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Summary: Understanding the history and evolution of ideas is key to develop-
ing an understanding of complex phenomena and is the foundation for surgi-
cal innovation. This historical review on migraine surgery takes us back to the
beginnings of interventional management for migraine centuries ago, and re-
flects on present practices to highlight how far we have come. From Al-Zahrawi
and Ambroise Paré to Bahman Guyuron, two common themes of the past and
present have emerged in the treatment of migraine headache. Extracranial
treatment of both nerves and vessels is being performed and analyzed, with
no consensus among current practitioners as to which structure is involved.
Knowledge of past theories and new insights will help guide our efforts in the
future. One thing is clear: Where we are going, there are no roads. At least

Video not yet.

nderstanding the history and evolution
of ideas is critical in surgery and surgical
research. Knowledge of past theories and
new insights is key to developing an understanding
of complex phenomena and is the foundation for
surgical innovation. Migraine headache is an exam-
ple of a complicated disease that has been studied
for centuries without consensus as to its pathophysi-
ology or treatment. Historically, surgeons have
not been appreciably involved in the treatment of
patients suffering from migraine. Only in the past
two decades has extracranial trigger deactivation for
migraine headache been introduced and used more
routinely in surgical practice. However, the concept
of interventional therapy for migraine headache is
fascinating and dates back hundreds of years.
Thisarticle is focused on the surgical treatment
of migraine headache in the more recent past for
which well-preserved evidence exists. There are
scarce reports of earlier surgical treatments of the
head and neck that go back to ancient Egypt.!

Theories on the extracranial origin and cor-
responding treatment of migraine headache have
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existed for centuries. Early surgical interventions
for migraine focused mainly on the treatment of
blood vessels to alleviate migraine pain.

Remarkably, the first preserved description
of the operative treatment of migraine headache
can be traced back approximately 1000 years. Al-
Zahrawi, an Andalusian physician widely regarded
as the greatest Muslim surgeon of his time (936 to
1013 Ap?), was well known for treating the disease
by cauterization. His most important contribution
to the medical literature was Kitab al-Tasrif (Figs. 1
through 3), an encyclopedia of medicine and
surgery, which was translated to Latin and other
European languages and was considered a stan-
dard reference for medical students long after
his death. In this body of work, he extensively
described his technique for cauterization of areas
of the skull to alleviate migraine pain (Fig. 1).?
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Fig. 1. Depiction of cauterization procedure described by Al-Zah-
rawi. (From Aba al-Qasim Khalaf ibn “Abbas al-Zahrawi. Octauii
Horatiani rerum medicarum lib. quatuor: Albucasis chirurgicorum
omnium primarij, lib. tres; 1532. Image MS. Laud. Misc. 724m fol.
94r. Copy of original image and copyright obtained by Bodleian
Libraries, University of Oxford on November 29, 2017.)

His cauterization therapy for migraine fol-
lowed the principle of starting with simple, less
morbid interventions before escalating treatment
(Fig. 2).> As an initial intervention, he described
the use of caustic cauterization (Fig. 3)**

[...] take one clove of garlic [...] then cut open the
site of pain in the temple [...] until there is room to
contain the clove under the skin; [...] then bind up
the wound tightly [...] and leave for fifteen hours.*

An alternative to caustic cautery was actual
cautery:

[...] heat a cautery [...] apply it then to the site
of pain, hold your hand steady and revolve it lit-
tle by little. Let the thickness of the skin burnt be
about half; [...].*

In chronic cases, Al-Zahrawi suggested the
following:

[...] cauterize him over again a little above the
first cautery; then cauterize him on each frontal
prominence with one cautery so as to remove the
thickness of the skin and expose [...] bone [...]

