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ARTICLE INFO ABSTRACT

Studies have shown that spinal cord stimulation (SCS) can reduce chronic pain by at least 50% over pro-
longed periods, improve function and quality-of-life, reduce requirements for healthcare resources and
enable return to work in appropriately selected patients, However, SCS does not provide pain relief in
all patients and is an expensive, labor intensive and invasive procedure with complications and ongoing
management that requires specialists with specific skills and judgment. Multidisciplinary selection of
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K:"'W"_rd‘-' ) appropriate patients for SCS is essential to achieve maximal benefit from the procedure. The aim of
Ee;:r':; pain management the articie is to provide a clinical practice guide to the likely effectiveness of SCS in treating various types

of chronic pain, as supported by the literature, The article will summarize indications and contraindica-

Spinal cord stimulation i -
b tions for SCS, provide guidance on the selection and timing for referral, and highlight the benefits and

complications associated with the procedure,

1. Introduction

Spinal cord stimulation (SCS) is a widely used technique that
delivers electricity via implanted electrodes to treat chronic pain
that is unresponsive to other treatments.’? $CS is a sophisticated,
reversible therapeutic technique to relieve pain and reduce medi-
cation use, Unlike surgical pain relief procedures, it does not ablate
pain pathways or change anatomy.’

5CS has come a long way in the last 40 years, with more than
14,000 SCS implantations performed worldwide each year for a
range of indications.’ In 1965, Melzac and Wall announced the
“gate theory”, proposing that activating large, myelinated afferent
nerve fibers would inhibit transmission in small, unmyelinated pri-
mary afferent nerves in the dorsal horn of the spinal cord.’ In 1967,
Shealy and colleagues were the first to test this theory, experi-
menting with surgically implanted electrodes to stimulate the dor-
sal columns for the treatment of chronic, intractable pain.f It
became clear that SCS activates dorsal horn neurons and spinal
roots as well as dorsal columns, thus the name SCS was coined.
Current research suggests that SCS may actually inhibit transmis-
sion in the spinothalamic tract through activation of central inhib-
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itory mechanisms that influence sympathetic afferent neurons and
through the release of various inhibitory neurotransmitters.”-®

Today, the technique of SCS can be minimally invasive, with
electrodes placed percutaneously under local anesthesia during a
day surgery procedure.

This SCS clinical practice guide was developed by the Austral-
asian Neurostimulation Working Group. The aim of the article is
to provide information and guidance to clinicians on the appropri-
ate referral of patients for SCS by indicating the fikely effectiveness
of SCS as supported by the literature. It is not intended as a review
of the technique of neurostimulation; however, it will cover the
benefits and complications associated with SCS as weil as selection
of patients and timing of referral.

2, Chronic pain

Chronic pain affects over 15% of the Australian population
(about one in every six Australians).’® Defined as pain persisting
beyond a period of normal tissue healing, and/or experienced every
day for 3 months ar mare, chronic pain can have a profound impact
not only on the individual who is suffering pain, but also on their
family and society in general.® Chronic pain may be ongoing or
intermittent, and is always accompanied by physiological and psy-
chological changes including sleep disturbance, frequent medica-
tion dependence, and emotional changes such as irritability,
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withdrawal and depression.? It has a substantial economic impact,
much of which is borne by the individual, with an estimated total
cost in 2007 of A$34.3 billion per annum ($10,847 per person).'®
The pathology of chronic pain may not always be well defined
and therefore treatment outcomes may be unpredictable.

The aims of chronic pain management are to control pain to a
tolerable level (it is rarely possible to eliminate pain), to enhance
physical, psychological and soctal function, and to improve qual-
ity-of-life.2

Chronic pain has been typically categorized into nociceptive
{pain arising from mechanical, chemicai or thermal irritation via
peripheral sensory nerves) and/for neuropathic (pain caused by a
lesion or disease of the somatosensory nervous system), and their
management approach differs.!’

Neuropathic pain is caused by a primary lesion or dysfunction
of the peripheral or central nervous systems. The pain is often de-
scribed as burning, shooting or tingling and is often associated
with allodynia. Pharmacotherapy of this type of pain is difficult
as there is a lack of efficacy of conventional opioid analgesics.!?

Nociceptive pain is due to tissue damage that results in somatic
or visceral stimuli being sensed by peripheral nociceptors and
transmitted by functional afferent sensory pathways. Nociceptive
pain is often localized and described as aching, cramping or sharp.
Unlike neuropathic pain, nociceptive pain is more responsive to
conventional analgesics and has little evidence for effective retief
with 5CS."? Indeed, the question of whether SCS alleviates nocicep-
tive pain, at least to some extent, is still controversial.

