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Key points

e Spinal cord stimulation is effective therapy for many intractable chronic pain
conditions, including complex regional pain syndrome, failed back surgery
syndrome, and peripheral neuropathy.

Peripheral nerve stimulation is effective therapy for more localized chronic pain
conditions, targeting specific nerves and/or more discrefe anatomic structures.

Stimulation technology is evolving at a rapid pace and, associated with the im-
provements in technology, outcomes are improving and indications are
expanding.

INTRODUCTION: NATURE OF THE PROBLEM

Chronic pain represents one of the most significant public health problems in
terms of the number of patients affected and in terms of health care costs.
Pain affects more Americans than diabetes, heart disease, and cancer com-
bined. Despite advances in treatments, a significant number of patients with
chronic pain fail to improve with standard conservative medical therapy.
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Medical therapy is the most common treatment of chronic pain, but a recent
evidence-based review of medical therapy for chronic neuropathic pain
concluded that, “Existing pharmacologic treatments for NP pain are limited,
with no more than 40-60% of patients obtaining partial relief of their pain.”
[1] As many as half of all patients who present to their medical providers
with common chronic painful conditions such as diabetic peripheral neuropa-
thy, postherpetic neuralgia, complex regional pain syndrome (CRPS), and
failed back surgery syndrome (FBSS) with a neuropathic component therefore
fail to improve sufficiently with conservative pain care measures.

Neuromodulation is one of the fastest growing fields in medicine. Spinal cord
stimulation (SCS) and peripheral nerve stimulation (PNS) are two common exam-
ples of neuromodulation used for the treatment of pain and have been shown to
be effective treatment options for many patients with refractory neuropathic pain.
However, studies indicate that most clinicians are not familiar with these treat-
ment options [2-5]. As a result, many patients who could potentially benefit are
not referred to a qualified pain specialist to determine candidacy for these thera-
pies. Because many chronic pain conditions are lifelong problems, failure to refer
patients for appropriate therapy potentially subjects them to needless long-term
suffering. Another important consideration is that SGS and PNS may be viable
and effective alternatives to oral opioid therapy for patients with mtractable or
complex pain problems. Opioid treatment of chronic pain is common and has
contributed to the opioid crisis in the United States. The widespread use of opi-
oids for chronic pain has occurred despite only limited evidence for long-term ef-
ficacy. In the past, SGS and PNS were considered by many physicians to be later-
stage pain therapies, mainly because of the invasive nature of the therapy. More
recently, because of the limited efficacy and the myriad problems associated with
chronic opioid therapy, many pain specialists rightfully consider implementing
SCS or PNS earlier in the treatment algorithm for patients with intractable pain
[3,6]. The major advantage of these therapies is that medications are not involved
and the side effects commonly associated with pain medications, such as drows-
iness, mental clouding, and constipation, are avoided. This article discusses SCS
and PNS therapies that have been shown to be effective treatments for patients
with refractory chronic pain. It covers indications, contraindications, and tech-
nical details of the procedures, clinical outcomes, and adverse events.

INDICATIONS AND CONTRAINDICATIONS

Spinal cord stimulation

SCS is indicated for the treatment of chronic pain resulting from many common
as well as uncommon conditions, including FBSS or postlaminectomy pain,
CRPS, painful diabetic peripheral neuropathy, neuropathic pain of the trunk
and/or limbs, chronic intractable back and lower limb pain, and refractory
angina pectoris. Originally approved for the indication of neuropathic pain of
the trunk and legs in 1989, indications for its use have grown as this therapeutic
modality has become better understood and mechanisms of its delivery have
evolved and improved (Table 1). Traditional or conventional (also referred
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Table 1
Indications for spinal cord stimulation

Indication Proposed neuromodulation modality

FBSS SCS (conventional/HF)

CRPS SCS (conventional/HF) or DRG®

PDN SCS, consider DRG* for severe plantar foot pain
Neuropathic trunk or limb pain SCS, consider DRG* for focal pain

LBP + lower limb pain SCS (consider HF for primarily axial low back pain)
RAP SCS (conventional/HF)

Abbreviations: DRG, dorsal root ganglion stimulation; HF, high frequency; LBP, low back pain; PDN, painful
diabetic neuropathy; RAP, refractory angina pectoris.
@ Note that DRG is approved for low thoracic and lumbar placement only.

to as tonic stimulation) SCS involves the delivery of an electric current
(measured in milliamperes) to the dorsal columns in the form of perceptible
paresthesia that is traditionally tailored to patient comfort by the adjustment
of parameters including amplitude, pulse width, and frequency. This delivery
1s achieved by percutaneous or surgical placement of electrodes in the epidural
space, with electrode contacts positioned either according to reported patient
response (a process commonly referred to as paresthesia mapping) in the case
of conventional SCS, or electrodes positioned over the T9 to T10 disc space
in the case of high-frequency (HF) SCS. This process is discussed in greater
detail later. Burst stimulation is another form of SCS involving alteration of
the parameters listed earlier in the development of a proprietary and distinct
waveform. Burst SGS has been shown in large-scale randomized controlled tri-
als (RCTs) to be an effective therapy for back and/or limb pain. There is some
preliminary evidence that the burst waveform may modulate the affective or
medial pathway components of pain, including pain vigilance and awareness,
possibly via activation of the dorsal anterior cingulate cortex [7].

