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History of PNS oence

15 AD: Scribonius and the Torpedo Fish
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History of PNS

1965: WALL & MELZACK GATE THEORY

VA @ Yt

History of PNS

Deer TR, Eldabe S, Falowski
SM, Huntoon MA, Staats PS,
Cassar IR, Crosby ND, Boggs
JW. Journal of Pain Research
2021: 14. 721736,

“Non-Nociceptive Balance”

® Sensory fiver (AR

® Motor fiver (a motor fibers

Pain foer (ABC fbers)
) i’_&ﬁ;—?

Unopposed Increased firing ’
of pain fibers - signals amplified

PNS activates the “good"” afferents,
blocking the “bad” afferents and thus

- “balances” signals
R B
VA @ U Dot

®V/CUHealth.
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History of PNS SPS

“CNS Reconditioning”

Deer TR, Eldabe S, Falowski N\
SM, Huntoon MA, Staats S,

Cassar IR, Crosby ND, Boggs 2 7
JW. Journal of Pain Research fidn
2021: 14. 721736,

* Activate Afferent Motor/Sensory fibers

VA | @ o, s

®VCUHealth.
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History of PNS QM ,

VA @ iammmz. @\ UHealth
Mechanisms of Action: PNS ‘mf

VA @) s ®/CUteath
Mechanisms of Action: PNS onf
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Mechanisms of Action: PNS

SPS

VA @ iammmz. @\ UHealth
Mechanisms of Action: PNS en_s

VA @) s ®/CUteath
Appropriate Populations for PNS onf

® Health.
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Appropriate Populations for PNS anc

* PHANTOM LIMB PAIN

* PERIPHERAL NERVE INJURIES

* COMPLEX REGIONAL PAIN SYNDROMES
* CANCER PAIN

* STROKE PAIN

* CHRONIC LOW BACK PAIN

* FIBROMYALGIA

* GUILLIAN BARRE SYNDROME

VA @ Yt ®\CuUHeslth

Populations ene
®Severity and duration of acute postop pain m——
is a strong predictor of development of CPS.

« ‘Abnormal sprouting’ of nerve fibers,
neuronal hyperexcitability, and irreversible
plasticity

* Peripheral and central sensitization
Woolf CJ, Mannion RJ. The Lancet. 1999; 353.

* Activation of NMDA receptors
Nikolajsen L etal. Br J Anaesth. 2001;87:107-16.

VA | @ e, SVCUsalin.

Indicated Populations for PNS ence

* Occipital nerves * Tibial Nerve

* Migraines * Overactive bladder

* Cluster Headache * Vagus Nerve

* Fibromyalgia * Depression
+ Hypoglossal Nerve * Epilepsy/Seizures

« Sleep apnea * Rheumatoid Arthritis
* Heart Failure
Inflammatory Bowel
Disease
* Gastroparesis
Chron’s Disease

VA @ e, SVCLsalin

* Carotid Sinus Nerves
* Hypertension
* Heart Failure
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Indicated Populations for PNS

« Certain surgical populations have increased incidence of
acute and chronic pain

* Amputation 30-85%

* Sternotomy 28-56%

* Thoracotomy 5-67%

* Mastectomy 11-57%

* Inguinal Hernia Repair 0-63%

* Cholecystectomy 3-56%

* Knee arthroplasty 19-43%

* Craniotomy 6-23% - >

VA ‘ 9 LS Dopartment Visser EJ. Acute Pain. 2008873 lgalth.

Indicated Populations for PNS

* Patients taking Anticoagulation?
* Hematoma or device-related
bleeding is rare for PNCs and PNS
* Scarce data for PNCs placement
and catheter related bleeding
complications
Buckenmaier. Br J Anaesth.
2006; 97(6):874-7

VA | @ i,

Indicated Populations for PNS ence

* Patients taking Anticoagulation?
* Hematoma or device-related
bleeding is rare for PNCs and PNS
* Scarce data for PNCs placement
and catheter related bleeding
complications
Buckenmaier. Br J Anaesth.
2006; 97(6):874-7 s
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Indicated Populations for PNS

* No Cl for NSAIDS, or low dose ASA
* Clopidogrel
+ D/C 7d prior to placement
* Restart?
* IV Heparin
« D/C 2-4hrs prior to placing or removing
catheter
* Restart 1hr after regional technique
Horlocker etal. RAMP. 2010;35(1):64-101

VA @ Yt

enc

Indicated Populations for PNS

* LMWH — (once daily dosing)
« D/C 10-12 hrs prior to placing or
removing catheter
* Restart 4 hrs after regional technique
* LMWH — (twice daily dosing)
* Most state to d/c catheter 2 hrs BEFORE
first dose
* BUT ACCP states BID dosing OK in pts
with catheters

* Therapeutic dosing is contraindicated!

RAMP. 2010;35(1):64-101.
VA | @) s

Acute Pain Control in Phantom Limb Pain

VA | @) o,
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Acute Pain Control in Phantom Limb Pain enc

#1 Goal: EARLY and EFFECTIVE pain control (i.e. ”Pre-emptive analgesia”)
* Optimal analgesia 48 hrs before and after surgery reduced incidence of
phantom limb pain

Karanikolas M et al: Anesth 2011; 114: 1144-55

* Improve central inhibitory factors and reduce peripheral excitatory

factors
Esther M etal. Curr Opin Anesth. 2006;19:551-555
* Alleviate peripheral, but ineffective inhibitor of central.

Woolf CJ. Pain. 2011; 152:52-515.

VA @ Yt @\ CUHeslth

Acute Pain Control in Phantom Limb Pain spg

Traditional analgesic modality after
limb amputation
* Opioids
* Perineural Local Anesthetic
Infusions

And now...
« Peripheral Nerve Stimulation

® Health.

eripheral Nerve Catheters or Stimulation? anc

PNC vs PNS: Which one?

* More effective pain control?

* Longer duration of action?

* Lower risk of infection?

 Lower risk of allergic or toxic reaction?

* Lower risk of falls?

* Lower risk of masking compartment syndrome?

VA @ e, SVCLsalin
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Peripheral Nerve Catheters or Stimulation?

More effective pain control?

« Literature review suggests that PNCs have clinically significant failure
rates due to either primary (incorrect insertion) or secondary reasons
(displacement, obstruction, disconnection).

Hauritz RW, et al. Best Pract Res Clin Anaesthesiol. Sep 2019;33(3):325-339

« A 2003 survey of US adults asked about postop pain showed 86%
continued to experience moderate, severe, or extreme pain, despite

treatment.
N Apfelbaum JL. Anesth & Analg. 2003; 97:534-540.
VA @ iammmz. ®" Fealth
eripheral Nerve Catheters or Stimulation? ence

Longer Duration?
« Short duration of PNB in the early postop period (1-3 days) NOT
effective in preventing PLPS when compared to standard therapies
Madabhushi and Lakshmi etal. J Clin Anesth. 2007;19:226-9

« Effective postoperative pain management for thirty days may help
reduce the incidence of chronic pain.
« Infusion held each wk and if pain > 1 VRS (sensation), infusion
restarted @ Sml/hr. If < 1 x 48 hrs, PNC d/c’ d
Borghi B etal. Anesth Analg; 2010; Nov;111(5):1308-15

VA | @ i, ® . Heaith

eripheral Nerve Catheters or Stimulation? ono

Infection Risk
* Unfortunately, PNCs are more commonly removed after a few days due
to infection risk, while postoperative pain may still be significant.
Capdevila et al. Anesthesiology 2009; 110:182-8
CLJeng, A Rosenblatt. B/A 2010; 105:97-107
Cuvillon P et al. Anesth Analg 2001; 93:1045-9

* The novel percutaneous PNS device used in this study is approved for
up to 60 days and carries a lower risk of infection compared to PNCs.%

VA @ e, SVCLsalin
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eripheral Nerve Catheters or Stimulation? enc

Allergic and/or Toxicity Risk?
* PNCs have increased risk of siezures from inadvertant injection during
placement or infusion leading to local anesthetic systemic toxicity.
Dernedde M et al. Anesth Analg. 2004 Feb;98(2):521-3,
« Toxic serum levels of local anesthestics seen in RCTs with continuous

infusions of through nerve cathethers.
Bleckner. AZA Feb 2010; 110: 2, 630-634

VA @ Yt ®\CuUHeslth

Peripheral Nerve Catheters or Stimulation? ene

Insensate Limb?
* Increased risk of falls associated with lower extremity continuous nerve
blocks seen after knee and hip arthroplasty
lifeld BM et al. Anesth Analg 2010; 111:1552-4
Finn DM et al. Medsurg Nurs. 2016; 25(1):25-30, 49

* Ineffective and/or incomplete pain control
Apfelbaum JL, Chen C, Mehta S5, Gan TJ. Postoperative pain experience: Results from a national survey suggest
postoperative pain continues to be undermanaged. Anesthesia & Analgesia 2003; 7:534-540.