There are numerous internaticnally recognized guidelines for
the pharmacological management of chronic pain, and treatment
algorithms have been developed for managing neuropathic
pain.""*-'% Few guidelines or algorithms include non-pharmaco-
logical management techniques. Interestingly. a recent American
practice guideline makes recommendations far the use of tech-
niques such as ablation, blocks, electrical nerve stimulation, epidu-
ral steroids, intrathecal drug therapies, physical or restorative
therapy, psychological treatment and acupuncture, as well as phar-
macological therapy.'® SCS is one option for the management of se-
lected patients with certain types of chronic (neuropathic) pain.

The British Pain Society’s recommendations for best clinical
practice provides a concise guide to the use of SCS in the manage-
ment of pain, and was used as a basis for consensus within the Aus-
traiasian Neurestimulation Working Group to produce this guide.’

All guidelines on chronic pain management stress the impor-
tance of multidisciplinary care for the patient and utilize several
different approaches in a planned, long-term treatment program.
Patients who do not obtain adequate pain relief and functional res-
toration from initial management should ideally be referred to
multidisciplinary pain clinics (Fig. 1). These clinics provide overall
assessments of the medical, psycholegical and social/environmen-
tal characteristics of patients, and develop multidisciplinary man-
agement plans that may include further investigations. They also
identify goals, optimize medication and provide education/reas-
surance, physiotherapy, cognitive behavioral therapy or other psy-
chological ' support, and provide interventions such as nerve
blocks.'” The Australian Pain Society has also developed minimum
requirements for pain management services and multidisciplinary
pain clinics {Table 1),

3. What is spinal cord stimulation?
3.1. Mechanism of pain relief in spinal cord stimulation
The theory behind pain mechanisms and transmission through

the nervous system proposed by Melzack and Wall in 1967 has
been significantly modified over the years, with increased under-

standing of the molecular changes that occur with neurotransmis-
sion.® The “gate control” theory proposed that activating large,
myelinated afferent fibers of peripheral nerves which carry nan-
nociceptive, non-painful touch sensations inhibits transmission of
nociceptive projections in small, unmyelinated primary afferent
nerve fibers (A-5 and C) in the dorsal horn.® Therefore, strategically
placed epidural electrodes would stimulate the dorsal columns to
inhibit or modulate incoming nociceptive input through the smal-
ler fibers.® However, this theory does not fully explain why all
types of pain (particularly nociceptive} are not modulated
uniformly, with SCS primarily affecting neuropathic and non-
nociceptive pain.

It is known that the SCS device stimulates several structures:
the dorsal column, lateral funicular and dorsal root fibers, It is be-
lieved that both anti- and orthodromic activation modulates pain
through spinal and supraspinal circuits."® Stimulation of these fi-
bers results in inhibition of pain transmission in the ascending
nociceptive pathways and increased activity in descending anti-
nociceptive pathways.

Advances in understanding of the mode-of-action since the
“gate control” theory have moved towards direct modulation of
neurotransmitters themselves. Animal studies suggest SCS pro-
motes the release of an array of neurotransmitters including sub-
stance P, serotonin, noradrenalin, glycin and gamma-amino-
butyric acid (GABA). Moduiating the GABA-B receptor may be asso-
ciated with a reduction of glutamate and other excitory aming
acids being released, leading to pain modulation.? An additional
putative mechanism includes modulation of the adenosine-A
receptor which has been shown to potentiate SCS in both human
and animal studies,'® SCS may also abolish peripheral ischemic
pain by rebalancing the oxygen supply through the alteration of
sympathetic tone and possibly stimulating the release of vasodila-
tory neurotransmitters,2®

3.2, Companents of spinal cord stimulation

Spinal cord stimulator systems are designed to apply low volt-
age electrical pulses to afferent nerve fibers, usually within the
dorsal column. Pulses are delivered via an epidural electrode that
is implanted surgically or percutaneously, near the spinal cord.
This electrode is connected to and powered by a neurostimulator
device, which generates the electrical pulses and is surgically im-
planted under the skin. Stimulation of the spinal cord modifies pa-
tient experience of neuropathic pain; it can replace painful
sensations with a paraesthesia {tingling sensation) that may be
considered pleasurable. The electrode must be carefully positioned
so that the paraesthesia overlaps the area where pain is experi-
enced. The patient can turn the stimulator on or off and may vary
the stimulation parameters within physician-set limits as required
using a hand-held remote control.

Neurostimulators may be battery-powered (non-rechargeable
or rechargeable) implanted pulse generators (IPG), or radio fre-
quency devices that receive energy in the form of radio-wave
pulses from an external source,"? Batteries used in IPG devices
are now mainly rechargeable (used for patients with high-current
use). Selection of the type of device used and the neurostimulator
parameters applied are the responsibility of specialist SCS clinical
teams, and depend on the type, intensity and location of pain."?

