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High frequency stimulation
(Nevro, Menlo Park, CA)

DRG Stimulation

(Abbott, Plano TX; Gimer, Taiwan)

High Density Stimulation

(Medtronic, Minneapolis)

Burst Stimulation
(Abbott, Plano, TX)

Remote leads

(Nalu, San Francisco; Stim Wave, Miami)

ECAPS-Feedback
(Saluda, Sidney, AU)

PNS

High frequency stimulation
(Neuros, Cleveland, OH)

Elastic bipol lead
(SPR Therapeutic, Cleveland,OH)

External generator near-nerve lead
system

(Bioness, Valencia, CA)

Micro-devices

(several universities)
Vagal stimulation

(electroCore, NJ, etc)




= Pain

= Abdominal Pain
= Pelvic Pain

= Headaches

Cervical radiculopathy

ns for neuromodulation

= Functional Restoration
= Spinal cord injury

= Parkinson

= Depression
= OCD

Alzheimer's disease




Spine

SPINE Volume 42, Number 14S, pp S33-S34
© 2017 Wolters Kluwer Health, Inc. All rights reserved.

SUMMARY STATEMENT

Summary Statement for the Spinal Cord

Stimulation Focus Issue

F. Todd Wetzel, MD,* Kasra Amirdelfan, MD," Gunnar B.). Andersson, MD, PhD,*
Leonardo Kapural, MD, PhD,® David A. Provenzano, MD,¥ Jonathan Riley, MD,/ ”
B. Todd Sitzman, MD, MPH, " Peter Staats, MD,'" and Ricardo Vallejo, MD, PhD*

n the last several years, spinal cord stimulation (SCS)

has undergone a revolution with the development of

truly different technologies in decades. Although the
basic principle remains—the application of electric current
to nervous tissue to treat intractable pain—the options for
delivery are no longer limited to “traditional’ tonic stimu-
lation but also include high frequency (10 kHz), burst, and
dorsal root ganglion techniques. This technical revolution
has lead to significant and rapid improvement in outcomes
and resulted in the advancement of the science.

are ripe for the development and application of new
therapeutic strategies.

The goals of this special issue are to provide education
about this technology by reviewing the available literature in
a critical manner. High-quality evidence-based data from
level I and II studies are clearly required for the evaluation of
any new or evolving treatment. These data are provided in a
comprehensive review by Amirdelfan. In an exhaustive
review of treatments for chronic spinal pain syndromes,
the author notes that strong evidence (level I and I, as noted
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Focus ISSUE ARTICLE

Clinical Evidence for Spinal Cord Stimulation for
Failed Back Surgery Syndrome (FBSS)

Systematic Review

Leonardo Kapural, MD, PhD," Erika Peterson, MD," David A. Provenzano, MD,* and Peter Staats, MD, MBA®

E ailed back surgery syndrome (FBSS) is present in
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Study Design. A systematic review.




= non-randomized studies can exaggerate the estimate
of treatment effect by as much as 40%

= that may lead to erroneous conclusions regarding
treatment effect

Schultz KF, Chalmers |, Hayes RJ, et al. Empirical evidence of
bias. Dimensions of methodological quality associated with estimates
of treatment effects in controlled trials. JAMA. 1995;273:408-412.




Randomized Spinal Cord Stimulation Trials for the Treatment of Lumbar Spine Conditions

Number of Functional
Patients Outcomes
Number | Progressing| Type of Type of Avera of
Tg-pe of | Evidence | of Trial | to Implant| Neuro- Pain % Pain | Implanted | Compli- | Range of Patient
Author tudy Level Patients (%) modulation| Pattern | Reduction | System' cation | Follow-up | Satisfaction
Capural et al. RCT 1 a7 HF10 and 92 (90 HF10 and B1 | PE Radicular and Back: 67 for Q- LM-HF10 (3), 1-24 mo HF 105 {86)
01+ traclitional traclitional axdal HF10, HF1IO[16.5], |  SCS(5) SC%- S (B6)
S5 S05 41 tor 55 SCS[13] WC-HIF 10 (4],
Leg: 65.1 for CWAF- S5 (3)
HF 10, 46 for HF10 {71},
SC5 SCS (59)
Noath et al, RCT 1 38 19 PE Radicular SC5 (52) N (3], LM (%) 1.8=5.7 yrs SC5 (47}
20067 average 2.9
. L]
Cumar ef al, RCT 1 52 SCS4CMM | 41 CMM and PE Radicular and SCS-+CMM N {00, LM (12} [ 1-24 mo SCS: for pain
20087" and 42" axial Leg [=50]; reduciion
Al CMM SC5+CMM 1 mo (56, Gk, for
6 mo (55), satisfied with
12 mo (38), tratimse it
24 mo (40 93}

arenthesk, (), contain percentage of patents and brackers, [ contain average percentage reduction improvement.
he Evidence level (s hased on the US Preventive Service Task Force definitions provided in Table 1.

SAF, Global Assessment of Functonality; HFI0, 10-kMHz hgh-frequency; 1, infection; LE laminotomy electrodes; [M, lead migration; N/D, nod documented: ODN, Oswestry Disabifity index; PE, percitaneous
#ectrodes; RCT, mandomized control tral; 5, swcoess; WC, wound complication.