Fig. 2. Preparation of surgical instruments and various opera-
tions on the head including trepanning and cauterization by
Al-Zahrawi. (From Abu al-Qasim Khalaf ibn “Abbas al-Zahrawi.
Octauii Horatiani rerum medicarum lib. quatuor: Albucasis chirur-
gicorum omnium primarij, lib. tres; 1532. Image MS. Rawl. C.
328, fol. 4r Copy of original image and copyright obtained by
Bodleian Libraries, University of Oxford on November 29, 2017.)

and burn him with one stroke on the hinder part
of the head known as the occiput; [...] .*

To see the full English translation of migraine
therapies by Al-Zahrawi, see Appendix 1. (See
Appendix, Supplemental Digital Content 1, which
shows text excerpts on the surgical treatment of
migraine by Al-Zahrawi borrowed from the 1973
English translation of Al-Zahrawi’s medical treatise
from the 1400s, http://links.lww.com/PRS/C997.*)
Approximately 600 years later, the famous French
barber-surgeon Ambroise Paré (1510 to 1590)
rejected the notion of cauterization. Paré served
as a military surgeon under several French kings,
and at the time the standard of care for battle-
field injuries was cauterization. However, keenly
aware of the morbidity and mortality associated
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“ When [..] the patient has cleared his head with
purging drugs and there has been applied the other
treatment that | have mentioned in the sections on
diseases, but to no avail; in this disorder cauterization
is of two sorts, either with caustic or with the actual
cautery. This is the manner of cauterization with
caustic: take one clove of garlic [...] then cut open the
site of pain in the temple [...] until there is room to
contain the clove under the skin; [...] then bind up the
wound tightly [...] and leave for fifteen hours; then
unbind it, remove the garlic, and leave the wound open
for two or three days; then apply cotton wool soaked in

butter until it suppurates ”

Fig. 3. Latin translation of Al- Zahrawi’s Kitab al-Tasrif (Abu al-Qasim Khalaf ibn “Abbas al-Zahrawi. Octauii Horatiani rerum medi-
carum lib. quatuor: Albucasis chirurgicorum omnium primarij, lib. tres; 1532), with excerpts from an English translation (Abd al-Qasim
Khalaf ibn “Abbas al-Zahrawi. Albucasis on Surgery and Instruments: A Definitive Edition of the Arabic Text with English Translation
and Commentary. Berkeley: University of California Press; 1973). (Image and copyright obtained from the Center for the History of
Medicine, Countway Library of Medicine, Harvard University.)

Fig. 4. lllustration depicting the bec de corbin from an English translation of Paré’s Treatise on Surgery (Ambroise Paré. The
Works of Ambrose Parey, Chyrurgeon to Henry ll, Francis Il, Charles IX, and Henry lll, Kings of France. London: J. Hindmarsh; 1691).
(Permission for use granted from the Center for the History of Medicine, Countway Library of Medicine, Harvard University.)
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Fig. 5. Paré’s description of ligation of his own and his patients’ superficial temporal artery as published in his Treatise on Surgery
(below, left and above, right) (Ambroise Paré. The Works of Ambrose Parey, Chyrurgeon to Henry I, Francis Il, Charles IX, and Henry
Ill, Kings of France. London: J. Hindmarsh; 1691). On a side note, Paré describes blepharoplasty (below, right). (Permission for use
granted from the Center for the History of Medicine, Countway Library of Medicine, Harvard University.)

with cauterization on the battleground, Paré
instead promoted the notion of vessel ligature, and
invented a surgical instrument known as the bec
du corbin, which resembles the modern hemostat
(Fig. 4).> He went on to apply his concept of ves-
sel ligature to the treatment of migraine headache,
and described ligation of the superficial temporal
artery for headache pain in his textbook Treatise on
Surgery (Fig. 5).°

I open this (artery), as wee use to do in the bleed-
ing of a vein, with one incision, and take more
then two sawcers of blood flying out with great
violence, and leaping; [...] Yet this opening of an
arterie is [...] troublesome stay the gushing forth
blood, and [...] when it is cicatrizes there may bee
danger of an Aneuisma. Wherefore they think it
better [...] to divide the skin, then to separate the

arterie from all the adjacent particles, and then to
binde in to places; and lastly divide it, as wee have
formerly told you must bee don in Varices [sic].®

Of historical note, most portraits of Paré
emphasize his superficial temporal artery, which
he eventually ligated to treat his own migraine
pain (Fig. 6).° See the full text of Paré’s approach
to migraine surgery in Appendix 2. (See Appen-
dix, Supplemental Digital Content 2, which
shows text excerpts on the surgical treatment
of migraine by Ambroise Paré borrowed from
his Treatise on Surgery, http://links.lww.com/PRS/
C998°)

An extended approach to treating vessels was
used by Aretaeus of Cappadocia (Turkey) (Fig. 7).
His work did not become known until long after
his death, when copies were printed in Latin in
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Fig. 6. Portrait of Ambroise Paré depicting a prominent left
superficial temporal artery. (Permission for use granted from the
Center for the History of Medicine, Countway Library of Medi-
cine, Harvard University.)

