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Pertinent Disclosures

A | have been preforming Neuromodulation for 11 years.

A | am a Board Member of North American Neuromodulation
Society
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A | am an author on the two largest prospective SCS trials in
history (funded by Nevro and Saluda)

A | am currently site P.I. for two |.D.E studies for new devices in the
Neuromodulation space.

A Many of these authors are my friends.
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Neuromodulation Works.
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We Disagree on How, What
Why.
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TimeLin@roundbreaking research

2000s 2018 2021
Big Three developed Sunburst _ introduces Painful Diabetic
commercial use of Spinal Burst Stimulation, Deer et Peripheral Neuropathy :
Cord Stimulation. al. Petersen et al. *
Senza introduces High Differential Targeted
Frequency SCS, Kapural et Multiplex  activates glial
al. & Accurate introduces cells, Cedeno et al. & EVOKE introduces closed
DRG, Deer et al. Vallejo et al. loop SCS, Mekhail et al. *
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JAMA

QUESTION Among patients with chronic radicular pain after lumbar spine surgery, does spinal cord burst stimulation
affect back pain-related disability?

CONCLUSION Among patients with chronic radicular pain after lumbar spine surgery, spinal cord burst stimulation,
compared with placebo stimulation, resulted in no significant difference in back pain-related disability.

POPULATION ' INTERVENTION FINDINGS
e 50 Patients randomized Change in Oswestry Disability Index score
27 Women 47 Patients analyzed (range, 0 [no disability] to 100 [maximum disability])
23 Men 180 Crossover treatment
E allocations Mean baseline score: 44.7 points
Adults with chronic
m r a radiculopathy after i 9_1 89_ ) Burst Change: =10.6 points
surgery for degenerative Burst stimulation Placebo stimulation stimulation
lumbar spine disorders allocations allocations = 00 e
Closely spaced, high-frequency Placebo stimulation

Mean age: 52 years stimuli delivered to the spinal lasting for 3 months P[.acebo : Change: =9.3 points
cord lasting for 3 months stimulation
HEATEY The difference was not significant:

1 PRIMARY OUTCOMES Mean between-group difference, -1.3 points

University Change from baseline in self-reported Oswestry Disability Index (95% Cl, -3.9 to 1.3 points); P = .32
hospital in Norway

Hara S, Andresen H, Solheim O, et al. Effect of spinal cord burst stimulation vs placebo stimulation on disability in patients with chronic radicular pain
after lumbar spine surgery: a randomized clinical trial. JAMA. Published October 18, 2022. do0i:10.1001/jama.2022.18231
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E Trial with Tonic Stimulation
(@ )

Qj All patients from Norwegian single center and programmed by  research nurse

&Lif3dzs [ ¢ wlLjsOQQt3wdzQ dzsdzwr Y tqsfU¢ [Qq dz3[Udzwy TGAwe [t

Patients only reprogrammed if they ask for reprograming

Hard to control for sham v. active device. (Could there be bias in the evaluators/patients, i.e. I'm in
the sham period, no reason to go back to hospital and get reprogrammed, this shouldn't work)




Table 2. Effect of Spinal Cord Burst Stimulation on Primary and Secondary Outcomes

Mean score (95% CI)
At baseline Spinal cord burst stimulation  Placebo stimulation Between-group difference
No. of stimulation periods 91 89
Primary outcome
Oswestry Disability Index, points® 44.7 (41.4t047.9) 34.0(30.0to 38.1) 354(31.3tp 39.4)
Change from baseline -10.6(-14.1to =-7.2) -9.3(-12.7 ta -5.9) -1.3(-3.91t0 1.3)
Secondary outcomes

Numerical Rating Scale”
Leg pain 7.3(6.8t07.7) 59(5.3t06.4) 6.1(5.6t06.6) -0.2 (-0.7t0 0.2) 32
Back pain 6.8(6.4t07.3) 5.7(5.2t06.2) 6.1(5.6to6.6) -0.4 (-0.8 to 0.04) 07
5-Dimension EuroQol index® 0.21(0.13t00.28) 0.48 (0.39t0 0.56) 0.44 (0.35t0 0.53) 0.04 (-0.03to00.11) 32

