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m ABSTRACT

Intractable neuropathic facial pain resulting from
injury to the peripheral branches of the trigeminal
nerve presents a significant challenge for neurologists,
pain specialists, and neurosurgeons. In this paper, we
describe our technique of peripheral nerve stimula-
tion of the infraorbital and supraorbital nerves to treat
patients with medically infractable facial pain. Stimu-
lation of the infraorbital and supraorbital nerves is per-
formed using percutaneously inserted electrodes that
are positioned in the epifascial plane, traversing the
course of the infraorbital or supraorbital nerves. The
temporary electrodes are inserted under fluoroscopic
guidance and are anchored to the skin. A trial lasting
a few days is followed, if successful, by insertion of a
permanent electrode that is tunneled under the skin
behind the ear toward the infraclavicular pocket,
which houses the implantable pulse generator. Our
technique of electrode insertion to stimulate the infra-

INTRODUCTION

The treatment of medically intractable facial pain
is a challenging issue. Although treatments for
certain types of pain, such as trigeminal neuralgia,
are well established, trigeminal neuropathic pain
that results from an injury involving one or several
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orbital or supraorbital nerves has been successfully
used in several patients with neuropathic trigeminal
pain of various etiologies. In patients who underwent
permanent electrode implantation, stimulation resulted
in long lasting pain relief; complications were rare
and minor. We conclude that trigeminal branch
stimulation is a simple technique that can be used
in selected patients with neuropathic pain in the dis-
tribution of the infraorbital or supraorbital nerves. This
procedure may provide relief of medically infractable
pain, without the need for destructive procedures or
more central modulation approaches. m
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peripheral branches of the trigeminal nerve is
often difficult to control with current medical and
surgical approaches (1). When the standard com-
bination of anti-inflammatory, anticonvulsant,
and antidepressant medications fails, patients are
frequently offered local medication injections,
percutaneous or open destructive procedures, and,
in rare cases, neuromodulation using either deep
brain or motor cortex stimulation. Direct stimu-
lation of the trigeminal system has also been
tried by placing electrodes next to the Gasserian
ganglion, but this approach was reported not to
be reliable.
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The peripheral nerve stimulation approach
based on the gate-control theory of pain has been
successfully used for more than 30 years in the
treatment of neuropathic pain syndromes result-
ing from peripheral nerve damage (2,3). Recently,
percutaneous insertion of peripheral nerve stimu-
lation electrodes has been proposed for the treat-
ment of neuropathic pain in the occipital area (4).
Burchiel began using a similar approach to treat
neuropathic facial pain in 1997 (5,6), but the tech-
nical details of this procedure have not been pub-
lished so far.

We have been using peripheral trigeminal
stimulation at the University of Illinois at Chicago
since 1999. In this paper, we present a step-by-
step description of the technique based on our
experience. A summary of clinical information from
the first eight patients for whom this approach
was tried is also presented.

METHODS AND MATERIALS

Patient Selection

In our opinion, patients are candidates for chronic
stimulation of the trigeminal nerve branches if the
following criteria are met:

1 The pain is chronic (lasting longer than
three months) and either severe or moderate-to-
severe in intensity (higher than 5 on a 0-10
visual analog scale (VAS) of pain intensity).

2 The pain follows the anatomic distribution of
one or more peripheral trigeminal branches.

3 The onset of the pain is temporally related to a
traumatic, inflammatory, or surgical event.

4 Standard treatment with anti-inflammatory/anal-
gesic medications, antidepressants, and anticon-
vulsants was tried and failed, either because the
medications were only minimally effective or
because they caused intolerable side effects.

5 The patient maintains some sensation in the area
of pain.

6 The patient has undergone formal neuropsycho-
logical evaluation and has been found to be an
appropriate candidate for a surgical pain-relieving
procedure.

7 The pain disappears or significantly improves
after local anesthetic block of the affected
branch(es) of the trigeminal nerve.

8 The patient has no active infection and no
bleeding disorders, and is able tolerate brief
general anesthesia.

All these criteria are important, but their importance
and value for each patient should be considered
on a case-by-case basis.