4. Historical use of spinal cord stimulation

SCS has been used in many thousands of patients worldwide,
although few randomized clinical trials have been conducted over
the full range of different indications. Trials have been performed
in failed baci surgery syndrome (FBSS) or leg pain despite
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Diagnosis of chronic
pain

Pain experienced daily over a period of at least
three manths; serious causes excluded

0—3 months

Investigations and
initial care (GP
and/or specialist)

May include history-taking and excmination, tests, imaging, single modality

cara targeted at a particular pain syndrome

No curative treatment available,
pain relief measures not helping,
pain interfering with daily life

REFERRAL FOR
MULTIDISCIPLINARY
MANAGEMENT

3—6 months

Multidisciplinary pain
centre {(MPL)

If MPC not available, at least two specialists with extensive knowledge of pain

Management plan may include further assessment, corrective therapy,
pharmacological therapy, minimally invasive therapy (e.g. nerve blocks),
physical therapy, psychasocial therapy, cognitive behavioural therapy.

medicine should review the patient

mangagement
Pain relief insufficient, pain interferes with REFERRAL FOR
daity Iife; patient meets indicction and SPINAL CORD
contraindication requirements for SCS STIMULATION

r

Assessment of
sultability for SCS,
work-up

z6 months

physical examination, psychological and social assessment undertaken, fully

Patient meats indication and contraindication requirements, patient history,

Iinformed consent provided

}

| $CS trial

|__

Trial of SCS up to two weeks with external stimulator device, with agreed goals

of therapy

If trial succescful, SCS

implant procedure -

Ongoing care and
follow-up

Postoperative support including physical rehabilitation, psychclogics! support,

complications and eventual replacement of non-rechargeable IPG systems, (if

medication adjustment, SCS system programing, management of any

used)

Fig, 1. Algorithm for referral of patients for spina! cord stimulation (SCS). GP = general practitioner, IPG = implanted pulse generatar,

anatomically successful lumbar spine surgery, complex regional
pain syndrome (CRPS), refractory angina pectoris (RAP) and critical
limb ischemia (CLI}. Results from these trials are summarized in
Table 2. The primary outcome for pain relief is often expressed
as the proportion of patients achieving a reduction in pain of at
least 50%,

4.1. Failed back surgery syndrome

FBSS is characterized by persistent or recurrent pain, mainly in
the lower back and legs, following back surgery, The symptoms
range from chronic back pain to radiculopathy, that persists fol-
lowing surgery.? FBSS can be diagnosed following an MRI that ex-
cludes significant surgical pathology, such as instability (< 5% of
patients) or recurrent disc protrusion (7-12% of patients)?! Be-
tween 10% and 40% of patients who have undergone lumbosacral
spine surgery to alleviate neuropathic radicular pain instead expe-
rience persistent or recurrent pain.2?*?® These patients report
diminished health-related quality-of-life and incur high healthcare
costs.?® Conventional medical management including psychologi-
cal and physical rehabilitation and other non-surgical interven-
tions are often trialled in the first instance and some patients
may undergo repeat surgery, However, in selected patients SCS
may be an alternative to repeat surgery,?

One of the largest randomized clinical trials of SCS, conducted in
100 patients with FBSS, demonstrated that 48% of patients who re-
ceived SCS achieved a 50% reduction in pain at § months, compared
with 9% who received conventional medical management
(p <0.001).** This study also demonstrated improved quality-of-
life and functional capacity as well as greater treatment satisfaction
for patients, North and colleagues also demonstrated SCS was more
effective than reoperation (p < 0.01) as a treatment for persistent
radicular pain after lumbosacral spinal surgery and negated the
need for reoperation {p=0.02).2°> A recent systematic review of
the evidence for SCS in FBSS, which included two randomized clin-

Table 1
Multidisciplinary pain ¢linic and pain management service requirements'? by the
Australian Pain Society

» Designated space and adequate support staff
+ Maintain patient records to allow assessment of individual patient out-
comes and evaluate overall program effectiveness
» Round-table discussions of individual patients and the services provided
« Staff should include a suitably qualified director/coordinator, together
with additional physician and non-physician healtheare providers who
are appropriately qualified and able to assess and treat the medical, phys-
ical, psychosocial and vocational aspects of a wide variety of patients with
painful conditions
O Physicians may include newrosurgeons, medical specialists, psychia-
trists, anesthetists
©  Other healthcare professionals may include registered nurses, eccu-
pational therapists, physiotherapists, psychologists, sacial workers,
vocational counsellors

ical trials and nine observational studies, concluded that 60% of se-
lected patients could expect at least a 50% reduction in chronic pain
on a long-term basis (level II-1 or I-2 evidence).?

