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Summary: Peripheral nerve stimulation (PNS) has been
used for treatment of neuropathic pain for more than 40
years. Recent resurgence of interest to this elegant surgical
modality came from the introduction of less invasive im-
plantation techniques and the wider acceptance of neuro-
modulation as a treatment of medically refractory cases.
This article reviews the literature on the use of PNS for
neuropathic pain and describes current indications and hard-
ware choices in frequent use. Published experience indicates
that neuropathic pain responds to PNS in many patients.
PNS works well in both established indications, such as

post-traumatic and postsurgical neuropathy, occipital neu-
ralgia, and complex regional pain syndromes, and in rela-
tively new indications for neuromodulation, such as mi-
graines and daily headaches, cluster headaches, and
fibromyalgia. Future research and growing clinical experi-
ence will help in identifying the best candidates for PNS,
choosing the best procedure and best hardware for each
individual patient, and defining adequate expectations for
patients and pain specialists. Key Words: Neuromodulation,
neuropathic pain, migraine, headache, occipital neuralgia, clus-
ter headache, fibromyalgia.

INTRODUCTION

Electrical stimulation of peripheral nerves is used in a
variety of medical applications. The most common ap-
plications include testing neuromuscular conduction in
anesthesia and intensive care units1,2; motor stimulation
of phrenic nerves in cases of diaphragmal palsy3 and
somatic nerves of the extremities in patients with hemi-
plegia4,5 and paraplegia4,6; vagal nerve stimulation for
treatment of intractable epilepsy7 and refractory depres-
sion8; autonomic stimulation for urinary9 and gastroin-
testinal disorders10; and, finally, the stimulation of pe-
ripheral nerve for control of neuropathic pain.11

Peripheral nerve stimulation (PNS) has been a part
of the neurosurgical armamentarium for a long time. It
presents an excellent modality for the treatment of
various neuropathic pain conditions and is used to
complement the other electrical neuromodulation pro-
cedures, namely, spinal cord stimulation (SCS) and
deep brain stimulation (DBS). Similar to SCS, PNS is
thought to be based on the gate-control theory of pain,
suggested by Melzack and Wall more than 40 years
ago.12 In terms of approved indications, SCS is by far

more accepted than PNS, and frequently PNS is con-
sidered a novel technique in the continuum of treat-
ment modalities for medically refractory neuropathic
pain. This, however, is a misconception. Although the
interest in PNS has been increasing over the last few
years, the use of electrical stimulation of the periph-
eral nerves for pain control is anything but new.
When, about 40 years ago, Wall and Sweet tried to

find a new approach to suppression of neuropathic pain,
they inserted an electrode into their own infraorbital
foramina and obtained decrease in pain perception dur-
ing the entire episode of electrical stimulation.13,14

Moreover, the first articles dedicated to the idea of PNS
with implantable devices (even before dorsal column
stimulation, later known as SCS, was introduced) were
published back in 1966 and 1967.13,15 In eight patients
with neuropathic pain, the stimulation resulted in lasting
pain suppression as long as the stimulator was on.13 At
about the same time, Shelden15 implanted PNS elec-
trodes and stimulated them through an implanted re-
ceiver at 14,000 Hz, thereby achieving temporary pain
relief.
Over the 20 years that followed, multiple reports ap-

peared in the literature dealing with various applications
of PNS, summarizing experience with various types of
equipment, and describing different surgical techniques
for PNS electrode implantation. The articles that ap-
peared in 1970s,16–21 1980s,22–28 and 1990s29–32 mostly
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represented single-institution series with use of different
electrodes that had been implanted in the vicinity, or in
direct contact with the peripheral nerve—the same nerve
that was thought to be responsible for generation of pain
either as a result of direct traumatic or iatrogenic injury,
or as a part of a complex regional pain syndrome. In most
cases, the electrode implantation involved surgical ex-
ploration of the peripheral nerve and placement of a flat
plate multicontact electrode (a paddle electrode) imme-
diately next to it.
Unfortunately, the reported results of this PNS ap-

