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spinal Cord Stimulation for the
Ianagement of Neuropathic Pain in
railed Back Surgery Syndrome

ABSTRACT

Chronic pain is a complex disease state associated with substantial individual disability and suffering
alongside societal economic impact. The entity of neuropathic pain is a diagnosis of specific clinical
characteristics and underlying pathophysiology. Failed back surgery syndrome represents persistent
neuropathic leg pain following structurally corrective spinal surgery, often being refractory to escalated
pharmacological management. In appropriately selected patients, spinal cord stimulation is a surgical
technique that may offer reduced disability and pain, and improved economic outcomes for patients
where medical management has been unsuccessful. Contemporary technological advances continue to
improve this approach with greater success, lessened morbidity, and expanding indications.
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Introduction

The International Association for the Study of Pain (IASP) has defined pain as “an
unpleasant sensory and emotional experience associated with actual or potential
tissue damage, or described in terms of such damage.”™ The categorization of pain

as chronic is then furthered by temporal extension over a certain of period of time
(generally 3-6 months) or by pathological definition once residual pathology can no
longer explain the presence or extent of the patient’s suffering. Chronic pain can have
a profound impact, with worldwide prevalence estimates of 13-53% and associated
interference with activities of daily living, rates of health-related unemployment,
impaired psychological function, and greater utilization of health care resources.>*®
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Neuropathic pain is a spe-
cific subtype of this disease where
maladaptive plasticity induced by
a lesion has affected the soma-
tosensory system to a degree that
pain is felt in the absence of a
stimulus or that responses to both
innocuous and noxious stimuli are
enhanced. Spontaneous features
include burning pain and tight-
ness with unpredictable lancinat-
ing features. Stimulus-evoked
features include hyperalgesia (a
heightened response to a normal
painful stimulus) and allodynia (a
pain response to a normally non-
painful stimulus). The clinical
diagnosis is established in 2-3% of
the developed world population,®
with underlying diagnoses includ-
ing painful diabetic neuropathy,
lumbosacral radiculopathy, post-
herpetic neuralgia, post-infectious
or post-chemotherapy neuropathy,
complex regional pain syndrome,
and failed back surgery syndrome
(FBSS).

The general approach to man-
aging neuropathic leg pain fol-
lowing structurally corrective
spinal surgery involves an esca-
lating pharmacological regimen
established by the Canadian Pain
Society in 2007,'° which if unsuc-
cessful, can be followed by tech-
niques of greater invasiveness.
The use of electrical stimulation
for analgesia hails back to Scribo-
nius in 15AD with the fortuitous
observation that inadvertent con-
tact with a torpedo fish provided

relief of gout pain." Spinal cord
stimulation (SCS) has been dem-
onstrated in prospective rand-
omized controlled trials to have
benefit in the management of leg-
dominant FBSS.!214

Overview of Neuropathic Pain

Despite the high prevalence of
neuropathic pain, estimated to
affect one million Canadians,10
there remains substantial ambigu-
ity about this clinical entity. In the
context of FBSS, the residual neu-
ropathic pain has been assumed
to arise from ischemic or fibrotic
changes to the nerve.’5 Such per-
manent changes cannot be pre-
dicted preoperatively and may be
invisible to even intraoperative
assessment, with the subsequent
diagnosis considered only upon
the postoperative failure of clini-
cal resolution despite adequate
decompression, realignment or
stabilization. Complicating this
ambiguity is the fact that the diag-
nosis is made on a set of symp-
toms and subjective descriptions
that are challenging to measure
objectively. Indeed, most objective
structural and functional testing is
employed to investigate the pres-
ence of an alternate diagnosis.

The definition of neuro-
pathic pain put forth by the IASP
describes two main types of pain
mechanisms, being either of
peripheral or central origin, as well
as a number of associated pain
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terms. However, an operational
definition that can be used by prac-
ticing clinicians for distinguish-
ing neuropathic pain from other
types of pain has remained elusive,
yielding instead to a constellation
of different features as detected by
various screening tools.2> 2 Table 1
delineates some of the characteris-
tic findings and descriptions used
to operationalize making this diag-
nosis in the clinical setting. The
specific qualities of evoked pain
during the examination include
allodynia, hyperalgesia, hyperes-
thesia, and hyperpathia. Allodynia
is an altered quality of sensation,
whereby a painful response is
elicited to a non-painful stimu-
lus. Hyperalgesia is an augmented
painful response only to those
stimuli that are normally pain-

ful, whereas hyperesthesia more
broadly represents augmented
sensitivity to all stimuli. Hyper-
pathia is a pain condition whereby
an abnormally painful response