VA | @ e, SVCUsalin.

eripheral Nerve Catheters or Stimulation? epc

Insensate Limb (continued)?

* Increased risk of masking compartment
syndrome (elevated pressure in confined fascial
compartment, which can progress to
ischemia/infarction)

* Adequate understanding of distribution and
duration of PNB is key to prompt recognition and
diagnosis

Walker B et al. Reg Anesth Pain Med. 2012; 37(4): 393-397.

LS. Department
VA | @) o,
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. . . . enc
Winner: Peripheral Nerve Stimulation! L

The now available temporary implanted
Peripheral Nerve Stimulation available in the
Acute to Sub-Acute period may mitigate
many harmful risks

VA @ Yt ®\CuUHeslth

Peripheral Nerve Stimulation for Acute Pain  §R<
* Potentially more effective pain control
* Maintain for longer duration (60 days vs 7 days)
* Decreased infection risk
* No Risk of Drug Reactions
* No toxic medication infusions
* No insensate limb
« Safer in complex patients with multiple comorbidites (ie COPD)

VA | @ e, SVCUsalin.

. . . . enc
Peripheral Nerve Stimulation for Acute Pain .22

* PNS has been reported to decrease pain and opioid requirements
following total knee arthroplasty and ambulatory foot, and shoulder
surgeries,>11

VA @ e, SVCLsalin
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Indication for Use

The Temporary Peripheral Nerve Stimulation (PNS) System is indicated for up to 60
days for
+ Symptomatic relief of chronic, intractable pain, post-surgical and post-
traumatic acute pain;
+ Symptomatic relief of post-traumatic pain;
+ Symptomatic relief of post-operative pain.

The Temporary PNS System is not intended to be placed in the region innervated by
the cranial and facial nerves.

VA @ Yt ®\CUHesith.

The Temporary PNS Device and Outcomes: ence
Indications aeF s

The Temporary Peripheral Nerve Stimulation (PNS) System is indicated for up to 60
days for:
+ Symptomatic relief of chronic, intractable pain, post-surgical and post-
traumatic acute pain;
+ Symptomatic relief of post-traumatic pain;
+ Symptomatic relief of post-operative pain

The Temporary PNS System is not intended to be placed in the region
innervated by the cranial and facial nerves.

VA | @ i, @ Heatth

enc

Contraindications

Use of the Temporary PNS System is contraindicated for:

+ Lead placement over the heart or across the thoracic volume.

+ Lead placement in the front or side of the neck.

« Lead placement on the top of the head.

Patients who have a Deep Brain Stimulation (DBS) system.

Patients who have an implanted active cardiac implant (e.g. pacemaker or defibrillator)
Patients who have any other implantable neuro-stimulator whose stimulus current pathway may
overlap with that of the Temporary PNS System.

Patients who require Magnetic Resonance Imaging (MRI). The MicroLead™ and other PNS
components must be removed from the body before an MRI.

Patients who have epilepsy, if the leads are intended to be placed in the head or neck.

« Patients who have a tape or adhesive allergy.

VA @ e, OVCUblt.
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60-day Percutaneous PNS System L
« Temporary, 60-day treatment
« Fine-wire, open coil lead design
« Percutaneous lead placement typically under
ultrasound or fluoroscopic guidance
* Single or Dual-Lead System
VA @ iammmz. @1 Heaith
Slide 38 60-day Percutaneous PNS System ano
« Body-worn L -
stimulator (no
implanted IPG)
« Controllable by
patient (via
Bluetooth remote)
VA | @ i, @ cUHeath
Slide 39 one

60-day Percutaneous PNS

* Lead utilizes a multi-
strand coiled wire

Lead wire diameter
<0.3 mm*

Coiled structure
enables fibrotic
ingrowth

VA @ e, SVCLsalin
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Percutaneous PNS for Chronic Shoulder Pain

Study design: Randomized controlled trial (RCT) of temporary PNS vs. conventional therapies for hemiplegic shoulder pain

Methods:
« PNS group - six weeks of 4-lead PNS activating the muscles surrounding the shoulder joint (n=29)
« Control group - cuff-type sling for 6 weeks (n=32)

Key outcomes: Pain intensity, pain interference, shoulder function at end of treatment, 3, 6, and 12 months

Results -
- Significantly higher responder rate with PNS vs. "
control (p=0.0001) :

« 78%of subjects reported pain relief 12 months

after treatment EM P

Safety: i :

+ All 128 electrodes remained intactand free of £ 4% rcvcion
infection. i)

+ Localized tissue inflammation (e.g., redness) was
noted for 5 electrodes (3.9%) N

Crae, etal. 2005

VA @ Yt ®\CUHesith.

Percutaneous PNS for Chronic Shoulder Painene

Study design: Randomized controlled trial (RCT) of temporary PNS vs. physical therapy for hemiplegic shoulder pain

Methods:
+ PNS group — four weeks of single lead PNS at terminal branches of the axillary nerve at the deltoid (n=13)
+ Control group  four weeks of physical therapy (n=12)

+ Key outcomes: Pain intensity, pain interference, shoulder function, QoL at weeks 1, 4, 10, and 16

Results: 10
« Ssignificantly greater reductions in pain intensity with PNS PR
vs. control (p<0.05) ) T e B
+ 60% mean reduction in pain intensity with PNS compared &
10 20% mean reduction in standard of care (physical 2
therapy) at Week 16 "
H
Safety: i
+ N cutaneous infections during the study. HEl
*  Six participants (46.2%) experienced pruritus at the 2
electrode or bandage site, and two (15.4%) had pain after 1
implantation, both of which resolved without intervention. "
Wison et al 201) " N " *
T (s
US, Department
VA o e s ® Health.

Percutaneous PNS for Chronic Shoulder Pain&ne

Study design: Case series study of temporary PNS for refractory shoulder impingement syndrome (S1S)

Methods:

+ Four weeks PNS of axillary nerve at the deltoid for patients with SIS (n=10)

+ Key outcomes: Pain intensity, pain interference, shoulder function, and quality of life throughout treatment, at end of
treatment, Week 8, and Week 1

Results:

- Significant (p<0.01) reductions in pain intensity
and pain interference through week 16 compared
to baseline

- Significant (ps0.01) reductions in pain
interference and disability reported as well

Safety:
« Seven participants developed a granuloma at the
electrode site that resolved by the end of the

follow-up period. No participant experienced an
infection at the electrode site.
Wison,etal. 2014

VA | @) o, @ Heth

7
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Role of Multifidus in Axial Low Back Pain oeng

« Multifidus atrophy is present in et e
~80% of LBP patients

Multifidus

« Reduced multifidus activity may
reduce central feedback

« The absence of healthy feedback
may foster centralization

« Increasing healthy proprioceptive
inputs from multifidus may reverse
central sensitization

1 Freeman etal, 2010

VA Q Y @VCUHesith

Percutaneous PNS for Chronic Low Back Pain
Study design: Multicenter case series
Key Eligibility Criteria:
* Subjects with chronic axial LBP (2 3 mo); no radicular pain
+ Stable medication usage for = 1 month prior to baseline
 No priormber surgey or RFAwithin prior 6 months
Bilateral, Percutaneous PNS Lead Implantation:
- Targeting mecial branches o he doral ramus at the spinl fvel

i the center o heregion of back pain
- Confimedby US visualzaton ofmuliidus actvation
Percutaneous PNS Treatment:
+ Stimuaton or6-12 rsiday or up 0 60 days
* Sujectscontinued most normal actvies
* Leads removed ith gl raction
+ Long-term follow-up visits, up to 12 months after the

end of the 2-month PNS treatment
- Key Study Endpoints: ain (3915, Disabilty (OD), Pan

Interference (BPI-9), Patient Impression of Change

(PGIC), Ancedc Visccaton Usage

VA | @ i,

LBP Multicenter Study Participants once
Participant Demographics (n=74)
Age (years) 56.3 (13.5) LBP Diagnoses / Etiologies of Pain:
Body Mass Index (BMI) 29.4 (4.6) .
LBP Duration (years) 160(130) d = Lumbar Spondylosis
Sex (% Female) 53% Degenerative Disc Disease
Baseline Opioid Usage (MME; n=20 = Non-specific LBP
taking opioids at baseline) E0EL
Previously Failed LBP Treatments: Percutaneous PNS Implantation:
Non-opioid Analgesics 97% « 919% of participants received Spinal Level
Physical Therapy 89% bilateral PNS leads “L2
‘Opioid Analgesics 67% “L4&LS \lmeive mf -‘v’\osl o 3
o Commony targeted spinal levels o
: aLs
:ne:me"l:cozxstemld Injections j;: Adverse Events (AEs) st
= .ura e *+ No study-related serious or unanticipated AEs
on 2% + The most common AEs were mild skin iritation
Gilmore, et al., 2021 or pruritis (itching)

VA | @) o, ®\cUHeath
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Long-term Results following Percutaneous PNS in LBP SR&

Clinically significant improvements in Pain, Disability, and/or Pain Interference through 14 months
" 4 ecucion 2P

At one-year post-treatment:

+ 779% panticipants experienced
chinically meaningful
improvement in at least one
outcome

+ 58% experienced ciiically
meaningful improvement in 2
or more outcomes.

