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The Mystque of Migraine

Part II: Is it Vascular:

Summary

This paper reviews many research
reports concerning the vascufar
changes winch occur during migrarne
attacks. It looks 2t the omgins of ohe
vascrfar theory, chen describes che
foundarional research conducred by
Walif and his colfeagues, through ro
recent studies on infracramal and
extracranial blowxd fow. The author
disctisses amd inferprets mhese
findings and then rdeneifics the
wrrresalved ssies wilch make fum
bedieve that i spite of alf the
sophesticated research information we
shonefd sofl adhere ro ohe present
inrernariona! clssiffcanion of headiche
wiich calfs mugrarme sty mygrarie.
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Introduction

SOmenmes it seems that the more we
learn, the more we become aware of
how much more there is to koo,
There scems o be a cycle, We start
with a simplistic understanding.
Then, as we become aware of the
complexities, we beoome less certain
or even confused. Only later do we
put the ‘many picces’ ogether o
form a coherent picture such that our
understanding is once again simple,
bur no longer simplistic,

With migraine it would seem that we
are presently in the ‘many pieces’
stage. Uneil recently, we had a pretry
straightforward understanding of
migraine in terms of the vascular
theory. Now we are not so sure.' We
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have more informarion than ever
before, but have not yet managed to
put it together. As Edmeads has put
it, “The difficulty with even the
hardest evidence is that it must be
first evaluated and then interpreted,
processes that are subjective and

| fallible.™ The mystique of migraine

remains.

This paper reviews what is ko
concerning the vascular changes that
occur dunng migraine amacks, o
begins with a boef overview of the
vascular theory and s origins,
followed by a desenprion of the
foundarional research conducted by
Woalff and his colleagues, through o
the present day smidics of both the
mtracranial and extracramial blood
flowe. The paper concludes with a
discussion of these findings and the
identification of unresolved issues
concerning the vascular theory,
Subsequent papers will review the
evidence for the roles plaved by neural,
haemarological, and paychological
factors in the pathogenesis of migraine.

The Vascular theory

This theory has been so widely
accepred thar until very recently, all
forms of migraine headache have
been classified as “Vascular headaches
of the Migraine rype™*?

According to the vascular theory, the
imitial event of the migraine atrack is
vasoconsrrction which leads ro
cerebral hypoxia. The hvpoxia
[Believed responsible tor the aura of
classic migraine | resules in reactive
vasodilation which is considered o
be the cause of the pounding
headache so characteristic of
migraine. The vascular theory also
allows for a secondary *sterile’
inflammarion as an important
contributor to the pain,
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The origins of the vascular theory go
way back. Following Harvey's
discovery of the circulation in the
17th century, Thomas Willis
(1621-1675) articulated a theory that
headache was caused by dilation of
the blood vessels within the head
Later, Latham {1872) speculared thar
the visual auras were due to defecrive
blood supply to onc side of the brain
resulting from conrraction of the
cercbhral arteries.®

Wolft and colleagues: layving
the toundations

The experimental basis of the
vascular theory was laid by Harold
Waltt and his collcagues beginning
in the 1930s. Their major
conclusions and supporting rescarch
are described below, ™

Their first conclusion was <hat the
pain of migraine was caused by
distension of the exrracranial, rather
than the intracranial cercbral arteries.
In 1938, Graham and Wolff* studied
the pulsarion of the scalp arteries
(especially the superficial temporal

Until recently all forms of
migraine have been classified as
“vascular headaches of the

migraine tvpe’,

—_—

artery) during migraine headaches
before and atter the administration of
ergotamine. The intensity of migraine
headache paralleled the amplirude of
pulsation of the arteries. Ergotamine
decreased the intensity of the pain
parallel to a decrease in the amplitude
of pulsation. In conrrast, the
intracranial pulsations, measured
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indircctly by recording the amplirude
of cerebral spinal fluid | CSE)
pulsations through a lumbar
puncrure necdle, bore no relatonship
ter the headache,

A second conclusion was thar the
extracranial arteries could produce
headache only if they were subjected
o an endogenous “pain threshold
lowering substance™ - distention and
increased pulsatilicy alone were not
enough, Migraine sufferers and non-
headache subjects were warmed to
produce dilation of the scalp arteries.
There was no pain, Blister fluid was
then injected around the dilated
vessels, resulting in the immediare
development of headache, Injection
of blister fluid around undilated
vessels did not cause pain. In 1953,
Wolff and Tunis demonstrated thar
migraine sufferers had decreased pain
threshold at the site of the pair
during migraine headache as
compared to the headache-free
interval." In 1960, Chapman and
Wolff arrribured chis decrease in pain
threshold to the accumulation of a
substance initially referved to as
*headache stufl” and later called
*ncurckinin’'’ They retrieved it from
perfusates of the skin, showed its
activity was closely related to the
intensity of the pain and that its
activity decreased sharply with the
administration of ergotamine, parallel
o a decrease in pain intensity.