Dorsal root ganglion (DRG) stimulation involves placement of lead contacts
in the neural foramen from an epidural approach, and, because of this specific
location in close proximity to the DRG, the amount of electricity that is deliv-
ered 1s much smaller (measured in microamperes). DRG stimulation is distinct
from SCS, but both involve neuromodulation of spinal structures that can be
achieved using a percutaneous approach, with some overlapping indications.
Note that there are multiple emerging indications for DRG, including pelvic
pain, visceral pain, postherniorrhaphy pain, and other focal pain syndromes.
DRG stimulation is currently US Food and Drug Administration (FDA)
approved only for lumbosacral placement (below T10).

From an anatomic standpoint, SCS may be the only viable option for
advanced interventional therapies in cases in which spinal anatomy is altered
to such a degree that further surgery is unlikely to improve the patient’s symp-
toms or the patient’s comorbidities are such that risks of further spine surgery
outweigh potential benefits. Epidural access for lower imb or low back pain is
typically at the thoracolumbar junction or L1 to L2 epidural space, often above
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the area of prior lumbar surgery. Epidural access for cervical pain is typically in
the upper thoracic region and may be considered for patients with prior cervi-
cal surgery that has been accessed using an anterior approach as long as pos-
terior elements, including the ligamentum flavum, remain intact. Anatomic
considerations are discussed further later in the article.

As a neuromodulation therapy, SCS is most effective in treating pain
with neuropathic or ischemic components. In general, it is most strongly
indicated for medically refractory neuropathic pain of the trunk or limbs in
patients with appropriate spinal anatomy for safe and effective lead
placement.

Failed back surgery syndrome

FBSS is perhaps the most studied indication for SCS. Multiple prospective
RCTs have shown the efficacy of FBSS, including superiority compared with
reoperation as well as conventional medical management [8,9]. SCS may be
effective not only in reducing pain following FBSS but also in improving anx-
iety, depression, and pain intensity, and reducing opioid usage [10]. Conven-
tional paresthesia-based SCS as well as some of the newer stimulation
paradigms, such as HF SCS and burst SCS, have all been shown to be effective
therapies for FBSS [11].

Complex regional pain syndrome

Medically intractable CRPS is often debilitating and can create a challenging
management problem. Presenting as a constellation of sudomotor, sensory,
vasomotor, and trophic signs and symptoms caused by an inciting event
(CRPS type II or causalgia) or without identifiable cause (CRPS type I), the
mainstay of treatment includes physical therapy and activity modification,
with refractory cases often requiring trials of various medications and injection
therapies, including sympathetic nerve blocks that may achieve therapeutic ef-
ficacy. SCS is considered in refractory cases [12]. SCS has been shown to be
effective in treating CRPS, including improvements in pain, quality of life,
and satisfaction with SCS therapy [13]. DRG stimulation has also been shown
to be effective in select patients with lower limb CRPS and superior to
conventional SCS, provided pain symptoms follow an identifiable dermatomal
pattern [14].

Diabetic peripheral neuropathy

SCS is also indicated for management of intractable painful diabetic neuropa-
thy (PDN), improving pain as well as overall health and quality of life
compared with conventional medical therapy [15]. SCS has been shown to
be effective up to 5 years following implantation, particularly in cases in which
the severity of PDN is not advanced [16]. Trials to date have investigated the
use of conventional SGS for this indication, and inquiry into efficacy of HF
versus conventional SCS is ongoing. Plantar foot pain may be difficult to cap-
ture with dorsal column SCS, and in such cases DRG stimulation may be
considered for treatment of focal pain in PDN.
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Low back pain

Although tonic stimulation historically has worked well for neuropathic limb
pain, axial low back pain is often difficult to treat with conventional/tonic
SCS. HF SCS has been shown to be effective for treatment of low back pain
and superior in efficacy to tonic SCS for this indication [17]. The use of HF
stimulation has introduced a highly effective therapy for many patients with
axial low back pain with or without lower limb pain, and should be considered
for patients with primarily low back pain who are otherwise appropriate candi-
dates for neuromodulation provided there is not an anticipated need for
repeated MRI.

Refractory angina pectoris

An FDA-approved indication for SCS, refractory angina pectoris (RAP) can be
highly responsive to dorsal column SCS. Lead placement classically ranges
from the lower cervical to upper thoracic region, and paresthesia mapping in
tonic stimulation can be very helpful in confirming appropriate placement.
SCS has been shown to be effective in improving angina symptoms, exercise
duration, and nitrate consumption in patients with RAP [18-20]. As with all
SCS indications, appropriate patient selection is critical. Implanting physicians
considering SCS for treatment of RAP may find it beneficial to coordinate care
with the patient’s cardiologist in order to ensure appropriateness of therapy and
that all diagnostic evaluation and medical treatment from a cardiovascular
standpoint has been completed before consideration of trial and implantation.
However, patients who have SCS placed for treatment of RAP should continue
regular and appropriate cardiovascular follow-up. There is no evidence to sug-
gest that SGS masks symptoms that are important in monitoring patients with
angina symptoms.

Spinal cord stimulation: contraindications

A thorough evaluation including comprehensive history and physical examina-
tion is critical when considering patient candidacy for dorsal column SGS or
DRG stimulation. From a diagnosis standpoint, neuromodulation is most effec-
tive for treatment of neuropathic or ischemic pain states, and patients with in-
flammatory disease or widespread myofascial pain are not as likely to
experience a positive response to this therapy. MRI review should prioritize
consideration of safety, and ensuring that the epidural space is adequate for
safe lead placement may necessitate obtaining additional MRI of the thoracic
spine in the case of treatment of lower limb or truncal pain. Intact posterior el-
ements, including ligamentum flavum at the levels of access and final lead posi-
tioning, are necessary, and posterior spine surgery at these sites precludes
percutaneous lead placement.