Gilmore, atal 2023

® Health.

Long-term Results following Percutaneous PNS in LBP enc

Clinically significant improvements in Pain, Disability, and/or Pain Interference through 14 months

10 o
PNS  —o= paninensiy (8°15)

g’ == Pain Inirference (8P1-9) 0_
i —a— Dsatilty(00) 5
& i 608
g7 3
&, s02 At 14 months, responders
z Z  experienced an
£s 403 G0% reduction in BRI
s, £~ 195 point reducion in ODI
£ 302 579 reduction in BPIO
s z
H 2%

2 H
H 8

) 10

o o

2 1

2 s s s o
“Time after Stat of PNS (months)

VA @ s, o ®CUkeath

Percutaneous PNS for Chronic Post-Amputation Pain  ape
Randomized, Double-Blind, Placebo-Controlled Trial (RCT)

Key Eligibility Criteria:

+ Traumatic lower extremity amputees with healed limb

+ Baseline Residual and/or Phantom Limb Pain = 4

Study Design:

+ Randomized to PNS (8 wks of active stimulation) or Placebo Group (4 ]

wiks of placebo with crossover to 4 wks of active stimulation)
« Primary endpoint: reductions in average residual and/or phantom pain
at Week 4

+ Additional endpoints: pain reduction, pain interference, medication
usage up to 12 months ater the end of the 2-month PNS treatment

Percutaneous PNS Treatment:

+ PNS of femoral and sciatic nerves with the goal of producing
comfortable sensations i regions of RLP andior PLP

+ Stimulation for up to 24 hrs/day for up to 60 days

+ Leads removed with gentle traction

Adverse Events (AEs):

+ No study-related serious or unanticipated AEs

+ The most common AES were mild skin iritation or pruritis
(itching) and discomfort from the procedure or stimulation

Gilmoe, et al 2019; Gimore et a.
2020

VA | @) o, ®CUHeth
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Percutaneous PNS for Chronic Post-Amputation Pain onoe
Results from a double-blind, placebo-controlled RCT

ao%
o
- I

Gilmore, et sl 2019; Gimore et l., 2020

\m\ég%mmmn ®UCUHesith.

stim on Post-lead withdrawal

5

@ Residual Linb Pain (127

)

@:-:4@ Phaniom Limb Pain (n=5-11)

°

Praportian of Subjects with 2 50%
Fecution in Average Pain

Average Post-Amputation Pain in
PNS Group Responders (SD)

Slide 50 Percutaneous PNS for Chronic Post-Amputation Pain @ e
Reductions in opioid usage in a double-blind, placebo-controlled RCT A
100% |
z
- + Among subjects with moderate/high usage
=€ at baseline (range: 19-244 MED/day),
1 . average daily usage decreased 71% in the
gg percutaneous PNS group (n=4) compared to
A5 o 0.8% in the placebo group (n=3).
38
EE + Small sample size resulted in no
BE o significant difference between groups.
g
o 4 Err— « Two other subjects (both in the placebo

group) had low, sporadic usage at baseline
(<4 MED/day).

VA | @ i, @ Heatth

Gimore, etal, 2019

Slide 51 o S
Chronic Pain & Central Sensitization ¢he
« Clinical evidence of central nervous system sensitization is T
often cited as a dominant pain mechanism in a large portion of
the chronic pain population*?

« Central sensitization is associated with:

— Higher pain intensity, widespread pain, worse prognosis, and lower
quality of life?

— Altered sensory functioning and augmented central pain processing?*

- Elevated levels of inflammatory biomarkers affect central pain
modulation*

- Reorganization of the 1sory and motor cortex (maladaptive
cortical plasticity)®

5 11,2019 JOSPT: 2 DanBandt et . 2015, JOSOT. 3. iescke o 2004, ArlS S Hesne ot 2015, Sin: 5. Grumagne . 201, JOSPT Wand ard O Conrl, 2005
S o D 7. a1 1 2011 Wy T .S . 530, P 3. DI 611 2007, o NAAGEY: 1.l 937 NGl L6 11 21 . 201, B A

VA @ e, OVCUblt.
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60-day PNS Proposed Mechanisms

* Painful and non-painful signals to the brain can
become unbalanced after some types of injury
or disease, causing regions of the CNS to
become hypersensitized to pain.*
* Rebalancing the inputs to the central nervous
system is proposed to help treat chronic pain by
reconditioning maladaptive plastic changes.5
+ 60-day PNS is proposed to recondition the CNS @
over the course of the treatment period with
the goal of producing sustained relief.5

VA @ Yt ®\CUHesith.

60-day PNS Proposed Mechanisms oene

HA A P

(Deer,etal, 2021)

100 Hz stimulation is intended to activate large diameter sensory
afferents directly, with the goal of producing comfortable stimulation-
evoked sensations in the target region of pain.*

VA | @ i, @ Heatth

60-day PNS Proposed Mechanisms eng

e
(Dot etat, 021) -
12 Hz stimulation is intended to activate large diameter sensory
afferents both directly and indirectly through efferent fiber
activation and resulting cycling muscle tension."
. Eﬁeren}z!?mulaligﬂgay use muscle as ‘translator’ to indirectly activate afferent fibers

VA | @) o, @ Heth

ww

Pai fiber
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60-day Percutaneous PNS: Real-World Cross-Sectional
Follow-Up Survey Study

Pingree et al., 2022, Pain Management ST i Bt ST

Goal: Summarize real-world survey data regarding the effectiveness and
long-term impact of 60-day PNS treatment.
+ Cross-sectional, follow-up survey distributed via email by device manufacturer to 2,028 patients who
underwent treatment from 03/2018 to 12/2020.
Patient-reported outcomes at end of treatment and follow-up survey included:
o Average Pain (BPL-5)
o Percent Pain Relef, (B71-8)
o Patient Global Impression of Change (PGIC)
© Changes in medication usage
Studies suggest composite endpoints that account for multiple domains can provide a more comprehensive
and sensitive assessment of patient responses.’*

Therefore, responders were defined by substantial (250%)" reduction in patient-reported percent pain
relief and/or clinically significant (21)** improvement in PGIC.

VA @ Yt ®\CUHesith.

Real-World Cross-Sectional Follow-Up Survey

Study: End of Treatment Outcomes !

* Survey results from
252 respondents who
were at least one
month post lead
removal

« 73% (185/252) had
previously qualified as
responders to PNS at
the end of their 60-
day treatments

Improvement in PGIC

Proportion of Patients with 250% Pain

Al LowBack Shoulder Knee AnkieFeat  Other

VA o e s @/ UHealth.

Real-World Cross-Sectional Follow-Up Survey Study: enc
Long-Term Follow-Up Outcomes 1w B

8% |
0% 1
30%
20% |
4 10

Overall 3tod SWE 7latl 121017 181023 24+

LS, Department Months from Start of Treatment
VA ‘ @ S At h.

« Among patients with
clinically significant
improvement at the end
of treatment (EOT), a
majority had sustained
long-term improvements,
including those who were
24+ months post-PNS
Pingee etal. 2022, Pain anag
Note: cross-sectional survey
represents a single snapshot in
time with patients at various
points in follow-up.