4.2, Complex regional pain syndrome

Another historical indication for SCS is CRPS. CRPS is pain-in a
regional distribution, described as excruciating (aching, prickling
or shooting) and often of unclear pathology.?” CRPS may be divided
into types: CRPS type I (reflex sympathetic dystrophy) and CRP'S
type I (causalgia). Both present with continuing pain, allodynia
or hyperalgesia and evidence at some time of edema, changes in
skin blood flow or abnormal sudomotor activity in the region of
the pain.?” CRPS type [ often follows an initial event or period of
immobilization and CRPS type I follows an identifiable nerve in-
jury.”” Treatment combines rehabilitation (functional restoration),
pain management and psychological therapy.?’
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Talle 2
Evidence for spinal cord stimulation (5CS} in different indications from randomized
clinical trials. Tzble adapted from the British Pain Society guidelines’

Indication Evidence No.
patients
Failed back Randomized clinical trials comparing SC5  (n=50)*°
surgery with control (medical therapy or repeat {n=42y2
syndrome surgery) have demonstrated: {n=100y"*
« {tnproved pain relief
+ reduction in medication use
« improved guality-of-life
* patient satisfaction
Cemplex A randomized clinical trial comparing SC5  (n = 52)*%°
regional pain  plus physical therapy with physical
syndrome therapy alone demonstrated:
» improved pain relief
s improved quality-of-life
Critical limb Same, but not all, randemized clinical trials  (n - 38)*°
ischemia comparing SCS$ with medical care (n=86)"
demonstrated: {(n=51}"
e improved pain relief (n=137)%
« reduction in amputation (r=120)"
» reduction in medication use (r=112)
= clinical improvement
Refractory Some, but not all, randomized clinical trials  (n = 22)%®
angina comparing SCS on with SCS off or no 8¢ (n=25)
pectoris demonstrated: {n=10¥"
» improved exercise capacity (n=12)"
improved quality-of-life (n=6872"
(n=11)%

reduction in anginal attacks

-
o reduction in anti-anginal drugs
L]
« improved CCS angina class”

" SCS versus percutaneous laser myocardial reperfusion. CCS = Canadian Cardio-
vascular Society.

SCS has been used in patients refractory to minimally invasive
pain management techniques.?’ A randomized study carried out
in patients with CRPS demonstrated pain relief and an improve-
ment in health-related quality-of-life with SCS plus physical ther-
apy compared with physical therapy alone up to 2 years28-30
Thirty-six patients with CRPS in the upper or lower limbs for at
least 8 months were randomized to receive either SCS plus physi-
cal therapy or physical therapy alene and their progress followed
for up to 5 years. Pain intensity was assessed on a visual analog
scale from Ocm to 10 cm, with SCS patients reporting a mean
reduction of 2.4 cm compared with an increase of 0.2 ¢cm in pa-
tients on physical therapy at 6 months (p < 0.001).2® At 2 years,
the intent-to-treat population showed reduction in pain intensity
(p<0.001), global perceived effect (p=0.001) and improved
health-related quality-of-life compared with physical therapy
alone.®* At the 3-year and 5-year follow-up of patients enrolled
in this trial it was cancluded that, despite diminishing pain-reliev-
ing effectiveness over time, most patients were satisfied with their
treatment.?®3! A recent analysis of 36 patients with CRPS exam-
ined prognostic factors that predict successful outcome with SCS.
Patient age, duration and localization of the disease, intensity of
the pain, and the presence of mechanical hypoesthesia did not pre-
dict 5CS success, but the presence of brush-evoked allodynia pre-
dicted a poor outcome in this small trial.??> Another study of 5CS
in 32 patients with CRPS demonstrated that catastrophizing
thoughts did not predict SC5 outcome.*? In all of these studies
the patient numbers are relatively low, thus the authors suggest
the efficacy for SCS in CRPS is inconclusive and should be a relative
indication for SCS based on potentiai effectiveness.

