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Role of the Extracranial Arteries in Migraine
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ABSTRACT: The pain of the migraine headache is often so debilitating that it severely compromises
quality of life. The vascular component of the trigeminovascular system has been implicated in the pain
mechanism. There is, however, debate as to whether the pain originates in the intracranial or extracra-
nial vasculature or in both. In this article, evidence is presented to suggest that the extracranial arteries
are the source of the pain in some migraine sufferers.
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igraine is a common condition with a l-year

prevalence of approximately 18% in women,

6% in men, and 4% in children.! It has been
shown that the intensity of the pain, combined with the
concomitant neurological, gastrointestinal, and sensory
symptoms, reduces the quality of life of migraine suffer-
ers significantly.?? The quality of life of migraine suffer-
ers is worse than that associated with other major
conditions, such as arthritis and diabetes. It is comparable
to the level of dysfunction seen with recent myocardial
infarction or congestive heart failure.* In order to develop
more effective abortive and preventive treatment modali-
ties for migraine headache, it is essential to have a clear
understanding of the mechanisms involved.

The first recorded reference to the involvement of the
extracranial vasculature in headache is attributed to Abu
Qasim al-Zahrawi.’ This renowned Moorish physician,
known in the West as Abulcasis or Abucalsis, treated
headache by surgical ligation of the superficial temporal
artery. Ambroise Pare (1510-1590), regarded by many as
the father of modern surgery, divided his own superficial
temporal artery to relieve his migraine headaches.®

Hare” observed “headache . ... to diminish in intensity
locally when the particular artery which supplies the
affected region is pressed on.” He found that compressing
the occipital, superficial temporal, or angular artery
relieved the headache over the distribution of the relevant
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vessel. Similar findings stimulated interest in the role of
the branches of the external carotid artery in vascular
headache.3-1? Studies on the pulse waveform during
migraine headache of the superficial temporal, occipital,
supra-orbital, and posterior auricular arteries indicated
that they were a major source of pain in migraine.!!"?
Graham and Wolff8 became the main protagonists of the
then popular view that the pain of the migraine headache
originates in the extracranial arteries (Figure 1).

The importance of the role of the extracranial vascula-
ture was later challenged, and experimental evidence
was produced to support the view that the pain of the
migraine headache is predominantly of intracranial
origin.!#'7 Blau and Dexter!” set out to show that the pain
of the migraine headache is intracranial in origin,’s and
suggested that the following points favored an intracra-
nial origin of the pain:

1. In temporal arteritis, when the superficial arteries are
inflamed, headache is prominent but nausea, vomit-
ing, and photophobia are absent. In meningitis, how-
ever, headache, nausea, vomiting, and photophobia
are cardinal symptoms and signs. As the headache
phase of migraine mimics meningitis, they make the
tenuous conclusion that the pain in migraine is
intracranial in origin.

2. Coughing, sneezing, and bending down potentiate
the pain in most migraine sufferers due to raised
intracranial pressure.

3. Jolting the head from side to side increases the pain
in migraine.

4. Histamine headache simulates migraine.

5. Evidence from ocular and conjunctival vessels.

Blau and Dexter!7 actually found that 43% of their

Figure 1

The superficial branches of the external carotid artery. There are
extensive anastomoses between the branches, and between the left
and right sides.
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subjects experienced pain relief by digital compression of
the superficial temporal arteries, or by compression of all
the superficial terminal branches of the external carotid
arteries by means of an inflated sphygmomanometer cuff.
They state in their summary that “an extracranial factor is
also present.”

Ergotamine

The efficacy of ergotamine in terminating migraine
headache!#20 provided the opportunity to study changes
in the pulsation amplitude of the superficial temporal and
qccipital arteries, before and after successful treatment.
Graham and Wolff,8 using intravenous ergotamine, found
that the “amplitude of pulsations declined with the dimin-
ishing intensity of the headache. When the amplitude of
pulsations decreased slowly, headache likewise dimin-
ished slowly. When the amplitude dropped precipitously,
the headache was ended promptly.” They concluded that
“the head pain of the migraine attack is produced by the
distension of the cranial arteries and that termination of
the headache by ergotamine tartrate is due to the capacity
of this agent to constrict these cranial arteries and thus
reduce the amplitude of their pulsations.”

Although ergotamine causes vasoconstriction of the
extracranial arteries, it does not affect cerebral blood
flow.2! even when effective in abolishing migraine
headache .22 The conclusion that the therapeutic effect of
ergotamine depends on its ability to produce exiracranial
vasoconstriction led to experimentation with other vaso-
constrictors: administration of ergonovine, caffeine, ben-
zedrine, ephedrine, and pitressin all resulted in reduction
of the migraine headache, commensurate with a reduc-
tion in the pulsation amplitude of the superficial temporal
artery.!0