Proportion af EQT Responders wilh
Continued Improvement at Fallow-Up (250%

Pain Reliel and/or Imgrovement in PGIC)
3 @
#

3
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Real-World Cross-Sectional Follow-Up Survey

Study L
Among those using opioids or
gabapentin at the start of PNS

25
2
« 32% had stopped or reduced 10%

gabapentin usage at the time of the -

= ol

survey (n=47/147) Opiods Gabapentnonis

treatment:
Pingree et al. 2022, Pan Manag

+ 35% had stopped or reduced opioid
usage at the time of the survey
(n=44/126)

Praporion af Patien
S

———
Using ess.ran bt PHS

Safety: Previously published studies found the most common adverse events to include skin

iritation due to bandages or adhesives and discomfort from lead placement procedure. >

VA S Al @V CUHealth.

of Voterans Affairs

Real-world 60-day PNS Treatment Outcomes enc
)

Huntoon et al., 2023, Pain Physician (in press)

Goal: Conduct a retrospective review of a large database depicting
outcomes during the 60-day PNS treatment period.
Hartoon et . 2023, PainPhysician
* Anonymizedrecords of 6160 patients were fetrospeciivelyreviewed from a national real-word database.
Inclusions:

o Implanted with a 60-day PNS System between Aug 2019 and Aug 2022

o Opted-in to provide data

o Reported moderate to severe pain at baseline (pain 24/10)
*+ Outcomes summarized at the end of treatment (EOT), including:

© Proportion of responders (250% percent pain relief and/or clinically significant improvement (21) in quality of

life a5 measured by PGIC)-2 » owrn s, 20 st 201
© Mean percent pain relief among responders
© Average pain scores at baseline and EOT

VA | @ i, @ Heatth

Real-world 60-day PNS Treatment Outcomes

PNS Response Consistent Across Peripheral Nerve Targets _«2 & &3
Across nerve targets, 71% of patients (4348/6160) were responders with 250% pain relief - ’
and/or clinically significant* improvement in quality of life

Huntoon et al. 2023, Pain Physician

VA | @) o, @ Heth
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Real-world 60-day PNS Treatment Outcomes  apeo
Reductions in Average Pain W

Among responders:
Mean Baseline Pain Score: 6.6 + 1.7

Mean EOT Pain Score: 3.0 + 2.1
Severity of Average Pain

Mean patient.reported percent pain relief: 62  26%
Among Responders (%)

Bazsine ‘
Et o Tt Baseline
Moderate | seee |
End of Treatment (EOT)
Moderate

Cut pointst:
None/Mild (NRS <3)
Moderate (NRS 4-6)
Severe (NRS 27)

o 2 3 4 s 6 1 8 5 w
Avarags Pain Szara Amang Respandars

Huntoon et al, 2023, Pain Physician

US.[ rtment
VA @ iammmz. ®1 Healty,

Real-world 60-day PNS Treatment Outcomes: cnce
Results L.
EC—

Bazsine

B o Tt

) P T R R R T
arage Pan Scors Amng Respandes
VA ‘ 9 U Doparient irtoo et a, 202, Pain Pyl @V UHealth.

Real-world 60-day PNS Treatment Outcomes: ene
Safety A

« Overall rate of reported medical events in the product complaint database for
the study population was 6.0%.
« Most frequently reported event was skin iritation (e.g., due to bandages o adhesives)
+ Suspected o confirmed infection was reported in 1.1% of patients
«+ Previously published studies found the most common adverse events to
include skin irritation due to bandages or adhesives and discomfort from lead
placement procedure.**

US, Department Hurtoon ot 2023, Pin Physiian
VA ‘ 9 e s ® Health.
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RWD from 60-Day PNS of the Occipital Nerves enc
« Retrospective review of real-world outcomes from patients receiving a commercial 60-day PNS
treatment targeting the occipital nerves.
+ Anonymized records were reviewed from a national real-world database of patients who:
+ Previously underwent commercial implantation of 60-day PNS leads targeting occipital
nerves
+ Opted in to provide data to the device manufacturer
+ Had baseline and end of treatment outcomes available
+ Outcomes summarized at the end of treatment (EOT), including:
+ Proportion of responders (250% percent pain relief and/or
clinically significant improvement (21) in quality of lfe as
measured by PGIC12)
+ Mean percent pain relief among responders
+ Average pain scores at baseline and EOT

January 12-15, 2023, Las Vegas, NV

VA Q Y @VCUHesith

RWD from 60-Day PNS of the Occipital Nerves S.€

+ 82% (36/44) of patients
were responders at the M Responders
end of treatment. Non-responders

+ Responders experienced
an average pain relief of

Responders had 250% pain relief
60% 82% andlor clinically significant
+ Average pain score was improvement* in quality of life
reduced to none or mild
in a majority of patients.
Baseline
— Cut points:

None/Mild (NRS <3)
Moderate (NRS 4-6)
Severe (NRS 27)

Neuromodiaiion Society Annual Meeting, January 12-15,
2023, Las Vegas, NV

fme——

VA | @ i, ® /et

RWD from 60-Day PNS of the Occipital Nerves cnc
Example Lead Placement Approaches

The occipital nerves may be targeted with various

under or

Safety: Previously published studies found the most common adverse events to include skin
irritation due to bandages or adhesives and discomfort from lead placement procedure.
v

Sheth et a, 2023, a5 presented at North American Neuromodiation Soclety Annual Meeting. January 1215, 2023, Las Vegas, N

i, ®.cuteath
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RWD from 60-Day PNS of the Cervical Medial Branch @D
« Retrospective review of real-world outcomes from patients receiving a commercial 60-day PNS
treatment targeting CMB nerves.
« Anonymized records were reviewed from a national real-world database of patients who:
+ Previously underwent commercial implantation of 60-day PNS leads targeting cervical
medial branch nerves
+ Opted in to provide data to the device manufacturer
+ Had baseline and end of treatment outcomes available
« Outcomes summarized at the end of treatment (EOT),
including:
« Proportion of responders (250% percent pain relief
andlor clinically significant improvement (21) in quality of
life as measured by PGIC12)
« Mean percent pain relief among responders

VA @mrm; @VCUHesith

RWD from 60-Day PNS of the Cervical Medial Brafighe

* 83% (25/30) of
patients were
responders at the
end of treatment.

« Responders
experienced an
average pain relief

M Responders
Non-responders

Responders had 250% pain
relief andor clinically

of 53% significant improvement* in
quality of life
Vatte et 2023, sanuany 12-15, 2023, Las Vegas, NV

VA | @ i, ®CUkeath

RWD from 60-Day PNS of the Cervical Medial Branch ape
Example Lead Placement Approach

The cervical medial branch nerves
can be targeted using a fluoro-
guided approach.

Example fluoroscopic image shows
AP view with stimulating probe
targeting medial branch over lateral
lamina of C6

Safety: Previously published studies found the most common adverse events to include skin
irritation due to bandages or adhesives and discomfort from lead placement procedure.

o 1 Newromoltion Society Annua Mestig, January 12-15, 2023 Las Vegas, NV
AN B/ Health.

Nt AR Cha, 1. 2035 Vion. 1. 201556 Wikon, . 2047, Glmre, 1. 20205 Gllar, 1 .
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Identification of Delayed Responders and Non-Responders to

Neurostimulation
Naidu, et al., 2022, J Pain Res

« Conventional neurostimulation trials of ~7-10 days are typically used to
qualify patients for permanently implanted systems.

Failed trial
(<50% relief)

Successful trial
(250% relief)

Real-world trial conversion
rates 41-65%%2

38-68% of explants are due
to inadequate relief>®

+ Goal: determine how responses to PNS change over time during a 60-day
treatment period

VA @ Yt ®\cUtesith.

Identification of Delayed Responders and Non-

Responders: Methods 15

« Real-world treatment data compiled from SPRINT PNS patients
« Patients opted-in to provide data during routine interactions with device
representatives (e.qg., for device support or programming)
« Inclusion in the analysis required:
a) completed PNS treatment (i.e., not in treatment at the time of
analysis)
b) at least one report of percent pain relief within the first 14 days of
treatment;
« c) at least two reports total during the 60-day treatment.
* Responders = 2 50% pain relief

Naidu, et al. 2022, 1 Pain Res.

VA | @ i, @ Heatth

Identification of Delayed Responders and Non—DeIaye(hng
Responders During 60-day PNS

100%

E

BO%] e . e —aCany Responaers

g . -

& a0 . e - Dalsyed Responders.  (31%)
£ . -

§ 0% EE Rl

s e ~~. _ ~0~Datayed Mon-Respanders (7%
g

— e T T e NonRespondens (324
oz s
Weeks from Start of PNS Treatment  (Oays 57-60)

US.T Naidu, et al., 2022, J Pain Res.
VA @@ arme, P —
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Identification of Delayed Responders and Non—DeIayed!n_e
Responders During 60-day PNS

« Previously published studies found the most common adverse events to
include skin irritation due to bandages or adhesives and discomfort from
lead placement procedure.**

* 60-day treatment may help inform PNS treatment strategies to optimize patient
outcomes while reducing cost and invasiveness

* Identifying delayed responders may improve access
to neurostimulation treatment

« Identifying non-responders and delayed non-responders
may prevent unnecessary permanent implantation

Patient Preference in the Treatment Algorithm for

Chronic Low Back Pain ]

Goal: Characterize patient preferences from among several interventional pain
management treatment options.
+ Two surveys were conducted in which chronic pain patients were given descriptions of pain
treatments and asked for their preferences.

