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Background: Surgical release of the greater occipital nerve has been demon-
strated to be clinically effective in eliminating or reducing chronic migraine
symptoms. However, migraine symptoms in some patients continue after this
procedure. It was theorized that a different relationship between the greater
occipital nerve and occipital artery may exist in these patients that may be
contributing to these outcomes. A cadaveric investigation was performed in an
effort to further delineate the occipital artery—greater occipital nerve relation-
ship.

Methods: Fifty sides of 25 fresh cadaveric posterior necks and scalps were
dissected. The greater occipital nerve was identified within the subcutaneous
tissue and its relationship with the occipital artery was delineated. A topographic
map of the intersection of the two structures was created.

Results: The greater occipital nerve and occipital artery have an intimate re-
lationship, and crossed each other in 27 hemiheads (54.0 percent). The rela-
tionship between these structures when they crossed varied from a single in-
tersection to a helical intertwining.

Conclusions: The greater occipital nerve and occipital artery have an anatom-
ical intersection 54 percent of the time. There are two morphologic types of
relationships between the structures: a single intersection point and a helical
intertwining. Vascular pulsation may cause irritation of the nerve and is a
possible explanation for migraine headaches that have the occipital region as
a trigger point. Future imaging studies and clinical investigation is necessary to
further examine the link between anatomy and clinical presentation. (Plast.
Reconstr. Surg. 126: 1996, 2010.)

ecent clinical and anatomical investigation

has expounded on the concept of periph-

erally triggered migraine headaches caused
by entrapment, compression, or irritation of the
sensory nerves of the head and neck. One of the
regions that has been focused on is the occipital
region,"? where muscular and fascial entrapments
of the greater, lesser, and third occipital nerves
have been identified and investigated.!? Recent
work demonstrates that the greater occipital nerve
has multiple sites of potential compression along

From the Department of Plastic Surgery of University of Texas
Southwestern Medical Center, Baylor College of Medicine,
and the Department of Plastic Surgery, Case Western Reserve
University School of Medicine.

Received for publication January 7, 2009; accepted May 18,
2010.

Copyright ©2010 by the American Society of Plastic Surgeons

DOI: 10.1097/PRS.0b013e3181ef8c6b

1996

its path, much like the nerves of the upper ex-
tremity, which have been well characterized.?
Clinically, it has been demonstrated that in-
jection of botulinum toxin type A into the invest-
ing musculature surrounding these nerves can
provide relieffrom migraines in some patients and
is used as a diagnostic tool to find out which pa-
tients might benefit from endoscopic or open sur-
gical release.” Surgical release of these nerves pro-
duces a significant benefit in many patients.
Release of the greater occipital nerve has been
demonstrated to give total relief of chronic mi-
graine symptoms in 62 percent of patients who
undergo surgery.® A double-blind placebo study
comparing “sham surgery” to surgical decom-
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pression showed that the former had complete
migraine relief in only 3 percent of patients,
compared with 57 percent of patients in the
group that underwent actual decompression.®
In an effort to improve on the clinical efficacy
of this procedure, more thorough and complete
releases of the sensory nerves in this region have
been investigated and undertaken, yet this still
leaves a small number of patients who do not
benefit from this treatment.”

Many migraine patients describe their symp-
toms as being pulsatile in nature.®® Itis accepted
that there may be a vascular component to many
headaches, and one of the major theories of
migraine proposes that extracranial arterial di-
lation is responsible for migraine headache
symptoms.'’~'? Widely used pharmacologic treat-
ments, such as the serotonin receptor agonists, are
known to induce vasoconstriction,'*'*and are spe-
cifically designed to treat this phenomenon. It is
also therefore possible that the pulsatile nature of
their symptoms is the result of a vascular irritation
to the nerve in question Tables 1 and 2.

Other headaches in the occipital region have
already been linked to nerve-artery relationships.
For instance, in 2007, Shimizu et al. reported on
their anatomical investigation demonstrating that
the greater occipital nerve and occipital artery
frequently cross paths.”” They theorized that a
close relationship between the two structures
might be one of the causes of occipital neuralgia.
In that article, they pointed out that trigeminal
neuralgia has been shown to be caused in some
cases by compression of the nerve root by an ar-
tery, and that decompression has been clinically
efficacious.