Forty-six patients of original 52 by 24 months, but 4 crossed o CMM, thus leaving 42,

Improvement in GAF, 0D, GAF and QDI data are 12-month values, At 24 months, 23.5% of HFI0 patients had minimal disabiity compared with 2.9% of rraditional SC5 patients,




= HF10 therapy leads are placed anatomically
= Paresthesia mapping not required

= Anatomical lead placement (T8-T11) for back
and leg pain

= No intra-operative programming

= Consistent procedure time




ant and Durable Pain Relief
al. Pain Medicine 2013)

Mean VAS Score (x SEM)
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*: 1 patient missed 12-month visit




esign

= SENZA-RCT Study

= Comparative safety and effectiveness analyses

= Parallel arm design generating clinical evidence for traditional SCS and 10
kHz therapy

= Devices

Test: The investigational SCS system delivering 10 kHz therapy (10 kHz
stimulation)

Control: Commercially available traditional SCS system delivering
traditional SCS (2-1,200 Hz)

Kapural L, Yu C, Doust MW et al. Novel 10-kHz High-frequency Therapy (HF10 Therapy) Is Superior to

Traditional Low-frequency Spinal Cord Stimulation for the Treatment of Chronic Back and Leg Pain:
The SENZA-RCT Randomized Controlled Trial. Anesthesiology. 2015
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ject Flowchart

241 Participants Assessed for Eligibility

43 Excluded

* 43 Screen Failures

198 Randomized

/

101 Assigned to HF10 therapy
e 97 trialed with SCS system

-

97 Assigned to traditional SCS
* 92 trialed with SCS system

——

90 successful SCS trial 81 successful SCS trial
7 unsuccessful SCS trial 11 unsuccessful SCS trial
+ 4 not trialed « 5 not trialed
2 medical contraindication 4 withdrew consent
1 withdrew consent 1 medical contraindication

1 lost to follow-up

90 implanted participants included in ! 81 implanted participants included in
the 3 mo primary and 12 mo the 3 mo primary and 12 mo
secondary analyses secondary analyses

F




At 24 months, mean back pain VAS decreased 67% with HF10 therapy compared
to a decrease of 41% for traditional SCS therapy

—@— Test (HF10 therapy) —&— Control (Traditional SCS)
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Kapural L, Yu C, Doust MW et al. Novel 10-kHz High-freqﬁegcgqgerapy (HF10 Therapy) Is Superior to Traditional Low-frequency Spglaqo

Cord Stimulation for the Treatment of Chronic Back and Leg Pain: The SENZA-RCT Randomized Controlled Trial. Anesthesiology 2015




At 24 months, mean leg pain VAS decreased 65% with HF10 therapy compared
to a decrease of 46% for traditional SCS therapy

—@— Test (HF10 therapy) —&— Control (Traditional SCS)
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Cord Stimulation for the Treatment of Chronic Back and Leg Pain: The SENZA-RCT Randomized Controlled Trial. Anesthesiology 2015

Kapural L, Yu C, et al. Comparison of 10 kHz High Frequency and Traditional Low Frequency Spinal Cord Stimulation for the Treatment




Pain Reduction at 24 Months

HF10 Therapy Subjects Traditional SCS Subjects
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ain Reduction at 24 Months

HF10 Therapy Subjects Traditional SCS Subjects
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ovement at 24 Months

At 24 months, 65% of HF10 therapy subjects had minimal or moderate
disability compared with 49% of traditional SCS subjects
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Novel 10-kHz High-frequency Therapy (HF10 Therapy)
Is Superior to Traditional Low-frequency Spinal Cord
Stimulation for the Treatment of Chronic Back and Leg Pain

The SENZA-RCT Randomized Controlled Trial

Leonardo Kapural, M.D., Ph.D., Cong Yu, M.D., Matthew W. Doust, M.D., Bradford E. Gliner, M.S.,
Ricardo Vallejo, M.D., Ph.D., B. Todd Sitzman, M.D., M.PH., Kasra Amirdelfan, M.D.,

Donna M. Morgan, M.D., Lora L. Brown, M.D., Thomas L. Yearwood, M.D., Ph.D.,

Richard Bundschu, M.D., Allen W. Burton, M.D., Thomas Yang, M.D., Ramsin Benyamin, M.D.,
Abram H. Burgher, M.D.

ABSTRACT

Background: Current treacments for chronic pain lnvc Iunn:d dﬁcuvzm and commonly known side effects. Given the
prevalence and burden of & ble pain, additi hes are desired. Spinal cord mmulannn (5CS)
delivered at 10kHz (as in HF10 Lbenpy) maypmnd: pan l:llefwnhoul the paresthesias typical of traditi

SCS. The objective of this rand P i uude lnng—(mnnfnyandeﬂ;acyofscs
therapies in pauum with back and leg pain.