Beyond diagnostic and anatomic considerations, a psychological evaluation
is recommended as a routine component of the comprehensive patient evalua-
tion once a patient has been determined to be a potential candidate. Psychoso-
cial factors such as untreated psychiatric disorders that may present barriers to
successful treatment may be addressed through participation in psychotherapy,
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cognitive behavior therapy, or a comprehensive pain rehabilitation program.
Conditions discovered during the course of psychological evaluation, such as
severe psychiatric disorders or active addiction, should be addressed in the
best interests of the patient, and appropriate referrals placed.

Medical comorbidities such as poorly controlled diabetes mellitus, an immu-
nosuppressed state, poor cardiorespiratory health, or other health conditions
that would pose a danger to the patient in terms of tolerance to anesthesia, posi-
tioning during trial and/or implantation, and healing during the postoperative
period should be considered and appropriately managed. Trial should only
proceed if any medical comorbidities can be adequately and safely addressed.
Patients who are on anticoagulant or antiplatelet therapy or who otherwise
have a bleeding diathesis must be able to have their anticoagulant or antiplate-
let therapy held for the appropriate time period before and after trial and
implant if it is safe to do so. Joint decision making with the patient’s provider
prescribing such medication is critical in considering this decision and whether
it is safe from a medical standpoint to hold administration of this medication in
the perioperative period.

When selecting SCS or DRG therapy, MRI compatibility is another impor-
tant consideration. SCS devices are compatible to varying degrees, with some
devices completely incompatible with MRI, such that the need for this imaging
may necessitate explant of the entire device. The need for future MRI should
be considered and discussed with the patient and may factor in to specific de-
vice selection. If a patient with an SCS system does need MRI, the patient
needs to confirm with the implanting SCS physician that the SGS system has
MRI compatibility. This confirmation involves knowing the SGS brand and
model number as well as where the SCS leads and generators are implanted.
All SCS devices have an MRI safety checklist from the manufacturer and,
for those devices that have MRI compatibility, the devices have an MRI safe
mode that in some cases involves having the device turned off. Again, this
can be confirmed by discussing with the implanting SCS physician and/or
the SCS company representatives.

Peripheral nerve stimulation

Indications

PNS involves percutaneous lead placement proximal to an identified peripheral
nerve lesion. This therapy may be appropriate to consider in patients with pain
of the trunk or limbs with an identified peripheral nerve target accessible percu-
taneously. Historically, standard SCS leads were placed peripherally to achieve
PNS, but there are now devices available exclusively for PNS that are more
securely anchored and specific to the indication of PNS. As such, PNS is again
becoming more widely considered for the indication of intractable neuropathic
pain involving peripheral nerves, cranial neuralgias, and CRPS [21]. Small-
scale studies have suggested that some cases of axial pain with neuropathic fea-
tures refractory to SCS may respond to subcutaneous PNS, but this has not
been replicated in larger RCTs [22]. More recently, implantation of PNS
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devices targeting the medial branches of lumbar dorsal rami were reported in 9
patients who reported pain relief up to 4 months following implantation [23].
Poststroke hemiplegic shoulder pain is perhaps the most well-studied and
classic indication for PNS, with patients showing improvement in pain and
range of motion up to 2 years following implantation along the axillary nerve
of the affected shoulder [24]. A variety of small-scale studies and reports have
identified multiple potential targets for PNS, including postherniorrhaphy pain
(including ilioinguinal and genitofemoral neuralgia) upper and lower imb pe-
ripheral nerve pain including CRPS, SI joint pain, as well as postoperative
knee pain [25-30].

Contraindications

Considerations described earlier in terms of psychological factors, anticoagula-
tion status, immunosuppressed state, and other medical comorbidities,
including diabetes mellitus, must be considered as part of determining patient
candidacy. PNS placement often does not require significant anesthesia beyond
local infiltration, and patient positioning for implantation is highly variable de-
pending on the target. As such, PNS is generally a safer procedure but medical
contraindications must still be considered based on the target for device
placement.

THERAPEUTIC OPTIONS AND SURGICAL TECHNIQUES

Spinal cord stimulation

SCS modalities can be differentiated based on the type of electrical charge
delivered to surrounding tissues, the frequency (in Hertz) at which this charge
is delivered, the presence or perception of paresthesia, and stimulation target of
the implanted device. The 3 major types of SCS are:

* Conventional paresthesia-based SCS
¢ High-frequency 10 (HF10) SCS
* DRG stimulation

The hardware components of all SGS systems include an electrode array or
lead, an implantable pulse generator (IPG), and a portable wireless program-
mer (Fig. 1). Most pulse generators are implanted generators similar to a pace-
maker battery, but some SCS systems use an external generator that
communicates with the stimulator leads via radiofrequency (RF) energy or
Bluetooth. Before implantation, the ideal candidate undergoes a trial period
usually between 5 and 7 days. For the trial, temporary percutaneous SCS leads
are inserted into the epidural space with the IPG remaining external to the skin
with sterile dressing, and during the trial period the patient is instructed to
perform usual/typical daily activities to determine the pain-relieving impact
of the temporary stimulation. The purpose of this trial is to determine whether
the patient obtains sufficient clinical improvement to justify a surgical implan-
tation. At the completion of the trial, the temporary leads are removed and a
decision is made about whether or not the pain improvement was sufficient
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Fig. 1. Components of a typical spinal cord stimulator system. There are 2 spinal cord stim-
ulator leads in the epidural space and an implanted pulse generator in the right lower flank/
upper buttock area. (Used with permission of Mayo Foundation for Medical Education and
Research. All rights reserved.)

to move forward with the surgically inserted permanent system. The period be-
tween the trial phase and implantation phase 1s typically 3 to 4 weeks.