Fig. 7. Portrait of Aretaeus. (From Janos Z. Icones veterum ali-
quot ac recentium medicorum philosophorumque, elogiolis suis
editae. Antverpiae: Ex officina Christophori Plantini; 1574. Open
source, available at: https://collections.nlm.nih.gov/catalog/
nim:nimuid-101434447-img. Accessed October 30, 2017.)

1552. Few bibliographic details are known about
him, but he is thought to have practiced between
100 and 200 ap.” Considered one of the greatest
medical scholars after Hippocrates, Aretaeus is
known for his detailed classification of headache,
which is referenced in the literature to this day.’
Unfortunately, only two books of Aretaeus have
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survived, a pathology textbook (De causis et sig-
nis acutorum et chronicorum morborum) and a clini-
cal textbook (De causis et signis acutorum).® In his
approach to treating headache, he advised sur-
geons to...

Incise the vein that runs upward in the middle
of the forehead, as bleeding here is very impor-
tant [. . .] then carry out a good-sized incision
at the crown in order to draw a large quantity of
blood and to incise the deep layer. Incisions that
get to the bone are beneficial to headache. If the
wounds have become scars, then cut out the ar-
teries. There are two on either side. One is situ-
ated behind the ear [...]. The other lies before
the ear, close by. It runs along the tragus. [...]
Cut out the bigger arteries where they lie on the
bone, because it is very good if one removes these
arteries.’

Many physicians who treated migraine pain
subsequently chose blood-letting as their treat-
ment of choice. Famous examples include Thomas
Willis (1621 to 1675), considered by many to be
the father of modern neuroscience, and Robert
Whytt (1714 to 1766), one of the most accom-
plished Scottish neurophysiologists of his time,
who promoted arteriotomies at the headache
site. Whytt also applied leeches to the temples.'
Another concept, described by W. Mollendorff in
1867, was compression of arteries for treatment of
headache pain."

During a hemicranial attack the common carotid
artery on the painful side is compressed [...] so
much that the pulse of the temporal artery starts
to disappear, the head pain wears off as if by mag-
ic [...] the other way round, the pain, if not yet
reached its full climax, increases by compression
of the carotid artery on the other side."

This same concept was used in Europe in the
Middle Ages to treat migraine pain by using an
“imposition crown.” The crown applied pressure
to points corresponding to migraine pain.

In modern times, several authors have revis-
ited the ancient concept of vessel involvement
and migraine pain. In 1976, Dr. Alexander D.
Rapidis, a neurosurgeon from Athens, Greece,
summarized efforts made by other surgeons to
treat migraine headache by vessel interventions
that were met with varied success. He himself
treated eight patients with superficial tempo-
ral artery excision with follow-up of 1 to 4 years.
In one patient, the pain relief lasted for only 6
months, whereas the others experienced com-
plete migraine relief.’* More recently, Dr. Elliot
Shevel, an oral and maxillofacial surgeon based in
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South Africa, demonstrated significant pain relief
in migraine patients after cauterization of extra-
cranial vessels, including the external carotid
artery, maxillary artery, and superficial temporal
artery.”* Furthermore, Dr. Bahman Guyuron,
who founded the current migraine surgery move-
ment, has described his efforts to identify arterial
signals by means of Doppler ultrasound to con-
firm nerve irritation by adjacent vessels as an aid
to patient selection, and his technique for per-
forming arterectomy to treat pain at this site."