« Patients were provided with additional information about risks of each treatment and given the
chance to change their treatment preference to determine patients’ “final choice treatment”.

SURVEY 1 (n=129 SURVEY 2 (n=347
Chronic low back pain patients completed a Patients with chronic low back pain
survey assessing preference for: completed a survey assessing preference.
+ Radiofrequency Ablation
« Temporary (60-day) Peripheral Nerve ~ Radiofrequency Ablation
Stimulation (PNS) = Temporary PNS Treatment

«Permanent Implants: PNS or SCS/DRGS

VA | @) i ©/CUbealth.

Patient Preference in the Treatment Algorithm for

Chronic Low Back Pain: Results -

Patients generally Preferences Ranked by Survey 1 Respondents
preferred temporary a0

treatments (Temporary
PNS, RFA) as first choice
over permanent
therapies

Preference for
permanent PNS
increased after
temporary PNS

Number of Respondents
(Survey 1)

[ . .
TChaks  TeChwRE TechoRe AR

VA | @ Ui Depariment [ ®VCUHealth.




Slide 76 Patient Preference in the Treatment Algorithm fog
Chronic Low Back Pain: Results

« Patients were provided with 180 —_—
additional information about risks of £ ey Final Choice:
each treatment and given the chance  § 140 | = Stimlation
to change their treatment preference g 20l Ablation
to determine patients’ “final choice % " Neither
treatment” g™

* Additional information included risk s é ©
of lead fracture with temporary PNS; F
risk of temporarily denervating core g 40
muscles in the lower back with RFA, z 20
etc. o

Final Choice (all)

US, Department S ot 1. 2022, P Manag
VA ‘ e et ® Health.
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TRIGEMINAL NEURALGIA - INTRODUCTION

» One of the most debilitating presentations of orofacial pain

« Earliest description of TN date back to 17" century (Physicians
Johannes Fehr, Elias Schmidt and philosopher John Locke)

» Nicholas Andre first linked TN to pain in nervous system in mid 1700s —
described as a convulsive disorder from a nerve under distress

« Tic douloureux was used by Andre to capture the facial distortions
and grimaces associated with the sharp, stabbing facial pain

9/21/2023

TRIGEMINAL NEURALGIA - INTRODUCTION

« An orofacial pain syndrome characterized by unilateral, severe,
shock-like paroxysmal pain within the distribution of the frigeminal
nerve, precipitated by innocuous stimuli to the affected side of the
face

« Associated with increased anxiety, depression and poor sleep
highlighting its potential impact on mental health

IHS Cephalgia, 2018
Zakrzewska et al. Pain, 2017

TRIGEMINAL NEURALGIA - EPIDEMIOLOGY

« Lifetime prevalence of 0.16-0.3% and an incidence of 12.6-27.0 per
100,000 person-years

« Affects females more than males (60% vs. 40%)
» Average age of onset of 53-57 years

« Studies of trigeminal neuralgia in childhood and familial clustering
may suggest a possible genetic contribution (2voltage-gated Na
channels) but this remains to be established

Zakrzewska et al. Pain, 2017
Bendtsen et al. Lancet Neurol, 2020




TRIGEMINAL NEURALGIA- ANATOMY

9/21/2023

TRIGEMINAL NEURALGIA - ANATOMY
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TRIGEMINAL NEURALGIA - CLASSIFICATION

+ In 2018, the International Headache Society (IHS) and International
Association for the Study of Pain (IASP) published new classifications
for trigeminal neuralgia in an effort to create alignment

« Classifies trigeminal neuralgia into idiopathic, classical and
secondary forms

12




International Classification of Headache Disorders Edition 3 subclassification of trigeminal
neuralgia.9.

Trigeminal Neuralgia

Tolang
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TRIGEMINAL NEURALGIA -
PATHOPHYSIOLOGY

« Symptomatology of TN is ~the same across classical, idiopathic and
secondary frigeminal neuralgia

« Site of initiation is root entry zone — where fransition of peripheral
Schwann cell myelination to central oligodendroglia myelination
occurs (may predispose to susceptibility to pressure)

« Classical TN - vascular compression at REZ .

Maarbjerg et al. Headache, 2014
WIS Allam et al. Neurol Ciin, 2023
Bendtsen et al. Lancet Neurol. 2020
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TRIGEMINAL NEURALGIA -
PATHOPHYSIOLOGY

9/21/2023




Bista and Imlach et al. Medicines, 2019

16

TRIGEMINAL NEURALGIA —
PATHOPHYSIOLOGY
« Idiopathic TN — neuronal voltage-gated ion channel gain-of-

function mutations, neural inflammation, non-specific, non-M$S
lesions in brainstem

9/21/2023

TRIGEMINAL NEURALGIA -
PATHOPHYSIOLOGY

Fig. 2 Pathophysiolagy of Classical Trigaminal Nouralgla

Chronis damags te Vth &.n. cantral mysiin (1)

Eohapsyabesuwsan arce damaged mysiinsted
0% Fibersand small poin fibers (2)

Trigaminal newrons iring (3)

Paripharal and cantral sarwitization (4]

Epllaptic-ika dircharger
Painful evoked parsysma

Prolonged s portaneous pain /
Rocurrances aher surgary

e Allam etal.
Rendtsen et
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TRIGEMINAL NEURALGIA -
PATHOPHYSIOLOGY

Fig. 3. Pathephysiologieal basis of Surgieal Treatment

E Vih

[vassal, tumer)
2 larg
fibers and small pain fibers (pereutaneous

procedures, SRS)
3Trigeminal neurans firing
4Peripharsl and cantral sansitization

Prevent centralization
(eari )

pain

Py | Figure 3: Pathophysiological bases of the Surgical Treatment
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TRIGEMINAL NEURALGIA - DIAGNOSIS

« A clinical diagnosis

Box 1 International Classification of Headache Disorders edition 3 (ICHD-3) diagnostic criteria for trigeminal
neuralga’

. Recurrent paraxysms of unilateral facial pain in the distribution(s) of one or more divisions of the trigeminal nerve. with
noradiation beyond, and fulfiling criteria B and C.

B, Pain has all of the following characteristics:

A, Lasting from a fraction of a second to 2 min,

B, Severe intensity.

€. Electric shack-like shooting, stabbing or sharpin quality

[+ fiwithin the ige distriby

- . et acemunied o by ot HD 3 gt -

19

TRIGEMINAL NEURALGIA - DIAGNOSIS

* Made by detail history and clinical examination

« Generally physical and neurological examinations are normalin TN
(and if not should prompt further investigations as raises suspicion of
secondary TN)

« Mild hypesthesia in frigeminal nerve distribution is commonin TN (eg. In 29% of
surgically naive patients in a Danish study

Maarbjerg et al. Headache, 2014

20

TRIGEMINAL NEURALGIA — CLINICAL
FEATURES

« Short lasting pain with stabbing, sharp, shooting, electric shock-like
or ice-pick like quality

» 14-50% of patients have some type of continuous pain in the same
distribution of the stabbing pain

» Pain can be both extraoral and infraoral, most commonly V2 and
V3 distribution (V1 pain alone is rare)

* Mild autonomic features such as lacrimation may be present

* Innocuous mechanical pain triggers — chewing, tooth brushing, face
washing, talking, light touch, wind

 Pain typically a split second to 2 min

Maarbjerg et al. Headache, 2014
Allam et al. Neurol Clin, 2023

Rendtsen et al_lancet Neurol 2020




TRIGEMINAL NEURALGIA — CLINICAL
FEATURES
Seconds, no afterpein
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DIAGNOSIS

TRIGEMINAL NEURALGIA — DIFFERENTIAL

imary
diagnoses to trigeminal neuralgia

] inthe cheek, the area of

the nostrils, teeth, or jaw.
Primary headache and facial pain disorders

tthe back
of ‘the phary, Trigger i ing,
coughing,and sneezing.

+ Persistent idiopathic facial pai P dull

i i P P

psychological stress.

. Shotii headabe st wih
het d
tearing, icranis i toud

spraorbital, o
pronounced autonamic symptoms, Unlike trigeminal neuralgia, pain can change
sides and s often more prolonged with no refractory period.

