Spinal Cord Stimulation Overview
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Definition of Neuromodulation

Neuromodulation is the electrical or
chemical modulation of the central

nervous system to manage chronic
pain or improve neurologic function
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Spinal Cord Stimulation (SCS)

Implanted medical device therapy that delivers electrical
pulses to nerves in the dorsal aspect of the spinal cord that
can interfere with the transmission of pain signals to the
brain and replace them with a more pleasant sensation

called paresthesia.
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Pain
= Unpleasant sensory or emotional experience
= 2 types of pain: acute and chronic
= Chronic:
= Nociceptive
= Somatic
= Visceral

= Neuropathic
= Central
= Peripheral

= Mixed Pain

= Many patients have a combination of both because disease or
trauma has damaged both nerve cells and other tissues
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Nociceptive Pain

= Somatic pain arises from bone and joint, muscle, skin, and connective
tissue

= Aching or throbbing
= Localized

= Visceral pain arises from visceral organs such as Gl tract and
pancreas

= Tumor involvement
= Obstructive

Neuropathic Pain

= Abnormal processing of sensory input by the peripheral or central
nervous system

= Centrally generated pain
= Peripherally generated pain

© 2011. All Rights Reserved.



Definition of Chronic Pain

* Freguent or constant pain that does not respond to the
usual treatments

= Unlike acute pain, which gets better and goes away in a
short time, chronic pain persists for at least several

months
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Paint!
Huge, Growing, and Expensive Problem
= Pain costs more than $100 billion in lost productivity
= More than $3 billion in lost wages
= More than $50 million lost workdays
= More than 75 million American suffer from persistent, debilitating pain
= One in four people in the United States suffers from chronic pain
= Pain accounts for more than 80 percent of all physician visits
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Cycle of Pain

Depression Pain

Limited/Loss
Stress
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Chronic Pain Treatment Continuum

Advanced
Pain Therapies

Second-Tier
Pain Therapies Neurostimulation
Implantable Drug Pumps
Surgical Intervention
. . Neuroablation
First-Tier
Pain Therapies Opioids

Neurolysis
Diagnosis
NSAIDs
TENS
Psychological Therapy

Nerve Blocks
Physical Therapy
OTC Pain

Medications
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CNS Pain Management
(Theory)

= Gate Control Theory
» Melzack and Wall, 19652
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Gate Control Theory

= When sensory impulses are greater than pain impulses

= “Gate” in the spinal cord closes preventing the pain signal from reaching
the brain

C FIBER
INHIBITORY
__INTERNEURON +
Gate (O——4(_ )——
+
PROJECTION
NEURON

Sensory

AaAb FIBERS

© 2011. All Rights Reserved.



Gate Theory and SCS

SCS system implanted in the epidural space stimulates the pain-inhibiting nerve
fibers masking painful sensation with a tingling sensation (paresthesia)
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Overall Goals of SCS Therapy

= Position electrode in area of specific neural target

= Create paresthesia that overlaps painful area(s)

= Program for effectiveness, patient comfort, and energy efficiency
» Reduce medication, restore function and improve quality of life
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Tenets of SCS

= Comprehensive trial

= Customizable system components

= Optimized efficiency in programs and design
= Team approach to patient care
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Clinical Factors Influencing Therapy Success

» [ndications—Responsive to SCS

» Disease etiology—Disease likely to progress should have device with
“extra capacity”

= Pain distribution—Multi site and broad pain patterns often require
more leads and electrodes

= Patient factors—Anatomy, physiology, and patient selection
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How Are Clinical Factors Evaluated?

= Patient Selection Process
= Correctly diagnosed
* Failed lower level therapies
= Successfully passed psychological evaluation
= Patient is motivated
= Patient is educated
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Device Factors Influencing Therapy Success

= Stimulation Coverage—Paresthesia is delivered to entire painful
segment(s)

» Precision of Stimulation—Not delivered to extraneous sites but masks
the pain with a tolerable sensation

» Sustainability of Therapy—Sustained over the painful anatomical
segment
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How Are Device Factors Evaluated?

= During a Temporary SCS Trial
* |eads are implanted

= External power source is used to evaluate
* Pain relief

Paresthesia coverage

Power requirements

Programming needs

System requirements (IPG)
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Right Device for Particular Patients

= Primary Cell IPGs * Rechargeable IPGs

= Simple/unilateral pain = Complex/multifocal pain
= Lower power requirements = Higher power requirements
= |Less patient compliance = More patient compliance

necessary necessary
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Patient/Device Criteria

Power requirements

Frequency
requirements

Pain
Coverage needs
(contacts/leads)

Compliance
(motivation and ability)

Competence
(physical or mental)

Skin sensitivity

Implant size
Implant longevity

Patient interface

© 2011. All Rights Reserved.

Conventional IPG

Low to moderate

Low

Stable

8 or 16 contacts on
1-4 leads

Requires very little
interaction

Appropriate for most
levels

Patients with high
sensitivity

Moderate to large sizes
2-7 years

Easier to use

Rechargeable IPG
Moderate to high

Low to moderate

Likely to progress
8 or 16 contacts on
1-4 leads

High—due to
recharging protocol

Higher level required

Patients with moderate
to low sensitivity

Small to moderate size
5-10 years

Requires management



More Electrodes = More Coverage

Fewer electrodes More electrodes
cover smaller area cover larger area
(fewer nerve fiber targets) (more nerve fiber targets)
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Programming Cannot Overcome...