Methods: A total of 198 subjects with both back and leg pain were randomized in 2 1:1 ratio to a treatment group across 10 com-
prehensive pain treatment centers. Of these, 171 passed 2 temporary trial and were implanted with an SCS system. stpondus
(the primary cutcome) were defined as having 50% or greater back pain reduction with no stimulation-related logs
Results: At 3 months, 84.5% of implanted HF10 therapy subjects were responders for back pain and 83.1% for kgpam. and
43.8% of traditional SCS subjects were responders for back pain and 55.5% for leg pain (P < 0.001 for both back and leg
pain comparisons). The relative ratio for responders was 1.9 (95% CI, 1.4 to 2.5) for back pain and 1.5 (95% CI, 1.2 t0 1.9)
for leg pain. The superiority of HF10 therapy over traditional SCS for leg and back pain was sustained chrough 12 months
(P < 0.001). HF10 l}wnyvmb)ecxs d-ld not u'ponenee paresthesias.

Coclusion: HF10 therapy p sally oy

to patients, physicians, and payers. (ADESTMHIOLOGV 2015; 123%)

of back and leg pain with broad applicability

E present a Lei, d. ra | n.d
trial evaluating the safety and efficacy of 10kH; ~ What We Already Know about This Topic
high-frequency (HF10) therapy, which is an innovative « Spinal cord stimuation (SCS) often ralleves racicutar pain but

spinal cord stimulation (SCS) system for the manage-
ment of chronic back and leg pain. This system delivers
electrical stimulation pulses ar lugh fnqumcy (10,000 Hz)
as pared with traditi y SCS systems
(typically around 50 Hz). Previous work mgg:su that the

15 reiaitvely poory efiective for the restment of back pain
mmwsmnmmmuswun

What This Article Tells Us That Is New

higher-frequency system may treat back and leg pain to a -wm“;s"mmm:
gnaur chm Mareuvet it may be able to do so withour &nd leg pan
R scs,  » The efcts of stimustion relatve to conven-

whldl some pau:ms find uncomforeable. > ey et

This articke i feamred in ~This Month in Ancsthesiclogy. page 1A. Fall protocal available at ghiner@nevo.com. Raw i available 2
glinerénevro.com.

Subxmatted for publication November 13, 2014. Accepted for publication May 29, 2015, From the Cenger for Clinical Rescarch and Carolina’s
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T.Y; The Pain Center of Arizona and HOPE Research Institute, Phoenix, Arizona (MW.IAH.R); Clinical and Regulatory Affzirs, Nevm Corp.,
Menlo Park, Califrnia (B.EG.): Millenrium Pain Center, Bloomington, lllincis (R.V, R Benyamin); Advanced Pain Therapy, PLLC, Hattiesburg,
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m_w and Houston Pain Associztes, Houson, Texas (A WR).
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RESEARCH—HUMAN—CLINICAL TRIALS

Comparison of 10-kHz High-Frequency and Traditional
Low-Frequency Spinal Cord Stimulation for the Treatment
of Chronic Back and Leg Pain: 24-Month Results From
a Multicenter, Randomized, Controlled Pivotal Trial

BACKGROUND: Pain relief with spinal cord stimulation (SCS) has focused historically
on paresthesias overlapping chronically painful areas. A higher level evidence supports
the use of SCS in treating leg pain than supports back pain, as it is difficult to achieve
adequate paresthesia coverage, and then pain relief, in the low back region. In com-
parison, 10-kHz high-frequency (HF10) SCS therapy does not rely on intraoperative
paresthesia mapping and remains paresthesia-free during therapy.

OBJECTIVE: To compare long-term results of HF10 therapy and traditional low-
frequency SCS.

METHODS: A pragmatic randomized, controlled, pivotal trial with 24-month follow-up was
conducted across 11 comprehensive pain treatment centers. Subjects had Visual Analog
Scale scores of =5.0/10.0 cm for both back and leg pain, and were assigned randomly (1:1) to
receive HF10 therapy or low-frequency SCS. The primary end point was a responder rate,
defined as =50% back pain reduction from baseline at 3 months with a secondary end point
at 12 months (previously reported). In this article, 24-month secondary results are presented.
Non-inferiority was first assessed, and if demonstrated the results were tested for superiority.
RESULTS: In the study, 198 subjects were randomized (101 HF10 therapy, 97 traditional
SCS). One hundred seventy-one subjects (90 HF10 therapy, 81 traditional SCS) successfully
completed a short-term trial and were implanted. Subjects averaged 54.9 = 12.9 years old,
13.6 = 11.3 years since diagnosis, 86.6% had back surgery, 88.3% were taking opioid
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Effects of Rate on Analgesia in Kilohertz
Frequency Spinal Cord Stimulation: Results
of the PROCO Randomized Controlled Trial

Simon J. Thomson, MBBS*; Moein Tavakkolizadeh, MD";
Sarah Love-Jones, MBBS*; Nikunj K. Patel, MDS; Jianwen Wendy Gu, PhDT;
Amarpreet Bains, PhD**; Que Doan, BS"; Michael Moffitt, PhD"

Objective: The PROCO RCT is a multicenter, double-blind, crossover, randomized controlled trial (RCT) that investigated the
effects of rate on analgesia in kilohertz frequency (1-10 kHz) spinal cord stimulation (SCS).