« Cluster supraorbital,

psilateral pronounced autonomic symptoms* and restlessness, Duration s from
15t 180 min. Pain can switch sides.
Bendtsen et al. Lancet Neurol, 2020 . b
accompanied by autonomic symptoms.
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DIAGNOSIS

TRIGEMINAL NEURALGIA — DIFFERENTIAL

Panel 2: Primary and secondary headache and facial pain disorder as differential
diagnoses to trigeminal neuralgia

in disord d

Bendtsen et al. Lancet Neurol, 2020

= Painful post- ic trigeminal bbing and touch-evoked

+ Painful trigeminal hy attributed herpes zoster tant

+  Cracked tooth can cause evoked shooting pain intraorally after chewing.

‘pain like trigeminal neuralgia, but pain is usually constant with flare-ups and by
definition preceded by trauma, and there are usually clear-cut neurological
abrormalities of both gain-of-function and loss-of-function corresponding to the
affected peripheral nerve.

burning and stabbing pain preceded by a herpetic rash in the trigeminal distribution,
i i d logical ak lities with both gain-af-function and

loss-of-function are common.

Caries or pulpitis can cause evoked pain at intake of sweet, cold, or hot foods.
‘The pain can last from 10 min up to several hours. It is not a chronic pain disorder.

1 i i or hi the ear
radiating to the temple, masseter, and retromolar area, The pain can be intermittent
or continuous with flare-ups. The pain starts after prolonged chewing or opening the
mouth wide.

24
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TRIGEMINAL NEURALGIA - IMAGING

« Neuroimaging is critical for the subclassification of clinically
identified TN (eg. primary versus secondary from MS or tumor)

« Three high-resolution sequences are useful: (3D) T2-weighted, MRA
and 3D T1-contrasted MRI are reliable in detecting vascular contact
or secondary causes

« Trigeminal nerve may have atrophy on symptomatic side

« Diffusion tensor imaging (DTI) may provide further insight

« Fractional anisotropy (proxy measure for white matter integrity) may be
altered at root entry zone

Bendtsen et al. Eur J Neurol, 2019
M’& Leal et al. Neurosurgery, 2011

Bendtsen et al. Lancet Neurol, 2020
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TRIGEMINAL NEURALGIA - IMAGING

Maarbjerg et al. Headache, 2014
Allam et al. Neurol Clin, 2023
Bendtsen et al. Lancet Neurol. 2020

TRIGEMINAL NEURALGIA - IMAGING

Maarbjerg et al. Headache, 2014
Rane  Allam et al. Neurol Clin, 2023

Rendtsen et al_lancet Neurol 2020

27



TRIGEMINAL NEURALGIA - IMAGING

« Changes in fractional anisotropy suggesting dysmyelination/
demyelination at the REZ

Anterior

9/21/2023

MR scan of the tri i and ictt durii

decompression in patient with classical trigeminal neuralgia.
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TN- PHARMACOLOGICAL TREATMENT

* Acute treatment for severe exacerbations — very high attack
frequency and can often lead to dehydration and anorexia

» Opioids are generally not effective
« Lidocaine injections into trigger areas

« Infusions of fosphenytoin and lidocaine infravenously can be
effective

10



TN- PHARMACOLOGICAL TREATMENT

* Pharmacological long-term treatment

« Carbamazepine and oxcarbazepine are considered first-line agents
for long-term treatment

« If above agents are ineffective or poorly tolerated, other agents as add on or
monotherapy can be fried including botulinum toxin type A

9/21/2023

TN- PHARMACOLOGICAL TREATMENT

Commen Drug ical
D Lovelof Evidence. Etfect Adver Effeds Suggeied Do Comment
Carbumasepine | Sysiematic review of fowr | NNT for pain eliel | Drovwsiness aimin, = Do may "
{the only. randomized controlied 1819 72% of nauses, mesessary by 50-100 myg every 34 of enzyme induction,
firstline teiala (5 = 160 patients had constipation days: target range 400-
sy alltorgosd | \mnoiNNT, | 100 sy
apomse 37
Baclofen e controtled trial 7110 improved with | Drowsiness, dail n
Compared bacofen with | Baclofen;0/10 ‘necessary by hoen it
Placebe (n = 10) improved with | abrupt dose 3080 mg daily
placeba (P=05) | withdrawal
Cbapentin | Tove ncontralied sudie tn Do i, atarka, | 300 g omee daly, incroase ax Wadely s for TN sihoughevidence o weaky
=128) pair in liarrhea by 300 mg every 3 days. evidence in other types of neuropathic pains.
% am puin {minar); NNT, in dlivided doses (three times daily): | much stronger
lichin S8 25 g dose g ity
Lamotrigine O randomized controlled | 10/13 impreved on | Drowsiness, rase by S0mg.
teial with Lamotrigine as lamotrigine: 814 | dizriness ‘weekly; target dose 200600 g ‘needs slow titration; may therefore have a role in
Sddon tocambamasepine | improved on consipation, e e ederty or patients with multiple sclerosis
oc phenytoin (n = 14) placebo; ns. nause; no. who have less sevene discase.
itierent rom
nccbo
P Pain relicfinall 21 | Di fatigue, | 00mp Iy similar to
i) paticnts rash, and weekdy:
wponstremia | daily lctated.
Phenytoin 775 of patients. Dro achieve i TN;
0 epart p onae-
Poin el hyperiophy daly sdmiristration ar sdvaniages.
NNT. minber roedot o veat: ns, o sslisticaly sgrificant

Linskey M. 6. Qoo Pain. Landon: Oxierd Unbversty Press: 2000:118-13+.
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TN- NON-PHARMACOLOGICAL TREATMENTS

« Destructive percutaneous interventions

« Peripheral frigeminal neurectomies (supraorbital, infraorbital, inferior
alveolar)

« Stereotactic Radiosurgery
* Microvascular decompression

11
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TN- PERCUTANEOUS DESTRUCTIVE/ABLATIVE
TREATMENTS

« Involves penetration of foramen ovale with a cannula and then
controlled lesioning of the trigeminal ganglion or root with various
means

« Thermal - Radiofrequency thermocoagulation
* Mechanical - Balloon compression
« Chemical (injection of glycerol)

« Suitable for patients who are at high risk for microvascular

decompression or patient preference

« Recurrence is common, may be repeated

9/21/2023
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TN- NEURECTOMIES

« Peripheral neurectomy is a simple, low-risk procedure that involves
surgical avlusion of the postganglionic part of the trigeminal nerve
divisions

* Mean pain free interval of ~ 29 months

« 2,3, 4 and 5 year pain-free survival was 92.9%m 79.6%, 59.7% and
29.8%, respectively

« Supraorbital, infraorbital, inferior alveolar neurectomies

» Not performed commonly in contemporary practice but may be
suitable for refractory patients at high surgical risk

Nagy and Mahmoud. Asian J Neurosurg, 2021

9/21/2023
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TN- NEURECTOMIES

Nagy and Mahmoud. Asian J Neurosu

TN- RADIOSURGERY

« The only non-invasive but destructive technique

» Focused beam of radiation is delivered to the trigeminal root entry
zone

« Typical maximum dose of 70-85 Gy

» Pooled analysis after radiosurgery (n=4533) with follow-up of 4-11
years, 26-82% of patients were pain-free

Bendtsen et al. Eur J Neurol, 2019 ‘
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Figure 1: Contrast enhanced axial MRI with coronal, sagittal and three dimensional reconstruction
showing gamma Knife radiosurgery dose plan for left sided trigeminal neuralgia. A 4mm collimator is
used to deliver 80 Gy central dose. The 50% isodose line (yellow) is 2-3 mm away from the surface o
brain stem

TN- MICROVASCULAR DECOMPRESSION

« First-choice surgery in patients with classical TN

« Pooled analysis of 5149 patients — high efficacy — 62-89% of patients
were pain free at follow-up (3-11 years)

« Severe complications are rare - death (0.3%),
edema/hemorrhage/stroke (0.6%), anesthesia dolorosa (0.02%)

« Less severe complications — cranial nerve palsy (4%), hearing loss
(1.8%), facial hypesthesia (3%) were more common

m Bendtsen et al. Eur J Neurol, 2019
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TN — MICROVASCULAR DECOMPRESSION

Patients outcomes
%min-max (mean) MvD RFT GR PBC SRS

Initial pain relief B0-98(92)  B1-99(34) 4208075  B2100(36) 75020801
Long-term pain rellef ® 62.89(77)  2093(80)  1859(38) 5491 (67) 4665 (50
Facial hypoesthesia® 215 5.98 (40) 129 2035 1042
Facial dysesthesia® o1 112 0712 155 04
Anesthesia dolorosat o 02 03 0 o
Corneal sensory loss* o 120 05 rare rare
Masticatory weakness® 0 329 04 010 rare
Diplopia® o1 01 002 01 rare
Hypoacusia® 085 0 o o rare
Major neurolgical deficitst o1 0 [ 0 0
Mortality o1 2111000 o 211000 o

MVD: d RFT: Rad| g GR: Glycerol rhizolysis. PBC:

m SRS: Stereotactic
*Pain relief within 1 year from the procedure. "Mean values of long-term pain relief are calculated at least at 5 years
from the procedures. < Definitive neurlagical deficits.