= Qut of position leads
1. Poor placement location
2. Leads that have migrated below original vertebral level location

= Selection of wrong system

1. Not enough electrodes—reduced targeting flexibility and electronic
repositioning capabilities for lead migration

2. Inadequate power outputs—cannot activate necessary electrodes or
provide sustainable power to optimize pain relief
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Lead Options for Various Pain Patterns
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Reduction of Pain

Clinical studies on SCS continue to support the effectiveness
of this therapy. The following charts summarize studies of SCS
and its effects on the quality of life of patients.

Number of Patients_| Follow-Up

Kumar3 8 years 74% had >50% relief
North* 19 3 years 47% had >50% relief
Barolat® 41 1 year 50%—-65% had good to excellent relief
Van Buyten® 123 3 years 68% had good to excellent relief

0 0 . o
Cameron’ 747 Up to 59 months (4.9 years) 2 INET| S0 (R U5 CIF R

reduced pain scores

Mean pain scores declined from 8.2
at baseline to 4.8

Alo8 80 30 months (2.5 years)
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Reduction of Medications

50% reduced their medications

North4 3 years
Van Buyten® 123 3 years As a group, reduced medication use by >50%
Cameron’ 766 up to 84 months 45% reduced their medications

Taylor® 681 n/a 53% no longer needed analgesics

Improvements in Daily Activities

As a group, significantly improved function

5
Barolat 1 year and mobility

North* 19 3 years As a group, improved in a range of activities
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Leading Pain Research and Outcomes?'©

A Prospective Clinical Evaluation of a Rechargeable Implantable Pulse Generator (IPG):
An Interim Analysis of Sustainability of Spinal Cord Stimulation Treatment for Chronic Lower Back Pain

Eugene Mironer, MD,' Clifford A. Bernstein, MD,? Robert Masone, MD,* Eduardo Garcia, MD,* Ahmed Amayem, MD,* Timothy Johans, MD,* Abdi Ghodsi, MD,” Abert Leung, MD.# Joson Rasenberg, MD,” and Stanley Golovac, MD
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INTRODUCTION

Spinal cord simulation (SCS) is @ proven trectment for chronic pain,
but there is 38l & need for addiional high-quality prospective dinical
stody data fo verify efficacy of ireatment of chronic lower back pain
with or without leg pain, An inserim analysis of o prospective,
multicenter, 2-year follow-up study in which @ dual er tripolor array of
percutaneous leads or surgicol leads was used in conjunchion with the
chargeable Eon™ implantable pulse g {St. Jude Medical
Neuromadidation Division, Plono, TX) is presented.

METHODS

% The study was designed os a prospective, mulficenter study.
130 posients were envolled from 29 medical centers.

% Insfitutional Review Boord (IRB) approval was cbiained for all sites
price o patient snvoliment.

4 The study criteria induded o diognosis of chronic lower bock poin
with or without leg pain

% Eoch patient who complied with the skudy criteria underwent the
informed comsent process price 1o ony study activities

@ Patients rolurned to the dlinic for evaluations of 1 month, 3
months, 6 months, | year, 18 months, and 2 years post-implont,

4 At ooch visit, patients reported:

Percentage of pain relef
Current pain score {1-10, Numeric Rate Scale, NRS)
Sofisfaction
Quality of life

@ This report includes doto from the 2-yeor visit that has boen
received and processed through the data management proced:

PARS Woutseur gl Assacietn, Perkersburg, WY, "W Son Diegs Heakhoore System, UCSD. Som Diege, O "NenrShep Poin Mosogement, Murrall Inket, SO Spaue (ount Pein lnctite, Menie bekoed 1L

RESULTS
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Patient-Reported Pain Scores
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Patient Satislactien
Most paens [17L) reporsed bung witnhed o very
wtndind 3 yuors ped imghond

(n=130), Missing dato is exchaded.
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Patient Satisfaction and Quality of Life at 2 years Post-implant
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SUMMARY & CONCLUSION

@ Atthe 2-year visit, 70% of patients % Patients consistently reported a reduction in
reported that their overall pain relief was current poin scores throughout the 2 years
50% or greater; 68% and 73% reported Tallowsng ofion (Numeric Raing Scale
0% o groator reduction in thes kower howing implen : "3
back and leg pain, respectively. 1=10, 10 woest pain).

4 BY% of patients were safisfied or very 4 Chronic lower back pain patients complefing
safisfied with SCS treatment and 86% 2 years of trectment with spinal cord
reported quality of life as being improved ga SOTRANGS
o grealy mproved. Ay

and successhl results in pain relief,
sofisfoction, and quolity of life.

This work was sepported by St. Jude Medicol Newromodulation Division throvgh o spansored dinicol revsarch shudy. Drs. Mironer, Masone, Garcio, Amayem, Rasenberg, and Golovoc are paid consediants of S1. Jude Medicol Neuromodulaion Division
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Leading Pain Research and Outcomes?'©
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Leading Pain Research and Outcomes?®

Patient Satisfaction Quality of Life
Most patients (89%) reported being satisfied or very At 2 years post-implant, 88% of patients reported an
satisfied 2 years post-implant. improved or greatly improved quality of life.

o

[l Very Sutisfied or Safisfied [l Very Improved or Improved
[ Neither Satisfied nor Unsatisfied [@ Neither Improved nor Deteriorated
[] Unsatisfied (] Deferiorated
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Industry Growth—Spinal Cord Stimulators??
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