A newer approach to migraine headache pain
involves the treatment of extracranial nerves. Drs.
Bruce C. Martin and Phillip J. Fagan published
the first report on the surgical therapy of occipi-
tal neuralgia in Plastic and Reconstructive Surgery in
1964."° In this series, five patients were treated by
excising segments of the greater occipital nerve,
lesser occipital nerve, third occipital nerve, and
posterior auricular nerve with satisfactory results,
although no further explanation was given
(Fig. 8).'° At the time of surgery, absolute alcohol

Intact Nerves

W’th

was injected into the area after excision. Several
years later, Dr. Alexander Rapidis referenced arti-
cles published between 1904 and 1955 in which
treatment of migraine was described as follows:
“the section of the trigeminal pathways provides
relief from pain at the expense of permanent
facial analgesia” and “in some limited cases the
injection of alcohol in the gasserian ganglion
of the affected side of the face was successful.”'?
There have been further reports about contact
point headache surgery in the ear, nose, and
throat literature.'”” An article published in 1992
reported that 299 patients with nasal abnormal-
ity and migraines underwent septal correction,
resection of the middle concha, ethmoidectomy,
and sphenoidectomy. In this report, 78.5 percent
of patients had complete cessation of migraine
headache after surgery; 11.5 percent had a sen-
sation of pressure in the head occasionally, but
no further migraines; and 11 percent contin-
ued to experience rare, mild headaches of short
duration.
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Fig. 8. Surgical therapy for occipital neuralgia. In 1964, B. C. Martin and P. J.
Fagan published the first report on the surgical therapy of occipital neural-
gia in Plastic and Reconstructive Surgery (Martin BC, Fagan PJ. The surgical
therapy of certain occipital headaches. Plast Reconstr Surg. 1964;33:266—
268). (Permission for use granted from Wolters Kluwer Health, Inc., Plastic

and Reconstructive Surgery.)
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Since the first description of surgical interven-
tions for migraine headache, migraine surgery
has become much more sophisticated. Impor-
tantly, in 2000, Dr. Bahman Guyuron developed
and promoted a theory that migraine pain can be
triggered by nerve compression at specific points
across the skull.” Since then, multiple anatomical
studies have elucidated the anatomy of pericra-
nial sensory nerves and confirmed entrapment
in bone, muscle, fascia, and vessels.'>!*-3* This
led to identification of trigger sites and improve-
ment in detection of nerve compression at these
sites through clinical assessment and imaging
studies.'>'®%=% Current reported triggers are cat-
egorized as follows: frontal (first; supraorbital
and supratrochlear nerves), temporal (second;
zygomaticotemporal nerve), rhinogenic (third),
occipital (fourth; greater occipital nerve), auricu-
lotemporal (fifth), lesser occipital (sixth), and
nummular (seventh). Guyuron further described
the surgical treatment of trigger sites, which has
since evolved to include open, endoscopic, and
minimal incision techniques. Neurovascular
structures are now addressed by decompression,
neurectomy, arterial ligation, and arterectomy
depending on the anatomical location and under-
1y1ng pathophysiology.20‘23'31'35‘39'40'43’46"61 Wlth
current techniques, numerous clinical outcome
articles report success rates between 68 and 95
percent for patients undergoing migraine sur-
gery.18—20,23,24,31,33,35,36,38,39,41,43,44,46—51,54,56—74 Based on a
large body of literature and Dr. Guyuron’s work,
several international groups have been able to rep-
licate hisresults,and migraine surgeryhasbecomea
treatment modality available to patients who suffer
from migraine around the world.?!3!.5761.6365.68.71-76

Interest in the surgical treatment of migraine
headache has increased with mounting evidence
that certain patients have extracranial triggers
that can be addressed surgically.”-** Although the
future of migraine surgery and the extracranial
pathophysiology of migraine remain unclear, it
is fascinating to explore and learn from the past.
From Al-Zahrawi to Bahman Guyuron, two recur-
rent themes have emerged among doctors and
surgeons who have tried to intervene on behalf
of migraineurs. The first is treatment of pain by
compression, cauterization, ligation, excision,
leeching, or blood-letting from vessels. These
techniques are centuries old, yet some are still
practiced today.'*'>™ The second is transection
or decompression of nerves to improve migraine
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headache pain, which represents a newer theory.
Although nerve decompression is by far the more
popular technique, nerve transection is still used
for especially severe cases.”

