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A Pain-Predictive Signature Pattern

Precuneus

Negative Predictive Weights Positive Predictive Weights

-2.95 2.95 3.35+

An fMRI-Based Neurologic Signature
of Physical Pain

Tor D. Wager, Ph.D., Lauren Y. Atlas, Ph.D., Martin A. Lindquist, Ph.D.,
Mathieu Roy, Ph.D., Choong-Wan Woo, M.A., and Ethan Kross, Ph.D.

The NEW ENGLAND JOURNAL of MEDICINE



“You gotta be kidding! Your back still hurts?!”




R 4 ﬁﬁﬁmﬁ% B R 7%
B3, B4R 2 AP RO
Pleasure Is oft a visitant; but
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Pain Treatment Ladder

The Revised Analgesic Ladder for Acute Pain, Chronic Non-cancer Pain, and Cancer Pain

STEP 4

Use nerve
‘epidurals,
spinal
stimulators,
neurolytic block
rfete i Patlonrtontolled
trong oploi i
strong oplold B R
Use mild pumps
opioid =
analgesics

Step Up Therapy for,

« Chronic pain
- Cancer pain

Use Step Down Therapy for,
non-opioids + Intense acute pain
(NSAIDs) * Uncontrolled chronic pain



Opioid Receptors and Ligands

Location of Opioid Receptors in the CNS
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Opioid Actions
Analgesia
Pruritis
Urinary retention

Autonomic Effects
— Cough suppression, orthostatic hypotension

* Nucleus tractus solitarius and ambiguous, locus ceruleus
— Respiratory depression

* Nucleus tractus solitarius, parabrachial nucleus
— Nausea/vomiting
* Area postrema
— Constipation
— Meiosis
e Superior colliculus, pretectal nuclei
Endocrine effects

— Posterior pituitary — inhibition of vasopressin
— Hormonal effects — hypothalamic infundibulum

Behavioral effects
— Amygdala, hippocampus, nucleus accumbuns, basal ganglia
Motor rigidity

— Striatum



Systemic Delivery of Medications Targeted Therapy Where It Matters
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Handheld, Icon-Based Programmer
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Approximate Equivalent Daily Doses
of Morphine Administered by Various Routes

Route of Relative Potency | Orl Medication
Administration (mg)* )
oral 300 -
Intravenous 100 :
Epidural 20 K
Intrathecal 1

Reduce Dose — Reduce Side Effects

*Relative approximations based on clinical observations



Neurostimulation

Radiculopathy
Post laminectomy pain

Epidural fibrosis
Degenerative disc disease
Peripheral causalgia

Neurostimulation or
Intrathecal Drug Delivery

Failed back
surgery syndrome
Complex regional

pain syndrome
Arachnoiditis

Intrathecal Drug Delivery

Intractable pain
Chronic pain due to cancer




Patient Selection

* Inclusion Criteria
— Opioid-responsive pain
— Failure of long-acting oral opioids

e Exclusion Criteria

— Spinal pathology precluding catheter
placement

— Allergy to opiates
— Difficulty coming for pump refills



Psychological Evaluation

e Consider recommendations and treat if indicated - prior to
trial

« Ability to understand appropriate expectations

 Maor active psychosis, current drug addiction, some
personality disorders, cognitive deficits, progressive organic
brain disorders, suicidal, homicidal behavior




Patient
Selection

: - Therapy
Ongoing y Introduction

Care
Collaborative

Process to
Optimize
Patient Care

Implant and

Follow-up Referral

- Referring Physician | Interventional Pain Specialist



Targeted Drug Delivery

e Trial

— Patients can trial the therapy

* Bolus or in-dwelling catheter

e Assess for improvements in:

— Pain scores
— Physical function
— Adverse events

— Successful trial can be followed by implant

e Implant

— Implantation of infusion pump and intrathecal catheter




Spinal Opiates

Non-malignant Pain

e Mean morphine dose
— initial: 2.7 mg/day (0.3-12 mg/day)
— after 3.4 years: 4.7 mg/day (0.3-12 mg/day)

e 28 patients followed more than 4 years
— 64% (n=18) constant dosage history

— 36% (n=10) increase in morphine dose > 6mg/day
after 1 year

Winkellmuller et al.: ] Neurosurgery 85:458-467, 1996



Mean Pain Scores

- 74% benefit

100 - W Mean

80 - e Avg. pain reduction
* 67% at 6 months

*58% last follow-up

60 -

40

20 -
" Before ' ¢ 81% improved QOL

e 92% “satisfied”

e [ncreased employment
Winkellmuller et al.: ] Neurosurgery 85:458-467, 1996




2007/3 ~ 2014/4

Morphine |VAS (Pre-|VAS (Post- Intra-thecal pump
Diagnosis Duration| test op) op) (morphine) dose (mg/day)
Neuropathic pain, cervical
spinal cord injury 10 years + 9 4 2.557
Neuropathic pain, cervical
spinal cord injury 14 years + 10 5 0.57
Failed back, neck surgery + (blinded
syndrome 14 years test) 10 3 0.58
Reumatoid arthritis 5 years + 10 5 0.6365

2 patients morphine free, 2 patients with morphine >50% reduction
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WHAT IS SPINAL CORD
STIMULATION?