Physical activity level®
No. of steps per day 6775(5651to7899) 7561 (6411 toB8710) 7155 (6006 to 8305) 405(-422t01233) 34

Time spent standing or walking, h/d  3.8(3.3to4.3) 4.0(3.5t04.4) 4.0(3.6to4.4) -0.02 (-0.4t00.3) 89

* Scores range from O points (no disability) to 100 points (maximum disability). © A score of O indicates death and a score of 1 indicates a perfect health state,
The minimal clinically important difference (MCID) was 10 points. A typical The MCID was 0.03. Scores between 0.2 and 0.5 represented a severe to
patient with moderate back pain and disability would have a score between moderate reduction in overall health-related quality of life.

20 and 40. Scores greater than 40 indicate severe disability. 9 Measured using a body-worn accelerometer (ActivPAL, PAL Technologies, Ltd).
b Scores range from O (no pain) to 10 (worst pain imaginable). The MCID was
1.0 points.




Table 1. Overview of Study Design Across Included Studies

Study Duration of
Source phase Blinding Intervention Comparator Study population Sample size follow-up
Kumar et al,'® 2007 NA Open label SCS + CMM CMM 3lone Patients with neuropathic 100 24 mo
pain (FBSS)
Petersen et al,”® 2021 NA Open label 10 kHz SCS + CMM CMM Patients with neuropathic 216 52 mo
pain (PDN)
de Vos et al,”* 2014 NA Open label SCS + CMP CMP Patients with neuropathic 60 6 mo
pain (PDN)
Rigoard et al,? 2019 4 Open label SCS + OMM OMM alone Patients with FBSS 218 24 mo
diagnosis, mixed
population
Slangen et al,?* 2014 NA Open label SCS + BMT BMT Patients with neuropathic 36 6 mo
pain (moderate to severe
PDPN)
Kapural et al,** 2022 NA Open label 10 kHz SCS + CMM CMM Patients with neuropathic 159 12 mo
pain (NSRBP)
De Andres et al,?* 2017 NA Double-blind High-frequency (10 kHz)  Conventional SCS  Patients with neuropathic 55 12 mo
SCS pain (FBSS)
Bolash et al,?® 2019 NA Open label High-frequency (10 kHz) Low-frequency Patients with neuropathic 99 6 mo
SCS SCS pain (FBSS)
Al-Kaisy et al,?” 2021 NA Open label SCS 10 kHz + CMM CMM alone Patients with possible 58 12 mo
neuropathic pain (NSRBP)
Mekhail et al,® 2020 NA Double-blind Closed-loop SCS Open-loop SCS Patients with chronic, 134 3y
(ECAP-controlled) (manual intractable pain of the back
stimulation) and legs
Kapural et al,? 2015 NA Open label High-frequency (10 kHz) Low-frequency Chronic, intractable painof 198 24 mo
SCS therapy SCS the trunk or extremities
Fishman et al,*° 2021 NA Open label Differential target Traditional SCS Chronic LBP and leg pain 128 12 mo
multiplexed SCS
Leong et al,?* 2021 NA Open label Burst stimulation SCS Tonic stimulation  Chronic intractable painin 100 24 wk
SCS the extremities and trunk

Abbreviations: BMT, best medical treatment; CMM, conventional medical management; optimal medical management; PDN, painful diabetic neuropathy; PDPN, painful diabetic
CMP, conventional medical practice; FBSS, failed back surgery syndrome; kHz, kilohertz; peripheral neuropathy; SCS, spinal cord stimulation.
LBP, low back pain; NA, not available; NSRBP, non-surgical refractory back pain; OMM,
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Table 2. Matrix of Bayesian NMA Results?®

Measure Estimate vs CMM

Proportion of patients achieving 250% pain reduction in back®

Conventional SCS, OR (95% Crl) 3.00(1.49t06.72)°¢
Novel SCS, OR (95% Crl) 8.76 (3.84t022.31)¢
DIC 14.07

Studies in the network, No. 5

Total sample size, No. 683

Proportion of patients achieving 250% pain reduction in leg®
Conventional SCS, OR (95% Crl) 6.93 (0.67 to 49.35)¢
Novel SCS, OR (95% Crl) 10.13(0.45t0129.31)¢
DIC 26.15

Studies in the network, No. 7

Total sample size, No. 831




How Does
Stimulatowork?










