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Case Reports

Peripheral Nerve Stimulation for Trigeminal
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Facial pain is a complex disease with a number of possible etiologies. Trigeminal neuropathic
pain (TNP) is defined as pain caused by a lesion or disease of the trigeminal branch of the
peripheral nervous system resulting in chronic facial pain over the distribution of the injured
nerve. First line treatment of TNP includes management with anticonvulsant medication
(carbamazepine, phenytoin, gabapentin, etc.), baclofen, and analgesics. TNP, however, can
be a condition difficult to adequately treat with medical management alone.

Patients with TNP can suffer from significant morbidity as a result of inadequate treatment
or the side effects of pharmacologic therapy. TNP refractory to medical management can
be considered for treatment with a growing number of invasive procedures. Peripheral
nerve stimulation (PNS) is a minimally invasive option that has been shown to effectively
treat medically intractable TNP.

We present a case series of common causes of TNP successfully treated with PNS with
up to a 2 year follow-up. Only one patient required implantation of new electrode
leads secondary to electrode migration. The patients in this case series continue to have
significant symptomatic relief, demonstrating PNS as an effective treatment option for
intractable TNP.

Though there are no randomized trials, peripheral neuromodulation has been shown to
be an effective means of treating TNP refractory to medical management in a growing
number of case series. PNS is a safe procedure that can be performed even on patients that
are not optimal surgical candidates and should be considered for patients suffering from
TNP that have failed medical management.

Key words: Trigeminal neuropathic pain, peripheral nerve stimulation, neuromodulation,
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he fifth cranial

nerve

carries  tactile, and refractory to conventional treatment. Opioids

proprioceptive, and nociceptive afferents of

the face, mouth, and portions of the meninges.
Injury or disease of this nerve can lead to trigeminal
neuropathic pain (TNP), described as a constant,
burning facial pain often in an area of partial sensory
deficit, which is frequently disabling (1-3). TNP is caused
by injury to the nerve from events such as infection,
trauma, surgery, or dental procedures to the face or
cranium. Unfortunately, TNP can be difficult to manage

are most commonly used to treat this chronic pain
syndrome, often in conjunction with other medications
such as anticonvulsants as well as interventional pain
procedures. Longstanding use of opioids, however,
is associated with tolerance anddependence with a
required opioid dose escalation over time to maintain
analgesic effects. Chronic opioid use has even been
associated with abuse, overuse, addiction, opioid-
induced pain sensitivity, and lack of proven efficacy
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(3-14). New efficacious forms of treatment for TNP are
needed to adequately manage this debilitating disease.
A logical treatment strategy for TNP is to deliver
targeted relief to the precise area of pain over the dis-
tribution the trigeminal nerve. The use of peripheral
nerve stimulation (PNS) for various neuropathic pain
syndromes have been well documented including oc-
cipital neuralgia (15-20), postherpetic neuralgia (2),
post-traumatic neuropathic pain (2,25-27), and complex
regional pain syndrome (28-30). PNS as a treatment for
TNP is a promising treatment modality for this other-
wise difficult chronic pain syndrome that does not have
the same concerns of tolerance and dependence as opi-
oid therapy. We present a case report of 3 patients who
have undergone successful PNS of the ophthalmic V1
and/or maxillary V2 branches of the trigeminal nerve
for TNP secondary to multiple etiologies including facial
surgery, trauma, and herpetic infection.Case Reports

Case 1

Case 1 is a 71-year-old man who presented with
11 years of severe left-sided facial pain. This patient
was involved in a work-related accident, and sustained
minor fractures along the left superior and lateral or-
bital wall, as well as severe damage to the eye. Surgical