Stimulation System Components

Extension and Leads

Stimulation Site

Power Source

+ , —“Poles”

IPG/Battery

27



Neurostimulation Procedure Overview




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)

C FIBER
INHIBITORY
_INTERNEURON e
cate O——=(_)—
Y Y*

Sensor

AaAb FIBERS

Pain é) PROJECTION

NEURON

© 2011. All Rights Reserved.



SCS Mechanism of Action - Vasodilatation

Inhibiting effects on the

sympathetic nervous system

Pain

Paresthesia
with SCS

B Vasodilatation is a frequent post-stimulation
finding in both animal models and humans. This
might be secondary to the pain-relieving effect of
SCS; to antidromic effects on small afferent fibres;
or to effects on central mechanisms controlling

sympathetic outflow.

M SCS at high frequencies, might release vasoactive
substances such as the calcitonin gene-related
peptide (CGRP), substance P.




Map for Pain

it | nostion Vertebral Level Pain Vertebral Level
(match the (highest probability Location {highest probability
dermatome) for initial placement (match the forinitial placement
of center bipole) dermatome) of center bipole)
Anterior shoulder Buttock through
: C3 T9-T10

C4-C5 fibers lower extremity .

Range C3-C5 L2 to §1 fibers Range T11-L1
External arm C4 Low back T9
C5 fibers Range C2-T13 Tg-L1 fibers Range T8-T11
Radial forearm Cs Abdomen T8
C6 fibers Range C2-13 T8-L1 fibers Range T6-T11
Median hand Cé Anterior thigh T
C6-C7 fivers Range C2-T3 L2-L3 fivers Range T11-T12
Ulnar hand C7 Anterior leg T12
C8 fibers Range C2-T2 L4-L5 fivers Range T12-L1
Ulnar forearm C7 Posterior leg L1
T1 fibers Range C4-T3 S1-82 fibers Range T11-L1
Internal arm T Posterior thigh L1
T2 fibers Range C5-T3 S1-S2 fibers Range T11-L1
Chest T2 Foot only L1
T2-T6 fibers Range T1-17 L5-S1 fibers Range T11-L1




Indication

Failed back surgery
Peripheral vascular disease: critical limb ischemia
Complex regional pain syndrome

Refractory angina pectoris

electrodes
inside lead

lead wire

extension
/ wire
(11T
s
extension
/ wire )

pulse

generator p
-
*
&S & n

B S,




PROCESS Study Results — Failed
back surgery syndrome

Primary outcome
Number of SCS + CMM patients with 2
50% leg pain relief (= 50% reduction in leg
VAS) is:

— at 6 months, 23 of 42 or 55%

—at 12 months, 16 of 42 or 38%

— at 24 months, 17 of 42 or 40%



Significant Improvement in
Function

100
90 Bed-bound (80-100)
80
[
»n 70 Crippled (60-80)
+
— 60
() % . -
o 50 Severe Disability (40-60)
5 40
2 30 Moderate Disability (20-40)
20
10 Minimal Disability (0-20)
0
N Baseline 3 months 6 months 12 months 24 months

Key Findings: Significant improvement in function (Oswestry Disability Index) in SCS
+CMM group over 24 months.

Kumar K, Taylor R, Jacques L, et al. Neurosurgery. 2008;63:762-770.



Patients (%)

More Effective than Repeat

Surgery

60—
47%
B Neurostimulation
40— Reoperation
207 12%

Patient Success Rate at > 50%
p <0.01

North RB, Kidd D, Shipley J, et al. Spinal cord stimulation versus reoperation for failed back
surgery syndrome: a cost effectiveness and cost utility analysis based on a randomized, controlled

trial. Neurosurg. 2007;61:361-369.

Key Findings:

Among patients available for
long-term follow up, SCS was
significantly more successful
than reoperation: 9 (47%) of 19
patients randomized to SCS and
3 (12%) of 26 patients
randomized to reoperation
achieved at least 50% pain
relief and were satisfied with
treatment.



