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Background: Occipital neuralgia is a headache syndrome characterized by par-
oxysmal headaches localizing to the posterior scalp. The critical diagnostic
feature is symptomatic response to local anesthetic blockade of the greater or
lesser occipital nerve. Further characterization is debated in the literature re-
garding the diagnosis and optimal management of this condition. The authors
present the largest reported series of surgical neurolysis of the greater occipital
nerve in the management of occipital neuralgia.

Methods: A retrospective chart review was conducted to identify 206 consecu-
tive patients undergoing neurolysis of the greater or, less commonly, excision
of the greater and/or lesser occipital nerves. A detailed description of the
procedure is presented, as is the algorithm for patient selection and timing of
surgery. Preoperative and postoperative visual analogue pain scores and mi-
graine headache indices were measured. Success was defined as a reduction in
pain of 50 percent or greater.

Results: Of 206 patients, 190 underwent greater occipital nerve neurolysis (171
bilateral). Twelve patients underwent greater and lesser occipital nerve excision,
whereas four underwentlesser occipital nerve excision alone. The authors found
that 80.5 percent of patients experienced at least 50 percent pain relief and 43.4
percent of patients experienced complete relief of headache. Mean preoper-
ative pain score was 7.9 = 1.4. Mean postoperative pain was 1.9 * 1.8. Minimum
duration of follow-up was 12 months. There were two minor complications.
Conclusion: Neurolysis of the greater occipital nerve appears to provide safe,
durable pain relief in the majority of selected patients with chronic headaches

caused by occipital neuralgia.

ccipital neuralgia is a refractory and dis-

abling disorder characterized by recurrent

headaches of moderate to severe intensity
localized to the occipital region, with occasional
radiation to the neck and face. Many patients suf-
fer for years. This translates into diminished pro-
ductivity, dependence on pain medications, and
frustration on the part of the patient and practi-
tioner. Described in 1821,! numerous causes have
been theorized and a variety of interventions used
in the treatment of occipital neuralgia. Currently,
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there is no clear consensus on diagnosis and
management.”

The nomenclature can be confusing. There
are over 180 types of headache recognized by the
International Headache Society.®> Occipital neu-
ralgia is a subset, existing along a continuum of
posttraumatic pain, whiplash, cervical spine ab-
normality, tension headache, chronic daily head-
ache, and migraine. Monikers applied have in-
cluded Arnold neuralgia, syndrome sympatique
cervicale posterieur,” migraine cervicale, occipi-
tal neuritis,* cervicogenic headache,” and spinally
transformed migraine.® Although there is little
agreement on diagnostic criteria, the pertinent
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findings tend to be tenderness over the occipital
nerves and headache elimination by anesthetic
block of the occipital nerve on the affected side(s).

Various treatment modalities have been used.
These include nerve stimulators,’~* C2 gangliotomy,”’
C2 gangliectomy,'” C2 to C3 rhizotomy," C2 to C3
root decompression,'? radiofrequency lesioning,'
subdermal denervation,' neurectomy,"” and neu-
rolysis with or without section of the inferior oblique
muscle.'*~" These have enjoyed varying degrees of
success and often suffer from a limited sample size.
We report a series of 206 patients treated for occip-
ital neuralgia with surgical neurolysis of the greater
occipital nerve or excision of the lesser occipital
nerve.

After institutional review board approval, a ret-
rospective chart review was conducted of 206 con-
secutive patients presenting to the senior author
(I.D.) with occipital neuralgia between February
of 2005 and June of 2007 undergoing surgical
treatment for occipital neuralgia.

There were 38 men and 168 women (18.4
percent and 81.6 percent, respectively). Average
age of the patients was 45 years. Headaches were
typically bilateral (171 of 206). Average years with
headache was 17 (range, 0.6 to 60 years). Ninety-
two percent of patients demonstrated tenderness
over the greater occipital nerve on examination,
with 90 percent responding to nerve block [2 ml
of 0.5% bupivacaine with 0.5 ml of 40 mg Kenalog
(Bristol-Myers Squibb, New York, N.Y.)]. Twenty
patients had been treated with Botox (Allergan,
Inc., Irvine, Calif.), with 17 (85 percent) demon-
strating an interval of improvement (Table 1).