proach were not extremely encouraging in terms of pain
relief. In 1976, for example, Sweet20 reported an overall
long-term success rate of 25%, and in 1982, Nashold et
al.24 reported successful outcomes in 53% of patients
with upper extremity nerve implants and only 31% of
patients with sciatic nerve implantation, for a total suc-
cess rate of less than 43%. In addition, reports of nerve
injury from electrode insertion or stimulation-related fi-
brosis made PNS less attractive,17,33 particularly after the
SCS approach became universally accepted as a means
of long-term treatment of medically intractable neuro-
pathic pain of various etiologies.
A few enthusiastic centers continued using PNS for

certain neuropathic pain syndromes, but the lack of wide
interest among implanters resulted in little effort on the
part of device manufacturers in getting appropriate ap-
proval from the U.S. Food and Drug Administration
(FDA) for use of their implantable generators in PNS.
Even now, according to the manufacturers’ manuals, the
only device specifically approved for peripheral nerve
stimulation is a radiofrequency system made by
Medtronic (Minneapolis, MN); all other systems, includ-
ing implantable pulse generators made by Medtronic, as
well as devices made by Advanced Neuromodulation
Systems (ANS, Plano, TX) and Advanced Bionics (Syl-
mar, CA), are used for PNS on an off-label basis.
Resurgence of the PNS approach may be credited to

pioneering work of Weiner and Reed,34 who described
the percutaneous technique of electrode insertion in the
vicinity of the occipital nerves to treat occipital neural-
gia. Soon after, Slavin and Burchiel11,35 described use of
this technique in both occipital and trigeminal areas, and
thereafter the approach was modified by many implant-
ers in term of the electrode type, insertion procedure,
indications, and the like.36–61

The procedure was not limited to the upper neck and
face area, and reports have detailed use of PNS in other
parts of the body. For example, percutaneously inserted
PNS electrodes were used for control on inguinal pain
after herniorrhaphy,62 and paraspinal electrodes have
been used for treatment of low back pain and sacroiliac
pain,63 thoracic postherpetic pain,64 and coccygodynia.65

INDICATIONS

The usual indications for PNS for neuropathic pain are
very similar to those for SCS procedures. The pain has to
be chronic, severe, negatively affecting patient’s func-
tionality, and refractory to usual medical treatments, in-
cluding medications, physical therapy, and less invasive
interventions such as local anesthetic and sympathetic
blocks, application of transcutaneous electrical nerve
stimulation (TENS), or injections of botulinum toxin
preparations—if these interventions are even considered
by the treating physicians.
For the purposes of this article, neuropathic pain is

broadly defined as “pain initiated or caused by a primary
lesion or dysfunction in the nervous system.”66 This
broad definition includes, among other syndromes, such
debatable nosological conditions as fibromyalgia, mi-
graines, and coccygodynia.
For classic indications in treatment of neuropathic

pain, the nerve involvement is usually suggested by con-
cordant sensory loss, partial or complete, and may be
confirmed by a local anesthetic block. This approach has
been recommended for treatment of occipital neuralgia,
trigeminal neuropathic pain in infraorbital and supraor-
bital distribution, and inguinal pain in postherniorrhaphy
pain syndromes, although, as far as we know, there are
no published data about any predictive value of blocks
on PNS success. Notably, experience with TENS does
not have any predictive value for PNS whatsoever, and a
patient’s failure to improve with TENS should not stand
in the way of trying PNS for pain control (as the author
knows from personal experience).
A somewhat different approach is chosen in treatment

of emerging indications, such as refractory migraines and
fibromyalgia, when there is no obvious injury to the
underlying peripheral nerve and the usefulness of diag-
nostic nerve blocks is rather doubtful. The same holds
true for conditions that probably represent a combination
of neuropathic and nociceptive pain, such as axial back
and neck pain.
Two other criteria are considered before implantation

