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Introduction

Electrical stimulation of the central nervous system (CNS)
and peripheral nerves has become the main alternative to
neuroablative treatments for alleviating chronic pain.
Electrical stimulation of the CNS has mostly involved
deep brain stimulation (DBS) and the epidural stimulation
of the dorsal spinal cord, generally called spinal cord
stimulation (SCS). Since its inception in 1968, SCS has
evolved into the neurostimulation technique of choice
because of its minimally invasive nature and the proven
efficacy for the treatment of chronic painful conditions.
SCS covers many indications including failed back sur-
gery syndrome (FBSS), radiculopathies, complex regional
pain syndrome (CRPS), peripheral neuropathies, and
ischemic limb pain secondary to peripheral vascular dis-
ease [1-5]. To date, the field of SCS has evolved into one
in which various technologies and stimulation paradigms
are available, although a full understanding of the mecha-
nism of action is not known. SCS is useful for treating
pain syndromes in which the affected sensory nerves can
be targeted via the positioning of the electric field deliv-
ered by stimulating leads at a particular segment in the
spinal cord associated with the affected nerves. This chap-
ter describes interventional details in the field of SCS with
emphasis on available technologies and their application
to common indications.
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History

Electricity has been used throughout the history to treat
painful conditions. The oldest account is from the year
46 AD when Scribonius Largus reported in his Compositiones
Medicae the use of electricity from a torpedo ray fish
(Torpedo torpedo) to treat headaches and gout pain [6].
Interestingly, late in the 1700s, Benjamin Franklin used elec-
tricity to stimulate muscle action in the limbs of paralytic
patients [7]. Direct electrical stimulation of the nervous sys-
tem was not considered until 1965 when Melzack and Wall
proposed the “gate control theory” [8]. In their publication
they suggested that pain can be blocked by stimulation of
large A-p fibers in order to close the gate to the nociceptive
input which is transmitted by the small A-§ and C-fibers. In
1967, Shealy et al. [9] reported that direct current applied to
the dorsal spinal cord of cats can block an electrically elic-
ited tetanic stimulation of a peripheral nerve. This report was
followed by another in which Shealy et al. [10] reported the
first clinical case of spinal cord stimulation (SCS) using a
single electrode and a pulsed generator (10-50 Hz, 400 ps
pulse width, 0.36-0.52 mA) in a volunteer patient who suf-
fered from cancer-related pain. The first commercially avail-
able spinal cord stimulator was developed by Medtronic®
(Minneapolis, MN) in 1968 as a result of Shealy’s experi-
ments and was based on previous devices used for stimula-
tion of the carotid sinus nerve in the treatment of angina [11].
In 1981, using advanced battery technology, Medtronic®
produced the first fully implantable spinal cord stimulator. It
was not, however, until 2004 that Boston Scientific®
(Marlborough, MA; then Advanced Bionics) introduced the
first rechargeable implantable pulse generator (IPG) [12].
Over the years, the field of SCS has mostly evolved around
lead designs that incorporate arrays of electrical contacts and
software algorithms that provide optimal electrical outputs
with the goal of improving coverage. There is, however, a
current tendency that revolves around development of stimu-
lation systems that deviate from the conventional stimulation
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paradigm based on continuous pulsed stimulation at around
50 Hz. Nevro Corporation (Menlo Park, CA) has introduced
an IPG that delivers high frequency pulses (10 kHz) without
the common paresthesia felt by patients under conventional
stimulation, which is reported to be superior [13, 14].
Recently, stimulation via bursts of electrical pulses (five
spikes at 500 Hz per burst pulsed at 40 Hz) has also shown
better pain relief than conventional stimulation in prelimi-
nary clinical studies [15, 16].

Pathophysiology

e The spinal cord extends from the base of the brain to the
level of the second lumbar vertebra (L.2). At each particu-
lar vertebral level, nerves branch out of the cord into
plexus composed of peripheral nerves that innervate dif-
ferent parts of the body.

* Beyond L2 the spinal cord develops into the cauda
equina, a collection of nerve roots and nerves that origi-
nate at the conus medullaris and continue down into the
coccygeal nerves.

e Physiologically, the spinal cord can be segmented into
distinctively different sections. Each segment has associ-
ated ganglia and nerves that process afferent sensory
stimuli on its way to the brain.

e Peripheral nerve injury may develop into chronic neuro-
pathic pain which is exacerbated by innocuous stimuli and
otherwise painless stimuli (allodynia and hyperalgesia) [17].

e Nerves are composed of fibers, which contain both
myelinated and unmyelinated axons.

