22/03/2022

Overview
 Background of Neuromodulation
 Mechanism of Action

Basics of Spinal Cord Stimulation

 Patient Selection & Indications

2022 ESNR Porto

 Techniques & Equipment

Allan Brook, MD, FACR, FSIR
Professor of Clinical Radiology & Neurosurgery
Albert Einstein College of Medicine

 Neurostimulation Therapy: Trial to Implant
 Clinical Evidence & Outcomes

1

2

Traditional Ladder Approach to Pain
Management1

Pain
•
•
•
•

Neuroablation
(Chemical or Surgical)

#1 Admitting diagnosis in US
#1 Reason for missed work in US
Chronic pain costs the US $100B / year in direct medical costs, lost
income and productivity
Pain is the 5th vital sign

Implantable Devices

Intrathecal Drug Delivery
Neurostimulation
Long‐Term Oral Opioids
Behavioral Programs
Nerve Blocks
Physical Therapy/Manipulation/
TENS/Muscle Relaxants
NSAIDs/Over‐the‐Counter Drugs

Stewart et al, IASP/10th World Congress on Pain 2002
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1. Krames S. J Pain Symptom Manage. 1996;11:333‐352.
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Introduction
Spinal Cord Stimulation

Shift Away From Drugs?
• 150 RCT’s have shown medication gives substantial
long term pain relief in < 40% with chronic
neuropathic pain
• Side effects ‐drowsiness, weight gain, constipation,
malaise are all fairly common…especially in geriatrics
• Addiction
• Side effects without significant pain relief

• Same as SCS/DCS‐ delivers electric current to the dorsal columns of
the spinal cord from the epidural space
• Adjustable
• Non‐destructive
• Type of neuromodulation

Simpson B., American Academy of Pain Medicine 2006
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Spinal Cord Stimulation

Modern Era
• 1965 Melzack and Wall theory (gate control)
to explain the suppression of pain by
electrical stimulation

Spinal Cord Stimulation (SCS), a form of neuromodulation that masks
the pain signals by delivering pulses of electricity directly to the spinal
cord leading to parasthesias along desired path…(High frequency without

• 1967 Shealy et al., were first to apply theory

parasthesias)

• First surgeon to implant device to achieve
stimulation
• Coined term “dorsal column stimulator”

An FDA‐approved treatment for neuropathic, intractable pain in the
extremities and trunk, SCS has provided pain relief for over 30 years

C. Norman Shealy
Mironer et al., 2008 Neuromodulation Vol 11
Shealy CN, Mortimer JT, Reswick JB: Electrical Inhibition of Pain by Stimulation of the Dorsal Columns, Anesth. Analg curr.
Res. 46:299-304, 489-491, 1967)
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SCS: Proposed Mechanism of Action

SCS: Mechanisms
• Noxious afferent stimulus is
masked by non‐noxious
sensations produced by
stimulation

1965 ‐ The Gate Theory of Pain: Wall and Melzack postulated central inhibition of
pain by non painful stimulus.
1967 ‐ Norman Shealy ‐ gate could be closed by stimulating Dorsal Columns.

• Conductance blockade of spino‐
thalamic sensory system
• Activation of supraspinal pain‐
relieving centers

Meyerson BA., Linderoth B., Neurol Res 2000
Kuner 2010 Nature Medicine
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Not Hocus Pocus:
Spinal Neurochemistry

Additional Mechanisms
• Blockade of supraspinal or
segmental autonomic nervous
systems
• Change in neurotransmitter
release or receptor alteration‐
SCS triggers release of serotonin,
substance P, and GABA within
the dorsal horn

• Gamma‐aminobutyric acid (GABA) and acetylcholine have been
shown to play a role in neuropathic pain
• Microdialysis studies in rats have shown that spinal CSF levels of both
GABA and acetylcholine increase during SCS

Schechtmann G, Song Z, Ultenius C, Meyerson BA, Linderoth B.
Cholinergic mechanisms involved in the pain relieving effect of
spinal cord stimulation in a model of neuropathy. Pain.
2008;139:136–45
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Meyerson BA., Linderoth B., Neurol Res 2000
Kuner 2010 Nature Medicine
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Anatomy
Understanding Dermatomes
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Techniques
Surgical pad

Technique‐ Lead Placement

Percutaneous

• The epidural space is accessed via
a paramedian approach, with a
curved or straight introducer
needle, using loss of resistance
technique (16 G Touhy needle).
• In the image to the right, one lead
has already been placed.

15

16

Technique‐ Lead Placement

Technique‐ Lead Placement (Repositioning)

• The lead is advanced through the introducer needle.