of a PNS system: the patient’s psychological evaluation
and results of a short-term trial with externalized elec-
trodes. Both steps are borrowed from the standard ap-
proach to SCS. Details of the psychological evaluation
and their predictive values in SCS were recently re-
viewed by Doleys.67 Outpatient stimulation trial is also a
routine step in SCS surgical procedure, and the trial
length usually varies between 2 and 14 days. Usually, a
50% improvement in pain intensity serves as a cutoff
limit for considering the trial successful. In some places,
patient satisfaction with pain relief (even if pain intensity
decrease was less than 50%) justifies proceeding with
permanent implantation.
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In terms of specific indications, there are at least 10
distinct pain conditions for which PNS have been re-
ported: 1) postherpetic neuralgia40,45,64; 2) post-trau-
matic or postsurgical neuropathic pain that is related to
underlying dysfunction of particular nerves, including
the infraorbital, supraorbital, or occipital nerves45,48,52;
3) classic migraine, transformed migraine presenting
with occipital pain and discomfort, and hemicrania con-
tinua39,43,46,47,53,54,56,61; 4) occipital neuralgia or cervi-
cogenic occipital pain34,38,47,49,51; 5) complex regional
pain syndrome28,30,68; 6) cluster headaches54,58,59,69; 7)
chronic daily headaches39,53,60; 8) inguinal pain after
herniorrhaphy62; 9) coccygodynia65; and 10) fibromyal-
gia.57,70

Due to the relatively simple and nontraumatic nature
of PNS, the list of contraindications is short and is based
predominantly on commonsense considerations. For ex-
ample, PNS would be contraindicated in patients with
bleeding disorders and active anticoagulation that cannot
be stopped for a few days close to the time of the surgical
procedure; in patients with active infection, particularly
if there is bacteremia or direct involvement of the surgi-
cal region; in patients with major cognitive impairment,
untreated depression, or malingering; and in patients
with unsuccessful PNS trial. In addition, given that no
devices on the market today have been cleared for rou-
tine MRI testing, those patients who require follow-up
MRI studies (e.g., patients with tumors) should not be
implanted with PNS.

SURGICAL TECHNIQUE

Hardware for PNS is usually implanted with a
straightforward set of guidelines. the electrode (lead) is
implanted in the vicinity of the stimulated nerve. The
approach may include either direct exposure of the
nerve,32 so that the electrode may be placed next to it (or
even wrapped around it, similar to vagal nerve stimula-
tion system7,8,71), or percutaneous electrode implantation
through a needle inserted perpendicular to the nerve
course.34,48,52,59 Somewhat intermediate to these two ap-
proaches is the technique of surgical lead insertion to-
ward the nerve without actual nerve exposure.44,47,49,58,61

The electrode is then anchored to prevent future mi-
gration or displacement. In most cases, the anchors are
placed over the electrode stem (in the case of wire-type
electrodes) or its tail (in the case of surgical leads or
paddles) and sutured to nearby firm and relatively im-
mobile tissue, the fascia or periosteum. Depending on the
area of stimulation, this may be done either in the inci-
sion itself (in the occipital area, for example) or at a
distance from the insertion site, to avoid cosmetic dis-
figurement (as in infraorbital and supraorbital electrodes,
where the anchors are placed in a separate incision be-
hind the ipsilateral ear).

One or more electrodes are inserted for the trial in
sterile conditions either under local anesthesia or under
sedation augmented by infiltration of the insertion site
with local anesthetic. Because the procedure is short and
the surgical site is quite superficial, general anesthesia is
almost never needed.
The direction of electrode insertion may be chosen

based on the implanter’s preference. For example, at my
institution we routinely insert electrodes from lateral to
medial not only in the supraorbital and infraorbital re-
gions (where it is probably the only way to put them) but
also in the occipital area51,52,55; others prefer to insert
electrodes from medial to lateral.41,43 Standard 4-, 8-, or
even 16-contact electrodes61 are used (FIGS. 1–5); the
electrodes are passed in the epifascial plane under the
skin but above the muscles. Our general approach is to
have the electrode cross the path of the nerve chosen as
a stimulation target. As long as this nerve happens to be
either under one of the electrode’s contacts, or between
the two contacts, the stimulation can be steered toward it
in order to get adequate coverage. For the trial insertion,
we do not implant any deep anchors or extensions. The
electrodes are sutured to the skin with plastic anchors
and fine nylon, and a strain-relief loop is created around
the insertion site to avoid inadvertent electrode pullout.
The electrodes are almost always inserted under fluo-

roscopic guidance. In treatment of craniofacial pain,
standard landmarks are used for the insertion: the in-
fraorbital foramen and the floor of the orbit for the in-
fraorbital nerve; the supraorbital groove or foramen and
the supraorbital ridge for the supraorbital nerve; and the
C1 arch and radiographic midline for the occipital
nerves. In the beginning, we tested each patient for stim-