AMPLITUDE

AMPLITUDE

Area Afea of

Infludnfleen rea ofrea of

epol@eadianzation



PULSE WIDTH

PULSE WIDTH

Area of

Inif Area of\rea of

Depoladgatidarization



FREQUENCY

FREQUENCY
—————




Current Stimulation
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ORIGINAL RESEARCH

8 OPEN ACCESS “l) Check for updates:

Two-year outcomes using fast-acting sub-perception therapy for spinal cord
stimulation: results of a real-world multicenter study in the United States

Clark Metzger?, Blake Hammond?, Richard Ferro®, James North¢, Stephen Pyles?, Andy Kranenburgs,

Edward Washabaughf and Edward Goldberg?

2Orthopedic Surgery Department, HCA Florida West Orthopedic Specialists, Pensacola, Flo
Multidisciplinary Pain Management Services, Okemos, Michigan, USA; “Interventional Pai
Research, LLC, Winston-Salem, North Carolina, USA; “Interventional Pain Management D
*Orthopedic Surgery Department, Southern Oregon Orthopedics, Medford, Oregon, USA;
Pain Specialists, Ann Arbor, Michigan, USA; 9Medical Director, Clinical Department, Bostt

# of patients assessed at baseline: n =315

i

# of patients assessed at 12-months: n =112

i

# of patients assessed at 18-months: n = 86

i

# of patients assessed at 24-months: n = 50

Overall NRS pain score (0-10)

10

nent,

ligan
USA

A-5.5
(p<0.0001)

2.3

Baseline Last follow-up
(n=315) (n=315)



Multiphase Spinal Cord Stimulation in
Participants With Chronic Back or Leg Pain:
Results of the BENEFIT-02 Randomized

Clinical Trial

Leonardo Kapural, MD, PhD' ©; Denis G. Patterson, DO”; Sean Li, MD>;
John Hatheway, MD“; Corey Hunter, MD’; Steven Rosen, MD°®;

Michael Fishman, MD’; Mayank Gupta, MD®; Dawood Sayed, MD;
Anne Christopher, MD'°; Abram Burgher, MD''; Tory McJunkin, MD"?;
Edgar L. Ross, MD'?; David Provenzano, MD'“; Kasra Amirdelfan, MD"”

PPR Improved with Multiphase SCS

-
+

39/61 (63.9%) participants

reported greater pain relief
with multiphase SCS

7/61 (11.5%) participants reported no difference
between multiphase and commercial SCS

Individual Differences in PPR

15/61 (24.6%) participants
reported greater pain relief
with commercial SCS

-40% -20% 0% 20% 40%
Difference in PPR (Multiphase SCS PPR — Commercial SCS PPR)



Differential. Target
Multiplexed

A Three concurrent
frequencies (50Hz, 300Hz,
and 1200Hz) to differently
target neurons and neuron -
glial signaling




DTM: Multiplexed Frequency Architecture (lllustrative)

= ~50 Hz — Neuronal modulation
- ~300 Hz — Neuron-glia interaction
= ~1200 Hz — Signal conditioning

-

AT

Time (illustrative)




FISHMAN ET AL,

Back Pain VAS (cm)

0
Baseline 3-Month 6-Month 12-Month

=@ DTM SCS == Traditional SCS

FIGURE 4 Mean visual analog scale (VAS) scores for longitudinal back pain with standard errors. Values correspond to the analysis with
the ITT population with evaluable data at cach time point. DTM, Differential Target Multiplexed; ITT, intention to treat; SCS, spinal cord

stimulation

Leg Pain VAS (cm)

*i,

i {

Baseline 3-Month 6-Month 12-Month
=@=DTMSCS ==O==Traditional SCS
FIGURE 5 Mean visual analog scale (VAS) scores for longitudinal leg pain with standard errors. Values correspond to the analysis with

the ITT population with evaluable data at cach time point. DTM, Differential Target Multiplexed; ITT, intention to treat; SCS, spinal cord
stimulation