— Myelinated A-d fibers conduct sensory information
from the periphery faster than the unmyelinated sen-
sory C-fibers.

— Stimuli are conducted to the dorsal root ganglion
(DRG) and then into the spinal cord, where the fibers
terminate into synapses with interneurons located in
the gray matter of the cord.

e Peripheral sensitization occurs as a result of inflammatory
processes initiated following the nerve injury. Mast cells,
macrophages, and T cells release cytokines and neuropep-
tides, which ultimately lead to glial activation and feed-
back responses transmitted into the CNS.

— Peripheral sensitization involves a reduction in sensi-
tivity thresholds, particularly of the C-fibers resulting
in windup phenomenon of the dorsal horn
interneurons.

e Nerve injury ultimately leads to reshaping of the response
system, which involves changes in gene expression and
subsequent protein expression that leads to a phenotype
of chronic pain [18].

* Biological and biochemical changes occurring peripher-
ally lead to ectopic activity involving uninjured adjacent
neurons [19].

— Cell membrane components particularly ion channels
are largely affected, leading to spontaneous firing
bursts in the neurons without external stimulus.

Abnormal stimuli from peripheral fibers translate into

changes in the central nervous system at the level of the

spinal cord (dorsal horn) and synaptic plasticity (homo-
and hetero-synaptic potentiation).

— These changes contribute to central sensitization,
invoking plasticity of the CNS that leads to the estab-
lishment of a neuropathic chronic pain state.

— Key factors associated with synaptic plasticity are calcium
receptors (both ionotropic and voltage-gated) as well as
glutamate receptors (NMDA, AMPA, mGIuR), cytokines,
and their receptors (substance P, ephrins, BDNF, kinins,
protein kinases, and particular ion channels).

— Another factor associated with central sensitization is
the loss of inhibitory regulation in the dorsal horn.
Peripheral nerve injury results in the glutamate,
y-amino butyric acid (GABA)-induced reduction of
inhibitory postsynaptic currents [20], which is par-
tially associated with the loss of GABAergic interneu-
rons in the dorsal horn [21].

— Glial cells also release cytokines that affect GABA-
regulated inhibition by altering the anion reversal
potential of the GABAergic neurons [22, 23].

e Following peripheral nerve injury, microglia are
activated in the dorsal horn, at the cord segment cor-
responding to the injured nerve as a result of macro-
phage infiltration and T-cell recruitment.

Changes in the spinal cord result in supraspinal effects.

Brain imaging techniques indicate that some regions in

the brain (a “pain matrix”) are activated in response to

noxious stimuli.

— Some components of the supraspinal pain matrix
include the rostroventral medulla, locus coeruleus,
periaqueductal gray, medial prefrontal cortex, nucleus
accumbens, insula, amygdala, anterior cingulate cor-
tex, and cerebellum.

Evidence Base

e Evidence is determined based on a best evidence synthesis

[15], ranging from Levels I to V.

— Levellis obtained from multiple, relevant, high-quality
randomized controlled trials (RCTs) or diagnostic
accuracy evidence obtained from multiple high-quality
diagnostic accuracy studies.

— Level Il is obtained from at least one relevant high-quality
RCT, or multiple relevant moderate- or low-quality
RCTs, or the evidence was obtained from at least one
high-quality diagnostic accuracy study or, for diagnostic
interventions, multiple moderate- or low-quality diagnos-
tic accuracy studies.
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— Level III incorporates not only evidence from random-
ized trials but also from non-randomized trials.

— Levels IV and V are based on observational studies and
consensus.

Evidence for SCS is summarized in Table 44.1. SCS has

been used for various morbidities.

— A 20-year systematic review [5] of SCS indicates that
the estimated success rate of SCS is 84% in CRPS,
82% in postherpetic neuralgia, 77% in ischemic limb
pain, 67% in peripheral neuropathy, 62% in FBSS, and
62% in phantom limb pain.

— Similar analyses have indicated that spinal cord stimu-
lation is beneficial for refractory angina being effective
in 80% of patients for 1 year and in 57% of patients for
up to 5 years [24, 25].