intervention at that time included enucleation of the
left eye and a replacement with a prosthetic eye. Sub-
sequently, the patient developed chronic pain over his
left face. He underwent 7 operations on the eye with
no significant relief in pain. On presentation to our
clinic he reported 10/10 pain on a visual analog scale
(VAS), which was described as sharp and shooting in the
V1 and V2 nerve distribution. His medications included
fentanyl patch, oxycodone, gabapentin, and oxcarbaze-
pine, which only provided minimal symptomatic relief.
He had also tried alcohol injections, which provided no
benefit. After a 10 day PNS trial of the supraorbital and
infraorbital nerves, the patient returned to the clinic
and reported significant improvement in pain relief. He
was subsequently implanted with 2 percutaneous lin-
ear quadripolar electrodes in the left V1 and V2 regions
that were connected to a RestoreUltra pulse generator
(Medtronic, Minneapolis, MN) which was implanted in
the left infraclavicular subcutaneous space (Fig. 1). The
implanted stimulator was programmed with a pulse
width of 390 microseconds and a rate of 40 Hz. The
electrode polarities were set to positive in the 0 and
3 positions and negative in the 1 and 2 positions. The
patient obtained excellent pain control (0/10 on VAS).
The only noticeable side effect reported was occasional

infraorbital positions.

Fig. 1. Anteroposterior fluoroscopic radiograph of Case 1 showing placement of 2 quadripolar electrodes in the left supraorbital and
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headaches that developed when the stimulator was left
on in the absence of facial pain. The patient discontin-
ued all previous pain medications except for ibuprofen.
Overall, the patient was very satisfied with the results of
the nerve stimulator.

CasE 2

Case 2 is a 52-year-old man who was involved in an
all-terrain vehicle accident 2 years prior to presentation.
At the time of the accident, the patient was not wear-
ing a helmet and sustained significant left facial trauma.
A zygomaticomaxillary tripod fracture was stabilized
with titanium plating by the plastic surgery service. The
patient later complained of left-sided V2 distribution
neuralgia and was taken back to the operating room 8
months later by the plastic surgery service to remove a
titanium plate that was in proximity to the infraorbital
nerve outlet and to decompress the infraorbital nerve
(Fig. 2A). However, the patient continued to have left
facial pain in the V1-V2 distribution rated as 8/10 that
was poorly managed medically. On presentation to our
clinic he reported an 8/10 (VAS), severe throbbing, and
aching pain that had been gradually increasing since

the time of the surgeries. The pain was primarily in the
infraorbital region with less pain in the supraorbital
region. On exam he had slight allodynia and hyper-
pathia of the inferior bony orbit. He was taking gaba-
pentin, carbamazepine, hydrocodone, and ibuprofen
at his initial visit. First, the patient underwent supra-
orbital and infraorbital nerve blocks with a total of 6.5
mL of 0.2% ropivacaine and 2 mL of triamcinolone (20
mg/mL), which resulted in rapid pain relief lasting for
about 24 hours. Next, a 7-day PNS trial of the supraor-
bital and infraorbital nerves provided 100% pain relief.
The patient was implanted with 2 percutaneous linear
quadripolar electrodes in the left V1 and V2 regions
that were connected to a RestoreUltra pulse generator
which was implanted in the left infraclavicular subcu-
taneous space (Fig. 2B). The implanted stimulator was
programmed with a pulse width of 300 microseconds
and a rate of 40 Hz. The electrode polarities were set
to positive in the 0 and 3 positions and negative in the
1 and 2 positions. The patient discontinued all previous
pain medications, and reported complete pain relief
(0/10 on VAS) 6 months post implant.

Case 3

orbital positions.

Fig. 2. (A) Post-surgical CT 3D reconstruction of Case 2 showing significant left facial fractures that have been fixated with
titanium plates. Of note, a titanium plate is partially obstructing the left inferior orbital foramen and was later removed. (B)
Anteropostertior fluoroscopic radiograph of Case 2 showing placement of 2 quadripolar electrodes in the left supraorbital and infra-
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Case 3 is a 44-year-old man who presented with
18 months of severe right-sided facial pain. The pa-
tient was involved in a rollover motor vehicle collision
about 2 weeks prior to a bout of shingles on the right
side of his face. He did not have any trauma to the
face, but the stress of the event might have contrib-
uted to the herpes zoster outbreak. On presentation
to our clinic the patient reported a VAS of 10/10; and
constant throbbing and shooting pain on the right
side of his face, including his right eye and right ear.
He had tried opiates with poor pain control. Although
2 other pain physicians recommended injections, the
patient wished to seek additional options. The patient
underwent a 7-day PNS trial in the right supraorbital
distribution and experienced significant pain relief,
with a decrease in pain to 4/10 (VAS). He was implant-
ed with 2 percutaneous linear quadripolar electrodes
both in the right V1 region that were connected to a
RestoreUltra pulse generator which was implanted in
the right infraclavicular fossa (Fig. 3A). The implanted
stimulator was programmed with a pulse width of 450
microseconds and a rate of 40 Hz, creating cross stimu-