occurs in response to a stimulus,
particularly repetitively applied.
The clinician is faced with inter-
preting subjective responses to
the clinical examination into pat-
terns of pain behavior. A number
of screening tools have been devel-
oped to help delineate the clini-
cal presentations as neuropathic
pain or not, and Table 2 summa-
rizes the most common screening
tools including their sensitivity
and specificity. The most consist-
ent elements include burning and
lancinating quality, the presence
of paresthesia, and clinical find-
ings of allodynia.?°->4 More recent
diagnostic methods include Quan-
titative Sensory Testing (QST)
and electrodiagnostic studies.'*25
QST is performed by adminis-
tering various standard noxious
stimuli (thermal, mechanical,
electrical) under controlled set-
tings to identify a dysfunctional
sensory response. Electromyogra-
phy (EMG) and nerve conduction

Table 1: Clinical Features of Neuropathic Pain

Spontaneous Pain Evoked Pain
Stimulus Independent Dependent
Onset Unpredictable Dynamic (vibration or brush) or static
(pressure or pinprick) stimulus
Duration Continuous or Intermittent During and for a predictable period after stimulus
Quality Continuous: burning, throbbing, shooting, Allodynia

intense tightness, lancinating

Hyperalgesia

Intermittent: shooting, stabbing, electrical Hyperesthesia
Hyperpathia
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studies (NCS) used in the workup
of these patients may addition-
ally offer objective confirmation
of chronic and invariable neural
injury, supporting the patho-
physiological basis of neuropathic
pain.

What is Spinal Cord Stimulation?

The use of electrical stimulation
in clinical practice was formal-
ized following the introduction

of Melzack and Wall’s Gate Con-
trol Theory in 1965, suggesting
that pain resulting from noxious
inflow is modulated by trans-
mission of nerve impulses from
afferent fibers to spinal cord
transmission cells through a spi-
nal gating mechanism in the dor-
sal column.?® They postulated
that opening of the “gate” for pain
perception occurred when more
small diameter C-fibers were
activated rather than large affer-

Table 2: Common Validated Screening Tools for Neuropathic Pain202123

Screening Tool

Leeds Assessment of Neuropathic
Symptoms and signs (LANSS)

Neuropathic Pain Questionnaire
(NPQ)

Douleur Neuropathique en 4
questions (DN4)

painDETECT

ID-Pain

McGill Pain Questionnaire (MPQ)

Description

5 self-reported items
2 examination items

10 self-reported items
2 mood and affect items

Short form available with only 3
discriminative properties (numbness,
tingling, pain increase in response to touch

7 self-reported items
3 examination items

Self-reported questionnaire with
9 items relating to symptoms
(7 descriptors, 2 special)

No clinical examination items

5 descriptor items
1 item identifying joint pain (nociceptive)
No examination items

3 major descriptors

(sensory, affective, evaluative)

3 major measures:
Pain rating index
Number of specific descriptors
Present pain intensity (1-5)

Sensitivity Specificity
82-91% 80-94%

66% 74%

83% 90%

85% 80%

Not available | Not available
Not available | Not Available
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ent fibers which would otherwise
inhibit small fiber transmission.
Conversely, closure of the “gate”
was facilitated by substantial acti-
vation of large afferent fibers to
block small fiber transmission.
It was suggested that electrical
stimulation of large afferent fibers
would precipitate selective “gate
closure” that would in turn block
painful input to the central nerv-
ous system.>”

More recent investigations
suggest that the mechanisms

by which SCS achieves analge-

sia are more complex than this
tidy hypothesis suggests. Table 3
summarizes the variety of active
research in this field. Certainly
effects are seen both antidromi-
cally, where interaction between
small C and large AP may recapitu-
late the gate theory, and orthodro-
mically, where direct supraspinal
nuclear activation may generate
secondary downward modula-
tion currents. Clinical evidence
that there is more than the “gate”

Table 3: Proposed Mechanisms of SCS Analgesia?’2°3!

Dorsal Column activation

Supraspinal pathways

experienced during stimulation

Dorsal column axonal activation is the anatomical substrate of paraesthesias

Stimulated depolarization of large myelinated afferent DC fibers leads to:

- Orthodromic activation of Ap-fibers projecting to the DC nuclei and then further
activating the periaqueductal gray and the thalamus.

- Antidromic activation via Ap-collaterals into the dorsal laminae to suppress C-fibers
and wide dynamic range (WDR) neurons in the dorsal horn.

- Antidromic activation to the peripheral dendrites of the AP dorsal root (DR) fibers.

- SCS may activate brainstem noradrenergic projections that then activate a

spinal-supraspinal-spinal feedback loop generating an SCS-induced descending

analgesic effect.