— Studies have reported moderately high successful out-
come rates for the treatment of CRPS when evaluated
within 3 years of implantation (about 60-70%),
although there is some discrepancy when evaluating
long-term outcomes [26-29].

A pivotal RCT (15) has shown that paresthesia-free hgih
frequency (HF) SCS is significantly superior to conven-
tional SCS. At one-year follow-up, the back pain
responder rate for HF was 78.7% (vs. 51.3% for conven-
tional SCS), which was sustained for an additional one
year (76.6% vs. 49.3%). Similar results were obtained for
leg pain responder rates.

Better level of evidence exists for treatment of pain related

to FBSS [13-15, 30-37] and CRPS [3, 26, 32-34, 38-42].

Evidence also exists for treatment of diabetic neuropa-

thies [3, 43-47], abdominal and pelvic pain [3, 48-51],

and ischemic pain syndrome [52-54].

Rationale

e SCS was founded on the principles of gate control theory
[7]. However, a full understanding of the mechanism of
action is still unknown [2].

* QGate control theory suggests that analgesia is obtained by
stimulating large A-f fibers in the cord. This action closes
the “gate” to incoming nociceptive input from a periph-
eral source which is being transmitted through small
diameter A-8 and C-fibers.

— The stimulation of A-f fibers is responsible for
paresthesias experienced by patients during stimula-
tion at conventional frequency (50 Hz).

e Itis also hypothesized that SCS modulates sympathetic ner-
vous system function by inhibiting the hyperexcitability of
wide dynamic range (WDR) neurons in the dorsal horn [55].
— This modulation process involves various neurotrans-

mitter and neuromodulators such as glutamate,
y-amino butyric acid (GABA), adenosine, serotonin,
and norepinephrine.

e Gate control theory, however, does not account for the
transitioning from an acute pain state to a chronic pain
state. This change seems to be associated with the sensiti-
zation of the neural networks involved in afferent
transmission which is mediated by the overexpression of
some synaptic receptors.

e Central sensitization has been recently invoked as a
general mechanism for neuropathic chronic pain. This is
a manifestation of long-lasting synaptic plasticity which
is triggered by nociception input into the dorsal horn.

— Central sensitization provides a mechanism for pain
amplification and reduction of threshold [18].

Table 44.1 Evidence of therapeutic effectiveness of spinal cord stimulation

Evidence Systematic reviews/guidelines Therapeutic studies
Failed back surgery syndrome (FBSS) Level I Taylor et al. [30] Kumar et al. [36]
Grider et al. [31] North et al. [37]
Turner et al. [32] Al-Kaisy et al. [13]
Bala et al. [33] Van Buyten et al. [14]
Dworkin et al. [34] Kapural et al. [15]
Manchikanti et al. [35]
Complex regional pain syndromes (CRPS) Level I Taylor et al. [26] Kumar and Rizvi [40]
Deer et al. [3] Kemler et al. [41]
Turner et al. [32] Moriyama et al. [42]
Dworkin et al. [34]
North et al. [38]
Simpson et al. [39]
Diabetic neuropathy Level IV Pluijms et al. [43] Tesfaye et al. [44]
Deer et al. [3] Daousi et al. [45]
De Vos et al. [46]
Kumar et al. [47]
Abdominal/pelvic pain Level IV Deer et al. [3] Tiede et al. [48]
Khan et al. [49]
Kapural et al. [50, 51]
Ischemic pain syndrome Level IV Ubbink et al. [52] Amann et al. [54]
Ubbink and Vermeulen [53]
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— Central sensitization involves changes in both pre- and
postsynaptic interactions, including calcium levels in
the postsynaptic process.

e Nerve injury may induce genetic changes in the nerve
cells which regulate the expression of neuropeptides,
cytokines, and other agents that trigger and maintain neu-
ropathic chronic pain.

* Glial cells may also play an important role in the mecha-
nism of central sensitization as nerve injury initiates glial
activation and immune system response [56].

e Supraspinal mechanisms have also been proposed to
explain SCS action [2]. These involve descending mecha-
nisms mediated by endogenous opioids and serotonin-
based systems.

e Given that the mechanism of the establishment and main-
tenance of neuropathic pain is not well established, it is
also unclear how SCS can relieve pain.

e It has even being suggested that the mechanism of action
may vary depending on various factors, such as etiology
and pathology, segmental location of the stimulating elec-
trode, and factors related to vasculature [57].

e The introduction and proven efficacy of high-frequency
stimulation and burst stimulation will encourage
research on the mechanisms of action. Studies suggest
that these forms of stimulation have modes of actions
that differ from that provided by conventional SCS [16,
58, 59].

