLP = phantom limb pain.
Busch C, et al. Biomedicines. 2022;10(7):1666.



Smatlc PNS Implant Preoperative Scan

« 48yo Male s/p traumatic BLE amputation with R
residual limb pain greater than phantom pain

Common peroneal neuroma at fibular head and at
tibial insertion from previous nerve decompression

surgery

Prosthesi

s/p = status post.



Sciatic Nerve OOP View of Needle

OOP = out of phase.



Sciatic Nerve Stimulation Probe in Plane View




Sciatic Nerve with Introducer
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Sciatic Nerve Lead in Distal Introducer




Sciatic PNS Burying Lead
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Marking Lead and Antenna Location
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Innovations for
Active Healing %

Treatment of Post-
Surgical Knee Pain
in the Ambulatory NR |
Pain Clinic Q |
Vinod Dasa, MD |

Vice Chair, Orthopedic Surgery
Irvin Cahen Endowed Professor
LSU Health Sciences Center
New Orleans, Louisiana




Nerves of the Knee

A o2 AN ' C

l N. to vastus intermedius . Superior lateral genicular n. . Superior medial genicular n. Common fibular n. . N. to vastus medialis

{ N. to vastus lateralis . Inferior lateral genicular n. . Inferior medial genicular n. Recurrent fibular n. Infrapatellar br. of saphenous n.

Tran J, et al. Reg Anesth Pain Med. 2018;48(4):407-414.



Nerve Targets in the Knee

3

aphenous nerve

SLGN 1

Branch of SN/CPN [/} IPBSN
ILGN and RCPN
Branches of CPN |
\ - IMGN
¥~/ Branch of TN

Spence E, et al. WFSA. Published May 25, 2021. Accessed August 21, 2025. https://resources.wfsahq.org/atotw/motor-sparing-blocks-for-the-knee.



PNS Candidates

* Non-surgical knee OA candidates
- Age
- Non-modifiable comorbidities (eg, CHF, PVD, CAD/stent...)
- “Modifiable” comorbidities (eg, BMI, smoking)

 Painful arthroplasty (? Loosening, ? Failure)
- Painful UKA
- Painful TKA
- Painful revision

OA = osteoarthritis; CHF = congestive heart failure; PVD = peripheral vascular disease; CAD = coronary artery disease; BMI = body mass index; UKA =
unicompartmental knee arthroplasty; TKA = total knee arthroplasty.
Bioventus Confidential ©2021



PNS Candidates

* Trial (try it before you buy it)
- Test treatment with temporary removable leads
- Sedation
- Trial leads placed percutaneously
- Patient ambulates to assess effectiveness
- ? >50% pain reduction



Painful PFJ

PFJ = patellofemoral joint.
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0.0 min ¥ ! M
0.00 mGy/min ;
0.52 mGy







Did It Work™?




PNS for Painful PFJ

* Permanent
- If trial is successful (>50% pain relief)
- General anesthesia
- Percutaneous placement and tunneling of lead
- Post-implantation managed by rep









PNS for Ortho: Where to Start

 Relationship with rep is different than traditional ortho
- Rep is the patient’s concierge post op, similar to pacemaker

* Meet with rep and learn their role

 Patient education
- Anxiety about a “wire” in their leg — compare to pacemaker/defibrillator/SCS...

* Lab/site visit
- Easier/safer than arthroscopy

* Patient selection
- Pre-auth/insurance approval (start with Medicare)

* Psych evaluation?



Nerve Targets in the Knee

55yo Female
Bone on bone knee OA (KL4)
BMI 41

Severe anterior and medial knee pain
limiting function

Does not want TKA




3 Months s/p PNS




I rrmaucipiind. meyisuduult Him mr COTNtnrerinSs
contact for details.

See my profile for relevant coi's

Xrays in comments

First posted in my #docsocial group

o

SU& 138 23 comments - 7 reposts
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Conclusions

* PNS for chronic peripheral nerve pain is supported by
moderate to high level evidence

- Ocecipital Nerve Stimulation has level | for migraine, MOH
SPG has level Il evidence i

Lower back pain has level | evidence

PSSP has level | evidence

PTNS has level lll evidence

* PNS for chronic neuropathic pain in the limbs or trunk
* Musculoskeletal pain

* Phantom limb pain

« Non-specific lower back pain

» Post-surgical — if we can block it we can stimulate it
and this may aid regeneration

MOH = medication overuse headache; SPG = sphenopalatine ganglion; PSSP = post-stroke shoulder pain; PTNS = percutaneous tibial nerve stimulation.

Stanford

MEDICINE
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