Conventional spinal cord stimulation

Conventional SCS, often referred to as tonic SGS, is a modality that uses stim-
ulation frequencies between 40 and 200 Hz. This modality is most commonly
thought to function through the gate control mechanism [31]. It involves stim-
ulation of large dorsal column sensory fibers, specifically A-beta fibers, which in
turn suppresses both central hyperexcitability and the activation of pain
signaling from A-delta and C fibers. There is also evidence that SGS increases
the levels of several dorsal horn neurotransmitters that are known to be pain
modulating, including serotonin, norepinephrine, GABA (gamma-aminobuty-
ric acid), and acetylcholine. SCS has been shown to modulate sensitized dorsal
horn wide-dynamic-range neurons, which are implicated in many neuropathic
pain states. SCS may also antidromically stimulate the peripheral release of vas-
odilatory neurotransmitters, including CGRP (calcitonin gene-related peptide)
and nitric oxide [32]. Action potentials generated by stimulation subsequently
lead to the generation of paresthesia over the area of pain.
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Gonventional SCS percutaneous technique usually involves placement of 2
SGS leads into the dorsal epidural space following epidural access using a
Touhy needle under fluoroscopy guidance (Fig. 2A). The patency of the
epidural space is verified via advanced imaging, such as a computed tomogra-
phy or MRI scan obtained preprocedurally. The target level and laterality bias
of the placed leads depend on the location of the patient’s symptoms. The leads
are advanced under fluoroscopy guidance via anteroposterior view to the target
level. To ensure the leads are maintained in the dorsal epidural space, lateral
and contralateral oblique views are used. The appropriate physiologic location
of the epidural leads is verified by ensuring the presence of paresthesia over the
area of pain, a process known as paresthesia mapping [33]. In addition to the
percutaneous SGS lead placement technique described earlier, an alternative
is an open surgical technique to place leads directly into the epidural space
via a laminotomy/laminectomy. There are pros and cons to each technique.
The percutaneous technique is less invasive, whereas the open surgical ap-
proaches can be useful for patients with challenging spine anatomy.

High-frequency spinal cord stimulation

HF10 SCS is another modality of SCS that involves the use of a proprietary
waveform with frequency at 10,000 Hz [34]. Stimulation at this higher fre-
quency does not generate the perception of paresthesia. The exact mechanism
of action of this stimulation mode remains to be elucidated. Possible targets in
the pain perception pathway include modulation of wide-dynamic-range neu-
rons, regulation of inhibitory and excitatory neurotransmitter release from
the dorsal horn, and activation of the inhibitory descending pathway [32,35].

Fig. 2. (A) Radiograph of 2 epidural spinal cord stimulator leads. (B) Radiograph of 3 DRG
stimulator leads placed at L4 (forth lumbar level), L5, and S1 on the left side.
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In terms of technique, the placement of HF10 SCS leads into the dorsal
epidural space is similar to that of conventional SCS described earlier. Howev-
er, unlike conventional SCS, physiologic or paresthesia mapping over the area
of pain is not needed or required following lead placement with the HF10 sys-
tem. The leads are usually placed in the anatomic midline with electrodes stag-
gered to facilitate optimal coverage. Impedance level, which is a surrogate of
resistance and energy requirement in the system, is usually confirmed along
with radiographic evidence.

When percutaneous devices are placed, minimal procedural analgesia is usu-
ally needed during placement of conventional and HF10 leads for both trials
and mmplantation. Subcutaneous infiltration of the epidural needle access area
with local anesthetic only usually suffices for SCS trials and can be supple-
mented with other intravenous agents (conscious sedation vs monitored anes-
thesia care) as deemed appropriate by the anesthetic provider. Regardless of
the anesthetic modality used, the patient needs to be awake and interactive dur-
ing SCS lead maneuvering in the epidural space to ensure that the patient is
able to communicate any signs of neural integrity violation to the proceduralist.
If a laminotomy/laminectomy procedure is performed for lead placement, then
general anesthesia is most commonly used, and intraoperative neurophysio-
logic monitoring is used.

Dorsal root ganglion stimulation

Despite the well-established benefits of conventional and HF10 SCS in the treat-
ment of neuropathic pain associated with FBSS and CRPS, adequate coverage
of focal and localized areas of pain, such as in the feet, inguinal area, and groin,
can be challenging [36]. Targeting the DRG that supplies these specific locations
has been proposed as an effective alternative [37]. The DRG is usually located
in or close to the neural foramen. It contains cell bodies of primary sensory neu-
rons and regulates the transmission of sensory signals from the periphery via
primary afferent nerves to the dorsal spinal cord column, acting essentially as
a gatekeeper [38]. DRG stimulation has been shown to decrease neuronal hyper-
excitability and chronic neuropathic pain signaling [39].