Materials and Methods: Patients were implanted with SCS systems and underwent an eight-week search to identify the best
location (“sweet spot”) of stimulation at 10 kHz within the searched region (T8-T11). An electronic diary (e-diary) prompted
patients for pain scores three times per day. Patients who responded to 10 kHz per e-diary numeric rating scale (ED-NRS) pain
scores proceeded to double-blind rate randomization. Patients received 1, 4, 7, and 10 kHz SCS at the same sweet spot found for
10 kHz in randomized order (four weeks at each frequency). For each frequency, pulse width and amplitude were titrated to opti-
mize therapy.
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Critique

= All frequencies using Precision SCS system and programmed by sponsor
personnel, in a 5 day observation performed equally to traditional SCS for
three month duration

= Not HF-10 therapy Leads placed based on paresthesias, PW varied (authors
not familiar with HF-10), specific bipole locations, pulse widths, amplitudes
not reported

= 3 months follow up? Recharge burden- unless minimal amplitude, large duty
cycling constraints

= If hypothesis that no difference exists between 1 and 10khz, non-inferiority
study comparing to HF-10, free engineer access to reprogramming and 2
year follow up would be appropriate (remember SENZA, Accurate?)

= Patients, pain physicians, insurers interested in 5 day, 3 weeks, 3 m f/u data
? Demanding more nowadays !!




Pain Medlicine 2017, 0: 1-21
doi: 10.1093/pm/pnx241

Original Research Article

Prospective, Randomized Blind Effect-on-
Outcome Study of Conventional vs High-
Frequency Spinal Cord Stimulation in Patients
with Pain and Disability Due to Failed Back

Surgery Syndrome

Jose De Andres, MD, PhD, FIPP, EDRA,*T Vicente
Monsalve-Dolz, PhD,* Gustavo Fabregat-Cid, MD,
PhD,* Vicente Villanueva-Perez, MD, PhD,*
Anushik Harutyunyan,**¥ Juan Marcos
Asensio-Samper, MD,* and

Nerea Sanchis-Lopez, MD*

*Multidisciplinary Pain Management Unit, Anesthesia,
Critical Care, and Pain Management Department,
General University Hospital, Valencia, Spain; TSurgical
specialties Department, Valencia University Medical
School, Valencia, Spain, and *Fellow of Fundacion
Valencia para estudio y Tratamiento del Dolor.

Correspondence to: Jose De Andres, MD, PhD, FIPP,
EDRA, Anesthesia, Critical Care, and Multidisciplinary
Pain Management Department, General University
Hospital, Avda. Tres Cruces s/n, Valencia 46014,
Spain. Tel: 34-96-3187554; Fax: 34-96-1972182;

efficacy of high-frequency SCS (HF) versus conven-
tional frequency SCS (CF) on the patients with
FBSS.

Design. Prospective, Randomized blind trial.

Setting. Academic University Pain Medicine Center.
Subject. Seventy eight patients with FBSS diagno-
sis based on internationally recognized criteria, and

refractory to conservative therapy for at least 6
months, have been initially recruited, and

Methods. Sixty subjects met the eligibility criteria
and were randomized and scheduled for the trial
phase.The patients were randomly assigned in
either, one of the two groups: CF SCS or HF SCS.
Within the study methods, special attention was
paid to standardizing patient programming, so that

thaca naramatare winild nat imnant tha raculte Tha




Baselne 12 Mo % Rebef Reduction in VAS

DeAndres CF 769 58  24% 18
Traditional SCS Studies (Welghted Avgs) 7.74 4,05 48% 368
DeAndres HF10 7.5 606  19% 14
HF10 therapy studies {welghted avas) 7.67 247 68% 5.2
% Pain Relief Achieved in DeAndres Reduction in VAS (cm) in
Paper Falls Far Short of Historical DeAndres Study Deviate from
Norms Historical Norms
80% 6
5
60%
4 37
S0% 48%
40% 3
o 24% 2 18
208 19% 14
1
10%
0% 0
Traditional SCS HF10 Therapy Traditional SCS HF10 Therapy
M Deandres Study'
) - 1. DeAndres, Jose. Prospective, Randomized Blind Effect-on-Outcome Study of Conventional vs High-Frequency Spinal Cord
@ Established Traditional SCS Studies® Stimulation in Patients with Pain and Disability Due ta Falled Back Surgery Syndrome. Pain Medicine 2017;0: 1-21
B Established HF10 Therapy Studies’ 2. Traditional SCS studies include Kumar, Oakley, SENZA-RCT

3. HF10 therapy studies inchude SENZA-RCT, SENZA-EU, Van Buyten 12 month results from his practice {paster)




Medicine 2017

= Qutcomes far worse than any study in SCS (40 years)

= No adverse events of any kind: no implant/generator site pain, no
infections, no uncomfortable paresthesia's

= Blinded? Patients told will receive two different treatments, one
with other without paresthesia, trial and implant both open
label, follow-up different companies, open label

= Traditional stimulation, reprogramming based on loss of
coverage, HF-10 reprogramming based on ??, not reported

= ODIl average 27 !




ynse Rates Across Prospective RCTs

Responder Rates in RCTs
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= HF10 therapy =Traditional SCS 4 Kumar . North

n =171to 12 months (n = 90 test, n = 81 control); n =156 at 18 and 24 months (n = 85 test, n =71 control)
p-value < 0.001 at all time points 3 months and beyond