Tlane

Table 2: Patients outcomes after different surgical procedures for TN
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CONCLUSIONS

« TN is a devastating orofacial pain syndrome

« TN can be categorized into primary (classical and idiopathic) and
secondary forms

* Imaging helps to categorize TN
» Medical therapy should be initiated first

* MVD is the first-line surgical treatment, especially in patients with
classical TN

* Many other freatment options exist including percutaneous
interventions, stereotactic radiosurgery and neurectomies

- Treatment in the setting of a multidisciplinary team is highly effective

9/21/2023
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Non-Operative Intraarticular Pain Treatment.

Southern Pain Society Annual Meeting

October 1, 2023
R. Amadeus Mason, MD, CAQSM, RMSK, FAAFP
Assistant Professor of Orthopaedics and Family Medicine
Emory University School of Medicine.
Emory Sports Medicine Center

Disclosures

1, R. Amadeus Mason MD, nor any immediate family members, have
no relevant financial or nonfinancial relationship(s) within the
products or services described, reviewed, evaluated or compared in
this presentation.

Objectives

« Define the problem
o Understand the different causes of joint pain
o Discuss the Etiology, and Pathophysiology
o Review Prevalence and Classification systems
o Outline Symptoms, Evaluation & Diagnosis
« Discuss Treatment options
o Rationale for use
o What’s in the literature
o General considerations
o What we do at Emory
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Etiology, and Pathophysiology

Etiology, and Pathophysiology

* More than 100 types of joint disease
* Two main Categories
o inflammatory
= RA, PsA, Gouty, Juvenile
o non inflammatory
= 0A

Etiology, and Pathophysiology
Inflammatory Arthritis

* Autoimmune Disease
o The immune system attacks healthy cells in the body by mistake,
o causes inflammation (painful swelling) in the affected parts of the
body.
o the lining of the joint becomes inflamed, causing damage to joint
tissue.
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Etiology, and Pathophysiology
Inflammatory Arthritis

* Mainly attacks the joints, usually many joints at once.
o commonly affects joints in the hands, wrists, and knees.
* Associated with tissue damage
o can cause long-lasting or chronic pain
o unsteadiness, and deformity
« Affects other tissues throughout the body
o causes problems in organs such as the lungs, heart, and eyes.

Etiology, and Pathophysiology
Inflammatory Arthritis

Etiology, and Pathophysiology
non-Inflammatory Arthritis

* This a degenerative disease

o “wear and tear” arthritis.
* Osteoarthritis (OA) is the most common form of arthritis.
* It most frequently occurs in the hands, hips, and knees.

o one joint or a pair of joints at the same time
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Etiology, and Pathophysiology
non-Inflammatory Arthritis

* With OA, the cartilage within a joint begin to break down.
o and eventually spreads to the bones
* Changes usually develop slowly and get worse over time.
« Causes pain, stiffness, and swelling
o can result in significant disability.

Etiology, and Pathophysiology
non-Inflammatory Arthritis

Symptoms and Evaluation




Slide 13 Symptoms/risk factors

* Pain or aching.
o worse with wright bearing
o worse at night
« Stiffness.
« Decreased range of motion.
* Swelling (+/-).

Slide 14 Symptoms/Risk factors

« Joint injury or overuse

o repetitive stress on a joint.
* Age

o the risk of developing OA increases with age.
* Gender

o women are more likely than men,

o especially after age 50.

Slide 15 Symptoms/Risk factors

* Obesity
o Extra weight puts more stress on joints,
o Especially weight-bearing joints like the knees.
* Genetics
o People who have family members with OA are more likely to develop
OA,

o People who have hand OA are more likely to develop knee OA.
* Race
o some Asian populations have lower risk for OA.
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Evaluation/diagnosis

* OAis diagnosed
o physical examination
o review of symptoms,
o X-rays,
= Bilateral standing AP, lateral, merchant view
= NO MRl is needed !11!
o lab tests

= Especially if inflammatory arthritis is suspected

Evaluation/diagnosis

Classification systems

« Over 50 different classification systems
* 2 most commonly used
o Kellgren and Lawrence

o WOMAC
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Classification systems

* Kellgren and Lawrence
o radiographic assessment
* WOMAC
o Western Ontario and McMaster Universities
Osteoarthritis Index
o functional assessment

K/L Classification systems

* Grade 0-1

o no radiographic features of OA present
o doubtful joint space narrowing (JSN) and possible
osteophytic lipping
* Grade2
o definite osteophytes and possible JSN
* Grade 3
o multiple osteophytes,
o definite JSN,
o sclerosis,
o possible bony deformity

K/L Classification systems

* Grade 4
o large osteophytes,
o marked JSN,
o severe sclerosis
o definite bony deformity
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K/L Classification systems

WOMAC Classification systems

Prevalence
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Prevalence

* 54.4 million adults in the U.S. (22.7 % of all adults) had doctor-
diagnosed arthritis
0 3.7 million (43.5 % of those with arthritis) had arthritis-attributable
activity limitation.

Prevalence

* More than % adults with arthritis had severe joint pain (27 %).

* Among adults with arthritis, the highest prevalence of adults
with severe joint pain was among persons 45 to 64 years old
(31 %)

Prevalence

« Almost one-third (30.6 %) of all adults who are obese also
have arthritis.
o about half (49 %) of adults with arthritis and who are obese have
activity limitations.
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Prevalence

« OA has a significant negative impact on co-morbidities.
o and visa versa
 Physical activity can reduce OA pain and improve physical
function by as much as about 40 %.

Prevalence

* In 2013, total medical costs and earnings losses due to
arthritis

© $304 billion 11!
= (about 1 percent of the U.S. GDP)
o earnings losses were $164 billion
= (for adults with arthritis between ages 18 and 65).
o the average adult with arthritis earned $4,040 less than an adult
without the disease

Knee OAEpidemic

18 million Americans
o Currently living with symptomatic knee OA.
4.1 million Americans
o Difficulty with ambulation - having failed conservative treatment,
o Candid: for knee ar or high tibial (HTO).
500,000 Americans

o Knee arthroplasties and HTOs are performed annually in the United States.

3.6 million Americans

o “stuck"in a treatment gap
o Unwilli nota to undergo arthroplasty/ HTO
o Remain in “gap” for an average of 20 years.
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Knee OA Treatment Gap

* Particularly important in the younger population
o Potential risk of revision surgery
o 38.3% of OA patients are under 55

© 10.5%of patients are under 35

This highlights the necessity for the development of safe, effective, minimally invasive,
treatments that providefavorable efficacy and safety profiles.

BM) Open
[BM] Open|

Knee arthroscopy versus conservative management in patients with
degenerative knee disease: a systematic review

Conclusions Over the long term, patients who undergo knee arthroscopy versus those who recey

onservative management

sirategies do not have important benefits in pain or functior

EVIDENCE AND RESEARCH STUDIES: SURGERY
[ e PETSRpR

Surgery No Benefit to Patients With Meniscal Tears
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Treatment Options

 Physical activity
o low-impact aerobic exercises,
o neuromuscular control
* Weight loss
o every 5Ibs of body weight lost = 25lbs of knees
* Physical therapy?
= muscle strengthening exercises
* Neuromuscular education

Treatment Options

* Medications
o NSAIDs vs Tylenol
* Supportive devices
o such as crutches or canes.
o bracing
¢ Injectables
o steroids
o Biologics
= HA

= PRP
= Stem cells

Steroids




Slide 37

Slide 38

Slide 39

The Effect of Intra-articular Corticosteroids
on Articular Cartilage

. i hydrocortisone,
and triamcinolone were reported to display dose-dependent deleterious effects on
cartilage morphology, histology, and viability in both in vitro and in vivo models.
. s A. D, SEDGWICK, .M. SIN, A. R. MOORE,

1.C. W.EDWARDS, AND D. A. WILLOUGHBY
Annals of the Rheumatic Diseases, 1984, 43, 418-420
articular C¢ Articular Cartilage A ., * BS, Hillary J.