Similar to dorsal column SCS, the ideal patient for DRG stimulation un-
dergoes a trial period before implantation of the IPG. However, major differ-
ences exist between DRG stimulation and dorsal column SCS. DRG leads
have 4 electrode contacts, unlike those used in dorsal column systems, which
vary in the number of electrode contacts (8-16 electrodes). Because of the close
lead proximity to the DRG needed for stimulation, as well as small foraminal
opening, DRG lead placement can be stimulating and uncomfortable in awake
patients. As such, the procedure can be safely performed under general
anesthesia with the use of neurophysiologic monitoring in the form of evoked
potentials such as electromyography, motor evoked potentials, and somatosen-
sory evoked potentials [40].

For DRG lead placement, the target DRG is identified based on the patient’s
pain location [41]. For example, foot pain is typically treated with L5 and
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S1 DRG lead placement, and inguinal pain is treated with T12 and/or L1 lead
placement. Skin entry with the epidural needle is performed on the contralat-
eral side of the target DRG, usually about 2 vertebral levels caudal in the upper
lumbar area (L1-L4). For the L5 DRG, skin entry is performed 1 vertebral
level down on the contralateral side. Entry into the sacral DRG is performed
ipsilateral at the same level [34]. Once the lead is in its final position in the dor-
sal neural foramen, strain relief loops (S loops) are made in a cephalocaudal
fashion to anchor the leads and prevent migration (Fig. 2B). As with dorsal col-
umn SCS, optimal placement of DRG leads is confirmed via stimulation, level
of impedance, and radiographic imaging. Similar to HF10 SCS, DRG stimula-

tion is usually paresthesia free.

Peripheral nerve stimulation

Neuromodulation targeting peripheral nerves has been used to treat painful
conditions for decades [42]. Although SCS and DRG target regional pain con-
ditions, PNS allows the targeting of specific nerves and thus more discrete
anatomic structures and painful conditions.

Historically, PNS required an open surgical procedure with direct visuali-
zation of the nerve to place a flat plate electrode either next to or around
the nerve [43]. It then required the lead be tunneled to a location where the
IPG could be connected and surgically implanted under the skin. In 1999,
Weiner and Reed [44] published a case series showing that cylindrical SCS
leads placed percutaneously could successfully treat occipital neuralgia.
Ultrasonography-guided placement of a cylindrical lead PNS system was first
reported by Huntoon and Burgher [45] in 2009, thus visualizing the nerve
and lead juxtaposed without an open procedure. However, specific systems
designed specifically for PNS did not exist. Instead, SCS systems were
used, which still required a lead tunneled to distant location, typically the
abdomen, trunk, buttock, or thigh, where a surgical pocket housed a large
IPG. These systems were prone to lead migration, skin erosion, and surgical
revision or explant [46].

Only recently have specifically designed systems for percutaneous PNS
become widely available. Design-specific PNS systems are less invasive, easier
to place, and may be less intrusive for patients. As interest in innovative PNS
systems grows, so has the interest in applying it to patients with postamputation
pain, shoulder pain, knee pain, postherniorrhaphy pain, and low back pain
[23,24,29,47-51].

Although these systems are uniquely different from one another, they have
at least 2 common components: a lead and an external energy source. The
leads are typically placed with ultrasonography guidance next to the nerve
of interest. The leads vary in their diameter, number of contacts, three-
dimensional structure, and whether they activate via monopolar or bipolar
stimulation. They all have a unique, nonsurgically deployable anchoring sys-
tem not found in the SCS systems historically used. This feature reduces the
risk of lead migration but still keeps the procedure minimally invasive. They
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have also eliminated the IPG and replaced it with an external pulse transmitter
(EPT) or external stimulator. Amplitude, pulse width, and frequency can all be
adjusted to varying degrees but with much fewer waveform choices compared
with SCS. Each of these devices has a patient-controlled handheld remote that
can adjust the amplitude, power the device on/off, and in some cases cycle pre-
set programs.

StimRouter (Bioness, Inc., Valencia, GA) and StimQ PNS (Stimwave, Inc.,
Pompano Beach, FL) are two design-specific PNS systems that use a fully im-
planted lead and an EPT system. The distal end of the lead with the electrodes
is placed percutancously via ultrasonography guidance near the nerve. The
proximal end of the lead is then brought near the skin surface while remaining
fully implanted under the skin. This proximal end acts as a receiver for the
EPT, which uses wireless power transfer and RF signals to power and commu-
nicate with the implanted lead.

The StimRouter implant procedure requires only a 1.0-cm incision placed
approximately 7 to 10 cm from the nerve of interest. The 15-cm lead contain-
ing 3 electrodes is introduced through this incision and often by ultrasonog-
raphy guidance to the proper location near the identified nerve. Proximity to
the nerve is confirmed with electrical stimulation. Once confirmed, the
proximal end of the lead is tunneled subcutaneously from the incision site
approximately 5 cm away. The EPT can then be placed on the skin over
the proximal end of the tunneled lead, which contains the receiver.
This EPT is secured by means of a disposable electrode pad with a skin
adhesive.

The SumQ) PNS lead has the potential advantage of 4 electrodes and uses a
wearable antenna assembly that is approximated over the implanted lead
receiver by means of an adjustable belt, band, or fabric.