Combining these previous authors’ findings
with the understanding of migraine patients’
symptoms, it was realized that the relationship
between the greater occipital nerve and the oc-
cipital artery required further investigation. The
frequency of this relationship, its morphologic na-
ture, and its anatomical location were all questions
to benefit from focused study. An investigation was
carried out through fresh tissue dissection to ad-
vance the understanding of this intricate anatomy.

Table 1. Results for the Greater Occipital
Nerve-Occipital Artery Relationship

Relationship No.
Hemiheads with no greater occipital nerve—occipital

artery relationship 23
Hemiheads with single intersection relationship 8
Hemiheads with helical intertwining relationship 19

Table 2. Topographic Location of Greater Occipital
Nerve-Occipital Artery Relationship

Relationship Location

30.27 mm lateral to the midline
(x); 10.67 mm caudal to a
line through the
protuberance (y)

25.34 mm lateral to the midline
(x); 24.91 mm caudal to
a line through the
protuberance (y)

42.09 mm lateral to the midline
(x); 0.97 mm caudal
to a line through the
protuberance (y)

Mean location of single
intersection

Mean location of caudal
extent/beginning of
helical intertwining

Mean location of cranial
extent/end of
helical intertwining

Twenty-five fresh cadaver heads were obtained
from the Willed Body Program at the University of
Texas Southwestern Medical Center in Dallas,
Texas. All heads used were from donors between
the ages of 42 and 86. All bodies were tested for
human immunodeficiency virus and other com-
municable diseases before commencement of dis-
section. Heads were disarticulated at a low point
on the neck (C7 to T1) to maximize the length of
the posterior neck for dissection. After shaving,
the heads were placed prone and stabilized in a
Mayfield neurosurgical headrest. A horizontal line
through the occipital protuberance was accurately
marked out using an indelible surgical marker.
Another line vertically through the midline was
also drawn. A methylene blue—tipped, 16-gauge
needle was passed through the skin to mark the
subcutaneous tissue along these lines to allow ac-
curate measurements within the deeper layers. A
no. 10 blade was used to cut down through the skin
and subcutaneous tissue, and flaps were raised at
this level to expose the galea and trapezius. The
greater occipital nerve was located in this plane
along with the occipital artery. The occipital artery
was dissected proximally to a point more lateral,
deep to the sternocleidomastoid. Here, it was li-
gated and cannulated with a 24-gauge butterfly
catheter (0.7-mm diameter) (BD Insyte; Becton
Dickinson S.A., Madrid, Spain). Lead oxide
stained with red dye was injected carefully into the
arteries. The relationship between the occipital
artery and the greater occipital nerve was assessed,
measured in length, measured from the previously
noted anatomical landmarks, and photographed.
All data were collated in a Microsoft Excel data-
base (Microsoft Corp., Redmond, Wash.), and
means were calculated for the distances from the
horizontal line through the protuberance and
from the midline, and for the length and mor-
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phology of the relationships between the artery
and nerve.

RESULTS

A total of 25 fresh heads were dissected bilat-
erally, for a total of 50 hemihead dissections. Eight
of these heads were from female donors, and 17
were from male donors. The mean donor age was
61 years. The greater occipital nerve was found in
all specimens. A relationship between the greater
occipital nerve and the occipital artery was found
in 27 of 50 hemiheads (54.0 percent). This inter-
section was found either superficial to the trape-
zius and deep to the galea, or deep to the trape-
zius. Typically, this intertwining relationship was
found in the “trapezial tunnel” area just caudal to
the occipital protuberance; however, it was some-
times seen as far anterior as the lateral aspect of
the skull, over the occipitalis (Fig. 1).