Pain was typically stabbing/lancinating in
character, originating at the occiput and radiating
over the posterior scalp and occasionally temple
or face. Often, diminished sensation or dysesthe-
sia was present, and pressure over the greater oc-
cipital nerve could recreate symptoms. Patients
occasionally reported pain with hyperextension or
rotation of the neck, preventing some from lying
on a pillow (“pillow sign”).

All patients had a workup performed by a neu-
rologist before treatment to rule out other causes.
No patients were treated surgically unless they had
had symptoms for 6 months or longer. Nerve
blocks were performed 2 to 3 cm inferior to the
occipital protuberance and 2 cm lateral to the
midline. All patients had attempted other treat-
ment modalities, including pharmacotherapy, an-
esthetic and steroid injection, Botox, acupunc-
ture, and electrostimulation, with limited success.
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Table 1. Preoperative Characteristics of Patients
with Occipital Neuralgia Chronic Headaches

Value (%)
No. of patients 206
Sex
Male 38 (18.4)
Female 168 (81.6)
Age (yr) 45 £29
Headache laterality
Bilateral 171
Unilateral 35
No. of years with headache
Average 17+93
Range 0.6-60
Preoperative VAS score for pain
Average 79+14
Range 4-10
Migraine headache index
(preoperatively)* 287 + 14.9

GON/LON tenderness at initial

examination 190,/206 (92.20)
GON/LON nerve block (effective) 186,/206 (90.20)
Botox (effective) 17/20 (8)

VAS, visual analogue scale; GON, greater occipital nerve; LON, lesser
occipital nerve.
*Days/months X intensity (0-10) X duration (fraction of 24 hr).

Pain was assessed using a visual analogue scale
from 0 to 10, with 0 being no pain and 10 being the
worst pain imaginable. Minimum follow-up was 12
months. At follow-up, all patients were interviewed
independently by a medical student with a standard
questionnaire. Preoperative/postoperative pain lev-
els were compared. The migraine headache index
was measured as well [days/months X intensity (0—
10) X duration (fraction of 24 hours)]. The results
were compared statistically using Wilcoxon signed
rank and Fisher’s exact tests (p < 0.05 indicates
statistical significance). Therapeutic success was de-
fined as a reduction of pain by at least 50 percent.

Surgical Technique

The midline of the neck and posterior scalp is
marked and the horizontal incision is drawn ap-
proximately 3 cm below the occipital protuber-
ance. With the patient prone, under general an-
esthesia, a horizontal 5- to 6-cm incision is made
along this line as shown in Figure 1. The head is
not shaved; rather, a comb and tape are used to
retract the hair. The incision is deepened in an-
atomical planes to expose the trapezius. A vertical
incision is developed over the trapezius fascia
where 1 to 3 mm of vertically oriented muscle
fibers are present. If a small branch of the dorsal
occipital nerve is identified within the field, it can
be resected under tension and allowed to retract
into the musculature so that it would not become
entrapped by scar within the dissection field, caus-
ing a painful neuroma. Careful dissection is then
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Fig. 1. Recommended incision to access bilateral greater occipital nerves.

used within the vertical incision to identify the
greater occipital nerve, typically asit emerges from
the semispinalis capitis muscle. Similar to the pub-
lished report, a dissection is first carried proximally,
removing the small medial piece of the semispinalis
capitis muscle abutting the greater occipital nerve,
and then inferiorly to release the obliquus capitis
muscle fibers overlying the greater occipital nerve.'
In approximately 6 percent of patients, the nerve is
found to be split within the substance of the semi-
spinalis capitis muscle. In this case, the muscle fibers
splitting the nerve are also released. Dissection is
carried distally, releasing the nerve within the tra-
pezial tunnel (the site where the greater occipital
nerve penetrates through the trapezial fascial attach-
ments to the occiput). This 1- to 2-cm tunnel has an
oblique superolateral direction and often contains
angiolymphatics, another possible compression vari-
able to be acknowledged.* Usually, at its superolat-
eral distal end, the occipital artery and vein cross the
greater occipital nerve. If the vessel is found to im-
pinge the nerve, it is dissected free and ligated. En-
larged and abutting lymph nodes are also removed
from the tunnel, further decompressing the nerve.
The same incision is used to treat the opposite side
when needed. The wound is closed in anatomical
layers without drains.