SPRINT PNS System (SPR Therapeutics, Inc., Cleveland, OH) is a tempo-
rary PNS system with an externalized lead and pulse generator. It is intended
for 60 days of use, at which point the entire lead is removed and therapy
ceases. The lead is a 0.- mm diameter, open-coiled design with a single monop-
olar contact. The coiled structure is designed to encourage fibrotic ingrowth,
minimizing migration. No incision is required. Instead an introducer and stim-
ulating probe are inserted simultaneously through the skin to the target nerve.
Once nerve proximity is confirmed with electrical stimulation, the stimulating
probe is removed and replaced with the lead. In addition, the introducer is
removed over the externalized lead. The lead is then trimmed to a manageable
length, connected to the external pulse generator, and secured with an occlu-
sive bandage. The bandage is changed every 2 to 3 days until the lead is
removed.

Each of these specifically designed PNS systems is potentially less invasive,
requires less energy, and is more cost-effective than central nervous system
stimulation or using an SCS-adapted system for PNS. However, there still
may be a role for an SCS-adapted system when multiple leads are desired or
an external power source is not tolerated.
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CLINICAL OUTCOMES

Spinal cord stimulation outcomes

Several RCTs and systematic reviews have shown the effectiveness of SCS in
chronic pain states (Table 2). In a prospective RCT with 2-year follow-up, SCS
combined with physical therapy provided superior pain improvement
compared with physical therapy alone in patients with refractory CRPS [52].
SCS was superior to repeat lumbar spine surgery in patients who had recurrent
or persistent pain after previous lumbar spine surgery [8]. Forty-seven percent
of patients randomized to SCS versus 12% randomized to repeat surgery
achieved greater than 50% pain improvement. In an RCT of 100 patients
with mtractable neuropathic pain in the setting of failed lumbar spine surgery,
Kumar and colleagues [9] showed that SCS plus medical therapy was superior
to medical therapy alone. In this trial, 45% of patients with SCS compared with
only 5% of medical management patients achieved greater than 50% relief of
pain at 1-year follow-up. The patients with SCS also experienced significant im-
provements in function and quality of life compared with the medical therapy
group. A recently completed RCT comparing 2 different types of SCS for pa-
tients with chronic back and leg pain showed that both types of SCS offered
significant improvement in pain and function. HF SCS (using a stimulation fre-
quency of 10,000 Hz) was superior to conventional, low-frequency stimulation,
with 65% of patients in the HF group experiencing significant pain relief at 18-
month follow-up, a result that was statistically superior to conventional low-
frequency SCS [17]. Several recent trials, including 2 RCTs, have shown
SCS to be effective for the treatment of intractable pain related to PDN
[15,53]. Each of the chronic pain conditions discussed earlier is notoriously
difficult and stubborn to manage effectively with medical therapy. Patients
that do not respond to reasonable attempts at conservative medical therapy
should be referred sooner rather than later for consideration of neuromodula-
tion approaches. As further evidence of efficacy, recent systematic review and
meta-analysis of RCTs showed that SCS was significantly more likely than
medical therapy to relieve pain in a variety of chronic painful conditions,
including PDN, CRPS, and intractable spine and limb pain.

In addition to the common chronic neuropathic pain problems described
earlier, SCS has been shown to provide significant pain reduction in patients
with other challenging painful medical conditions; for example, painful vaso-
spastic diseases [54,55]. Patients with refractory chest pain from coronary vaso-
spasm or small vessel disease that is not amenable to definitive coronary
stenting or bypass procedures can have significant improvement in pain and
quality of life, and reduced physician and emergency room visits following
treatment with SCS [18-20]. SCS has shown promise in several other
difficult-to-treat chronic neuropathic pain states, including postherpetic neural-
gia, postamputation pain, and limb pain secondary to peripheral vascular
disease.

A recently published prospective randomized multicenter trial comparing
traditional SCS with DRG spinal stimulation in patients with CRPS showed



Table 2

Randomized controlled trials of spinal cord stimulation for spine and/or limb pain

Study Intervention Control/Comparison Results Pain condition

Kemler et al [52] SCS plus PT PT SCS + PT superior pain improvement vs PT CRPS

North et al [8] SCS Repeat spine surgery SCS superior pain improvement vs surgery FBSS

Kumar et al [9] SCS plus medical Medical management SCS + medical management superior pain FBSS
management

Kapural et al [17]

de Vos et al [15]
Deer et al [14]

Deer et al [75]

Slangen et al [53]

Conventional SCS

SCS

DRG stimulation

Burst SCS

Conventional SCS

HF SCS

Medical therapy

Conventional SCS

Conventional SCS

Medical management

Improvement vs medical management
Both treatments were effective: HF SCS superior

Pain improvement vs conventional SCS
SCS superior pain improvement vs medical therapy

Both treatments were effective: DRG stimulation
superior pain improvement vs conventional SCS
Both treatments were effective: 69% of all patients

Achieved clinically significant pain improvement
SCS superior pain improvement vs medical therapy

Chronic back
and/or leg pain
Painful diabetic
neuropathy
CRPS/causalgia
Chronic pain of the
trunk and/or limbs

PDN

Abbreviation: PT, physical therapy.
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that both types of stimulation were effective in relieving pain and improving
function [14]. Seventy-five percent of patients in the DRG stimulation group
versus 53% in the conventional stimulation group achieved 50% or greater
pain relief at 12-month follow-up. Safety data were similar in each group.