W

-10% 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

B pTMscs [ Traditional SCS

FIGURE 3 Back pain relief for individual subjects at the
12-month visit. Sixty-nine percent of the test subjects (DTM SCS)
achieved profound response to back pain. Thirty-five percent of the
control subjects (traditional SCS) achieved profound response to
back pain. Profound response is defined as 80% or greater (dashed
line) low back pain relief. Analysis included the ITT population
with evaluable data at the 12-month visit. DTM, Differential Target
Multiplexed; ITT, intention to treat; SCS, spinal cord stimulation

RESEARCH ARTICLE

Twelve-Month results from multicenter, open-label, randomized
controlled clinical trial comparing differential target multiplexed
spinal cord stimulation and traditional spinal cord stimulation in
subjects with chronic intractable back pain and leg pain

Michael Fishman MD, MBA' | Harold Cordner MD? | Rafael Justiz MD® |

David Provenzano MD* | Christopher Merrell MD® | Binit Shah MD® | Julian Naranjo MD’ |
Philip Kim MD' | Aaron Calodney MD® | Jonathan Carlson MD® | Richard Bundschu MD' |
Mahendra Sanapati MD'" | Vipul Mangal MD'? | Ricardo Vallejo MD, PhD"




RESEARCH ARTICLE

Low-energy differential target multiplexed SCS derivative reduces
pain and ix

. European randomized controlled trial evaluating
chronic ba

differential target multiplexed spinal cord stimulation
Jeffery Peacock a1 conventional medical management in subjects with

Kasra Amirdelf; persistent back pain ineligible for spine surgery: 24-month

Prabhdeep Grev pogults
MD" | Binit
Jan Willem Kall

) Jan W. Kallewaard"? | Bart Billet’® | Raf Van Paesschen® | Iris Smet’ |
Calysta Rice BA

Agustin Mendiola® | Isaac Pefia’ | Pablo Lopez® | Javier Carceller® |

Carlos Tornero’ | Xander Zuidema'®' | Jan Vesper? | Jens Lehmberg" |
Wim Laloo' | David L. Cedefio'® | Ricardo Vallejo™
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Richard Bundschu, MD?; Justin Sirianni, MD®; Amr El-Naggar, MD'?;
Mayank Gupta, MD''; Wesley Park, MPH'?; David L. Cedefio, PhD'?%;

Ricardo Vallejo, MD, PhD"?



Closed Loop
Stimulation

Dynamic Voltage Based on ECAPs




Measuring the ECAP in the Dorsal Column
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Original research
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EVOKE and ECAP Stud

ECAP-controlled closed-loop versus open-loop
SCS for the treatment of chronic pain: 36-month
results of the EVOKE blinded randomized

clinical trial

Nagy A Mekhail @' Robert M Levy,” Timothy R Deer @ ,* Leonardo Kapural,*

Sean Li,° Kasra Amirdelfan,® Jason E Pope,” Corey W Hunter,® Steven M Rosen,’
Shrif J Costandi @, Steven M Falowski,'® Abram H Burgher, "

Christopher A Gilmore,'? Farooq A Qureshi,® Peter S Staats,” James Scowcroft, ™
Tory McJunkin, ™ Jonathan Carlson, '® Christopher K Kim,* Michael | Yang, "

Thomas Stauss,'® Erika A Petersen,'? Jonathan M Hagedorn @ ,%° Richard Rauck, '
Jan W Kallewaard,?"**? Ganesan Baranidharan,” Rod STaonr,24 Lawrence Poree,”
Dan Brounstein,® Rui V Duarte @ ,%*? Gerrit E Gmel,”® Robert Gorman,®

lan Gould,’® Erin Hanson,?® Dean M Karantonis,”® Abeer Khurram,”® Angela Leitner,*®

Dave Mugan,? Milan Obradovic,?® Zhonghua Ouyang,?® John Parker, % Peter Single,?®

Nicole Soliday,”® The EVOKE Study Group

©

OPEN ACCESS

Original research

Clinical utility of ECAP dosing in a real-world
population delivered via EVOKE therapy: the
ECAP study