In heads where an intersection between the
artery and nerve was found, there were two types
of relationships: a single point of intersection (Fig.
2) and a helical intertwining (Figs. 3 and 4). Nine-
teen of the 27 intersecting structures were of the
helical type (70.4 percent) and eight were of the
single-intersection type (29.6 percent). When
there was a helical intertwining, this relationship

Greater occipital nerve

Occipital artery

Point #6SC

| Greater occipital nerve '
Occipital artery

Trapezius (cut)

Sternocleidomastoid———

Fig.2. Imageofthesingle-point-of-intersection type of relation-
ship. Arrow and blue glove cutout demonstrate the area of inter-
section. OP, occipital protuberance.

was typically a few twists long, with the mean length
of interaction being 37.6 = 14.5 mm. When there
was a single point of intersection, the nerve was
always superficial to the artery.

The mean location of the artery-nerve rela-
tionship when there was a single point of inter-
section was 30.27 = 6.83 mm lateral to the midline
and 10.67 = 8.25 mm caudal to the horizontal line
through the occipital protuberance (Fig. 5). The

’ E

[
Point #6HI

Occipital artery

Greater occipital nerve

Sternocleidomastoid (cut)
Obliquus capitis inferior

Semispinalis capitis (cut)

Fig. 1. lllustration of the occipital region, demonstrating more superficial dissection down to the trape-
ziusonthe leftand deep to the trapezius on theright. (Above, left) The single-cross type of relationship can
be seen. (Above, right) The helical intertwining relationship can be seen.
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Fig. 3. Image of the helical intertwining type of relationship.
Note that there are a number of twists of the artery around the
nerve, just below the level of the occipital protuberance caudally
(blue glove cutout) and then again more cephalad (white arrow). A
number of small arterial branches off of the occipital artery sur-
round the greater occipital nerve.

Fig. 4. Image of the helical intertwining type of relationship.
Note the occipital protuberance (OP) and semispinalis. The small
arrow indicates the area where the helical relationship begins,
and the large arrow indicates the area where the helical relation-
ship between the artery and nerve ends.

mean location of the caudalmost aspect of the
artery-nerve relationship when there was a helical
intertwining was 25.34 * 12.16 mm from the mid-
line and 24.91 * 12.87 mm caudal to the hori-
zontal line through the occipital protuberance;
the mean location of the cranialmost aspect of the
artery-nerve relationship in this group was 42.09 *
25.61 mm from the midline and 0.97 * 8.34 mm
caudal to the horizontal line through the occipital
protuberance (Fig. 5).

DISCUSSION

An estimated 17.6 percent of women and 5.7
percent of men experience at least one migraine

Fig. 5. Image of the anterior extent of the nerve-artery relation-
ship.The occipitalisis labeled. The arrowindicates the areawhere
the artery moves into a more superficial plane in the subcutane-
ous fat; the relationship between the artery and nerve has ended
by this point.

headache per year.!'®!” Chronic migraines with
and without aura are associated with very intense,
pulsatile pain and can be of such severity that they
limit patients from regular activities of daily
living.'® Patients with a long history of migraines
experience a great amount of anxiety between
attacks with the expectation of the next impend-
ing attack.'”?’ Because it is a chronic disease that
affects adults during their prime income-produc-
ing years, there are staggering indirect costs asso-
ciated with migraines.?’* Although pharmaco-
logic interventions are popular generally and
clinically effective migraine cures, they only serve
to reduce their severity and frequency. Therefore,
a permanent surgical solution would be an opti-
mal option for patients, physicians, and society as
a whole.

Recent clinical reports estimate that approxi-
mately 38 percent of patients who undergo surgi-
cal decompression of the greater occipital nerve
have residual symptoms of varying severity after
the operation.” Because of the great success that
these decompressions have achieved in many but
not all, patients, this suggests the possibility of the
surgery being anatomically “incomplete.” This no-
tion has led to further investigations into the anat-
omy of the lesser and third occipital nerves* and
the anatomy of multiple potential compression
points along the length of the greater occipital
nerve.> With the understanding that many neu-
rologists strongly subscribe to vascular dilatation
as being a primary cause of migraine headaches,
it was theorized that the occipital trigger area
“nonresponders” to surgery may be suffering from
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occipital migraines because of some sort of rela-
tionship between the occipital artery with the
greater occipital nerve, where the artery causes
irritation to the nerve through its intimate asso-
ciation in some patients. This relationship may
also be responsible for the pulsatile character of
these headaches.