1..Kapural L, et al. Comparison of 10-kHz High-Frequency and Traditional Low-Frequency Spinal Cord Stimulation for the Treatment of Chronic Back and Leg Pain: 24-month Results from a Multicenter,
Randomized, Controlled Pivotal Trial. Neurosurgery. Published 09 2016 [Epub ahead of Print]. 2. Kumar K, et al. The Effects of Spinal Cord Stimulation in Neuropathic Pain are Sustained: A 24-Month Follow-Up
of the Prospective Randomized Controlled Multicenter Trial of the Effectiveness of Spinal Cord Stimulation. Neurosurgery 2008;63:762—70. 3. North RB, et al. Spinal Cord Stimulation Versus Repeated
Lumbosacral Spine Surgery for Chronic Pain: A Randomized, Controlled Trial. Neurosurgery 2005;56:98-106.



Common Adverse Events Across the Randomized Prospective Studies for FBSS and Over
Last 11 Yrs

Kapural et al 2016

North et al 2005 Kumar ef al 2008 Al-Kaisy et al 2014 Kapural et al 2016
Common Adverse Events (Traditional SCS) (Traditional SCS) (10kHz SCS) (Traditional SCS Arm) (10kHz SCS Arm)
Generator/implant site pain n/a 12% 8.4% 13.4% 12.9%
Uncomfortable paresthesias n/a 12% 0.0% 11.3% 0.0%
Lead migration n/a 14% 4.8% 5.2% 3.0%

Note an improvement in lead migration frequency over time, while the numbers on generator/implant site pain remain similar. Obviously, those who received
subthreshold 10kHz SCS had no paresthesias durfng stimulation (Kapural et al, 10kHz therapy arm; Al-Kaisy et al, 2014), and consequently no uncomfortable

stimulation as opposed to traditional 5CS (Kumar et al 2008, Kapural et al, traditional low-frequency SCS arm 2016).
FBSS indicates failed back surgery syndrome; SCS, spinal cord stimulation.
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ARTICLE INFO ABSTRACT
Article history: Electrical stimulation of the spinal cord provi ive pain relief

Received 6 August 2011 neuropathic pain sufferers. The therapy involves implantation of an electrode array into the epidural
Received in revised form 20 November 2011 space of the subject and then stimulation of the dorsal column with electrical pulses. The stimulation
‘Accepted 21 November 2011 depolarises axons and generates propagating action potentials that interfere with the perception of pain.
Despite the long-term clinical experience with spinal cord stimulation, the mechanism of action is not
understood, and no direct evidence of the properties of neurons being stimulated has been presented.
Neyworks: Here we report novel measurements of evoked compound action potentials from the spinal cords of

ey patients undergoing stimulation for pain relief. The results reveal that AR sensory nerve fibres are
D A recruited at therapeutic stimulation levels and the Ap potential amplitude correlates with the degree
Spinal cord stimalation of coverage of the painful area. Af-evoked responses are not measurable below a threshold stimulation
level, and their amplitude increases with increasing stimulation current. At high curents, additional late
responses are observed. Our results contribute towards efforts to define the mechanism of spinal cord
A t .

stimulation. The minimally invasive recording technique we have developed provides data previously
obtained only through microelectrode techniques in spinal cords of animals. Our observations also allow
ug development of systems that use neuronal recording in a feedback loop to control neurostimulation
basis and ive pain relief. This is one of numerous benefits that in vivo

elmmphysmlogl:al recording can bring to  broad range of neuromodulation therapies.
© 2011 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.

1. Introduction i pain through gai i ic acid (GABA)-ergic

and i inhibit i 12.17|AThe'ypmpose

Spinal cord stimulation (SCS) induces tactile paraesthesia, a  that electrical stimulation produces i idromi

pleasant tingling sensation, as a result of the stimulation of nerve action potentials [12] and that the antidromic acnvuty regulates
fibres in the dorsal column (DC). The qualitati of  of pain via an 1 ang

[} ool
the induced ia has been used ln ise that AB fi- ide-dy: ge neurons (Fig. 1). There is a.lso evidence that
bres are recruited during SCS [17]. The ia supplants the i may play a role in pain relief [4]; however,
feeling of pain in the body areas innervated by the stimulated fi-  the role of ascending activation vs local activation at the segmental
bres. The goal of SCS is to completely cover—in a perceptual level is currently not understood.

sense—the area of pain with paraesthesia because high levels of
coverage are essential for effective pain relief [1].