Intracranial Pressure

Schumacher and Wolff?® devised a method of rapidly
increasing cerebrospinal fluid pressure by connecting the
subarachnoid space with a column of sterile physiologi-
cal saline. The column could be raised or lowered to
increase or decrease the cerebrospinal fluid pressure
respectively. In headache due to dilation of cranial arter-
ies, pain reduction when the cerebrospinal fluid pressure
is increased indicates the intracranial arteries to be the
origin of the pain. On the other hand, no reduction in pain
intensity indicates the pain to originate extracranially.
Schumacher and Wolff2? studied two groups of patients:
one with migraine headache and the other with hista-
mine-induced headache. In the eleven patients with hista-
mine-induced headache, the pain was relieved within
15-90 seconds of raising the intracranial pressure. In
seven of these, there was a constant relationship between
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changing the cerebrospinal fluid pressure and the inten-
sity of the headache. The subjects always experienced a
recurrence of the pain following a rapid reduction of the
pressure; the headache was relieved when the intracranial
pressure was increased by an average of 350 mm H,0O.

In six out of seven subjects with migraine headache,
however, no change in pain intensity occurred, even
when the cerebrospinal fluid pressure was increased {0 as
high as 700 to 1000 mm H,O for up to 30 minutes. In one
subject, there was reduction in headache intensity, but the
authors suggested that this was possibly due to sponta-
neous resolution of the headache. Other patients had pre-
viously experienced spontaneous resolution of their
headaches while waiting for the experiment to be carried
out, but it is also possible that in this subject the pain was,
indeed, intracranial.

They concluded that: 1. The pain of histamine-induced
headache originates from the intracranial vessels; and
2. The pain of migraine headache is extracranial in origin.

Blau,'> in an attempt to refute Wolff’s!! extracranial
hypothesis, quoted Von Storch,2 who stated that hista-
mine headache simulated migraine headache in 33 out of
37 migraine sufferers. He argued that this was evidence
in support of the intracranial origin of the pain of the
migraine headache. The fact that histamine also causes
headache in nonmigraine sufferers was glossed over; fur-
thermore, histamine headache is not migraine and is not
accompanied by nausea and vomiting.

Pulsation Amplitude of the Branches of the External
Carotid Artery

Graham and Wolff® first demonstrated a positive corre-
lation between the amplitude of pulsation of the branches
of the external carotid artery and the intensity of the
migraine headache. Further studies showed that the mean
pulse amplitude of the frontal branch of the superficial
temporal artery was twice that of normal controls.'? It
was also shown that the temporal pulse diminished in
amplitude by 12-84% in migraine sufferers as they stood
up from lying down, while only minor changes (9-13%)
took place in normal subjects.?® Following exercise, the
temporal artery on the affected side in migraine sufferers
dilated more than on the headache-free side.2¢ The lumi-
nal diameter of the frontal branch of the superficial tem-
poral artery, measured with high resolution ultrasound,
was significantly larger on the symptomatic side than on
the non-symptomatic side, during but not between
headaches.?’

Heyck!4 was unable to repeat Graham and Wolff’s8
experiments and in the light of this and other evidence,
which will be discussed later, Blau!s concluded that
“there is no relationship between the temporal artery pul-
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sation and the presence or absence of headache.” Others?*
27 have, however, confirmed Graham and Wolff’s® find-
ings. This also suggests that Heyck’s' failure was because
of the considerable technical difficulty in obtaining
reproducible pulse recordings from scalp vessels.

Ocular and Conjunctival Vessels

Blau!s stated that certain reactions of the ocular and
conjunctival vessels during migraine headache were
points in favor of an intracranial origin of the pain. The
vessels of the optic fundus derive solely from the internal
carotid artery, and if the pain were due to dilation of the
intracranial vessels, the fundal vessels would, therefore,
be expected to reflect this. The opposite is in fact true: the
vessels of the optic fundus show no significant changes
during migraine attacks; the conjunctival vessels, on the
other hand, which arise from both internal and external
carotid arteries, do dilate during migraine pain.

Blau's also suggested that the conjunctival vasculature
reflects the meningeal circulation but later in the same
article, he retracted the statement.

Inflatable Head Cuff

Blau and Dexter!” used a spectally designed sphygmo-
manometer cuff, fitted around the head and inflated to ten
mm Hg above the patient’s systolic blood pressure for 20
seconds, to occlude the extracranial arteries in 48 migraine
sufferers. In 21 (43%) of these patients the headache
decreased, in 12 (25%) there was no change, and in 15
(31%) the headache was made worse. They concluded
that this was “evidence for an intracranial element in
migraine.” However, the fact that there was decreased
pain in 43% of the patients indicates that in these patients,
the pain originated in the extracranial and not the intracra-
nial vessels.

Preliminary results of a similar study carried out at'the
Headache Clinic in Johannesburg, South Africa indicate
that the best results are obtained when the cuff is inflated
to ten mm Hg below the systolic blood pressure with the
patient seated. In a sample of 35 patients, 71% had pain
relief, in 6% the pain was worse, and in 23% there was no
change. When the pressure was increased to ten mm Hg
above the systolic blood pressure, however, only 47%
experienced pain reduction, whereas in 18% the pain was
worse, and 35% experienced no change. The difference
may be due to the increased pressure exerted on poten-
tially tender scalp tissue, including blood vessels and
muscles; also, local pain threshold is decreased during
migraine headache,!2 causing cutaneous allodynia.?