Braun, BS, and Jason L. Dragoo, "t MD’ 3(5),

Anesthetic agents are also a concern...

« In Vivo Effects od Single Intra-Articular Injection of 0.5% Bupivacaine on
Articular Ca rtilage. Chu CR, et al. JBJS Mar 2010; 92: 5990608

« Lidocaine Potentiates the Chondrotoxicity of Methylprednisolone Seshadrietal
Arthroscopy, April 2009;25:4: 337-347

Biologics
HA visco-supplementation




Slide 40 Knee OA treatments ranked according to effect sizes for pain
relief at 3 months (relative to oral placebo)

[Treatment ____________|effectsize (95% credible intenval)

1A hyaluronic acid 0.63 (0.39 to 0.88)
IA corticosteroids 0.61 (0.32 to 0.89)
Diclofenac 0.52 (0.34 t0 0.69)
Ibuprofen 0.44(0.25t0 0.63)
Naproxen 0.38 (0.27 to 0.49)
Celecoxib 0.33(0.25t0 0.42)
IA placebo 0.29 (0.04 to 0.54)

Acetaminophen 0.18 (0.04 t0 0.33)
Te. C

Bannuru RR, Schmid CH, Kent DM, Vasbrot €, Wong J8, McAlindon

EMORY
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Auman  al BMC Muscuboskelerdl Diowdss. (2015)16:321

DOl 10.1185/512891 50775 2
BMC

Musculoskeletal Disorders

RESEARCH ARTICLE Open Access

The mechanism of action for hyaluronic @
acid treatment in the osteoarthritic knee: a
systematic review

RD Altman'”, A. Manjoo”, A Fierlinger’, F. Niazi* and M._ Nicholls*
Altman R, Marjoo A, Fieringer A, NiaziF, Nichols M. The mechanism of acton forhyaluronic acid treatment i the osteoarthritic knee: a
systematic review. BMC Musculoskelet Disord. 2015;16:321. doi: 10.1186/+12891.015-0775-2.
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Mechanical effects of HA in the joint

o Lubricant

o Shock absorption

Analgesic effects of HA in the joint

o Binds to itive, pain-tr. ing ion channels

o Reduces the action of sensitized joint nociceptor terminals

Biosynthetic effects of HA in the joint

Enhances proteoglycan and glycosaminoglycan synthesis by chondrocytes
intrinsic ( is of HA by joint tissues

Chondroprotective effects of HA in the joint

o Reduces chondrocyte apoptosis and increases cellular proliferation

o production of matrix i (MMPs) and

aggrecanases (ADAMTSs)
* Anti-inflammatory effects of HA in the joint
o Suppresses expression of pro-inflammatory cytokines such as
TNF-alpha, IL-8, and IL-6

1L-1B, | IL-
a0, Marob A, Feinger &1 o Nichal? . The mechanism ofacon forhyaltolc a6 ratmen n the sioarie knee  sstmatc v
B Muse 01516371 o 01
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HA treatment options

1-injection course of therapy

3-injection course of therapy

5-injection course of therapy

Summary of indications for use

HA is indicated for the treatment of pain in osteoarthritis (OA) of
the knee in patients who have failed to respond adequately to
conservative non-pharmacological therapy or simple analgesics,
e.g. acetaminophen.

Summary of indications for use

Do not inject HA in patients

* knee joint infections,

« skin diseases,

« other infections in the area of the injection site.

« with known hypersensitivity or allergy to sodium hyaluronate
preparations.

* Risks can include transient pain or swelling at the injection site.
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. T
@ Arthritis B

A Comparison of Intra-Articular Hyaluronic Acid Competitors in the
Treatment of Mild to Moderate Knee Osteoarthritis

-, AM MCGraIY, ZM Jaz50p MAY, Surys Ganaham™, G Dama’, Sebastian Dawson-Bowiing' and SR Cannan!

Fheura 2005 - 65527-331 i 1 i ' '
et : D, Krocker! G, Matziolis! 1. Tuischer’ J. Funk! S, Tohtz! F. Butigeren: C Perka’
Bublaed crine: ke 23, 2006 T ot for Musculoskeletal Surgary, Charsé University Hospita, Bedin

& Sprnger iz erag 2008 2 ginicfor el and

(Charith University Hospital, Berlin

Reduction of arthritis associated
knee pain through a single intra-
articular injection of synthetic
hyaluronic acid

Krocker D, Matzols G, Tuischer J et al.

hyaluroni acid. 2 Rheumatol. 2006;65(4):327-31.

Orthobiologics

* The use of biological substances to help MSK tissue heal more quickly.

* Biological substances
© Naturally occurring in the body
© Normally associated with healing

* MSK tissue
© Muscle
o Tendon
o Ligament
o Bone
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Platelet Rich Plasma

.

.

Autologous blood
Concentrated above baseline
Usually 4-5 times baseline (1.5 — 4.5 x 10° uL)
o PeRP —platelet enriched plasma,
o PRC - platelet rich concentrate
o APG - autologous platelet gel
o ACP —autologous conditioned plasma
o A2M - a-2-Macroglobin
* Use variable speed centrifuge

Platelet Rich Plasma (PRP)

* Characterization

« Leukocyte rich vs Leukocyte poor 0ragoo, etal AlsM (2012)
o Decreased pain
o Decreased inflammation
o No increase infection

* Low RBC

o Intra-articular administration 8raun et alAlsM (2014)

Platelet Rich Plasma (PRP)
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Platelet Rich Plasma (PRP)

« Classification system Mihra,
o 4types
o Based on
= WBC's
= Platelet activation

= Platelet Concentration

Types of Injectable MSC’s for Cartilage/ OA

+ Autologous
o Bone Marrow
* BMA (bone marrow aspirate)
* BMC (bone marrow concentrate)
* Culture/ expanded
o Adipose Derived Stem Cells
* Lipo-aspirate
* SVF (stromal vascular fraction)
* Culture/ expanded
* Allogenic
o Placental DerivedCells
o Umbilical Cord Blood/ Tissue
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Sources of Birth Tissue
Injectables

Rational for Use

* Acute vs Chronic
o Chronic usually more problematic
= Over use
= Repeated Micro-traumatic events
= Disruption of the internal structure
= Degeneration of the cell and matrix
o Mismatch of injury and healing response
o Augmented delivery of appropriate substance
= PRP/BTI - growth factors
= MSC - Stem cells

Osteoarthritis

« PRP Spakovd, et al. AIPMER (2012,2014)
o RCT, 120 patients
o Out performed HA
PRP vs Stem cell
o PRP following HA series
o Single injection “series”
o Bone Marrow vs Adipose
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A multi-center analysis of adverse events among two thousand,
three hundred and seventy two adult patients undergoing adul
ologous stem cell therapy for orthopaedic conditions

Corampher 1 Contom - Hasan AVSayegh’ « Michael D, Proeman - Juy Sesth
Wilkam D, M - Rostysi Butaor®

A total of 3012 procedures were performed on 2372 patients with follow-up period of 2.2 years.
325 adverse events were reported.

* majority were pain post-procedure (n=93, 3.9%of the study ion) and pain due to
degenerative joint disease (n=90, 3.8 % of the study population).

Seven cases reported neoplasms, a lower rate than in the general population.

Our findings are consistent with prior investigations demonstrating a favorable safety profile for the

percutaneous use of BMC and MSC injections for the treatment of orthopaedic conditions

MSC Literature Review

PMR. 2019 Feb;11(2):177 191. doi: * 14 studies
10.1016/j.pmrj.2018.06.019. Epub 2019Jan 16. . 3 peTs
Bone Derived and Adipose-Deri * Bone Marrow: 6 studies
ell Therapyin Primary + Adipose Tissue: 8 studies
Osteoarthritis: * Culture Expanded: 7 studies
ANarative Review.

Jayaram P, kReama U, Rothenberg JB,
Malanga GA.

Summary

* Results : all 14 studies
o No major adverse events
o Improved pain and function
o Only 1 study with “negative” results
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Take Home Points

* Intraarticular treatments should be used in combination
« Steroids really should be for acute flairs

* HA DOES works better than placebo
* Orthobiologic can be used stand alone or in combination.

« Avoid treatments that are KNOWN to be harmful.

« Be aware of the evidence of the treatments offered.
« Be aware of your patient’s preferences !

« Keep up with scientific literature on the evolving area
of Orthobiologics (PRP, stem cell, etc) and how they
may apply to various orthopedic conditions

Be Aware of all the options available NOT just the one’sthat
you know to perform
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