If unilateral lesser occipital nerve excision is
performed concurrently, a 3-cm incision is made
at a separate site lateral to the first incision, over
the path of the lesser occipital nerve, which is iden-
tified along the posterior sternocleidomastoid at its
middle third. The lesser occipital nerve can be de-

compressed or excised and its proximal stump
implanted into muscle.

If bilateral greater occipital nerve decompres-
sion and lesser occipital nerve excision are per-
formed, a modified approach is used. Two sepa-
rate incisions are made, one on each side, each to
access the ipsilateral greater occipital nerve and
the lesser occipital nerve. In this way, not four but
two incisions are made to access all nerves (Fig. 2).
The entire, usually outpatient, procedure takes
approximately 1 hour.

Of 206 patients, 190 (92 percent) underwent
greater occipital nerve neurolysis alone. Twelve (6
percent) underwent greater and lesser occipital
nerve excision, and four patients (2 percent) had
lesser occipital nerve excision alone. Average pre-
operative visual analogue scale score was 7.9 = 1.4
(range, 4 to 10). Average migraine headache in-
dex preoperatively was 287 = 14.9.

Postoperative average visual analogue scale
score was 1.9 = 1.8 (range, 0 to 8), a reduction of
6 (76 percent) (p < 0.0001). Postoperative mi-
graine headache indexwas 24 = 11.8 (<< 0.0001).
One hundred sixty-six patients (80.5 percent) had
greater than 50 percent relief of pain. Seventy-two
patients had complete relief (43.4 percent). Relief
less than 50 percent was experienced by 40 pa-
tients (19.5 percent). There were two complica-
tions, both incisional cellulitis, that resolved with
oral antibiotics (Table 2).
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Fig. 2. Recommended incisions to access the greater and lesser occipital nerves

bilaterally.

Table 2. Postoperative Characteristics and
Data for Patients with Occipital Neuralgia
Chronic Headache

Value (%)

190,206 (92)
12/206 (6)

GON neurolysis
GON plus LON excision

LON excision 4/206 (2)
Postoperative VAS headache pain
Average 1.9 £1.8
Range 0-8
Migraine headache index
(postoperatively) * 24+ 118

Outcome (same numbers stand
for QOL improvement)
Positive (>50% relief)
Complete ON headache relief
Failure (no relief, or <50%)

166,/206 (80.5)
72/166 (43.4)
40/206 (19.5)

2/206 (incision
cellulitis) (0.009)
201/206 (97)

GON, greater occipital nerve; LON, lesser occipital nerve; VAS, visual

analogue scale; QOL, quality of life; ON, occipital neuralgia.
*Days/mo X intensity (0-10) X duration (fraction of 24 hr).

Complications
Outpatient surgery

Factors correlated with a positive outcome
included tenderness over the greater occipital
nerve, positive response to greater occipital nerve
block or Botox, a history of direct occipital trauma,
and being under the care of a neurologist or pain
specialist preoperatively. Negative outcomes were
associated with a lack of greater occipital nerve
tenderness, poor response to nerve block, mental
illness, presence of other headache syndromes in
addition to occipital neuralgia, or absence of con-
comitant treatment by a headache specialist.
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The greater occipital nerve has been described
as the largest purely sensory nerve in the body.?
It arises from the dorsal ramus of C2 deep to the
inferior oblique muscle where it branches. The
medial branch is the greater occipital nerve, which
runs transversely along the inferior oblique and is
covered by the splenius capitis, the longissimus,
and the semispinalis muscles. Occasionally, the
nerve travels within the substance of the inferior
oblique muscle.?! The nerve then turns upward to
pierce the semispinalis capitis. Here, the nerve
runs rostrolaterally before emerging into the scalp
by piercing the aponeurotic fibrous attachment of
the trapezius and sternocleidomastoid to the su-
perior nuchal line. In this aperture, the occipital
artery and greater occipital nerve are in intimate
association. Immediately below the superior nu-
chal line, the nerve divides into several terminal
branches; medial branches innervate occipital
skin and the lateral branches pass into the region
behind the pinna? (Fig. 3).