There is no certainty, however, that patients who still
have pain when the cuff is applied, are indeed experienc-
ing pain from an intracranial source. The inflatable cuff
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only compresses the extracranial arteries and not, for
example, the internal maxillary artery, also a branch of
the external carotid artery, and its branch, the middle
meningeal artery. It remains a possibility that some of the
patients without relief from the inflatable cuff are experi-
encing pain from these deeper branches of the éxternal
carotid artery, or may have pain related to nonvascular
mechanisms. .
Intracranial Vascular Tests

Blau and Dexter!? used three tests to determine whether
the pain of the migraine headache was intracranial or
extracranial in origin. The tests were: 1. Breath holding in
mid-inspiration for 30 seconds; 2. head jolt: subjects
rotated the head three times rapidly from side to side
through 180°; and 3. coughing: patients were asked to
give three vigorous coughs.

They concluded from the results of these tests that 49
of the 50 subjects studied had pain of intracranial origin.
However, their assumption that the tests only affected the
intracranial and not the extracranial vasculature, does not
seem logical. They clearly did not take into account the
fact that performing any of these maneuvers would also
raise the extracranial intravascular pressure.

Cranial Blood Flow

A number of cerebral blood flow studies using the
133Xe-inhalation method have shown blood flow to be
reduced transiently during migraine aura, without change
during the migraine headache.?3? Sakai,** on the other
hand, also using the 33Xe-inhalation method but looking
at extracranial blood flow, found it to be increased during
migraine headache.

Digital Arterial Compression

There are numerous references in the literature to the
reduction of the pain of the migraine headache by digital
compression of one or more of the extracranial branches
of the external carotid artery.”-!3 In one study of 63
migraine sufferers, digital compression of extracranial
branches of the ipsilateral external carotid artery during
migraine headache reduced or eliminated the pain in 23
(36%) of them.3* A simple bedside test has been described,
using the Valsalva maneuver and digital temporal artery
compression, to differentiate between intracranial and
extracranial pain in cases of vascular headache. With
headache due to vascular dilation, the pain improves
during the maneuver, to worsen again within 2-5 seconds
thereafter, gradually settling down to its normal level in
15-30 seconds. This occurs with both intracranial and
extracranial vascular pain due to the lowering of the
blood pressure, resulting from the decreased venous
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return caused by the Valsalva maneuver. In patients
where the pain does not recur when the test is carried out
while both superficial temporal arteries are occluded, it
may be concluded that the pain originates in these ves-
sels. Approximately 95% of patients studied appeared to
have extracranial pain determined with this technique.®

Regarding the above bedside test, Drummond and
Lance* made the assumption that the pain is extracranial
only in cases where occlusion of the ipsilateral artery
eliminates the pain. There are, however, extensive anas-
tomoses between the terminal branches of the external
carotid arteries, within and between the sides of the
head.3¢ Due to these anastomoses, occlusion of only one
superficial temporal artery may not reduce blood flow to
the painful area sufficient to allow resolution of the pain.

Vascular Surgery

Successful treatment of migraine headache by means
of surgical ligation of the terminal branches of the exter-
nal carotid artery has been reported.”4 Most reports
describe ligation of the superficial temporal and occipital
arteries but other branches have also been implicated.
Dickerson*!reported thatresection of the middle meningeal
artery, a branch of the internal maxillary artery, abolished
migraine headaches in some patients: in others, the inten-
sity of the pain was reduced. Cook*? and Bouche®
described the successful treatment of migraine headache
by cryosurgical ablation of the superficial temporal,
occipital, and sphenopalatine arteries.

Discussion

Clinical and experimental consideration suggests the
pathogenesis of the migraine headache to be intimately
linked to the trigeminal innervation of the cranial blood
vessels.* Dilation of these blood vessels and the conse-
quent stimulation of the surrounding trigeminal sensory
nerve fibers represent key mechanisms in the generation
of the pain of the migraine headache #5 The exact mecha-
nism of how the perivascular trigeminal nerve terminals
are stimulated is not completely known, but evidence
suggests that local transmitters, such as calcitonin gene-
related peptide, are involved. Orthodromic conduction
along the trigeminovascular nerve fibers transmits the
nociceptive information centrally, via the trigeminal
nucleus caudalis onto third-order neurons in the thalamus
and, from thereon, to cortical structures where the pain is
perceived.# There is, however, controversy as to whether
the pain originates from the intracranial or the extracra-
nial arteries. In this article, evidence is presented to sup-
port the view that in certain patients, the pain of the
migraine headache originates in the extracranial arteries.
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This is demonstrated by: a. the effect of ergotamine, b.
changes in intracranial pressure, c. compression by
means of an inflatable cuff or digital pressure, d. intracra-
nial vascular tests, e. cranial blood flow studies, and
f. surgical ablation.
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