This study shows that there is a relationship
between the artery and the nerve in 54.0 percent
of specimens. Two types of relationships were
found—some of these were singular discrete in-
tersections, whereas others were more interre-
lated, taking the form of an intertwining helix. It
is quite interesting to note that 38.0 percent of all
specimens had a helical artery-nerve relation-
ship—the same incidence of clinical nonre-
sponders to surgery.”

These findings are in agreement with previous
data from other authors. The artery-nerve rela-
tionship was also noted in the study by Shimizu et
al. However, their findings differed in that they
found this relationship to be present in every
head, and that the relationship was only of the
short intersection variety. They also found this
relationship to always be in the subcutaneous tis-
sues, superficial to the trapezius. We found this
relationship to exist in this plane when the
intersection was more lateral and cranial. When
the relationship began at a more inferior point,
this intersection seemed to be either deep to the
trapezius or deep to the fascia overlying the
trapezius yet superficial to the muscle. These
authors also noted that the nerve was always
superficial to the artery, which we found as well.
The authors did note that the intersection oc-
curred around the nuchal line, where the pos-
terior extensors of the neck insert. This corre-
sponds to our findings as well.

It is interesting to see that the specialty of
plastic surgery has now come full circle with regard
to its intellectual musings concerning the genesis
of migraines. Guyuron’s previous articles intro-
duced a completely new paradigm in migraine
treatment. It was postulated that migraines were
perhaps not being caused by a central, vascular
phenomenon, but that they were, in fact, incited
by a peripheral mechanical phenomenon instead.
Clearly, this is the case with some patients, as they
respond so well to chemical and/or surgical de-
compression. Both neurologists and plastic sur-
geons have become more sophisticated in their
understanding of migraine pathophysiology. Re-
cent advances in neurologists’ grasp of the central
arterial vasodilation theory because of work in ex-
perimental animal models*® have demonstrated

2000

that there is a cascade that is caused not by in-
tracerebral vasodilation but by intracerebral
vasoconstriction.'! It has become more apparent
that there is a cascade whereby disturbance of
brainstem ion channels leads to an ebb in cerebral
perfusion.?* This vasoconstriction leads to a re-
lease of prodilatory neuropeptides from periph-
eral nerves, inducing dilation of the extracerebral
arterial system.® It may be that this vascular dila-
tation is affecting not only the trigeminovascular
system but also the occipital artery, thus causing a
pulsatile irritation to nerves that are very closely
intertwined with the artery, specifically, the
greater occipital nerve. Because the occipital ar-
tery may receive its parasympathetic innervation
from the mandibular branch of the trigeminal
nerve atits origin from the external carotid artery,
increased activity within the trigeminovascular sys-
tem may directly affect blood flow throughout the
entire occipital artery. It has also been demon-
strated that there is shared function in cranial
nociception between the trigeminal nucleus and
the C2 segment®; increased activity in one should
likely induce increased activity in the other. Fur-
ther research in the field of neurology should yield
more in-depth theories and better understanding.

The exciting results from this anatomical in-
vestigation will spur further clinical work looking
into the relationship between the greater occipital
nerve and the occipital artery in migraine patients
with an occipital region trigger. Ligation of the
occipital artery proximal and distal to its inter-
twining or intersection with the greater occipital
nerve is more facile with the use of the topo-
graphic relationships uncovered in this study.
Thirty-eight percent of occipital trigger point pa-
tients did not achieve complete resolution of mi-
graine symptoms with surgical release; 38 percent
of the specimens in this investigation had a helical
intertwining relationship between the greater oc-
cipital nerve and the occipital artery. It will be
interesting to see whether addressing the artery-
nerve relationship surgically will bring the num-
ber of nonresponders closer to zero.
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