lation between both leads. After the implant, the pa-
tient initially reported a 60% decrease in pain. A short
time later, however, he reported no pain relief from
the stimulator. A fluoroscopic radiograph of the head
demonstrated that both electrode leads had migrated
from the implanted position along the V1 distribu-
tion to the implanted pulse generator in the infracla-
vicular fossa where both leads were wrapped around
the generator (Fig. 3B). New leads were re-implanted
along the same V1 distribution and secured with an
anchor. The new leads were attached to the original
generator in the infraclavicular fossa and the patient
reported a 60% decrease in pain.

Discussion

Electrical stimulation for the treatment of TNP is
an increasingly common indication for PNS. Although
first reported in the 1960s (31), PNS had not been a
widely used treatment for intractable facial neuropa-
thy until the last decade. Initially, placement of periph-
eral electrodes was performed by first dissecting and
directly visualizing the target nerve before a large flat

Fig. 3. (A) Anteroposterior fluoroscopic radiograph of Case 3 showing placement of 2 quadripolar electrodes in the right supra-
orbital position. The patient reported a 60% reduction of pain for his postherpetic neuropathy. (B) Anteroposterior fluoroscopic
radiograph of the right infraclavicular fossa demonstrating migration of the leads from the forehead region to a coiled position
around the tmplanted pulse generator. New electrodes were later implanted in the same V1 position and attached to the same
implanted pulse generator. These new electrodes were secured with plastic anchors to prevent future lead migration.
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electrode or a wraparound electrode was placed next
to the nerve. This technique resulted in poor pain con-
trol and reports emerged of nerve injury and epineural
fibrosis (32,33). Not until the first description of a per-
cutaneous technique of electrode placement without
open dissection of the nerve in 1999 did PNS become
more popular as a means of treating neuropathic pain
(33,34).

Although there is a paucity of literature on facial
PNS, the published results have been uniformly positive,
particularly in regards to posttraumatic or postsurgical
neuropathic trigeminal pain (2,16,17,25,33,35). Amin et
al (36) reported favorable results in a 10 patient study
of supraorbital PNS for intractable supraorbital neural-
gia, reporting decreased headache scores and halving
opioid consumption for a duration of 30 months. In
another study of 10 patients, Johnson and Burchiel (2)
found that PNS provided at least 50% pain relief in 70%
of patients with TNP following facial trauma or herpes
zoster infection. While there were no treatment fail-
ures (considered less than 50% pain relief) in the post-
traumatic group, 2 of the 4 postherpetic patients had
failed trials (2). However, multiple other case reports
addressing the use of PNS for postherpetic neuralgia
have been encouraging (21-24).

This case series demonstrates successful PNS of
supraorbital and infraorbital nerves in TNP after fa-
cial surgery, trauma, and herpes zoster infection. The
postsurgical and posttraumatic patients had complete
resolution of their pain, while the postherpetic patient
had a smaller degree of pain relief (Table 1). Though he
described pain over both the V1 and V2 distribution,
the postherpetic patient only elected to have one linear
electrode array placed in the supraorbital region and
thus this may account for his incomplete pain relief.

The overall complication rate is very low in facial
PNS. The majority of complications are wound break-
down or skin erosion with hardware exposure, elec-
trode fractures, component disconnections or displace-
ment, and focal infections (33). In addition, persistent
hardware pain can occur, and is estimated to occur in
5% of cases (35). Case 3 illustrates electrode migra-

tion that required repositioning of new leads. When
compared to spinal cord stimulation, PNS has a better
safety profile (35). By avoiding the spinal canal, the risk
of epidural hematoma or epidural abscess resulting in
possible neurologic deficit is essentially eliminated. The
infection risk for PNS is minimal and estimated to be
between 3-5% (35).