Indications

Indications for spinal cord stimulation are generally based
on the type of pain and location. These are as follows:

* Axial back pain indications
— FBSS
Failed neck surgery
Whiplash injury
— Other chronically painful back conditions
e Radicular pain radiating to either upper or lower limbs
* Neuropathic pain
— Postherpetic neuralgia (PHN)
— Phantom pain
— Other neuropathic pain conditions (arachnoiditis, post-
traumatic neuralgias)
e CRPS
e Visceral pain
Intractable and refractory angina
Post-thoracotomy syndrome (PTS)
— Chronic painful urogenital conditions
Refractory mesenteric ischemia

e Peripheral vascular disease (PVD)

— Nonoperable PVD/limb ischemia

Anatomy

The epidural space extends from the foramen magnum to
the sacrococcygeal membrane and contains loose areolar
tissue, fat, and the vertebral venous plexus.

— The epidural space lies between the ligamentum fla-
vum and the dura mater.

— The ligamentum flavum is relatively thin in the cervi-
cal region and becomes thicker as it extends caudally
[60]. The distance between the ligamentum flavum and
the dura is the smallest above C6 being only 1.5-2 mm.
Cervical flexion may widen the space up to 34 mm
[61]. The space is the greatest at the L2 level, measur-
ing 5-6 mm in adults. In the thoracic spine, the epi-
dural space is 3—4 mm wide.

The spinal cord is a vital constituent of the central ner-

vous system which extends from the foramen magnum

where it is continuous with the medulla to the L1 or L2
level of the vertebral column.

— The spinal cord is composed of white and gray matter
uniformly organized and divided into four regions:
cervical, thoracic, lumbar, and sacral. Each region is
comprised of several segments.

— Two consecutive rows of nerve roots emerge on each
of the sides of the spinal cord.

— The nerve roots form 31 pairs of spinal nerves, which
contain motor and sensory nerve fibers to and from all
parts of the body.

— In each spinal segment, there are dorsal roots entering
and ventral roots exiting the cord.

e Ventral roots are composed of motor nerve fibers
that allow for skeletal muscle control.

e Dorsal roots are composed of sensory nerve fibers.
Each dorsal root has a ganglion (DRG) in which the
cell bodies of sensory neurons are located.

— Each dorsal spinal cord segment innervates a dermatome.
Dermatomes are areas of the skin which are innervated
by peripheral fibers that originate from a single DRG.

e Dermatomes can be mapped on the body surface and
allow for accurate localization of pain sensation to a
particular dorsal root ganglion or spinal cord segment.

Transversal sectioning of the spinal cord reveals white

matter in the periphery surrounding areas of gray matter

(Fig. 44.1).

— Gray matter contains neuronal cell bodies and glial cells
and is divided into four areas: the dorsal horn, the ven-
tral horn, the intermediate column, and the lateral horn.
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Fig.44.1 Transverse section of the spinal cord

e The dorsal horn is made up of sensory nuclei which
process somatosensory information in ascending
way to the midbrain and diencephalon.

— White matter is composed of glial cells and myelin-
ated and unmyelinated fibers, which conduct signals
in both ascending and descending direction. White
matter is divided into the dorsal column (or funiculus),
the lateral column, and the ventral column.

— Ascending tracts are found in all columns, while
descending ones are only found in the lateral and ven-
tral columns.

— Ascending tracts emerge from primary neurons located
in the DRG.

* The gracile and cuneate fasciculi occupy the dorsal
column (Fig. 44.1). Fibers in these tracts carry tac-
tile, pressure, vibration, and propriosensory infor-
mation to the brain.

e The spinothalamic tract carries pain, temperature,
and touch information from somatic and visceral
structures.

* The spinocerebellar tract carries unconscious pro-
prioception information.

— Descending tracts originate from various cortical areas
in the brain and from the brain stem nuclei.

e The corticospinal and rubrospinal tracts carry vol-
untary motion information.

e The reticulospinal and vestibulospinal tracts medi-
ate balance and postural movements.

e The Lissauer’s tract carries information to the dor-
solateral funiculus (DLF), which regulates incom-
ing pain sensation at the spinal level.