SCS was first attempted [23] in the 1960s after r:search into the
gate control theory of pain, where it

Evidence for the of particular fibre types during SCS
has previously been restricted to simulated computer models.
Holsheimer [8] concluded that SCS recruits a small number of AB

hat
(eg. touch and vibration) activation of superficial Gores n the DC of
the spinal cord inhibits pain transmission by a gate at the spinal sex.
‘mentallevel [16].

ling author. Address: NICTA Level 5,13 Garden St.
Eveuwx NSW 2015, Australia. Tel.: #61 2 9376 2125; fax: +61 2 9376 2031.
E-mail address: john.parker@nicta.com.au (1L Parker).

fibres 60), with a diameter between 9.4 and
10.7 pm, in the DC (at the T11 segment). Because the DC is inner-
vated by 12 dermatomes at this level, Holsheimer concluded that
there are only 4-5 fibres per dermatome recruited during SCS
[8]. The relatively small number of fibres (4-5 per dermatome)
with sufficient diameter in the superficial DC has been confirmed
in microscopic analysis of human spinal cord sections [5). Feira-
bend et al. studied the diameter and distribution of fibres in the

0304-3959/$36.00 © 2011 International Association for the Study of Pain. Published by Elsevier B.V. Al rights reserved.

0i:10.1016jpain2011.11.023




ECAP amplitude is a direct
measurement of neural
recruitment and reflection of the
extent of pain relief!2

The size of the ECAP is directly related to
the amplitude of the stimulation

*note this is only a representation of the
concept of ECAP detection and is not
intended to be to scale

Electrophysiological response of dorsal column structures activated by SCS (ECAP) confirms at low and high
amplitudes conduction velocities are observed in the AP fiber conduction range!

1. Parker et al., Compound action potentials recorded in the human spinal cord during
neurostimulation for pain relief. PAIN, 153 (2012), 593-601. 4



“Fixed-input” SCS

in electrical dosage

“Fixed-input” SCS

10x
Deep

Fixed input SCS defines all spinal 800
cord stimulation that delivers a | oana
fixed amplitude pulse train ;
without regulating dorsal column
fiber recruitment

5x

Amplitude (uV)
3
o

When the energy input is fixed, 0, 20 40 60 80 100 120
variation in recruitment 1s as much

as 10X the activation threshold

With “fixed-input” SCS, the therapy
1s mostly outside the therapeutic
window due to movement and
unique patient physiology




osed loop stimulation capitalizes on each patient’s unique neurophysiology

(ECAP) to optimize and maintain constant neural recruitment by modulating
amplitude in real-time
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The D

As electrical dose is increased, dorsal column activation increases (ECAP amplitude),
and patients report increasing percentages of pain coverage until it reaches a
noxious point where the stimulation becomes painful.

Overstimulation
Therapeutlc (\

/\f

Electrical Dose (uV)

ECAP Amplitude % Pain Coverage




Patient 0301 experienced 6,800 overstimulation events in 9 days which drove the subject to
utilize a sub-therapeutic dosage as a result!-?

Sub-therapeutic Therapeutic Overstimulation

&

83%

16%

\

15

1. Study Subject 0301 participated in IRB approved Panorama US IDE Feasibility Study. 2. Data on file.




Closed-loop control deliyerSpaestaitiiiSpaRC eyl el susleell

dose while preventin l s lamion oif the dorsall el

When patient 0301 crossed over to closed loop control the patient utilized a higher stimulation
dose that was maintained at a therapeutic level 93% of the time!-?

Sub-therapeutic Therapeutic Overstimulation

&

93%

6.99%

0.01%

16

1

. Study Subject 0301 participated in IRB approved Panorama US IDE Feasibility Study. 2. Data on file.




PATH TO BUILDINC

Panorama

Randomized Double- Multicenter Chronic Randomized,

Blind Crossover Study Controlled Double-
Temporary Trial Blind Study

22

10 (US) Up to 20 (US)

64% of subjects with Will monitor ?nd compare
More patients preferred >80% back pain relief at safety, effu.:acy ?nd
closed loop in a double- 6 months neurophysiological
blind feasibility study conditions between
>80% responder rate at conventional SCS and
6 months Closed Loop SCS

*22 patients provided analyzable data
**RCT comparing EVOKE with & without feedback




n Neuromodulation Society 19™ Annual Meeting
Las Vegas, Nevada December 10 — 13, 2015

Dr. Steven M. Rosen:
Randomized Double-Blind Crossover Study Examining The Safety And Effectiveness
Of Closed-Loop Control In Spinal Cord Stimulation

Feasibility Study (Panorama): randomized double blinded crossover

=  Comparing closed-loop to traditional SCS = 22 patients included in analysis
= 10 centers in the USA = 25 days acute study, using commercially
available leads

A B

Saluda with feedback Saluda with feedback

Patient
Exit

- -
CommerC|a1
Trial

Enrolled —>

Patients approved for
a commercial trial of
Boston, MDT, or STJ

Saluda w/o feedback Saluda w/o feedback

10 days 10 days




SCREENING & BASELINE
EVALUATION
v

TRIAL (<IN O00]

IMPLANT PROCEDURE

FOLLOW-UP: 1, 3,6, 9 & 12 MONTHS

v

STUDY DURATIONIIIL T O 0 HE

Primary outcome

* To evaluate the long-term safety and performance
of a feedback controlled, closed-loop SCS system
using ECAPs to treat chronic pain of the trunk
and/or limbs

Secondary outcomes

* Pain and patient satisfaction
* Quality of life, function, disability and sleep

* Neurophysiology of neural stimulation including
dose and therapeutic window measures