4.3. Refractory angina pectoris

Angina pectoris is ischemic chest pain, occurring in patients with
coronary heart disease in at least one epicardial artery. RAP is a
chronic condition where frequent attacks occur, despite optimal drug

therapy or surgery in those patients not suitable for corenary artery
bypass grafting (CABG) or percutaneous coronary intervention
(PCI:** These patients often experience frequent hospitalization
and limited physical activity in addition to inadequate symptom re-
lief.** Thoracic SCS is an option for patients with severe disabling an-
gina that is refractory to conventional forms of treatment.3*

In Europe, there is clinical support for SCS in RAP, with the Euro-
pean Society of Cardiclogy considering SCS as a first-line additional
treatment in patients with chronic RAP.** However, SCS in RAP has
not been widely accepted by cardiologists elsewhere in the world,
However, there have been few randomized trials with strong clin-
ical evidence. The majority of trials are limited to small subsets and
therefore extrapolation of their efficacy is limited. In the smaller
trials of RAP (Table 2), the primary outcome is usually exercise
capacity or frequency of angina attacks. Results differ between tri-
als, but a recent meta-analysis of seven small, randomized con-
trolled trials (pooled, n = 270) determined SCS to be an effective
and safe treatment option with similar effectiveness to alternative
treatments including CABG and percutaneocus myocardial laser
revascularization (PMR}.*¢ Compared to no {or inactive) SCS, there
was evidence of some improvement in all outcomes including
ischemic burden, decreased use of anti-anginal drugs and a signif-
icant improvernent in pooled exercise capacity (p=0.03) and
health-related quality-of-life (p = (.001),%® Recently, a larger trial
in Europe (n = 235) demonstrated the effectiveness of SCS in reduc-
ing angina attacks from > 7 to 3-7 attacks per week at 12 months
post implant {p < 0.0001).*" While the current literature demon-
strates an association with 5CS and good outcomes for patients
with RAP, larger randomized trials will be required to provide con-
clusive evidence of the efficacy of SCS for this condition.

4.4. Peripheral ischemic limb pain

CL} is a manifestation of peripheral arterial disease, where pa-
tients experience chronic ischernic rest pain or ischemic skin le-
sions, with symptoms persisting beyond 2 weeks.?® They often
require surgery to improve peripheral circulation, relieve pain
and salvage the limb.*® For inoperable patients, the remaining op-
tions are analgesic and vasodilator pharmacotherapy and wound
care, culminating in amputation,

Another aiternative for patients with inoperable ischemic limb
pain may be SCS. Randomized studies conducted in patients with
CLI usually report mortaiity as the primary outcome, Secondary
endpoints that improved with SCS compared with best medical
care in a few randomized trials include pain relief, analgesic use
and ulcer healing.**** As with RAP, the literature on 5CS in CLI
has been limited and inconclusive. Therefore, the Working Group
is reserved about this indication,

5. Benefits associated with spinal cord stimulation

SCS is a costly intervention, with expenses including consulta-
tion and surgery time, equipment and follow-up. However, for
FBSS and other chronic pain conditions treated with SCS, less fol-
tow-up care is generally required than treatment with conven-
tional medical management.* This can reduce the burden on
health resources over time.* A recent report by Simpson and col-
leagues presented cost-benefit profiles for SCS in different indica-
tions, calculated using a wide range of mathematical modeling
techniques.* They concluded that SCS was cost effective compared
with alternative pain management techniques for indications
where there was good evidence of benefit, such as FBSS and CRPS.
Similarly, the multidisciplinary body National Institute of Health
and Clinical Evidence has recently reported SCS with rechargeable
devices is a cost-effective alternative to conventional medical
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management.” Additional evidence of comparative efficacy from
randomized clinical trials is needed before the cost effectiveness
for other indications can be determined.**3

Other beneficial outcomes of SCS include the improvement in
overall quality-of-life. For instance, the provision of analgesia on
demand at any time rmakes patients feel more in control and less
restricted in their daily activities, including return to work.? This
can lead to improved morale, treatment satisfaction and improve-
ment in depressive symptoms.® Studies have also demonstrated
that SCS can reduce the requirement for additional pain medica-
tions, thereby avoiding the side effects of, and reliance on, pharma-
cotherapy.® Finally, 5CS is a reversible procedure that does not alter
neural pathology.?®

6. Complications associated with spinal cord stimulation

As with any interventional procedure, there are complications
associated with SCS. A review in 2004 by Turner and colleagues
found on average 34% of patients who received a stimulator expe-
rienced complications.**¢ Major complications such as neurologi-
cal injury may occur as a result of direct trauma, requiring
explantation of the device. Direct trauma may occur from the
placement of the Tuohy needle, advancement of the introducer
wire or SCS lead. This can be minimized by having the patient
awake and responsive during the insertion. Bleeding can also occur
from trauma to epidural vessels and result in an epidural hema-
toma, requiring urgent surgical treatment. Similarly, neurological
injury may occur as a result of an epidural abscess, mostly requir-
ing explantation of the device.*” Reported neurological damage
relating to epidural electrode placement is a rare but serious com-
plication requiring prompt attention from an experienced SCS
team. Minor complications can be more common (Table 3). Their
incidence varies among different centers and with different models
of 5CS devices. The most common complications are electrode
migration (11%}, lead fracture (6%), infection (5%), hardware mal-
function {2.5%), discomfort over the generator implant site (2.5%),
rotation of the generator (2.5%) and insulation damage (1%).%

Most commonly, electrode migration occurs within the first few
days after implantation and is more commeon in the cervical than in
the lumbar region.>*” Percutaneous leads have higher rates of migra-
tion than surgical leads. Electrode displacement (most commonly ax-
ial) manifests as a loss of stimulation and thus of pain control.*” If
stimulation cannot be recaptured, lead revision may be required.