FIG. 1. Anteroposterior radiograph of a unilateral 8-contact oc-
cipital nerve stimulation electrode. The electrode is inserted in a
lateral-to-medial direction, with the entry point behind the ear,
aiming toward the midline and projecting onto the arch of C1.
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ulation-induced paresthesias in the operating room, so
that the position of the electrode could be adjusted if
needed. Lately, however, we rely exclusively on anatom-
ical electrode positioning, given the high reliability in
getting appropriate coverage. This has resulted in signif-
icant improvement in patient comfort, associated with
the deeper sedation that may now be used because the
patient’s cooperation is no longer needed.
The electrode is covered with sterile dressing and at-

tached to the external stimulation system, the initial pro-
gramming is performed to produce adequate paresthesias
in the painful area, the patient is instructed on adjustment

FIG. 2. Lateral radiograph of 8-contact occipital nerve stimula-
tion electrode. Note the epifascial position of the electrode in
suboccipital region.

FIG. 3. Anteroposterior radiograph of bilateral 4-contact su-
praorbital nerve stimulation electrodes. Both electrodes are tun-
neled to the left side, above the ear and toward the mastoid
prominence, where the anchors are placed.

FIG. 4. Anteroposterior radiograph of bilateral 8-contact su-
praorbital nerve stimulation electrodes. Both supraorbital and
supratrochlear nerves may be captured with this electrode po-
sition.

FIG. 5. Anteroposterior radiograph of unilateral 4-contact in-
fraorbital nerve stimulation electrode. The right infraorbital nerve
may be captured by stimulation through the two most medial
contacts.
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of the stimulator depending on activity and pain level,
and antibiotics are prescribed for the duration of trial to
avoid development of superficial infection (although this
particular step is not supported by any clinical evidence).
Once the trial is completed, the temporary system is

replaced with a permanent one. We prefer to remove the
temporary electrode in the operating room after confirm-
ing its position with fluoroscopy and then, after it has
been removed, insert a brand new permanent electrode
that is then connected either directly to the generator or
to an extension cable that connects to the generator.
The electrodes that we use are cylindrical wire-type

(such as Quad, Octad, Quad Plus, or Quad Compact,
from Medtronic; Qattrode, Octrode, or Axxess, from
ANS; and Linear, from Advanced Bionics). Other groups
reported using plate-type electrodes (also known as a
paddle-type) (Resume, Resume II, or Resume TL, from
Medtronic; Artisan, from Advanced Bionics) for stimu-
lation of the occipital nerves. Implantation of such elec-
trodes may be preceded by a trial with wire-type elec-
trodes49 or the trial may be done with a plate-type
electrode connected to a temporary extension.47 In all
cases, the electrodes are placed over the course of the
peripheral nerve that supplies the painful area and may
be involved in the generation of pain.
The electrodes or extension cables are tunneled toward

the generator pocket. The tunneling step is quite painful
and, in the author’s practice, necessitates the use of gen-
eral anesthesia. Location of this pocket is chosen based
upon the patient’s and surgeon’s preference. Placement
of the generator into the gluteal area,49,50 abdominal
wall,38,44 or infraclavicular areas34,45,47,48,51,55,58 has
been described. In our opinion, the infraclavicular area
(routinely used for placement of DBS generators) is the
preferred location for both trigeminal and occipital nerve
stimulation systems. We recently presented our analysis
of clinical experience of patients with infraclavicular
generators, having found an extremely high level of pa-
tient satisfaction with this particular location.72

Independent of location, the pocket should satisfy cer-
tain requirements: it has to be deep enough to avoid
hardware erosion; it should not be too deep to interfere
with reprogramming or, in the case of rechargeable de-
vices, regular charging; and it should be located in rela-
tively immobile region, because the hardware may fail if
subjected to repetitive mechanical stress.
A completely different setup is related to the use of a

new and revolutionary device that integrates the gener-
ator and electrode into a single, unique apparatus.73 The
device is called BION (Advanced Bionics), and already,
several reports on its clinical use appear in the litera-
ture,54,56,74 although at writing the device itself has not
yet received formal FDA approval. BION is a miniature,
leadless, implantable neurostimulator that is designed to
be implanted through a small incision, as part of a min-