* To evaluate different stimulation paradigms and
procedures




over time

80% pain reduction at 6 months 77% pain reduction at 6 months
10 10
. 8.1 . 7.6
95% confidence interval at 6 95% confidence interval at 6
6 months between 0.9 cm and 6 months between 0.9 cm and
£ 2.3cm. 5 2.3 cm.
2 2
S $ 4
1.7 16 -
2 ﬁ{ 2 } ]
0 0
Baseline After trial 1 month 3 months 6 months Baseline After trial 1 month 3 months 6 months

n=32 n=32 n=31 n=27 n=28 n=26 n=26 n=25 n=23 n=23




CLOSED LOOP SCS Screening & baseline evaluation
(SCS with feedback) %

CONVENTIONAL SCS
(SCS without feedback)

INVESTIGATIONAL Randomization 1:1 & enrollment CONTROL
(N=67) (N=134 subjects, up to 20 sites) (N=67)

------- Trial period ES=ssss==

Implant*

Follow-up Follow-up

[ ] §

Primary & secondary
endpoints

Secondary endpoints

* All patients programmed e
: ars
using ECAPS Study Duration: up to 3 ye




= Burst paresthesia-based subthreshold stimulation, many patients
still feel stimulation
= Burst pulse frequency 500 Hz, burst frequency is 40 Hz
= Paresthesia-based mapping required for trial and implant

pulse frequency pulse width
Py A
|‘|H‘H|‘ HlH‘lH‘}Hmplihﬂjﬂ
L - w.—-"
i a
basrst fraquency pulse number

1. Deer et al, Pain Medicine News, December 2015 | Volume: 13(12)
2. DeRidder et al, Neuromodulation online DOI:10.1111/ner.12368
3. lllustration: Crosby et al, Neuromodulation 2015; 18: 1-8



The SUNBURST study was designed* to drive FDA approval and demonstrated BurstDR to be superior to
Tonic stimulation

*A single pivotal study can’t answer all questions, a portfolio of evidence is needed

SUNBURST Study Design

A Prospective, Randomized, Controlled Trial Assessing Burst Stimulation for chronic pain

= Demonstrate the safety and effectiveness of a neurostimulation system that delivers both Burst and tonic
stimulation

= Demonstrate non-inferiority of overall pain with Burst versus tonic stimulation
4 Excluded
] Because they participated in a

confounding medical treatment.

Arm 1: Tonic/Burst
— -

Inclusion/Exclusion

9 Failed Tonic Trial R d
12 Exited for Other Reasons ef erred to as cross-over

[ 52 Did not meet

Arm 2:Arm 2:
Burst/Tonic
(N =55)

Key Takeaway-

* The trial design (using cross over) is an extremely robust design but creates a higher bar for BurstDR than in many
other studies.

* The end point as opposed to just comparing BurstDR to tonic is really assessing the incremental value of BurstDR
vs. tonic. All patients are Tonic Responders in the trial implant phase.




The SUNBURST study was designed* to drive FDA approval and demonstrated BurstDR to be superior to
Tonic stimulation

*A single pivotal study can’t answer all questions, a portfolio of evidence is needed

SUNBURST IDE: Inclusion/exclusion crigepigisen Criteria:

= More than mild depression symptoms
Key Inclusion Criteria: (BDI>24)

= Successful SCS tonic trial system evaluation = History of substance abuse

= Chronic, intractable pain of trunk and/or limb

= Average 7-day VAS of 60 mm or higher prior
to SCS tonic trial

Key Takeaway-
At the time of the SUNBURST study we did not have a BurstDR enabled trial system
All patients were shown to be Tonic Responders.

This creates bias as a patient would compare the outcome of paresthesia-free BurstDR to their experience with
tonic
This design is unique to Sunburst among current level one studies. Still Burst DR was superior.

1. St. Jude Medical™ Proclaim™ Neurostimulation System Clinician’s Manual. Plano, TX. 2016.
2. St. Jude Medical™ Prodigy™ Neurostimulation System Programming and Reference Manual. Plano, TX. 2016.



The SUNBURST study and early international clinical experience helped us learn how to best use BurstDR

therapy
Key Learnings Clinical Results
* SUNBURST was early in the BurstDR clinical 80 74.6
experience in the US
__ 60
;
o A 29.9
S
20
0 I

B Pre-Implant @mSUNBURST @ Optimized

Key Take aways.

* The Optimization Study demonstrates that decreased amplitudes, provides better pain relief and less
energy utilization than the early programming methods used in SUNBURST

Enter title via "insert>header and March 15,4



Subarachnoid
space

Pia

Dorsal root
Dural slegve

Ventral root

Dorsal ot
ganglion

Image from: Gray’s Anatomy (2005). Standring, S. (Ed.).

Known mechanisms & processes:
DRGs are known target for pain relief

Predictable & accessible location in the
epidural space within the neural
foramen: easy target for
neuromodulation by adapting current
SCS needle techniques

Limited Cerebrospinal Fluid (CSF)
around the DRG allows the leads to be
closer to the anatomical target &
requires less energy to stimulate
(compared to conventional SCS)

Separation of sensory & motor nerve
fibers prevents unintentional
stimulation




design

N = 152 Subjects Randomized (1:1)

Control
(n=76)

<>

> 50% VAS reduction

1 Month Visit

3 Month Visit
(Primary Endpoints)

6 Month Visit

9 Month Visit

Levy R and Deer T. NANS 2015 12 Month Visit

Objective: To assess the safety and
efficacy

of DRG stimulation compared to a
commercially available SCS device

152 subjects enrolled
Randomized 1:1 ratio
" DRG vs.