- Serotonin, substance P, adenosine, and muscarine receptor are also thought to be
involved in the analgesic effect of SCS through both supraspinal and spinal

segmental mechanisms.

Neurochemical transmission
in the dorsal column

Sympatholytic mechanisms

Neurochemical changes in pain transmission in the dorsal horn result in central
sensitization

Spinal cord stimulation alters the neurotransmitter profile including decreasing release
of excitatory aspartate and glutamate and increasing the release of tonic GABA
inhibitory activity as well as serotonin and adenosine

SCS suppresses efferent sympathetic activity resulting in lesser peripheral vasoconstriction
SCS produces peripheral vasodilation by activating interneurons that:

- Reduce the activity of spinothalamic tract and sympathetic preganglionic neurons

- Reduced release of norepinephrine from sympathetic preganglionic neurons

- Antidromic activatation of the dorsal root afferent fibers

- Release of calcitonin gene related peptide and nitric oxide

DC-dorsal column; GABA- gamma-amino-butyric acid; WDR-wide-dynamic-range; NS- nociceptive-specific; SCS-spinal cord stimulation
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to be considered include the lack
of influence of SCS on nocicep-
tive pain and induced acute pain,
the ability to generate pain by
activation of large afferent fibers,
obliteration of cutaneous hyper-
algesia by selective blockage of
large fibers, and the fact that anal-
gesic effects of SCS may outlast
the duration of the stimulation.
Indeed, multiple sites within the
neuromatrix are likely involved,7-3
and more recent molecular analy-
ses also reveal that SCS can influ-
ence levels of cerebrospinal fluid
compartment neurotransmitters
including increases in GABA, sero-
tonin, Substance-P, norepineph-
rine, acetylcholine, and adenosine,
and decreases in glutamate and
aspartate. At an operational level
stimulation is considered suc-
cessful when the painful region

of interest is replaced by active
paresthesias following stimulator
activation. The goal is to establish
the perception threshold where
paresthesia are felt and avoid the
discomfort threshold where the
stimulation is intolerable.?”

Patient Selection for SCS

Patient selection for SCS to man-
age leg-dominant FBSS remains
challenging, even for experi-
enced pain physicians and neu-
rosurgeons; a fact reflected in
variable rates of conversion from
trial stimulation to permanent
implantation. Fundamental con-
traindications to device implanta-

tion include untreated psychiatric
comorbidity, presence of correcta-
ble structural pathology, cognitive
impairment leading to inability to
provide surgical consent or apply
the technology, clotting disorders,
and active infection.?® Ongoing
legal action can be a contraindi-
cation, as can the need for future
serial MRI scans for any reason.

Because of these challenges a
multidisciplinary team is gener-
ally involved in assessing patient
suitability for SCS. The disciplines
include:

a) Spinal surgery — assessment
of whether a structurally-correct-
able basis for ongoing leg pain
exists

b) Psychology — assessment and
management of comorbid mood
and anxiety disorders

c) Comprehensive pain medi-
cine — escalating pharmacological
management of neuropathic pain
as well as postoperative weaning
from the medication regimen

Structural Spine Pain

Leg pain that persists follow-

ing spinal surgery may be due to

a variety of different etiologies.
The surgeon should question the
nature of the initial diagnosis, the
structural effectiveness of the sur-
gical intervention, and the conse-
quent sequelae of that intervention.
The diagnostic armamentarium
must include both structural and
functional evaluations of the mus-
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culoskeletal and nervous system. be explored as the index surgery
Magnetic resonance imaging, may not have achieved the goals of
enhanced with gadolinium, will neural element decompression and
provide insight into the presence or adequately addressed the spinal
of ongoing nerve compression or alignment and stability. Non-surgi-
development of epidural fibrosis. cal interventions are summarized in

Computed tomography scans and  Table 4 and may be used for man-
dynamic (flexion-extension) radio- aging ongoing radiculopathy, facet
graphs will demonstrate the pres-  arthropathy, epidural fibrosis, and
ence of lateral recess and foraminal discogenic pain syndromes. Revi-
stenosis as well as the develop- sion surgical interventions may
ment of any post-surgical instabil-  be targeted at completing the ini-
ity. EMG and NCS have utility in tial decompression, correcting any
establishing the diagnosis as being  pre-existing or new deformity, and
radiculopathy and differentiating it  stabilizing any previously occult or
from a peripheral nerve entrapment newly created iatrogenic instability.
neuropathy or other neurological

diagnosis. The role of further spi-  Psychological Assessments
nal interventions including com- Individual pain experiences and
plex revision spinal surgery must responses to various manage-