Infection with Staphylococcus species is the most commeonly re-
ported organism in (48%) patients with SCS implants.*” The most
common site of infection is the generator pocket (54%).*7 In the
event of infection, appropriate antibiotic therapy may be initially
trialled, but should this fail, the device needs to be removed and re-
placed later. Superficial infections have been treated successfully
with antibiotics alone. Prevention of infection commences with
intravenous administration ~f antibiotics prior to implantation,
preparation of the site with a bactericidal agent such as chiorhex-
idine or povidone iodine, and in the operating theatre, attention to
aseptic operating technique, ¥’

Dural puncture is reported as very rare (0~0.3%), but may occur
during the placement of the SCS leads, depending on the experi-
ence of the operator.*’ This may affect lead conductivity and may
make assessment of lead placement difficult.*” The procedure
can be rescheduled in a few weeks in patients following resolution
of the problem.*”

7. Indications, contraindications and other considerations for
spinal cord stimulation

The authors suggest SCS may be considered for the manage-
ment of certain types of neuropathic or ischemic pain in selected

Table 3
Complications and special considerations assaciated with spinal cord stimulatien
{SCS). Table adapted from the British Pain Society guidelines'

Complications

Immediate complications include:

Superficial infection e.g, Removal of the implant may be required if
Staphylococcus aureus antibiotic therapy does not resolve the infection

within a short period

Rare, but serious complication, requiring

prompt exploration and evacuation to avoid

neurclogical sequalae

Rare complication within the epidural space

Epidural hemarrhage

Epidural abscess

Delayed complicetions include:
Lead migration Lead migration may occur at any time. This
tauses paraesthesia in areas not associated with
pain, and leads to lack of pain relief, Patients
should not undertake activities that require
excessive twisting or stretching

Current leads are more resilient than those uzed
in the past

These are rare complications

Lead fracture, system
malfunction

Delayed cerebrospinal
fluid leak, meningitis

Special considerations
Battery life 5C5 systems with non-rechargeable batteries
will need to be replaced at some stage, Patients
need to be aware that repeat surgery will be
required
Airport and other security systems may be
activated by a stimulator, Patients should carry
relevant decumentarion about the device in
case it is required
Short wave diathermy, microwave diathermy
and therapeutic ultrasound diathermy are
hazardous for patients with an SCS implant. If
possible, unipolar diathermy should be avoided
Electrical activity from an SCS device may be
misinterpreted by a cardiac pacemaker, leading
to potentially dangerous pacemaker
malfunction. A cardiac pacemaker is a relative
centraindication for SCS, but if considered
necessary, hipolar rather than unipolar
pacemaker sensing should be employed
MRI The magnetic field may produce SCS lead
movement, Tesulting in loss of effect or
neuronal damage, or heating of the implant
compenents, leading to discomfort, tissue
damage or software malfunction. The presence
of the SCS implant may cause MR! image
corruption. The need for MRI studies should be
discussed with an experienced neuroradiologist
who has full details of the make, model and
serial numnber of the implant and alternative
imaging techniques considered. If necessary, the
5CS implant may need to be removed to allow
MRI

Security systems

Diathermy

Cardiac pacemaker

patients, after initial care has failed and pain has persisted for a
prolonged period {e.g. more than 6 months).** Some indications
such as FBSS, CRPS and RAP are now more established, whereas
others are emerging as knowledge and techniques advance. Indica-
tions for SC$, categorized by the authors according to good, inter-
mediate and not indicated, depending on the likelihood of
response, are listed in Table 4.

Finally, there are suggested indications for SCS that have litt}le
reported evidence of success and are unlikely to work and there-
fore the use of SCS in these areas is not supported by the authors
(Table 4). They include pain associated with spinal cord injury, cen-
tral pain of non-spinal cord origin, avulsive brachial plexopathy
and axial lumbar spinal pain pre-surgery and post-surgery.