= Control (commercially available
SCS device)

22 Investigational sites
3 month Primary Endpoint
Subject population

= Chronic, intractable pain of the
lower limbs

= Complex Regional Pain Syndrome
(CRPS) or Peripheral Causalgia




ts: MITT POPULATION

100% -

Superiority Achieved
90% -

81.2%

P-value for non-
inferiority <0.0001
at 3 months

80%

70%

60%
P-value for superiority

at 3 months Sl

50%

40%

30%

20%

Primary Endpoint Success (MITT)

10%

0%

3 months 12 months
m DRG (n=69 at 3 months, n=66 at 12 months)

m Control (n=70 at 3 months, n=66 at 12 months)
Levy R and Deer T. NANS 2015
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Dorsal root ganglion stimulation yielded higher
treatment success rate for complex regional pain
syndrome and causalgia at 3 and 12 months:

a randomized comparative trial

Timothy R. Deer**, Robert M. Levy®, Jeffery Kramer®, Lawrence Poree”, Kasra Amirdelfan®, Eric Grigsby',
Peter Staats?, Allen W. Burton™, Abram H. Burgher', Jon Obray, James Scowcroft®, Stan Golovac/,

Leonardo Kapural™, Richard Paicius"”, Christopher Kim#, Jason Pope?, Thomas Yearwood®, Sam SamuelP,
W. Porter McRoberts®, Hazmer Cassim', Mark Netherton®, Nathan Miller', Michael Schaufele”, Edward Tavel”,
Timothy Davis™, Kristina Davis®, Linda Johnson®, Nagy Mekhail”

Abstract N

Animal and human studies indicate that electrical stimulation of dorsal root ganglion (DRG) neurons may modulate neuropathic
pain signals. ACCURATE, a pivotal, prospective, multicenter, randomized comparative effectiveness trial, was conducted in 152
subjects diagnosed with complex regional pain syndrome or causalgia in the lower extremities. Subjects received
neurostimulation of the DRG or dorsal column (spinal cord stimulation, SCS). The primary end point was a composite of
safety and efficacy at 3 months, and subjects were assessed through 12 months for long-term outcomes and adverse events.
The predefined primary composite end point of treatment success was met for subjects with a permanent implant who reported
50% or greater decrease in visual analog scale score from preimplant baseline and who did not report any stimulation-related
neurological deficits. No subjects reported stimulation-related neurological deficits. The percentage of subjects receiving =50%
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uency DRG Stimulation

= Battery-less system
» External
Programmer: Communication
Cube: Wireless powering
»Implantable Pulse Generator (Receive

»Implantable Lead
» 250-500 K DRG stim

= | ead- four electrodes




y DRG Stimulation

Pulsed Radiofrequency (PRF) uses radiofrequency
current in short (20 ms), high-voltage

bursts( =20V ); the “silent” phase (480 ms) of PRF
allows time for heat elimination, generally keeping
the target tissue(Dorsal Root Ganglion, DRG or
Nerve root ) below 42° C

Treatment theory was high electrical field inhibit c-

fiber response

49
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DRG Stimulation

John Hopkins University & Medtronic (US) China Medical Center & GiMer Medical (TW)
Sham = Spinal Nerve Ligation(SNL)
100
L L R— 80% MoT

:_2.“ -+ 1kHz —0—Sham (n=4) —a—GiMer (n=7)
w = 10 kHz 30 A
g 8011 o sham
g
T 60 - 60 -
2
7]
o
% 40 A 40 A
S
(]
2 20
-‘i 20 A
§

0 — = — . — 0

Pre-SNL Pre- 15 30 60 Pre- 15 30 60 Pre- 15 30 60 D1 D3 Pre- Pre3 Pre5 Pre7 D-1 D-3 D-5 D-7 D-14 D-1 D-3 D-5 D-7 D-14

13t SCS (min) 2" SCS (min) 3 SCS (min) SNL

1st Stimulation (days) 2nd Stimulation (days)
Ref: Anesthesiology. 2013 Aug;119(2):422-32. doi: 10.1097/ALN.0b013e31829bd9e2.

Preclinical studies showed superior pain-relief
lasting days per 5 min. treatment session
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ency DRG Stimulation
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= Back and Leg Pain Relief
= 10 kHz- 75-80% of the patients > 50% of pain relief
= 40-90 Hz ~50% of the patients > 50% of pain relief
= Burst stim > 50% of the patients > 50% of pain relief

= Closed-loop stimulation- ongoing trial

= Complications rate-all time low

= Cost-still very high, but considering cost of medications, durable and very
cost-effective

= Careful patients selection still most important predictor of SCS success



-based decision process...

" Makes use of an unbiased, systematic review of the evidence
" Emphasizes the best evidence

" Employs rules for linking evidence to recommendations

" Produces explicit, defensible recommendations
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