Table 4: Summary of Common Interventional Pain Procedures in FBSS

Indication

Radiculopathy

Facet Arthropathy

Epidural or intra-dural fibrosis

Discogenic lower back and leg pain

Procedure Type

Epidural injections, transforaminal injections, selective nerve root blocks
(local anesthetic or steroid)

Facet joint procedures

- Intra-articular joint steroid injection

. Medial branch block (anesthetic solution)
- Radiofrequency ablation (RFA)

Adhesiolysis (percutaneous and endoscopic)
Disc Interventions

Thermal annular procedures

- Intra-discal electrothermal therapy (IDET)

- discTRODE

- Biacuplasty

Nucleoplasty

Mechanical decompression
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,x‘

ment modalities including SCS

are influenced by comorbid psy-
chopathology.?® Mood and anxiety
disorders are the most common
abnormalities, found in 50%-80%
of patients afflicted with chronic
pain. Further, self-reported levels
of depression, anxiety, poor coping,
somatization, and hypochondriasis
all correlate with poorer treatment
related benefits.?? Other predictors
of unsuccessful treatment include
pain chronicity, negative emotional
impact, pain-related catastrophiz-
ing, substance abuse, cognitive dys-

function, poor social support, and
history of abuse or trauma.3? For-
mal psychological assessment and
optimization of mood and anxiety
disorders is recommended prior

to permanent device implantation.
Clinicians should reinforce that the
goal of SCS is to provide sympto-
matic improvement with respect

to pain control, and not to correct
underlying pathology; complete
pain relief is unrealistic. Identifica-
tion and treatment of significant
vulnerabilities earlier in the pro-
cess may improve patient satis-

Spinal Cord Stimulation for Management of Neuropathic Back Pain

Spinal cord
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\ space
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faction and their response to SCS  obliterating pain completely but
therapy and decrease the rates of ~ rather making the pain bearable and
unsuccessful trials.> improving both the patient’s func-
tion and quality of life.
Comprehensive Pain Management
Treating neuropathic pain secondary ¢S Process
to FBSS requires a comprehensive Once patients are deemed appro-
pain medicine approach, involving  priate candidates (summarized in
both non-pharmacological and phar- Table 5), then the general process
macological initiatives. After active  includes an externalized trialing
physiotherapy and psychotherapy, = process, which if positive is fol-
the multi-tier stepwise pharmaco- lowed by internalization of the
logical approach recommended by  implantable pulse generator (IPG).
the Canadian Pain Society*® is often = The details of each of these steps

the next treatment. This must be varies by center and by surgeon —
supplemented with secondary goals procedures may be under general
including improving sleep, func- anesthesia or conscious sedation,

tional status, and overall quality of ~ trialing may be by percutaneous
life. The goals of therapy must be or surgically implanted leads and
clearly established. These are rarely ~ the IPG may be implanted at vari-

Table 5: Screening Criteria for Use of SCS in the Management of Leg-Dominant FBSS

Presence of persistent leg +/- lower back pain lasting at least 6 months following the most recent successful spinal surgery
(e.g. lumbar discectomies, laminectomies, forminectomies, spinal fusions; performed separately or in any combination)

Suboptimal response of leg +/- lower back pain to comprehensive conservative management

Possible underlying structural/lesional spinal and other pathology that may potentially account for back and
leg pain has been ruled out

Sensory examination demonstrates intact dorsal column function (proprioception, vibration); somatosensory
evoked potentials should be formally tested if clinical exam is doubtful

The patient demonstrates realistic expectations with respect to SCS: understands the nature of the procedure, trial
process, and risks vs. benefits

The patient has a good support system
The patient does not have psychological“red flags”

The patient is willing to be actively engaged in their treatment course

The patient does not have an active medical condition that will require MRI following permanent device implantation
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ous body sites. For leg-dominant
FBSS, implantation regions in

the dorsal epidural space range
between T9-10 and T12-L1, with
varying lengths of laminectomy.
Careful attention must be paid to
lead positioning so that it is sym-
metrical on the longitudinal axis of
the spinal canal and that its rostro-

caudal location permits generation
of limb paresthesia with minimal
abdominal effect. The surgeon may
choose to anchor the lead generally
employing an epifascial strain relief
loop. Figure 1 shows an example of
an implanted system through the
T12-L1 interspace centered behind
the T11 vertebral body for the man-
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— u SUMMARY OF KEY POINTS

~
Avariety of validated and reliable questionnaires based on pharmacological approach, psychological optimization, and
sensory descriptions and sensory examination have been structural assessment from a complex spinal surgery service.
developed to guide clinicians in the diagnosis of Neuropathic
Pain and to discriminate it from other types of pain. Predictors of success include short duration of symptoms

following the index spinal surgery, well-managed mood

The workup of the leg-dominant failed back surgery syndrome and anxiety disorders, and the absence of allodynia as a
patient for spinal cord stimulation must indude a multi-tier presenting sign.