It has been demonstrated that the greater
occipital nerve most commonly emerges from
the semispinalis muscle at a point 3 cm below the
occipital protuberance and 1.5 cm lateral to the
midline.?"* There are occasionally variations in
this anatomy, particularly in the vertical axis.*** It
has been postulated that the C2 ramus could be
compressed between the posterior arch of the at-
las and the lamina of the axis; however, it has been
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Fig. 3. Anatomy of the greater and lesser occipital nerves.

demonstrated that this nerve is not especially vul-
nerable at this location.?*#°

The lesser occipital nerve arises from the dor-
sal rami of C2 and occasionally C3. It ascends
toward the occiput parallel to the posterior border
of the sternocleidomastoid muscle. Near the cra-
nium, it perforates the deep fascia and continues
superiorly over the occiput, where itinnervates the
skin and communicates medially with the greater
occipital nerve.?” There is some variability in anat-
omy, but the nerve tends to emerge from the
posterior border of the sternocleidomastoid mus-
cle above the point of emergence of the great
auricular nerve. This point is approximately 60 to
70 mm from the midline and 40 to 60 mm inferior
to a line drawn between the lowest points of the
external auditory canals.?* Occasionally, the nerve
pierces the sternocleidomastoid.

The diagnosis of occipital neuralgia can be
difficult. There is overlap with other disorders,
including cluster headache, paroxysmal hemi-
crania, tension headache, and migraine, and
multiple types may be present in a given patient.*
Prevalence is difficult to determine but has been
found to range from 0.7 to 13 percentin headache
patients.? Occipital neuralgia is described by the
International Headache Society as a paroxysmal
jabbing pain in the distribution of the greater or
lesser occipital nerve accompanied by diminished
sensation or dysesthesia. The most agreed on cri-
teria for diagnosis include pain in the distribu-
tion of the greater or lesser occipital nerve; a
stabbing, paroxysmal pain that may ache in be-

tween paroxysms; a nerve that is tender to palpa-
tion; and the fact that the condition can be re-
lieved by injection of local anesthetic.?® Occipital
neuralgia may present with other symptoms, in-
cluding nausea, tinnitus, dizziness, and visual dis-
turbance, symptoms that overlap with migraine
and cluster headache.??2%%!

Given the lack of diagnostic consensus, it be-
comes difficult to interpret the literature with re-
gard to efficacy of various treatments. It seems
increasingly apparent that these disorders exist
along a continuum of headache pain that is likely
multifactorial and interrelated (Fig. 4).

In light of this, we selected specific inclusion
criteria for consideration for surgery. As the car-
dinal feature of occipital neuralgia appears to be
response to anesthetic blockade of the greater or
lesser occipital nerve, we decided to operate only
on patients who responded to this. If nerve block
is ineffective, it can be repeated after 3 weeks atan
adjacent site to overcome anatomical variation.
Injection has not been shown to affect other head-
ache types.”* Similarly, a positive response to Bo-
tox injection was considered an indication for sur-
gery. Tenderness over the greater occipital nerve
or a positive Tinel sign were also included. Our
algorithm is presented in Figure 5.

Occipital pain can arise from other condi-
tions. These include Arnold-Chiari malformation,
tumors, vertebrobasilar insufficiency, meningitis,
arthritis, gout, polyneuropathy, syphilis, malaria,
torticollis, myositis, mastoiditis, herpetic neural-
gia, upper respiratory infection, and temporal
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nerve; SON, supraorbital nerve; STN, supratrochlear nerve; ZTN, zygomaticotemporal nerve; ATN, auricu-
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arteritis.'*?%*-3% For this reason, neurologic con-
sultation is recommended.

Various treatment modalities have been used in
the treatment of occipital neuralgia. Nonsteroidal
antiinflammatory drugs and acetaminophen tend to
provide only transient relief. Narcotics have minimal
effect.? Ergot derivatives are controversial, with some
authors claiming a short-term effect, possibly medi-
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ated by constriction of the occipital artery, whereas
others state that they are completely ineffective.**
Infliximab has shown some benefit.*® Local anes-
thetic injection alone or in conjunction with corti-
costeroids may provide lasting pain relief.*” Botox
has been shown to be effective, with a limited
duration.? Neck weakness has been a complication
of this in 27 percent of patients.'” Ethyl alcohol
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injection may improve symptoms but suffers from
high recurrence rates.*® Epidural corticosteroids
have not been shown to be effective.*

More invasive modalities include radiofrequency
lesioning of the greater occipital nerve. One case
report followed a patient who demonstrated pain
relief of 60 to 70 percent over 5 months. The treat-
ment had to be repeated for continued efficacy, and
long-term results are not known." Another study of
15 patients demonstrated good relief of pain at 8.8
months after radiofrequency neurotomy of C3 to C6
dorsal rami; however, there was a tendency for the
pain to recur during follow-up.* Itis our observation
that a number of patients who previously had radio-
frequency ablation elsewhere failed decompression
and subsequently required nerve excision to dimin-
ish their pain. It appears that patients who continue
to have headache following the radiofrequency ab-
lation often have increased pain, presenting similar
to neuroma in continuity. We find it important to
discuss this with the patient, who might then opt for
nerve excision instead of decompression.