Ipsilateral tactile discrimination,
position, and vibration
sensation from leg

Ipsilateral tactile discrimination,
position, and vibration
sensation from arm

7——“— Ipsilateral spastic paresis
— | |

[T Ipsilateral position and
motion sense

Contralateral pain and
temperature sensation one
segment below

Bilateral pain and temperature
sensation dermatome of
involved segment

Technical Aspects

e The thickness of the dorsal cerebrospinal fluid (dCSF)
layer varies according to the spinal level.

— At the T6 level, the thickness may vary between 4 and
8 mm, while in the mid-cervical spine may be as small
as 1.5-4 mm [62].

— The thicker dCSF layer in the mid-thoracic spine
results in higher paresthesia threshold requiring higher
stimulation current.

— The threshold for dorsal root fibers is lower than the
one for dorsal column fibers in the mid-thoracic spine
[63]. This implies that the stimulating current must be
directed along the axis of the electrode to avoid stimu-
lation of the dorsal root fibers which may cause
unpleasant paresthesias in the trunk.

— This is achieved by positioning the stimulating lead at
or very close to the midline. The sensory fibers of the
dorsal column are segmentally aligned along a medio-
lateral direction with the caudal body regions grouped
toward the midline and the more proximal structures
located laterally (Fig. 44.2).

e The number of leads and contact electrodes per lead
depends on the painful areas (dermatomes) to be
covered.

e Commercially available leads contain 4, 8, 16, or 32 elec-
trodes that can be arranged in either a cylindrical or a
paddle lead.

— Implantation of permanent paddle leads requires a
laminectomy or laminotomy, while cylindrical leads
are implanted percutaneously.
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Fig.44.2 Important anatomical features of the dorsal column relevant
to spinal cord stimulation. The stimulator (SCS) is placed in the ana-
tomical dorsal midline. Sensory structures of the dorsal cord (DC) are
segmentally aligned in mediolateral direction with caudal body regions
grouped toward the midline, while more proximal structures are repre-
sented laterally in the dorsal columns. DREZ dorsal root entry zone, GF
gracile fasciculus, FC cuneate fasciculus, DH dorsal horn, S sacral, L
lumbar, Th thoracic, C cervical fibers

— A large number of electrodes allows for a larger num-
ber of polarity combinations, including the relocation
of the cathode to a position that better matches the
painful area.

— A narrow electrode to electrode distance and a large
number of electrodes allow for extended coverage of
the electrical field along the axis of the lead.

— A larger number of electrodes per lead may also allow
for easier reprogramming of the stimulator to cover
painful region(s) in cases involving lead migration.
This prevents revision of the system.

e The number of leads to be implanted depends on the total
area to be covered. One lead is enough for covering an
ipsilateral area as is the case for some CRPS, mononeu-
ropathy, post-thoracotomy syndrome, postherpetic neu-
ralgia, etc.

— In cases when pain is bilateral or extends into a large
bodily region, the implantation of two or three leads
may be required.

e Patients with predominantly axial low back pain
who are not able to tolerate paresthesias in the trunk
or lower extremities are candidates for multilead
implantation.

e Two leads aligned parallel (Fig. 44.3) or staggered
a couple of millimeters lateral to the midline pro-
vide an electrical field that covers the fibers origi-
nating in the lower back [64].

Fig.44.3 Paramedian fashion needle approach of the epidural space

e When the back area cannot be covered with a two-lead
arrangement, a tripolar lead arrangement (a transverse
tripole) may be used. This uses an eight-electrode lead
which is placed in the midline and set as a cathode and
four-electrode leads, one at each side, which are set as
anodes [65].

e Electrodes in paddle leads have different geometry than

in cylindrical leads, which implies that electrical field

direction and therefore efficacy should differ.

— A head-to-head trial that compared the two lead
geometries indicates that paddle-style leads do not
yield any better clinical outcome relative to
percutaneously placed cylindrical leads at 3-year
post-procedure [66].

— Adverse events such as lead fracture and hardware fail-
ure that requires revision are more common when pad-
dle leads are surgically implanted [27] (Table 44.2).

Current delivered by the device determines the intensity

of the electrical field applied to the spinal cord.

Available SCS systems utilize either constant current or

constant voltage outputs.