Contraindications to SCS include general contraindications to
surgery; uncontrolled bleeding disorder (including ongoing
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Table 4

Indications for spinal cord stimulation (SCS), Working Group consensus adapted from the British Pain Society guidelines’

Good indications for SCS (likely to respond)

[nrermediate indications for SCS (may respond)

Nor indicated for 5CS {rarely
respond)

¢ Failed back surgery syndrome
» Refractory angina pectoris

« Pain associated with peripheral vascular disease
s Intercostal neuralgia, such as post-thoracotomy

» Avulsive brachial plexopathy
« Nociceptive axial pain following

» Neuropathic pain secondary to peripheral = Other peripheral neuropathic pain syndromes, such as those following surgery’

nerve lesion trauma, may respond = Central pain of non-spinal cord
» Radicular pain following cervical spine » Complex regional pain syndrome origin

surgery « Pain in spina! cord injury

= Postherpetic neuralgia
« Phantem painfpost amputation

" Except when part of failed back surgery syndrome,

Table 5
Criteria for identifying patients suitable for consideration of spinal cord stimulation
(5C8)

= Neurogenic pain pathology is the basis of pain complaint

e (lear diagnosis of neuropathic pain is evident, although accompanying
nociceptive pain may be present (e.g, FBSS with neuropathic pain in
limb{s), CRPS)

Patient has a suboptimal response to comprehensive conservative ther-
apy {that is, failed trials of physical and functional therapies, polyphar-
macy including anticonvulsants, antidepressants and other drugs [such
as opioids] due to Jack of efficacy or serious side effects)

No significant unmanaged psychological issues present

Further corrective surgical intervention not indicated

No serious drug or chemical substance dependence or abuse

No surgical contraindication to implantation

Successtul trial screening for duration of up to 2 weeks, Too short a trial
may mislead success and too lang adds potential complications

Patient understands and is willing to participate in the therapy
Implantation centre and hospiral staff are educated, familiar and willing
to participate as a team

Spinal neural pathway to painful site distally must be preserved to expe-
rience pleasant paraesthesia with 5CS

CRPS: complex regional pain syndrome; FBSS: failed back surgery syndrome,

anticoagulant therapy, which is a relative contraindication) and
systemic or local sepsis,’>

Cognitive impairment will also preclude SCS if the patient is un-
able to understand the therapy, unless adequate support from
carer and social services is available, The authors extend the list
of contraindications to include patients with unresclved psycho-
logical disorders such as active psychosis, majar untreated mood
disorder and somatization disorder. In addition, active or untreated
abuse of alcohol, drugs or medication (e.g. opioids) are contraindi-
cations for SCS and would require other appropriate management
before consideration, as determined in pre-screening by the multi-
disciplinary management team.*#5%3 Iy one study, over 80% of pa-
tients treated with SCS required counseling and cognitive
behavioral therapy prior to imiplant.%°

Relative contraindications that would delay, defer or modify a
screening trial for SCS include immune suppression and the pres-
ence of a cardiac pacemaker or implanted defibrillator {as the pulse
generator may compromise function of these devices).! Factors
such as active litigation may also temporarily preclude SCS, as
unresolved issues of secondary gain or litigation could influence
the perception and reporting of pain.*® In addition, as described
by North and colleagues, pregnancy, inconsistency among the pain
description, history and physical examination, abnormal or incon-
sistent pain ratings or occupational risk are relative contraindica-
tions for SC5.3

Other important considerations prior to patient selection for
5CS include the need for MRI. The magnetic field may produce lead
migration, or heating of the components. MRI studies should be
scheduled prior to electrode insertion if they are required for co-

Table 6

Example of a psychological test baltery used for assessing the psychological profile of
parients prior to spinal cord stimulation (SCS). Table adapted from Sundaraj et al,
(20050

Beck depression inventory

Depression Anxiety Stress Scales {DASS)

McGill pain questionnaire

Strait trait anxiety inventory

Pain coping strategies questinnnaire

Pain locus of control scale

Pain self-efficacy questionnaire

Short Form 36 medical outcomes questionnaire
Personality assessment inventory

morbid conditions. MR! implant would be
contraindicated.

Finally, implantation of a SCS device is also contraindicated if a
short-term trial of stimulation using an externat pulse generator
fails to achieve goals of therapy agreed with the patient, such as
pain relief, improvement in function and/or reduction in medica-

tion use.

studies post

8. Recommendations for patient selection for spinal cord
stimulation

5CS is a very expensive, labor intensive and invasive procedure
with complications and long-term issues that require specialists
with specific skills and judgment and (often) lifetime management
of the patient. As such, some of the greatest barriers to the technol-
ogy in Australia remain their cost in both the public and private
system and the rigid algorithms for qualification under current
Worker's Compensation guidelines. For the health system, follow-
ing a comprehensive, multidisciplinary patient selection process
may reduce costs by selecting only the most appropriate patients
for implantation. This process would also help to clarify unresolved
issues of secondary gain, a limitation for Worker's Compensation
cases. It is important that the procedure is applied with a complete
understanding of the impact of pain and the impact of the proce-
dure on the patient’s life, particularly in the long term, Table 5
highlights which patients may be suitable for consideration for
3C5 implantation. Paiients will require ongoing management,
therefore before proceeding, patients for SCS should ideally be se-
lected and assessed by a multidisciplinary team, or if a multidisci-
plinary team is not available, there should be consultation between
at least two specialists with extensive knowledge of pain medicine,
An algorithm for the use of SCS in the management of chronic pain
is given in Fig, 1,