\ /

agement of left-sided S1 distribu-
tion pain. Current technological
advances include minimally-inva-
sive placement of the surgical

leads to minimize surgical tissue
trauma34 and multi-columnar elec-
trode leads that address various
regions of neuropathic pain.* Dur-
ing the external trialing process,
the patient has an opportunity to
test various stimulation programs
and define (1) whether the device

is successful at creating paresthe-
sia in the painful region and (2)
whether the created sensation is
acceptable compared with the neu-
ropathic pain. Typically that repre-
sents greater than a 50% reduction.
When both of those criteria are met
and the patient wishes to proceed,
internalization of the system with
placement of an IPG is carried out.
In addition to all the usual risks of
spinal surgery, unique risks associ-
ated with the SCS device include
battery depletion, lead migration,
wire breakage or cutaneous erosion
and infection around the device

that can lead to epidural abscess.
At present the use of postoperative
MRI utilization is limited, although
ongoing innovation in the field may
remove this complication.

SCS Outcomes

The utility of SCS in the manage-
ment of leg-dominant FBSS has
been well established. In a sys-
tematic review, Frey and cowork-
ers3® summarized the work of nine
observational and two randomized
studies. Among the observational
studies, for 1035 patients who were
implanted, 48-77% sustained more
than 50% reduction in pain scores
at one year postoperatively. The
first randomized study, by Kumar
and coworkers,>3¢® demonstrated
significant reduction in pain for
SCS patients (58%) compared with
conventional medical manage-
ment (17%) along with improved
self-reported quality of life, albeit
with short term higher health care
resource costs. The second rand-

31 Journal of Current Clinical Care Volume 4, Issue 1, 2014




Spinal Cord Stimulation for the Management of Neuropathic Pain in Failed Back Surgery Syndrome

— 1T CLINICAL PEARLS

Postoperative leg pain following structurally-corrective spinal surgery can result from inadequate surgical decompression, implant
malposition, iatrogenic instability, recurrent disease or epidural fibrosis, in addition to the neuropathic pain. The role of complex

\_

omized study, by North and cow-
orkers," revealed 47% improvement
in pain among SCS patients com-
pared with only 11% of patients
undergoing repeated structural spi-
nal surgery. The systematic review
concluded that the technology can
be both clinically and cost effective.
Further, even when both FBSS back
and leg pain scores are elevated,
Rigaord and coworkers'* demon-
strate improvement in back pain
(7.6 to 0.5) and leg pain (7.8 to 1.5)
as well as in self-reported disability
scores. Other important technique-
related results suggest that there is
no difference in outcome between
patients who have the trial lead
implanted under general anesthe-
sia or under conscious sedation?”
and that higher success rates are
observed among patients who are
trialed with surgical rather than
percutaneous leads.?® Traditionally
SCS has been considered the “last

resort treatment” for patient with
chronic pain syndromes who are
refractory to conventional medi-

cal management but recent studies
suggest that long-term efficacy of
SCS is inversely related to the dura-
tion of pain prior to implantation.
Some recommend that a trial of SCS
be offered if suboptimal response
to conventional multidisciplinary
management is observed for 12 t016
weeks.?®3941 Indeed, Kumar and
coworkers? reported success rates
of over 85% if implantation occurs
within 2 years following pain onset,
and decreases to as low as 9% with
delays of 15 years or longer.

Conclusion

The management of persistent leg
pain following spinal surgery can be
challenging with treatments ranging
from psychotherapeutic to pharma-
cological to neuromodulation. It is
incumbent upon physicians manag-

revision spinal surgery should be explored first.

Spinal cord stimulation should be considered for patients with neuropathic pain who are deemed refractory

to multidisciplinary and multimodal management.

An early understanding of how mechanical, stimulated pain differs from neuropathic pain will aid in differentiating those patients
in whom SCS technology can be helpful. Certain distinctive clinical symptoms including burning pain and paresthesia and signs

including allodynia and hyperalgesia are very important elements of the diagnosis.

J
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ing chronic pain to be familiar with
the array of potential interventions.
As technology advances, the utility of
SCS will continue to grow. The tech-
nique has been rigorously evaluated
and compared to both medical man-
agement and conventional spinal
surgery. It has been found to reduce
chronic pain and disability reliably
and cost effectively.
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