— Constant current devices may be advantageous over
constant voltage devices because the electric field sup-
plied by constant current device does not depend on
impedance variations.

e The development of scar tissue around the
implanted lead will cause an increase in lead
impedance. For a current voltage device, this
implies that current will drop, thus decreasing the
intensity of the electric field.
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Table 44.2 A comparison of surgical paddle and percutaneous leads

Table 44.3 Pain target and lead location

Percutaneous Surgical paddle Location of pain Lead entry level Final level of lead tip
Omnidirectional stimulation field | Unidirectional stimulation field Upper limb T4-T6 C3-C5

Large battery consumption (more | Small battery consumption Upper chest wall T6-T8 T1-T2

frequent recharging) (less frequent recharging) Hip, back, and leg Ti2,L1, or L2 T7-T8 or T9

Mobile Fixed Leg LlorL2 T9-T10

Minimally invasive Requires laminectomy Foot L2 or L3 T11-L1

Easier to revise

Harder to revise

Easier to add

Requires more revision

The Spinal Cord Stimulator Trial

SCS therapy is tested during a preimplantation trial period.

A trial period is used to determine if a patient will respond

to treatment. During the trial period, both the level of pain

relief and changes in quality of life are documented.

During this time, patients are encouraged to perform

activities of daily life (ADL), without compromising the

implantation procedure, to ensure that improvements
observed during the trial are associated with SCS.

Trials are performed as outpatient procedures and require

a pretrial psychological evaluation in order to assess if

there are psychological factors that might interfere with

SCS therapy.

There are two options available for placing the stimulator

leads in the epidural space, which option is chosen

depends on individual preference.

— A trial lead can be placed percutaneously using an
epidural needle. The lead is then secured to the skin.
This procedure can be performed in an outpatient
manner in a sterile clinical setting at the interven-
tionalist site.

— Alternatively, an incision can be made to secure the lead
to spinal ligaments in a “permanent” fashion. This pro-
cedure must be performed in an operating room (OR)
within a hospital setting, which may increase cost.

e The main advantage of the “permanent” trial is that
if the trial is successful, then the implanted trial
lead(s) may be kept in place. Thus, intervention
only requires tunneling of lead(s) and its connec-
tion to the implantable pulse generator (IPG).

e If the trial is not successful, the lead(s) must be
removed surgically; thus the patient may be subjected
to additional expenses and unnecessary scarring.

Percutaneous implantation of trial leads does not require

surgical interventions for unsuccessful trials. It also pro-

vides better reliability on evaluating the SCS because it
avoids the effect of the potentially confounding pain from

the incision [67].

Trial periods last between 3 and 10 days.

Trial uses a programmable external pulse generator (EPG)

which operates on alkaline batteries and is secured to the

patient via a carrying belt.

e Permanent implantation of an SCS device requires at
least a recorded 50% pain relief [68] and improvement
in quality of life. However, some authors consider that
a 30% reduction in pain is as clinically significant as
50% [69, 70].

¢ The interventionalist should be careful when evaluating
efficacy during the trial period because this lasts only a
few days and there is the possibility of significant placebo
effect (“honeymoon” effect).

— In addition to pain scores and quality of life scores,
other evaluations of physical and psychological out-
comes may be used to provide a better assessment of
the success or failure of the SCS trial.

Lead Placement Technique

¢ The majority of trial leads are placed percutaneously.

* Prophylactic antibiotics are administered before the pro-
cedure to reduce the risk of infections.

e The skin around and over the entry region is prepared,
wiped, and draped using aseptic techniques.

— Sterile technique, including mask and gown, must be
implemented during the procedure.

» For thoracic and lumbar placement of the lead, the patient
is placed in prone position with a pillow underneath the
abdomen in order to decrease lumbar lordosis.

— In the case of cervical lead placement, the pillow is
placed underneath the chest to increase cervical flexion.

e Fluoroscopic aid is used to visualize the pedicles of the
vertebral bodies.

e The entry point, which is one or two levels below the
desired epidural level (Table 44.3), is marked using a para-
median approach (Fig. 44.3). This approach allows for a
more acute angle of entry, which facilitates lead
advancement.

— If two leads are going to be implanted, the pedicles
are marked at two consecutive levels or on the
contralateral side.

e Lidocaine (1%) is applied to induce skin and subcutane-
ous analgesia, and then a 14- or 15-gauge epidural access
needle is used to identify the epidural space by using the
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loss of resistance technique while viewing using fluoro-

scopic imaging.