Age, gender and laterality of pain do not appear to influence SCS
success rates, and thus, should not influence the decision to refer
patients.*®
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The authors strongly recommend the establishment of a na-
tional register to assist the implementation of this integrated, mul-
tidisciplinary SCS patient management.

Successful SCS requires careful patient selection, work-up and
management, even for patients with good indications. An experi-
enced multidisciplinary patn management team who can deliver
a range of pain therapies and provide long-term follow-up after
implantation is an important requirement for the provision of
SCS, The SCS team should implant and manage sufficient patients
to maintain competence,

All patients being considered for SCS should undergo appropri-
ate multidisciplinary assessment of physical, psychological and so-
cial functioning on referral for SCS. This may include interview(s)
with the patient and their family/carer and psychological testing
(an example of a psychological test battery is given in Table 6). |de-
ally, assessment should be carried out within & multidisciplinary
pain centre and include a psychiatrist in the assessment process
(Flg 1).1.48,52

The goals of SCS therapy should be discussed with the patient,
and may include reduction (not elimination) of pain, improvement
of quality-of-life (including improved physical and social function-
ing), return to work and reduction of medication requirements,
such as opioids.

Patient expectations regarding the outcome of SCS should be
managed appropriately. Not all patients will benefit from SCS; even
in well-selected patients, many may not experience significant
benefit. Like most interventions and therapies for chronic pain,
SCS will not eliminate pain entirely, and will only help relieve
the neuropathic component of mixed pain syndromes.

The SCS implant team should seek and document fully informed
consent from referred patients. Patients should be counselled
about what outcomes to expect, the procedure itself, follow-up
requirements, potential complications (including the local compli-
cation rate in the unit where the procedure will be carried out) and
ongoing special considerations (Table 3).

9. Trial and permanent implantation

One of the benefits of SCS is the ability to test patients before
implanting the pulse generator.'® All patients should undergo a
screening trial for up to 2 weeks in an outpatient setting, during
which SCS is delivered using an external stimulator device tempo-
rarily connected to the implanted leads (Fig. 1). During the trial
period, patients keep a pain diary assessing pain relief and other
goals. A successful screening trial results in a patient-reported pain
relief of at least 50% with appropriate physical activity. Stable or
reduced analgesic consumption, improved daily activity function,
and sleep, which contribute to improved patient satisfaction,
should also be considered. The screening trial provides important
information that will influence the choice of lead and stimulator
to be implanted, the optimum stimulator configuration and identi-
fication of permanent electrode segmental “‘sweet spot” posi-
tion." %50 An unsuccessful screening trial is a contraindication to
SCS implantation. In considering the optimal trial duration, the
team should consider the relative risk of infection and complica-
tions that would theoretically increase with trial duration. The
SCS manufacturing company representative is an important team
member in the trial process, programming the device during the
trial and for long-term follow-up.

10. Ongoing patient care and monitoring

After insertion, the stimulator device is adjusted by the treating
physician to identify optimal settings {(maximal pain/paraesthesia
overlap and minimal power requirements). Regular follow-up vis-

its are required in the first year following implant to adjust stimu-
lation parameters, medication and other aspects of the patient's
rehabilitation program. Thereafter, annual visits should be sched-
uied to assess the need for modification of pain management and
to monitor the IPG battery life (for non-rechargeable devices).
The SCS team should be available at all times in case of problems
or complications, If patients move beyond a reasonable travelling
distance from the implanting centre, systems must be in place to
transfer their care appropriately to other suitable services.

SCS is a long-term therapy, and appropriate infrastructure that
allows ongoing follow-up and management should be in place.
This may include physical rehabilitation, psychological support
(including cognitive behavioral therapy-based pain management
psychotherapy), medication adjustment, device reprogramming
and future replacement of the TPG (Fig. 1).

11. Conclusions

Over the last 40 years, SCS has shown positive outcomes for pa-
tients across some indications. As our understanding, technology
and techniques advance, it is likely SCS will grow in popularity
as an alternative therapy across more indications. In the future,
the true place of SCS in the context of multidisciplinary pain man-
agement is likely to become clearer in terms clinical and cost
effectiveness.
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