Description of the Technique

The surgery is done in two stages and is similar
to the approach used in spinal cord stimulation.
During the first stage, a temporary electrode is
inserted in the vicinity of the targeted nerve branch.
This is followed by a trial of stimulation that lasts
several days. If the trial is successful, the second
stage of surgery involves insertion of a permanent
electrode that is anchored and tunneled to an
implantable pulse generator.

The technique described below can be used for
both infraorbital and supraorbital nerve stimula-
tion (Fig. 1). Both of these nerves are located in
relatively immobile areas, so electrodes placed in
their vicinity tend not to move from the initial
position. We have not used this technique in the
highly mobile mandibular area because of the risk
of electrode displacement.

The first surgery is done under intravenous
sedation or general anesthesia. It has been our
experience that patients with chronic facial pain
are usually unable to tolerate the insertion of a

Figure 1. Schematic drawing of a supraorbital (A) and
infraorbital (B) quadripolar electrodes showing the electrode
location relative to the course of the infraorbital and
supraorbital nerves. Note the entry point for each electrode
located lateral to the orbit.
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infraorbital

Figure 2. Infraoperative photograph of leff
electrode insertion.

rather large needle into the face under local anes-
thesia. Preparation is done in the usual fashion
and a fluoroscopy machine (C-arm) is positioned
around the patient’s head to allow an anteroposte-
rior view of the head during electrode insertion
(Fig. 2). Although the entire procedure can be
done in an outpatient setting, we prefer to use the
regular operating room because sterile conditions,
a dedicated C-arm, and appropriate anesthesia
support are essential to prevent procedure-related
complications.

A standard quadripolar electrode designed for
percutaneous approach for spinal cord stimulation
(Pisces Quad, Medtronic Inc., Minneapolis, MN, or
Quatrode, ANS Inc., Plano, TX) is inserted at a
point three to four cm lateral to the corner of
the eye through a small stab incision (Fig.1). A
standard Tuohy needle, which is provided with
the electrode, is slightly bent so it can follow the

curve of the patient’s skull. Before insertion, the
electrode is passed through the needle to make
sure it will not be trapped by the needle’s curvature.

When the supraorbital nerve is the stimulation
target, the needle is aimed toward the midline
about one cm above the supraorbital ridge (Fig. 1A).
After the needle stylet is removed, the electrode
is advanced under live fluoroscopy until its tip
reaches the needle opening. The first electrode
contact is placed about one cm from the midline.
Although the supraorbital nerve cannot be directly
visualized with fluoroscopy, its position is rela-
tively constant, and the electrode always crosses
the nerve’s course as it passes out of the supra-
orbital foramen or groove (Fig. 3).

For infraorbital nerve stimulation, the entry
point is lateral and inferior to the corner of the
eye, over the zygoma (Fig. 1B). The needle is also
bent first, and then inserted toward the side of the
nose parallel to the inferior border of the orbit
and one cm inferior to it. If the infraorbital fora-
men is visible under fluoroscopy, the electrode is
placed across it; if the foramen cannot be clearly
identified, placing the first electrode contact next
to the side of the nose usually results in the elec-
trode crossing the nerve’s path as it exits the fora-
men (Fig. 4).

After the electrode is placed in the desired loca-
tion, the needle is removed and the electrode is
coiled around the entry point and anchored to
the skin with two 4-0 nylon sutures. This is done
to provide some strain relief and prevent elec-
trode displacement during the trial. The electrode
is covered with sterile dressing and connected to
the screening device cable.

Once the patient recovers from sedation or gen-
eral anesthesia, he or she is instructed on the use
of the screening device. Initial screening settings
are chosen based on the patient’s perception of
paresthesias in the distribution of the supraorbital
or infraorbital nerve. The goal, as with spinal cord
or other peripheral nerve stimulation, is to cover
the entire painful zone with painless paresthesias.
The patient is instructed to continue normal activ-
ities but to avoid getting the electrode wet.