Once the epidural space is identified, the SCS lead is

advanced through the needle into the dorsal epidural

space under fluoroscopic guidance. The lead is advanced

slowly as to maintain the position of the lead at the mid-

line or in the desired ipsilateral side for patients with uni-

lateral pain.

— TItisimportant to keep the lead in the midline (Fig. 44.4)
or only a few millimeters away from the midline to
prevent the advancement of the lead in the anterior epi-
dural space.

Once the lead is correctly positioned in the dorsal epi-

dural space (Fig. 44.5) and with the patient awake, the

stimulator is programmed.

— Programming must successfully cover the painful
areas by using sensory stimulation and paresthesia
feedback from the patient.

Once programming is successfully achieved, the needle

is carefully removed while keeping the lead in position.

This is best achieved under live fluoroscopy imaging.

The lead(s) is(are) secured to the skin by using sutures or

Steri-Strips™ and then covered with Tegaderm™ dressing.

The leads are connected to the EPG and the patient is

discharged home after the appropriate coverage is

achieved.

— The patient must be instructed on the proper operation
of the remote unit that controls the EPG.

ARLLINE M PAMCOTR

— The patient must be instructed to contact the physician’s
office in any case of loss of paresthetic coverage, fever,
severe low back pain, limb weakness, or loss of bowel
or bladder control.

During a permanent SCS implantation, the percutaneous

leads or paddle lead (which requires a small laminot-

omy) is placed at the same level as was determined
during trial.

For a percutaneous permanent implantation, the trial leads

are removed and permanent implants are placed as was

done during the trial implantation.

— Following the correct lead placement and confirmation
of coverage of painful areas, an incision is made
around the needle.

— Tissues around the needle are dissected until expos-
ing the supraspinous ligament. At this point, an
anchor device is used to secure the lead to the supra-
spinous ligament.

— A paddle lead can also be secured to the spine in a
similar fashion.

A subcutaneous pocket is created in the buttock area for

the IPG.

A tunneling device is used to advance the lead in the sub-

cutaneous tissue to the pocket, and then the lead is con-

nected to the IPG.

The incision is sutured or stapled and the patient dis-

charged after the stimulator has been tested and the

Fig. 44.4 Fluoroscopic image of dual cylindrical eight-contact leads placed in the cervical epidural space. Notice the midline placement and
parallel alignment of the two leads allowing for multiple polar arrangements
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Fig. 44.5 Fluoroscopic images showing dual eight-contact leads
placed in the thoracic epidural space. (a) Anteroposterior view showing
midline position and parallel alignment of leads. (b) Lateral view show-
ing the position of the leads in the dorsal epidural space

patient has been trained to program the IPG using the
remote control.
e Sutures/staples are usually removed 7-10 days later.

Side Effects and Complications

e Overall up to 34% of SCS patients may experience an
adverse event [32].

e Lead migration is the most common complication.
Incidence is not well established, but typically an average
of 17% of SCS implantations involve lead migration.

— Lead migration may require revision or explantation.

— Cylindrical leads most often migrate caudally.

— In case of minor lead migration, multicontact leads and
multiple polarity arrangements allow for reprogram-
ming and recapturing of paresthesia coverage.

— Silicone adhesive may be used to further secure the
lead to anchors, thus reducing the risk of lead migra-
tion [71].

e Lead fracture is also a common complication, with about
7% occurrence rate.

* Infection at the incision site of lead or in the surgical IPG
pocket [5, 27, 72].

— Severe infection may warrant explantation of the lead
and IPG in rare instances.

— Some swelling and redness around the incision site is
normal, but it should not persist for more than 5-7 days
following implantation.

— The continued worsening of a fever and increased pain
around the implantation pocket are possible signs of an
ongoing infection.

— Implantation of spinal cord stimulation systems is not
recommended in patients prone to infection or coagu-
lation disorders.

Battery and IPG failures are also potential complications,

although their occurrence rates are relatively low.

Technological advances have made devices more reliable.

Some SCS systems are not compatible with magnetic

resonance imaging (MRI) techniques.

— The benefit of SCS implantation must be weighed
against the risk of depriving a patient from obtaining
MRISs in the future.

— Some devices are compatible with MRI equipment
under certain circumstances.

Interactions of the SCS device with other devices outside

the body have also been reported. Manufacturers provide

caution notes in the device packaging and information.