Because SCS is a surgical procedure with its associated costs and potential
risks, it has been argued that this therapy should only be used as a last resort.
In addition to the significantly superior outcomes compared with medical or
surgical treatments for many of the commonly associated pain syndromes, as
discussed earlier, recent studies have shown not only that SCS may be less
costly but also that SCS is cost-effective and represents value-based therapy
for many patients with mtractable pain [5,56]. The costs of lifelong medical
therapy with multiple rounds of medications, physician and emergency room
visits, and other therapies such as injections and nerve blocks that patients
with chronic pain are often subjected to over a period of years can quickly esca-
late into the tens of thousands of dollars or more. Two recent studies have
shown the cost-effectiveness of SCS plus medical management compared
with medical management alone for several chronic neuropathic pain condi-
tions, including FBSS and CRPS. The study by Kumar and Rizvi [5] showed
an incremental cost-effectiveness ratio (ICER) well below most commonly
accepted willingness-to-pay per quality-adjusted life year thresholds. The
ICER for FBSS was $9293 Canadian (~US$7000) and the ICER for CRPS
was $11216 [5,32].

In light of several RCT's that have shown the effectiveness of SCS compared
with medical therapy as well as the cost-effectiveness data, many pain special-
ists no longer consider SCS to be a therapy of last resort. Knowing that chronic
neuropathic pain is notoriously resistant to medical therapy and knowing that
SCS therapy provides cost-effective pain relief and improved quality of life
compared with conventional medical management has led many pain special-
ists to move the consideration of SCS therapy much earlier in the chronic
pain treatment algorithm. Several recent studies have shown that earlier inter-
vention with SCS leads to better outcomes and that the longer therapy is with-
held, the less likely it is to be successful [3,57,58].

Peripheral nerve stimulation outcomes

Most of the percutaneous PNS literature is observational studies, retrospective
reviews, and case series. Varied indications for PNS, rapidly advancing SCS
technology, and late-emerging design-specific PNS technology have limited
the number of high-quality PNS clinical studies. In spite of few long-term
outcome data, new design-specific PNS systems seem to improve pain and func-
tion in patients with chronic neuropathic injuries.

In a rare prospective, multicenter, randomized, double-blinded, partial cross-
over study, Deer and colleagues [59] documented that patients with chronic,
severe peripheral nerve pain treated with a design-specific PNS system had sig-
nificant pain relief compared with the control. Ninety-four patients with arm,
leg, or trunk peripheral nerve pain were implanted with the StimRouter system
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and randomized to either the treatment group (N = 45) with stimulation on or
the control group (N = 49) with stimulation off. At 3 months, 38% of the treat-
ment group and 10% of the control group achieved greater than 30% pain relief
(P<.0048). At crossover the treatment group again showed significant pain re-
lief. The treatment group also experienced significant improvement in quality
of life and satisfaction at 3 months.

In a feasibility case series, Rauck and colleagues [60] treated chronic postam-
putation pain, both phantom and residual limb pain, with an externalized PNS
system. Nine patients completed a 2-week stimulation trial with a 4-week
follow-up. Greater than 30% pain relief was achieved for 8 of the 9 patients
at 2 weeks and 7 patients at 4 weeks. The mean worst daily postamputation
pain was reduced 56% at 2 weeks (P>.005) and at 4 weeks (P>.005). Prospec-
tive postamputation studies are forthcoming.

The first report to use ultrasonography-guided PNS for acute postoperative
pain has recently been described. Five patients with refractory post-total
knee arthroplasty (TKA) pain (<60 days postoperative) were treated with
the SPRINT PNS system for less than 1 hour. Four of the 5 patients had im-
mediate and complete pain relief. One patient had immediate 67% pain
reduction. No further follow-up was reported [49]. This study was followed
by a second case series of 5 patients with similar inclusion criteria and treat-
ment parameters. Immediate and significant pain relief (>50%) at rest was re-
ported in 4 of the 5 patients [48]. A third case series describes placing
SPRINT PNS leads in 7 patients before undergoing a TKA. Continuous stim-
ulation was initiated within 20 hours of surgery for up to 6 weeks postsur-
gery. During the first postoperative week the average daily pain overall, at
rest, and with ambulation was reported as mild (less than or equal to 4 out
of 10) in 6 of 7 patients. Pain remained mild at weeks 2, 3, and 4 in 6 of 7
patients. Four of the 7 patients discontinued opioids within the first week
compared with recent studies reporting that more than 80% of patients
continue to take opioids 2 weeks after a TKA. Functional recovery was as-
sessed using the 6-minute walk test (6MW'T). Within 2 weeks from surgery,
6 of 7 subjects were able to perform the 6MWT at a level equal (>95% base-
line performance) to their preoperative performance, and by 12 weeks all
subjects were at baseline [50].

Recent studies report PNS stimulation for varied causes of chronic shoulder
pain. In a case series for hemiplegic shoulder pain, 28 patients were trialed for
3 weeks with an externalized PNS system placed to stimulate the axillary nerve
motor points. Sixteen patients had a successful trial (>2-point pain reduction).
Ten of these had no return of baseline pain within 6 months. Five eventually
advanced to have an IPG placed for long-term PNS stimulation. At 6 and
12 months, all 5 participants experienced at least 50% pain reduction and, at
24 months, 4 experienced at least 50% pain reduction. The implant group
also experienced significant improvement in pain interference at 6, 12, and
24 months [24]. Another cohort of patients with subacromial impingement syn-
drome was trialed for 3 weeks with an externalized PNS system. Pain,
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disability, shoulder range of motion, and pain interference improved signifi-
cantly through the 16-week follow-up [47].

A recent case series reported that 6 of 9 patients with chronic low back pain
achieved clinically significant reduction (>50%) in average pain intensity at
4 weeks while using the SPRINT PNS system. Four months after the start of
treatment, 4 of 5 experienced clinically significant reduction in average and
worst pain intensity. The Oswestry Disability Index was significantly reduced
(>10 points) in 67% patients at 4 weeks, and 60% of patients at 4 months [23].

