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Early Neuromodulation:
Relevant to pain practice on the 
Coast : The “torpedoe fish”





Current Pain Indications

n Therapeutic Adjunct to behavioural 
modification, pharmacological therapy for; 
– Failed back surgery and failed neck surgery 

syndrome

– CRPS

– Ischemic disease –
n Refractory angina / Peripheral vasocclusive disease

– Pelvic Pain / Incontinence

– Malignancy

– Spasticity (spinal cord injury , spastic diplegia)





n National Institute for Clinical Excellence (NICE) guidelines , 2008







Spinal Stimulation Targets



Three Leads / Columns for 
FBS

Prager JP & Chang JH, INS meeting, July 2000

Anodes to 

shield roots

ENERGY !



Spinal cord stimulation versus repeated lumbosacral spine 

surgery for chronic pain: randomized, controlled trial. 

North RB et al.,Neurosurgery 56: 98-107, 2005.

Outcome

Measure

SCS Repeat Back

Surgery

p value =

VAS < 50% 47% 12% <0.01

Decr Opiate + +/- P=0.025

Treatment 
Crossover

21% 54% P=0.02

COST $ 31,530 $ 38,160

(after cross-
over)

$ 48, 357 $105,928

30-40% 
RTW



Updated Treatment 
Ladder



Neuromodulation in CRPS

n SCS or Motor Cortex Stim

n RCT of SCS vs PT

– VAS, QOL, cost









Economic evaluations of spinal cord stimulation for 

complex regional pain syndrome. 

Kemler MA et al.,Neurology 59: 1203-1209, 2002.

Taylor RS et al, Eur J Pain 10: 91-101,  2006.

Outcome

Measure

SCS +  PT PT alone p value =

VAS decr 3.6 Incr 0.2 <0.001

QOL improve 58% 6% P=0.02

COST Year 1 
$4000  >

--Lifetime-- $ 60,800 <

QALY $8000



SCS in CRPS
J Neurosurg 2008; Feb 108(2); 
292-8



n N Engl J Med 2005; 353: 1471-80

n ICER of $34,000 - $70,200 per QALY in 
studies that demonstrate benefit when 
used as prophylaxis against sudden 
cardiac death.

n SCS – ICER of $33,930 - $82,800
– Data collected Dec 2001- 2003



SCS for Refractory Angina

n 1982 – TENS for refractory angina , Mannheimmer 
– European Heart Joural 

n 1987 – Australia, First case report Murphy and 
Giles

n 1995 – European product compliance for 
refractory angina 

n 1997 Health Protection Branch approves SCS for 
refractory angina in Canada 

n 1998 ESBY Randomized trial 
– Mannheimer C, Eliasson T, Augustinsson L-E, et al. Electrical stimulation versus coronary 

artery bypass surgery for severe angina pectoris: the ESBY study. Circulation 1998;97:1157–
1163. 

n 2002 - Eur Heart J. 2002;23:355-370.
– ESC Joint Study Group on the Treatment of Refractory Angina. 

n 2003 – STARTSTIM study, 



n 70 yo man, prev MI x 3,

n CABG 1980, redo 1994, EF 32%

n Pacemaker 2002

n 12 meds , NTG > 8/day

n SCS April 2004, St. Paul’s Hospital, 
Vancouver
– Pisces Quad Plus, Itrel 3

– NTG 4 per month

– CCS 4 to 1 in 6 months



SCS Implant Technique

n Tip to T1 midline

n Single quadrupolar 
lead

n Bilateral stimulation
(T2-T4)

n Continuous daytime 
stim and increase prn 
or pre-emptively



- Afib in 2006
- CHF from NYHA I to III

- external cardioversion
- Sinus rhythm
- Power-off reset of IPG, no recoverable stim’n
- CCS 3

- Combined ICD and SCS battery Sep 2006
- Guidant Contak Renewal ICD
- Synergy IPG 
- Intraoperative testing ICD x 6
- Postoperative testing SCS with ICD on sense only

- Repeat cardioversions in 2007 and 2008
- External and internal

Alive and Well!



n CCS  0



…OUTCOMES…..