Of note, some of the techniques described in
this article were intended to exclusively treat either
vessels or nerves, but it is likely these approaches
addressed both structures simultaneously. It is
intriguing to hypothesize that, when Aretaeus
incised the crown of the head down to the bone
to excise the vessels, he likely decompressed or
even transected nerves during the procedure.’
Similarly, when Drs. Martin and Fagan excised all
the occipital sensory nerves and injected absolute
ethanol into the surgical bed, these vessels were
unlikely to escape injury.'®

From all appearances, both vessels and nerves
play a role in the surgical treatment of migraine.
Nevertheless, despite a long history of surgical
intervention, a clear consensus has not evolved.
Many anatomical studies have shown that nerves
can be compressed by different tissues such as
bone, muscle, fascia, fascial bands, and vessels,
depending on the site.”” However, only some of
these tissues have been investigated for their
involvement in migraine pain.

Although most current articles focus on treat-
ment of nerves, vessel involvement has been
investigated. Ducic et al. treated 25 patients with
bilateral occipital neuralgia with decompression
of the greater occipital nerve and collected a seg-
ment of the occipital artery for pathologic evalua-
tion. None of the arteries showed vasculitis. They
concluded that irritation of the nerve was caused
by mechanical compression by the vessel rather
than inflammation of the vessel.¥ On the con-
trary, Del Fiacco et al. showed that the arterial wall
of scalp arteries of patients with chronic migraine
demonstrated a significant increase in TRPV1-LI
nerve fibers (nociceptor) compared to controls.
They concluded that an increase of periarterial
nociceptive fibers may represent a structural con-
dition favoring migraine by causing a higher sen-
sitivity to algogenic agents, such as substance P
and calcitonin gene-related peptide.*

Clinically, Dr. Guyuron compared 55 patients
who had undergone occipital artery resection to
controls and reported that occipital artery resec-
tion lowered the success of occipital surgery,
suggesting that routine removal may not be nec-
essary.”’ On the contrary, Raposio and Caruana
reported that in patients with visible intraopera-
tive dilation of the occipital artery, ligation alone
produced better postoperative results in compari-
son with ligation of the artery and decompression
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of the nerve combined.®? Furthermore, Shevel
and Spierings, who exclusively treat arteries by
ligation or cauterization, report encouraging
results.'>!*

Most recently, basic scientific data have shown
involvement of different pericranial structures in
migraine pain. Guyuron et al. performed electron
microscopy and proteomics of nerves removed
during migraine surgery and reported axonal
abnormality and deregulation of the myelina-
tion process in patients with migraine headache
versus controls.®® In addition, new evidence has
surfaced that the calvarial periosteum in chronic
migraineurs demonstrates significantly increased
expression of proinflammatory markers and
decreased expression of genes that suppress
inflammation and immune cell differentiation.™
The authors conclude that when the structural
environment surrounding periosteal nerve fibers
isinflamed, it activates trigeminovascular nocicep-
tors that reach the periosteum through intracra-
nial meningeal nociceptors and/or extracranial
nerves, such as the occipital nerve. This finding
is further supported by human and animal data
showing that sensory and pain fibers cross the cal-
varial bones through cranial sutures and connect
intracranial and extracranial axons.®*%7

This raises the question: Which part of our
ancestors’ procedures were important for pain
relief? Arteriotomy? Nerve excision? Or cutting
down to bone?

What we do know, is that we have come very
far from the first description of interventions for
migraine by our predecessors. In 2000, a new era
of migraine surgery began with detailed anatomi-
cal, basic scientific, and clinical studies published
to describe and advance surgery for the treatment
of migraines. Based on close to 20 years of peer-
reviewed published articles, migraine surgery is
now considered safe and effective in the treat-
ment of a select group of migraine patients with
extracranial triggers.

Two common themes of the past and present
have emerged involving the extracranial treat-
ment of nerves and vessels, with no consensus
among current practitioners as to which structure
is involved. With new research tools and tech-
nologies, it is an exciting time to elucidate the
mechanism behind the success or failure of surgi-
cal therapies. Keeping history in mind will help
guide our efforts in the future. One thing is clear:

Where we are going, there are no roads. At least
not yet.
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