COMPLICATIONS AND ADVERSE EVENTS

Although generally considered safe procedures that are typically performed in
an outpatient setting, placement of implantable SCS and PNS devices is associ-
ated with multiple potential complications, as described in Table 3. Complica-
tions may be biological or mechanical [46]. In addition, they may be shared by
both types of devices or be specific to SCS or PNS. Major biological complica-
tions, similar to many invasive pain procedures, include infection, bleeding,
and nerve injury, with the most common biological complication being infec-
tion, estimated to occur in approximately 2.5% to 10% of SCS placements
and up to 6% of PNS placements [15,53,61-63]. Lead complications are the
most common mechanical complications, and include lead migration, fracture,
and failure. Lead migrations, likely the most common lead complication, may
require reprograming or surgical revision. Distinct from lead complications,
there are also complications related to the device itself, including malfunction
or carly battery failure. Moreover, complications may occur at the time of de-
vice placement, including injury to vasculature, nerves, or other nearby struc-
tures, or months to even years later. Additional concerns include device
intolerability, new or worsening pain after device placement (including over
the generator site), lack of improvement in physical function despite appro-
priate device placement, and issues related to insurance coverage. Although
characterization of these potential complications (eg, incidence, typical severity)
remains largely incomplete, patients must be counseled on these before implan-
tation and consent must be explicitly documented.

SUMMARY AND FUTURE CONSIDERATIONS

The future of spinal cord and peripheral nerve stimulation therapies

The past 25 years have seen remarkable advancements in advanced interven-
tional pain-relieving devices such as PNS and SCS. Outcomes are improving
because of improvements in equipment, generator software, and surgical tech-
niques. For example, approximately 50% of patients improved with SCS in
the early RCTs for SCS (older hardware and software platforms), whereas
more recent trials with improved technology such as HF10 SCS, burst SCS,
and DRG stimulation, have shown success in 75% to 80% of patients
[14,17,75]. There has been a rapid expansion of therapies, with many new de-
vices approved in the last few years, including HF SCS, DRG stimulation,
and minimally invasive PNS devices. There are several promising therapies



Table 3

Potential complications and adverse events from spinal cord stimulation and peripheral nerve stimulation

Category  Shared complications

SCS-specific complications

PNS-specific complications

Biological  Infection
Superficial surgical site
Deep surgical site
Bleeding

Maijor (eg, neurologic deficit, requires surgery)

Minor (eg, superficial hematoma)
Nerve injury
Transient neuropraxia
Permanent injury
Miscellaneous
Seroma
Allergic reactions
Fistula formation
Erosion
Mechanical Lead complications
Migration
Fracture
Failure
Device complications
Malfunction
Early battery failure (<1.7%) [67]
Overstimulation

Infection (2.5%-10%) [15,53,61,62]
Meningitis

Bleeding
Neuraxial hematoma (<0.3%) [67,68]

Nerve injury
Spinal cord injury
Paralysis (0.03%) [67]
Miscellaneous
Erosion (0.2%) [67]

Lead complications
Migration (13%-23%) [62,67,69-71]
Fracture (6%—9%) [62,72,74]

Device complications

Infection (1%—6%)
[63-66]

Bleeding

Nerve injury
Peripheral
nerve injury
Miscellaneous

Lead complications
Migration
Fracture (2% for

ONS) [66]

Device complications
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Other New pain

Implant, lead anchor sites
Neuropathic

Placement complications
Injury to surrounding structures
Vascular injury

Additional concerns
Device Intolerability
Worsened pain after placement
Lack of improvement in function
Early removal (secondary to above)
Lack of insurance coverage

New pain New pain
Implant, lead anchor sites (1%-12%) [15,54,62,67,72,73]  Implant, lead sites
(6% ONS) [66]
Placement complications Placement complications
Dural puncture (0%-0.3%) [62,67] Peripheral nerve injury

Nerve root or cord injury

Abbreviation: ONS, Occipital Nerve Stimulation.
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in development [76]. One promising new technology currently in clinical tri-
als in the United States and Australia involves an evoked compound action
potential controlled closed-loop SGS system. This system uses real-time mea-
surement of spinal cord neuronal stimulation to control the amount of SCS
energy being delivered [76]. This technique allows more precise control of
the dose or amount of electrical energy being delivered and has the potential
for improved pain control and reduced generator/battery use (prolonged
generator life).

Summary

Approximately 40 million people in the United States have chronic pain. Of
these, approximately 10 million have what has been termed high-impact
chronic pain, meaning pain that has lasted 3 months or longer and is accompa-
nied by at least 1 major activity restriction, such as being unable to work
outside the home, go to school, or do household chores [77]. Most of these pa-
tients are treated with medications as the mainstay of therapy, but most medi-
cally treated patients continue to report ongoing pain. In addition to suboptimal
pain relief, many patients experience significant adverse events from medica-
tions, including drowsiness, cognitive decline, and constipation. SCS and
PNS therapy are well-established techniques that have been used for more
than 25 years, and many RCT's and systematic reviews have shown superiority
of these techniques compared with medical therapy for many common chronic
pain conditions. Patients with intractable pain that have failed reasonable at-
tempts at conservative pain care measures should be referred to a qualified in-
terventional pain specialist to determine candidacy for the procedures
discussed in this article.
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