Critical Limb Ischaemia (SCS)

Results “ Clinical Studies” Intermittent claudication m

B >75% pain relief in 80%

B tcPO2 ++ Stenosis

B RBCV ++ T SR e

B Capillary perfusion ++ T ' 4y <

B Improved ulcer healing++ £ lsoossopy | thussienescs g

B Multipolar electrode (Th10~12) R o 'sc":emia i ﬂﬂ

m  Amplitude 0.5-2.0V o @ — @, e

B Frequency :70~120Hz : \ N

u Pw : 210 us Pain localization

B One stage procedure S S N —

Algorithm o o |

B “Good” microcirculation ~NO SCS s I \3
tcPO2>30mmHg(normal 70 mmHg) e |

B “Intermediate” type ~TRIAL SCS Femoral and Calf caudication ‘,

popliteal occlusion

number of perfused capillaries :20/mr
tcPO2 :10~30mmHg |
. . . Tibial Ogggj ggr:neal Foot a_nd g:l‘l
B “Poor” microcirculation ~NO SCS s | |
tcP02<10mmHg out




Spinal cord stimulation in the treatment of non-
Amann W, Berg P,

reconstructable stable critical leg ischaemia: results Gersbach P, Gamain |,
Raphael |JH, Ubbink D

of the European Peripheral Vascular Disease

Outcome Study (SCS-EPOS) Manuscript accepted for

publication, Eur | Vasc
Endovasc Surg 2003

df ¢

Parameter SCS-Match* SCS-No-Match* No SCS*
(n=41) {n=32| {n=39)

TepO,**:

- Baseline forefoot <30 mmHg v VX v [x

After test stimulation (=72 h):

- If baseline TepO, <10 mmHg, should increase e V[ x v ]x

to 20 mmHg after test stimulation
- Sufficient pain relief v VX VX
- Paraesthesia coverage >75% v VX VX

Implanted with internal pulse generator ~ Conservative
(IPG ltrel® or Synergy, Medtronic) treatment only
* SES*Ha-tchgmp meets all criteria; the cther two groups nwmuﬁuﬁt, but not all
. I L #* Measured in supine position using TCM3, Radiometer (Copenhagen, Denmark)

Eur [| Vasc Endovasc Surg 26, 280-286 (2003)



Spinal cord stimulation in the treatment of non-
Amann W, Berg P,

reconstructable stable critical leg ischaemia: results Gersbach P, Gamain |,
Raphael |JH, Ubbink D

of the European Peripheral Vascular Disease P REFERENCE: )
Outcome St“d)’ (SCS_EPOS) Manuscript accepted for

publication, Eur | Vasc
Endovasc Surg 2003

o —

so — -
= aoc-
=
= 30
= =
S zo
—

1O —

< T T T T
Baseline Trial screening 3 months 6 months 12 months
I Leg-dependent TcpO-= 1 Supine TcpO_. * p<o.ococo7

Table 5. Effects of 3 months of SCS treatment on tcpO2 values in
52 atherosclerotic amputations-free survivors

Position Initial tcpO2 tcpO2 at 3 Mean tcpO2
(mmHg) months (mmHg) increase {(mmHg)
supine 125 11.6**% 333 == 171 20.8 + 14.8
median 9 median 39 median 22
sitting 406150 56. 7 = 118" 161416
median 40 median 58 median 15.5

***p < 0.001, 2-tailed t-test.

Eur | Vasc Endovasc Surg 26, 280-286 (2003)



Spinal cord stimulation in the treatment of non-

reconstructable stable critical leg ischaemia: results

Amann W, Berg P,
Gersbach P, Gamain },
Raphael JH, Ubbink D

of the European Peripheral Vascular Disease
Outcome Study (SCS-EPOS)

Manuscript accepted for
publication, Eur ) Vasc
Endovasc Surg 2003

Reduced risk of amputation and increased cumulative limb survival

No. of major amputations (%)

100 -
90
80 -
70O
6o -
50 -
40
L5 b
20 -
10 —

20%

G_

41%

100 -
90
8o -
7O -
60 -
50 -
40 -
30 -
20 —
10 -

469%

Cumulative limb survival (%)

O -

] SCS-Match [] SCS-No-Match

78%

55%

45%

[J Ne-sCs

Eur | Vasc Endovasc Surg 26, 280-286 (2003)




Spinal cord stimulation in the treatment of non-
Amann W, Berg P,

reconstructable stable critical leg ischaemia: results Gersbach P, Gamain ),
Raphael |H, Ubbink D

of the European Peripheral Vascular Disease

Outcome study (SCS-EPOS) Manuscript accepted for

publication, Eur | Vasc
Endovasc Surg 2003
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Eur | Vasc Endovasc Surg 26, 280-286 (2003)




Rethinking the Pain Treatment Ladder

In contrast to earlier thinking on the
order of treatments in the pain

treatment continuum,! it has been
proposed that device therapies be
considered at an earlier stage.?

1Krames ES. Intraspinal Opioid Therapy for Nonmalignant Pain:
Current Practices and Clinical Guidelines. J Pain Symptom
Manage 1996;11:333-352.

2Stamatos JM, et al. Live Your Life Pain Free, October 2005.
Based on the interventional pain management experience of Dr.
John Stamatos.

Neuroablation
(chemical or surgical)

Behavioral Modification

. Intrathecal Pain Therapy
Long-Term Oral Opioids

. Neurostimulation
Corrective Surgery
Interventional Techniques

NSAIDs/Neuropathic Pain Agents
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