Implanted nerve stimulators have been eval-
uated. One study found that 16 of 30 patients (53
percent) experienced greater than 50 percent
pain improvement at a mean follow-up of 35
months.® There were several complications re-
lated to the implanted device. Another study of six
patients found pain relief to be greater than 50
percent in all patients at a follow-up of 3 months.”
In a series of 14 patients, seven experienced
greater than 50 percent pain relief at a mean fol-
low-up of 22 months.® The expense of these sys-
tems and the hazards of implanting a foreign body
should be considered against other options. In
addition, the nerve stimulator treatment focus is
on symptoms, whereas the peripheral nerve sur-
gery addresses the anatomical cause of the head-
ache—compression.

Surgical approaches have been varied. C2 and
C3 nerve root decompression was reported in a
single case in which the nerve was compressed by
a C3 facet spur, leading to complete pain relief at
11 months’ follow-up.'? In this case, a proximal
bony abnormality was identified by polytomogra-
phy. Microsurgical C2 gangliotomy has been advo-
cated following a series of four patients with com-
plete pain relief after 24 months, with one patient
suffering pain recurrence thereafter.!” These pa-
tients experienced transient nausea and dizziness
postoperatively, and one patient had a cerebrospinal
fluid leak. C1 to C4 rhizotomy has been reported in
17 patients with occipital neuralgia, with 68.8 per-
cent of patients reporting the procedure as worth-

while.!"! Numbness in the affected dermatomes was
present after the procedure.

Subdermal denervation of the affected skin seg-
ments has been reported.'* In these patients, two
large scalp flaps were elevated, containing the oc-
cipitofrontalis muscle, to expose the greater and
lesser occipital nerves. These were then excised and
the flaps replaced. Three patients were reported
to have received “satisfactory results” from this
procedure. Avulsion neurectomy of the greater
occipital nerve has been performed in 22 patients,
with 70 percent demonstrating pain relief at 18
months.'S Thirty percent of these patients expe-
rienced scalp hypersensitivity, dysesthesia, neu-
roma, or recurrence.

Surgical neurolysis with sectioning of the infe-
rior oblique muscle was performed on 10 patients,
with a 70 percent rate of patient satisfaction at a
mean follow-up of 37 months.'” In another series of
50 patients, neurolysis of the greater occipital nerve
at the deep neck fascia and trapezial tunnel was
found to provide short-term pain reliefin 66 percent
of patients. At 18-month follow-up, however, pain
was found to have recurred in 46 of 50 patients.'®
Interestingly, 80 percent of patients did not regret
the surgery and 40 percent wanted to undergo the
identical operation again. These authors postulated
that they may not have released the nerve deep
enough, as the semispinalis muscle was not ad-
dressed. The semispinalis muscle was sectioned by
Guyuron et al. in 34 patients, with 100 percent dem-
onstrating improvement in headache pain.' Simi-
larly, in a series of 13 patients with whiplash trauma
and occipital headache, release of the nerve at the
trapezial tunnel and the semispinalis resulted in 72.2
percent reporting good or excellent pain relief.'® An
anecdotal review of 150 patients undergoing surgery
for occipital neuralgia by means of release of the
trapezial tunnel found that approximately one-third
of patients improved dramatically, one-third was def-
initely improved but still had some pain, and one-
third did not benefit.*