The trial usually lasts five to seven days, during
which the patient records the pain intensity and
the stimulation effects or side effects experienced
during the trial. The patient is allowed to adjust
the stimulation settings (primarily the amplitude
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Figure 3. Radiographs of the supraorbital electrode (A, anteroposterior; B, lateral).

and frequency of stimulation) depending on activ-
ities of daily living, level of pain, and/or side
effects related to the stimulation. The polarity of
electrode contacts and pulse width of stimulation
may be changed as well, but these adjustments
are done by medical personnel only. We routinely
keep the patient on oral antibiotics, although there
is no evidence that this affects the infection rate.
The trial is considered successful if the patient
reports more than 50% pain relief with stimulation.
If the trial fails, the electrode can be removed in
the office or clinic by simply removing the sutures
and pulling the electrode out. No sutures are
required to close the entry incision. If the trial is
successful, the temporary (trial) electrode is removed
before implantation of the permanent system.
The second stage of the procedure is always
done under general anesthesia. The patient is posi-
tioned supine on the operating table and the head
is rotated toward the side opposite the painful

area. Sterile preparation includes the painful side
of the face, the area above and behind the ear
for electrode anchoring and tunneling, and the
ipsilateral side of the neck all the way to the infra-
clavicular area where the pulse generator will be
implanted. The fluoroscopy machine is once again
positioned around the patient’s head to provide
an anteroposterior view of the skull. The electrode
is inserted in the same way as the temporary elec-
trode. An incision is then made behind the ear
and the electrode’s back end is tunneled toward it
using a “needle-over-the-stylet” technique in which
the stylet is passed toward the retroauricular inci-
sion, and then the needle is passed toward the
electrode over the stylet. The electrode is threaded
into the needle and the needle is removed, bring-
ing the electrode toward its anchoring point
behind the ear. The electrode is fixed in place
with regular plastic anchors provided in the kit
and nonabsorbable sutures.
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Figure 4. Radiographs of the infraorbital electrode (A, anteroposterior; B, lateral).

From the retroauricular incision, the extension
cables are tunneled toward a third incision that is
made below the clavicle, in a similar fashion to
that used for tunneling extension cables for deep
brain or motor cortex stimulators. The implant-
able pulse generator is placed in a subcutaneous
pocket below the clavicle, where it is anchored
to the thoracic fascia with nonabsorbable sutures
after all connections are secured. We prefer to
place the connection between the electrode and
the extension cable immediately adjacent to the
retroauricular incision to make any future revi-
sions easier.

All incisions are irrigated with antibiotic solu-
tion. After thorough hemostasis, the retroauricular
and infraclavicular incisions are closed in layers,
and the electrode insertion site is closed with a
single nylon suture. Throughout the procedure,
fluoroscopy is used to confirm that the electrode
crosses the path of the target nerve.

Postoperatively, the stimulator’s parameters are
set for optimal paresthesias/pain relief coverage.
The patient is instructed on how to adjust the
stimulation settings (amplitude, pulse width, and
frequency of stimulation may be changed using an
external controller within a preset range), since
the intensity of the pain and the response to stimu-
lation can fluctuate.

Clinical Data

We tried this technique in eight patients (Table 1)
over three-year period (2000-03). Seven patients
experienced more than 50% improvement in pain
intensity during the stimulation trial and proceeded
with implantation of permanent system. During
the follow-up, two patients were re-operated. One
had the system removed 26 months after implan-
tation due to gradual loss of the beneficial effect
of stimulation and overall improvement of the
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Table 1. Summary of Clinical Data

Number of patients

Age (years)

Gender (male/female)
Location of pain

Duration of pain (years)
Cause of pain

Preoperative VAS score

Pain relief > 50% during ftrial
Length of follow up (months)
VAS score reduction at latest follow up (%)
Complications

Notes

8

51 (39-73)

2/6

Infraorbital—4, supraorbital—5 (both areas in one patient)

4.4 (2-8)

3—surgery, 2—trauma, 3—infection

8.1 (7-9

7/8

27.5 (13-50)

74 (63-86, 6 patients)

1—electrode erosion

One patient had bilateral SON PNS, two patients had occipital
PNS in addition to SON or ION electrodes, and one patient had
SON and ION electrodes on same side.?