Jason E Pope,’ Gregory L Smith @ ,? Johnathan A Goree ©,” Nagy A Mekhail ® ?
Robert M Levy,” Timothy R Deer @ ,°> Chau M Vu," Jarna Shah,? Shrif J Costandi @
Steven M Rosen,® Todd A Bromberg,6 Atish Patel,® Dawood Sayed,’

Christopher M Lam @ ,” Usman Latif,” Shivanand P Lad,® Jessica B Jameson,”

Aaron K Calodney, ' Steven M Falowski,'" Jack Smith,'" Salim M Hayek ®,'2

Maged Guirguis,* Ronald B Boeding,'* Jonathan M Hagedorn @,

Michael Sprintz, '® Ajay Antony, "’ Denis Patterson,'® Robert D Heros,® Andras Laufer,?
Julie G Pilitsis,?' Nathan Miller,?? David Rosenfeld,”® Jordan L Tate,*

Ahmed M Raslan,? Jan Willem Kallewaard ,Zﬁ'ﬂAngeIa Leitner,”® Erin Hanson,*®
Nicole Soliday,28 RuiV Duarte ® ,%%°° Erika A Petersen’'
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CL-SCS (n=67) OL-SCS (n=67)

>0 to <50% improvement (22.4%) [ High responders (280% improvement) (49.3%) >0 to <50% improvement (40.3%) Il High responders (280% improvement) (31.3%)
Responders (250% improvement) (77.6%) M No improvement (10.4%) Responders (250% improvement) (49.3%)

Individual patients

0
8
=
<
=
©
o
©
=
=
=
=]
£

e —
——————————
——————
———————————————————
-_—

: :
—_—
e —




mTrial End = m W Post-implant visit ECAP
100%

90% 94%
80%
T0%
60%
50%
40%
30%
20%

10%

0%
Full Cohort Post surgical pain NSRBP (PSPS-T1) PDN CRPS Upper Limb Pain
(PSPS-T2)
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Maximal Analgesic Effect Attained by the Use of
Objective Neurophysiological Measurements
With Closed-Loop Spinal Cord Stimulation

Robert M. Levy, MD, PhD"; Nagy A. Mekhail, MD, PhD?;

Leonardo Kapural, MD, PhD?; Christopher A. Gilmore, MD?;

Erika A. Petersen, MD”; Johnathan H. Goree, MD"; Jason E. Pope, MDS;

Shrif J. Costandi, MD?; Jan Willem Kallewaard, PhD”%; Simon Thomson, MBBS’;
Christopher Gilligan, MD'?; Tariq AlFarra, DO"'; Mustafa Y. Broachwala, DO'%;
Harman Chopra, MD'?; Corey W. Hunter, MD'?; Steven M. Rosen, MD'%;

Kasra Amirdelfan, MD'®; Steven M. Falowski, MD'®; Sean Li, MD'’;

James Scowcroft, MD'?; Shivanand P. Lad, MD, PhD'?; Dawood Sayed, MD*’;
Ajay Antony, MD?'; Timothy R. Deer, MD??; Salim M. Hayek, MD, PhD?3;
Maged N. Guirguis, MD?*; Ronald B. Boeding, MD>%; Aaron K. Calodney, MD?¢;
Brian Bruel, MD?’; Patrick Buchanan, MD?%; Nicole Soliday, MPH?%;

Rui V. Duarte, PhD?*° ©; Angela Leitner, MS?%; Peter S. Staats, MD "’
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Clinical utility of ECAP dosing in a real-world
population delivered via EVOKE therapy: the
ECAP study

Jason E Pope,' Gregory L Smith © 2 Johnathan A Goree © % Nagy A Mekhail ®
Robert M Levy, Timothy R Deer @,° Chau M VU,‘ Jarna Shah,’? Shr\fJ Costandi ©°
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Figure 4 Sensitivity of the spinal cord to stimulation (dose sensitivity)
for the different subgroups evaluated. CRPS, complex regional pain
syndrome; ECAP, evoked-compound action potential; NSRBP, non-
surgical refractory back pain; PDN, painful diabetic neuropathy; PSPS-T1,
persistent spinal pain syndrome type 1; PSPS-T2, persistent spinal pain
syndrome type 2.