The humoral and cellular mechanisms of
headache have been well-studied, yet no consen-
sus exists as to the exact pathway of pain genera-
tion. Interleukin-13 and tumor necrosis factor-a
have been implicated as promoting hyperalgesia.?
Nitric oxide may also play a role. Despite the com-
plex molecular-biological mechanisms, it seems
clear when reviewing the body of literature on this
topic that there is often a peripheral trigger, such
as nerve irritation, that triggers the pain cascade.
Five potential sources of potential entrapment of
the greater occipital nerve are observed: C2 nerve
root (rarely), inferior oblique (rarely), within the
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semispinalis muscle, within the trapezial tunnel
(trapezius muscle/aponeurosis), and angiolym-
phatics (occipital artery/vein crosses the greater
occipital nerve; lymph node presence, within or
distal to trapezial tunnel, respectively). Nerve ir-
ritation and hyperexcitability of peripheral noci-
ceptors may lead to central sensitization and pain
evoked by nonnoxious stimuli.*! The response of
these types of headaches to peripheral nerve block
strengthens this concept. Similarly, connections
between the trigeminal nucleus and the upper
four cervical roots may form the anatomical sub-
strate for the spread of cervical pain from the neck
to the head.** The proximity of the occipital artery
to the greater occipital nerve has also been pos-
tulated to cause nerve compression and paroxys-
mal, throbbing pain.*

In our series of 206 patients, 80 percent ex-
perienced meaningful pain relief at a minimum of
12 months’ follow-up. In comparison with other
procedures, the greater occipital nerve is not dam-
aged and complications are rare. When the lesser
occipital nerve is excised (2 percent of cases), the
resultant sensory defect is minor. These results
suggest that occipital neuralgia is stimulated by
peripheral nerve entrapment.

Approximately 20 percent of patients experi-
enced less than 50 percent relief after 1 year. We
suspect several reasons for treatment failure. Di-
agnostic error may have played a role. Many of these
treatment failures had other, coexistent headache
syndromes that may have come to predominate and
overshadow any effect of the procedure. In some
failures, abnormal branching of the greater occipital
nerve was found, arousing suspicion that aberrant
branches might still have been active. Atypical anat-
omy has been reported.* The third occipital nerve
was not addressed routinely in these patients at the
beginning of the study although, when identified
in the operative field, it was cut and allowed to
retract into muscle. Headache symptoms have
been attributed to entrapment of this nerve.? We
now address this intraoperatively with either de-
compression or excision. Although initially more
attention was given to the semispinalis capitis mus-
cle and trapezius aponeurosis, it became apparent
that these two sites are among five possible sites of
compression. More thorough release is now per-
formed, including the inferior oblique, occipital
artery, and lymph nodes, if present, in the trape-
zial tunnel. Ultimately, it is probably a combination
of the above factors, in addition to a lack of regen-
erative potential in the long-compressed nerve, that
is responsible for the treatment failures.
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Interestingly, many of these patients whom we
classified as treatment failures experienced some
postoperative pain relief. Often, they request a
second operation. In these cases, if nerve block is
still effective, we offer neurectomy as a second
alternative. The outcomes of this will be presented
in a future work.

This procedure has limitations. Although 80.5
percent of patients benefited from surgery, only
43 percent of patients experienced complete re-
lief. Still, these odds may be attractive to many
patients, with partial abatement of symptoms al-
lowing a more productive and enjoyable lifestyle.
A detailed preoperative discussion must be un-
dertaken to maintain reasonable expectations as
part of a multidisciplinary team. We look forward
to reporting these data and the results of a larger
cohort in the future. The importance of multidis-
ciplinary coordination in patient care cannot be
overemphasized, including a headache-focused
neurologist or anesthesia pain specialist. The ad-
ministration of nerve blocks or Botox requires
experience for valid, reproducible results, often
used as important inclusion criteria for surgery.
Lastly, it is important for the surgeon to have
appropriate peripheral nerve surgery training and
experience to minimize complications and opti-
mize outcomes.

The diagnosis and management of headache
is a controversial topic. Of 206 patients undergo-
ing surgical neurolysis, 80 percent had meaningful
pain relief after at least 1 year of follow-up. Al-
though many might argue that surgery is an in-
vasive treatment for occipital neuralgia, the failure
of medical management in many patients man-
dates exploration of other options. Surgical neu-
rolysis provides safe, durable pain relief to a sub-
set of patients with occipital neuralgia-related
chronic migraine headaches by addressing the
causative compression sites. Clearly, more work
needs to be performed before a consensus is
reached. However, we hope that this study, by
standardizing indications and technique, con-
firms the importance of surgical treatment for
future work and discussion on this topic.

Ivica Ducic, M.D., Ph.D.
Department of Plastic Surgery
Georgetown University Hospital
Washington, D.C. 20007
ducici@gunet.georgetown.edu
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