Other adverse events previously noted in case reports and

with very low occurrence include epidural fibrosis, epi-

dural hematoma, dural puncture, IPG seroma, and sus-

pected nerve, or spinal cord injury [73].

Precautions

Prescribing antibiotics prophylactically may help to
reduce the risk of infection.

A psychological evaluation is important. The cognitive
level of the patient must be sufficient enough to under-
stand certain responsibilities and expectations that are tied
to the permanent implantation and further management of
the device (i.e., charging the device, adjusting stimulation
amplitude, self-management of paresthesia, and pain).
Proper training of the clinician is of outmost importance.
SCS involves surgical intervention that requires placing a
lead into the epidural space. Improper surgical technique
may cause devastating adverse events.

Proper lead anchoring and tunneling are required to
reduce the incidence of lead migration or fracture.

It is important to test the signal generator and all connec-
tions to the lead, particularly at the time of permanent
implantation.

Consider the amount of epidural space available before
proceeding with implantation. In some cases in which
patients have spinal canal stenosis, it may be prudent to
have imaging diagnostics (MRI, CT myelogram) of the
spinal canal diameter.
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— Decompression of spinal canal stenosis may be required

before proceeding with implantation of stimulating leads.
Given that the risk of infection is elevated under certain
specific comorbidities, it is important to evaluate the sta-
tus of the patient before considering SCS.

— Risk of infection is elevated by immunosuppressive
conditions such as HIV.

— Risk of infection is elevated by immunosuppressive
therapies such as the use of steroids.

— Risk of infection is elevated during extended hospital
stays, blood transfusions, inappropriate ventilation,
and sterility of the intervention suite.

— Risk of infection is elevated in patients with diabetes, rheu-
matoid arthritis, obesity, and/or use of alcohol and tobacco.

— The use of antibiotics should be considered according
to infectious disease standards and on the basis of the
prevalent infections and patient’s allergic response to
antibiotics.

The implantation of a spinal cord stimulator, although a

minimally invasive procedure, requires strict surgical

precautions.

— Restricted traffic in operating room

— Appropriate use of sterile handling

— Administration of preoperative antibiotics and previ-
ous verification that patient is not allergic to the
antibiotics

Clinician must account for the use of anticoagulant ther-

apy before proceeding with trialing.

— Guidelines from the American Society of Interventional
Pain Physicians (ASIPP), American Society of Regional
Anesthesia (ASRA), and European Society of
Anesthesiology for management of patients receiving
anticoagulation therapy should be followed [35, 74-77].
* The risk associated with the discontinuation of anti-

coagulant therapy is well established. The benefits
associated with implantation of a spinal cord stimu-
lator must be accounted for in relation to the risk of
thromboembolic phenomena.

Clinician must also account for the benefits associated

with SCS and the risk accompanying future restriction to

MRI procedures.

The patient must be educated about procedures, as well

as the expectations for SCS and possible risks associated

with the implantation. It is equally important to empha-
size proper postoperative care (bathing, medications,
discharge instructions, etc.).

Key Points

1. Spinal cord stimulation is a minimally invasive treatment

that is advantageous in the management of many chronic
pain conditions.

2. Spinal cord stimulation requires a trial period before perma-
nent implantation of the stimulating lead and pulse generator.
The trial period provides the clinician with valuable
information regarding therapeutic efficacy and safety.

3. There is no clear understanding on how spinal cord stimu-
lation provides pain relief, particularly in the context of
comparing various modalities (conventional frequency,
high frequency, and burst stimulation).

4. There is strong evidence that SCS is effective for failed
back surgery syndrome, radiculopathies, and complex
regional pain syndromes.

5. SCS therapy is more effective when used early in the
progress of the establishment of a chronic pain condition.

6. Common complications of SCS are associated with
migration or fracture of the lead(s) and infection at the
implantation site.

7. Advancements in technology including miniaturization
of the pulse generator, improved battery performance,
optimized lead, and software design have made SCS ther-
apy a viable alternative to more invasive procedures.

8. SCS keeps evolving as clinicians, researchers, and device
developers continue to understand the effects of stimula-
tion parameters (frequency, amplitude, waveforms) on
clinical outcomes. It is expected that RCTs will be con-
ducted to provide proper evidence of the efficacy and
safety of available SCS modalities on various chronic
pain conditions.
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