9ION, infraorbital nerve; PNS, peripheral nerve stimulation; SON, supraorbital nerve

pain intensity. Another patient developed skin
erosion over the supraorbital electrode requiring
temporary removal of the electrode followed by
electrode re-insertion three months later.

DISCUSSION

Trigeminal neuropathic pain can result from differ-
ent types of nerve damage. Traumatic injury of the
peripheral branches of the trigeminal nerve, neuro-
pathy due to inflammation involving the maxillary
or frontal sinus, various sinus surgeries, and other
pathologic processes can all cause chronic pain in
the distribution of the affected nerve. Most of the
time, this pain responds to standard medical treat-
ment, which includes anti-inflammatory medica-
tions, anticonvulsants (such as gabapentin or
carbamazepine), and antidepressants (such as ami-
triptyline or nortriptyline). Local anesthetic
blocks may be used both for diagnostic confirma-
tion of the nerve involvement and for temporary
pain relief.

Medically intractable pain is usually treated
with peripheral denervation procedures (7). These
include open transection or avulsion of the nerve
responsible for the pain, and radiofrequency or
chemical destruction of the nerve using a percuta-
neous approach. These techniques may relieve
the pain but produce permanent numbness in the
nerve distribution. Two significant problems asso-
ciated with destructive procedures are the possi-
ble return of pain after the nerve regenerates
and the potential for the development of painful
numbness (anesthesia dolorosa), which may be
much more disabling than the original pain.

Incomplete or only transient pain relief may also
be explained by central sensitization phenomenon
that is present in these chronic pain patients.

Neuromodulation has been successfully per-
formed for a variety of neuropathic pain syndromes,
ranging from persistent radiculopathy in patients
with “failed back surgery” syndrome to complex
regional pain syndromes (CRPS) type 1 and 2. In
more intractable cases, deep brain stimulation and
motor cortex stimulation have been used to con-
trol pain in the body and in the face; both modal-
ities have resulted in long-term pain relief. Central
neuromodulation procedures, however, carry
risks associated with the electrode insertion, and
these risks may be unacceptable to some patients.

Peripheral nerve stimulation, on the other hand,
is an established modality that has been used for
several decades in the treatment of various neuro-
pathic pain syndromes (8,9). It is based on the
gate-control theory of pain (10), which postulates
that impulse transmission in the nociceptive affer-
ent pathway is modulated by activity in large-
caliber myelinated non-nociceptive A-fiber afferents.
According to this theory, “flooding” the hypotheti-
cal gate with non-nociceptive information may
temporarily suppress the pain. Peripheral nerve
stimulation is an example of a so-called paresthesia-
inducing pain-relieving modality, and provides
evidence supporting the gate theory (2,3).

Pain in the face area is a very complicated
phenomenon. Some of the wide variety of pain
syndromes may be interrelated (11). Certain facial
pain syndromes, such as typical trigeminal neuralgia,
have a relatively straightforward treatment algo-
rithm, whereas others are harder to manage.
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A group of procedures that involve stimulation
of the Gasserian ganglion using either percutaneous
(12) or open (13) approaches has been suggested
for neuropathic facial pain. These techniques,
however, are much more invasive and have not
gained much popularity in the 20 years since they
were first described (14). One of the reasons the
Gasserian stimulation was less effective was high
rate of electrode migration; this particular prob-
lem is less likely to happen with our technique
since the electrode is positioned in a relatively
immobile area and the anchoring is done close to
the electrode contacts.

Our technique for treating trigeminal neuro-
pathic pain is not a panacea, and is not intended
for the treatment of migraines, headaches, or
trigeminal neuralgia. It is also unlikely to help
patients with anesthesia dolorosa, as this modality
requires at least some preservation of sensation
that can generate and transmit non-nociceptive
information toward the “gate” of the pain system.

Our preliminary experience with eight patients
is insufficient for us to make firm recommen-
dations in regard to this procedure; however, we
believe the technique may become part of the
neurosurgical armamentarium. In the future, as
experience with the treatment of the trigeminal
neuropathic pain using peripheral nerve stimu-
lation grows, we will be able to compare various
treatment modalities for both efficacy and safety,
perhaps allowing us to determine a first-line treat-
ment for medically intractable facial pain.
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