The ESBY Study 
(Electrical Stimulation versus Bypass Surgery in Severe Angina Pectoris)

European Heart Journal, 2002; 23: 1938-45

n CABG Survival

n 6 months 46/51 (85%)

n 3 year 39/51 (76.5%)

n 5 years 35/51 (68.6%)

n Quality of Life

– Nottingham Health Profile

– >30% improvement

– Reduced pain and increased 

physical capacity

n SCS  Survival

n 52/53 (98%)     p<0.02

n 45/53 (84.9%)   ns

n 40/53 (75.5%)  ns

n Quality of Life

– Nottingham Health Profile

– >30% improvement   (ns)

– Reduced pain and increased 

physical capacity







n Safety

n Appropriateness

n Fiscal Neutrality

n Efficacy



n Safety

n Appropriateness

n Fiscal Neutrality

n Efficacy



Neuromodulation Safety : 

10 year example of SCS

Kumar et al: J Neurosurg 2006;5:191-203

n Infection 4.4%

n Seroma 3.1%

n Neural injury 0%



“Appropriateness” of Neuromodulation
It is much more important to know what sort of patient has a disease than 

what sort of a disease a patient has.  - Sir William Osler  (1849-1910)

n No surgical contraindication
– Infection, coagulopathy
– Surgical inexperience
– Emergency neurosurgery unavailable in case of 

complications
– Frequent MRI (???)

n No patient contraindications
– Uncommunicative
– Noncompliance 
– Severe Psychiatric or psychological condition 

(catastrophizing)

n Clinical response to reasonable trial
– Improvements in pain, objective measures of function
– Multidisciplinary team

n “Sniff test” – no secondary gain, spurious diagnoses



Fiscal Aspects of Future Health Care

n Cost-utility will dictate spectrum of therapy

n Tech change > 60% of health cost increases

n Chronic disease 75% of health costs

n NIH statistic - $100 billion on persistent pain

> cardiac, cancer and AIDS COMBINED !

n NSAIDs 

– 17% gastric ulcers 

– 100,000 hospitalizations

– 16,500 deaths per year.



Current Trends in 
Neuromodulation

n Current Indications

n Current clinical environment

n SAFE principles

n Patients



Refractory Headaches



Mrs. NR
n 38 yo woman

n MVA while pregnant with triplets

n Occipital neuralgia 

n C1-2 arthropathy (bone scan 
positive)

n Multiple injections, RF in USA, 
prolotherapy

n Morphine, NSAID, TCA, 

– gabapentin

n Trial of PNS









Mr. E. C.

n 72 yo man

n Prev MI X 3, plasty x 2, 
Stent x 2

n EF 32%, CCS III, 

n extol < 1 block

n Metoprolol, amlodipine, 
NTPatch, ASA, Plavix, 
atorvastatin, NT spray 
6/day

n TENS trial then SCS 2007
– Quad Plus and Itrel 3

– CCS I – No NTG for 1 year



Mr. RK
FNSS



Mr. RK

n Hydromorph Contin, pregabalin, 
duloxetine, lidocaine infusions, Cervical 
epidural, prolotherapy,

n $$ 

n Walk therapy, pain education series

n Psychological screen, 

n Trial of spinal cord stimulation : great 
for radiculopathy…not neck pain…

n CHANGE STRATEGY



Mr. RK

n GAME CHANGER …

n “TRIANGULATION” OF 
ELECTRICAL FIELD –

– Spinal cord stim with 
guarded cathode PLUS

– PNS using subcutaneous 
anode

– VERY LARGE ELECTRICAL  
FIELD

– Almost off meds ; very 
active - elated





Three Leads / Columns for 
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Future Trends

n Blended therapy
– “Multimodal” synergy – meds / devices
– Electrical field changes – PNS and MCS or SCS

n Patient Selection
– Genetic screening
– Psychological / collaborative

n Regulatory and Economic 
– “Pay for Performance”

n Mechanism and adjunct
n Study design

– More science less “magic”

n Imaging compatibility
n Reduce
n Neuroprosthetics

– Closed loop systems

n Device – Nerve Interface



Miniaturization for 
Peripheral Nerve stimulation 
: BION for Pudendal nerve in 
pelvic pain



Future: Compatibility 
with imaging and new 
materials

n



Carbon Nanotubes 
biomaterial of future



Future Neuroprosthetics; –
Device Neuro Interface
nanotubes of carbon polymer
- biocompatible

- electronic and ionic conductivity
- effective neural interface to function 
as biosensor or as a drug delivery 
system



Neuroprosthetics



Neuro-Device interface:
Location, location, location…

is there the potential for “Closed-Loop systems” 

in Pain management similar to..