imally-invasive procedure. Because the stimulating elec-
trodes are mounted directly on the neurostimulator, the
potential complications associated with the use of lead
(migration, disconnection, etc.) are avoided. The device
currently being tested is cylinder shaped and measures
3.3 mm in diameter and 27 mm in length. It has a cathode
on the tip of the stimulator and an anode on its distal
surface; it contains a programming and telemetry module
and a rechargeable battery. BION allows for the delivery
of a wide range of stimulation parameters, with a pulse
width of up to 1000 microseconds, a stimulation rate of
up to 1000 Hz, and an electrical current amplitude of up
to 12 mA. Similar to other devices on the market today,
BION is programmed by trained clinicians; a remote
control, given to the patient, allows adjustment of the
stimulation parameters within a pre-set range. The charg-
ing process takes less than two hours; the interval be-
tween charging depends on device usage and ranges
from daily to every other week, with total battery-life
expectation of up to 20 years.75

RESULTS AND FUTURE DIRECTIONS

Thus far, the use of PNS for neuropathic pain has been
associated with consistently positive results.53–60,62–64

With the one exception of postherpetic trigeminal neu-
ralgia, which has shown only minor improvement in less
than half of the patients,45 the other indications have
either shown themselves to respond to PNS or are cur-
rently investigated in prospective fashion.
The older and more established indications, such as

post-traumatic and postsurgical neuropathy, occipital
neuralgia and complex regional pain syndromes, are very
likely to be overshadowed by relatively new indications
for PNS, such as migraines and daily headaches, cluster
headaches, and fibromyalgia. Even if the effectiveness of
PNS for newer indications is less prominent than it is for
older and more established ones, the significantly higher
prevalence of these newly investigated conditions is
likely to further raise interest in PNS in the spectrum of
pain-relieving interventions. Obviously, the low inva-
siveness of PNS, its reversibility, testability and adjust-
ability make it a preferred choice, particularly in com-
parison with more destructive surgical options, but given
the need for implanted hardware and the current high
cost of the devices, undoubtedly more studies and larger
numbers of patients will be required before PNS is ac-
cepted by the medical and third-party-payer communi-
ties.
The complication rate for PNS is generally low, but

both minor and major complications have been reported,
including local infections, hardware erosions, component
disconnections, electrode fractures and displace-
ments,32,48,51,55 and even sepsis.18,22 The complications
of perineural fibrosis, described in the past with the use
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of plate or wraparound electrodes,18,24,33 are essentially
unheard of with the current use of modern wire-type
electrodes. Most complications require system revision
or replacement; lasting side effects are overall unlikely.
The mechanism of PNS is still largely unknown. Sev-

eral animal studies have suggested explanations that are
related to direct excitation of central pain-processing sys-
tem and increase in the excitability of the system76,77;
limited human research has indicated activation of the
dorsal rostral pons, anterior cingulate cortex, and cuneus
in response to PNS in suboccipital area.46 Better under-
standing of PNS mechanism may result in refinement of
surgical indications, individual tailoring of appropriate
treatment approach, and perhaps optimization of the
hardware choice.
Development of special devices for PNS is yet another

potential direction of progress in this rapidly growing
area. New electrodes with different spacing options and
lower profile may be particularly useful for PNS. Signif-
icant research in the area of nerve–electrode interface is
currently taking place,78 but the devices for PNS have
not been developed or approved for widespread clinical
use. It is possible that newly developed electrodes will be
used not only for PNS in the strict sense of its definition
but also in the neighboring area of stimulation of spinal
nerves79 and gasserian ganglion.80 Undoubtedly,
BION73,75 and similar devices, dedicated to PNS, may
broaden the indications and further decrease the rate of
complications and side effects. Acquiring approval for
these devices to be used for PNS procedures may in turn
facilitate the acceptance of the approach and better re-
imbursement of those procedures that are done at present
only under research protocols or on an off-label basis.
Future research and growing clinical experience will

help in identifying the best candidates for PNS, choosing
the best procedure and best hardware for each individual
patient, and defining adequate expectations for patients
and pain specialists. The opportunities for growth are
endless—it appears that the current state of PNS repre-
sents only a tip of the iceberg, and its full role in the pain
management continuum is still to be discovered.
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