Though the efficacy of PNS has been shown for a
growing number of indications, the exact mechanism
of action for PNS as in spinal cord stimulation (SCS) re-
mains poorly understood. The gate control theory pro-
posed by Melzack and Wall in 1965 (37) states that rap-
idly conducting, large afferents into the spinal cord and
medulla not only synapse with second order neurons
sending ascending projections to the brain, but also
form excitatory synapses with inhibitory intermediate
neurons in the substantia gelatinosa. In this scenario,
stimulation of large diameter A-fibers can lead to an
increase in inhibitory tone in the substantia gelatinosa
leading to a decrease in the efficacy of synaptic trans-
mission imparted by incoming C-fiber discharge. The
net effect is that ascending pain signals can be dimin-
ished at the level of the spinal cord or medulla with
constant large fiber activation. This antinociceptive ef-
fect of peripheral nerve stimulation was later demon-
strated in healthy volunteers (38).

Further understanding of the neurobiology of pain
and the mechanism of PNS will help to develop newer
technology and indications for PNS. TPN. Patients with
TNP should be carefully selected for PNS, similar to any
patient with neuropathic pain. Candidates’ pain should
be chronicin nature, cause significant social or vocation-
al dysfunction, and fail to improve with conservative
treatments including physical therapies, management
with oral analgesics, and minor interventions such as
nerve block steroid injections. All potential candidates
should undergo a neuropsychological evaluation prior
to a PNS trial. An outpatient PNS trial is considered suc-
cessful if the patient receives at least 50% pain relief
(33). Contraindications to PNS are minimal and include
coagulopathies, active infections, psychiatric problems,
and failed PNS trial.

Table 1. Summary of Cases

Case Agel/Sex Pre-Op Diagnosis ])Sl;':i;)it(:;losf Tli;%?:;llal Pain Relief} P];T:;:i:?
1 71/M TNP secondary to enucleation 11 years V1and V2 100% 27 months
2 52/M TNP secondary to zygomaticomaxillary fracture 18 months V1and V2 100% 23 months
3 44/M Postherpetic neuralgia 18 months Vi 60% 6 months

tPain was assessed using the visual analogue scale (VAS)
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The surgical technique for peripheral stimulating
electrode implantation has become more refined since
the first applications of PNS. Stimulating electrodes
were implanted in this case series using a similar pre-
viously described subcutaneous technique (25,34). A
small stab incision was first made in the lateral fron-
tal scalp region anterior to the superficial temporal ar-
tery. A gentle bend was made in a standard 14-gauge
Tuohy needle to conform to the convexity of the fore-
head and the needle was advanced medially through
the incision within the epifascial plane below the skin
perpendicular to the nerve of interest. A quadripolar
cylindrical electrode (Medtronic, Minneapolis, MN) was
then passed into the needle after removing the stylet
and the needle was then carefully backed out over the
electrode. The position of the electrode was confirmed
in all cases with fluoroscopic imaging to ensure that the
electrode remained perpendicular to the location of
the symptomatic nerve using anatomic landmarks and
that electrode contacts were both medial and lateral
to the nerve. The remaining distal end of the electrode
was then tunneled to the infraclavicular fossa through
a counter incision in the retroauricular area where a
stain-relief loop was made. The electrode was connect-

ed to a pulse generator (Medtronic, Minneapolis, MN)
implanted in the infraclavicular fossa. Anchors were not
routinely used in this case series because of a concern
of creating a large, noticeable profile below the scalp,
but was used in Case 3 after the initially implanted elec-
trodes migrated into the battery pocket. The gluteal re-
gion has also been reported as a site for the implanted
pulse generator (33,39).

ConcLusION

Some patients with TNP have significant morbid-
ity and pain that is difficult to manage with conserva-
tive treatment alone. This small observational study
describes a series of 3 patients with TNP in the V1 and
V2 distribution that were successfully treated with PNS
after failing conservative care. Patients with TNP that
are referred for PNS have failed medical management
and thus efficacy of PNS cannot be directly compared to
medical management alone (40), though the benefit of
PNS therapy is evident for select patients. There was an
overall 87% reduction of pain in this study for patients
with common causes of TNP refractory to medical man-
agement. Further studies are warranted for PNS in the
treatment of TNP.
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