• Stylet is used inside the lead to stiffen the lead and help with guidance.
• The lead is advanced to the appropriate level, depending on the indication.
• In the example to the right, the
lead has coursed anteriorly, and
needs to be repositioned into the
dorsal epidural space.

• The lead should be maintained in the dorsal epidural space.

• The lead should be advanced
under fluoroscopic control to
monitor for incorrect course or
positioning. The leads can be
repositioned during the procedure.
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Technique‐ Lead Placement

More Electrodes (up to 32) = More Coverage

• After leads are positioned,
different stimulation protocols are
tested.
• The leads can be manually
adjusted at this time to optimize
coverage.
• If placement is for trial, the leads
will then be sutured to the skin
and covered with sterile dressing.
• If placement is for permanent use,
the leads are anchored to the
fascia, and tunneled to the pocket
for the pulse generator.

More Electrodes
Less Electrodes
Cover Larger Area
Cover Less Area
Four
Contacts
50 combinations
(More
Nerve =Targets)
(Less Nerve Targets)
Eight Contacts = 6050 combinations
Sixteen Contacts > 63 million combinations
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Patient Selection

SCS Indications
Common

• Failure of conservative therapy > 3‐6months
• Substance abuse and litigation avoided
• Surgical options exhausted or not acceptable for the patient
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• Failed back surgery syndromes
• Complex regional pain syndrome I
/RSD
• Complex regional pain syndrome
II/ causalgia
• Ischemic limb pain
• Angina‐refractory
• Diabetic neuropathy

Many Others

•
•
•
•
•
•
•
•

Peripheral neuropathy
Abdominal pain
Brachial plexus/cervical pain
Interstitial cystitis
Phantom limb pain
Post herpetic neuralgia
Headache/facial pain
Chronic pain failing medical
therapy…spinal stenosis
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SCS Indications
Common

• Failed back surgery syndromes
• Complex regional pain syndrome I
/RSD
• Complex regional pain syndrome
II/ causalgia
• Ischemic limb pain
• Angina‐refractory

Contraindications to SCS
Many Others

•
•
•
•
•
•
•
•

• Infection
• Standard therapy works
• Anatomically difficult
• Coagulation issues
• Mentally incompetent
• Insurance

Peripheral neuropathy
Abdominal pain
Brachial plexus/cervical pain
Interstitial cystitis
Phantom limb pain
Post herpetic neuralgia
Headache/facial pain
Chronic pain failing medical
therapy…spinal stenosis
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Psychological Exclusion Criteria

Complications

• Active psychosis, suicidal, homicidal…
• Major depression or mood problems
• ETOH or drug abuse?
• Insurance companies require ‐‐psychological evaluation

• Nerve injury
• Epidural fibrosis
• Epidural hematoma
• Epidural abcess
• CSF leak and H/A
• Seroma
• Hematoma
• Allergy

• Pain at sites
• Wound infection
• Unacceptable programming
• Lead migration
• Paddle fractures
• Current leak
• Generator failure

Nelson et al., Pain Forum 1996
Probably underreported!!!
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Advantages

Summary of Neurostimulation
 Provides pain reduction/relief

• Completely percutaneous
• Local anesthesia…Not general anesthesia
• Removable
• Decreases narcotic need and side effects
• Trial period allows for prognostic assessment

 Trial conducted before fully implanted
 Reversible procedure
 Nondestructive (vs neuroablation)
 Minimally invasive
 May reduce the use of narcotics!!!
 Improves patient ability to perform activities of daily living
 Cost‐effective
30
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Thank You

Conclusions

abrook@montefiore.org
• Therapy for chronic and recalcitrant pain
• For patients who fail conservative therapy

• Many of these patients have no other reasonable choices of pain
management
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Sub‐Perception* Algorithms
• Contour™ Programming Algorithm
• Designed to easily find and keep the optimal target
Dorsal Column
Stimulation

• Stimulation field spans multiple vertebral levels shaped to
each patient’s unique anatomy
• Preferentially modulate elements within the dorsal horn
without inducing paresthesia.

Dorsal Horn
Modulation

• Standard midline placement
• Target dorsal column for paresthesia
• Target dorsal horn for sub‐perception

*Sub‐perception stimulation has been demonstrated to be safe and effective in patients who have been treated successfully with conventional, paresthesia‐inducing stimulation for at least six months. Full stimulation
parameter ranges and options for both paresthesia‐based and sub‐perception therapy are available for clinician’s use throughout the patient’s experience and treatment with SCS.
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