Their third conclusion was thar visual
auras were produced by decreased
cerebral blood flow. They had
subjects inhale varying amounts of
amylnitrate during their auras. A
small amoune, sufficient to cause
vasadilation but not hypotension,
cleared the aura, A larger amoune,
which produced hypotension as well
as vasodilarion (thereby reducing
cerehral blood flow), intensified and
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prolonged the aura, In 1950,
Marcussen and Wolff further tested
the hypothesis that the mechanism
underlying the aura symptoms was
transient constriction of cercbral
blood vessels leading 1o cerebral
hypoxia. Patients were asked to inhale
carbon dioxide, a cerebral
vasodilator, during the development

... thus, headache was
associated with intracramal
large artenal dilation on the
headache side.

of the migraine aura. During
inhalation of the gas, the symptoms
rransicntly regressed, but returned to
their former intensity once inhalation

was stopped,

Subsequent rescarch

The blood flow of the head can be
classified in 2 number of ways
including extracranial versus
intracranial and cerebral versys
noncerebral, but it would seem that
the pertinent classification as far as
migraine is concerned, is external
versus internal carotid blood supply.
The internal carotid arteries supply
large areas of brain tissue (the
cerebrum), The external carotids
supply areas that are mainly
extracranial, but in addition, have
branches such as the middle
meningeal artery thar are intracranial,
but not cerchral.

Internal Carotid/ Intracranial/
Cerebral Blood Flow

Cerebral angiography has
occasionally been performed during
formitously’ occurring migraine
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auras and headaches. The angiograms
have been normal * Even when
cerebral blood flow has been
markedly reduced during auras,
vasospasm has not been observed.
Likewase, even when the cerebral
blood flow has been sigmficantly
increased during migraine headaches,
angiograms have not shown
vasodilation.

Major advances have been made in
the understanding of regional
cercbral blood flow {rCBE) due o
the development of the xenon
clearance technmique. Methods of
measuring rCBF actually measure
nssue perfusion, Tissue pefusion is
regulated by the arterioles which
account for more than 80% of the
total cerebrovascular resistance. ™
Two techniques are available; the
intra-carotid method and the
inhalation technigque. With the
inhalarion techmique, Xenon (133 Xe)
15 introstuced through the lungs
which has the enormous advantage of

Are common and classic
migraines distinct entities?

not requinng artenal puncture. Early
o, this technique suffered the
disadvantage of not clearly
distinguishing extracranial from
intracranial flow. Now, it is not only
feasible to separate intracranial from
extracranial flow but also to
distinguish carotd from
vertebrobasilar circulavion '™

Using this techmique, it has been
shown thar cerchral blood flow is
decreased dunng the migraine aura
and increased duning the headache.

REVIEW ARTICLE

... Mystique of Migraine: II

The deercase during the migraine
aura was imtially tound to be
generalized and bilateral despite the
focal and lateralized characrer of the
symptoms. Subsequent research by
Olesen et al in 1981, showed that the
gencralized decrease is the tinal stage
in a series of changes. ™' The pattern
observed was thar of a shorr-lasring
increase in cerebral blood flow in the
occipital/panctal area followed by a
decrease and a gradual spreading of
the decrease rowards the frontal pole
in keeping with the spreading corrical
depression of Leao."” The decrease
was determined o be about 25% and
was onginally considered insufficient
to cause neuronal dysfuncrion, More
recently, Skyhoj-Olesen er al™
reviewed these findings and
suggested that areas of low flow had
been missed because of
overestimanion of flow due to
problems of scattered radiation in the
xenon techmgue. Ther own studies
demonstrated ischemic foa during an
artack of migraine wich aura, Further
evidence for ischemia includes:
prositron emission omographic
findings of increased cerebral oxygEen
extraction during auras,'® focal
clecrroencephalogram ( EEG)
slowing, the finding of ischemic
metabolites in the cerebral spinal
fluid (CSF) following an aura,™ and
the detecrion of arcas of edema and
infarcrion on compurerized axial
romography {CAT) scans.®

Migraine with aura has been shown
o be associared with focal posterior
blood flow reduction followed by
hyperemia in contrast o migraine
without aura which has not
demonstrated measurable changes in
brain rissue perfusion, 122894580
Although aura symptoms last for
only 30 o 60 minutes, the focal
hypoperfusion can continue for hours
and is present during the succeeding
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headache phase,'**#** The small
vessels evidently fall prey to the
ischemia that they cause, for they may
at fimes exhibit impaired ability to
dilate promptly in response to
increasing pCo,™ This
dysautoregulation may prolong the
ischemia and the aura.

Sophisticated pictures have recently
been provided by magnetic resonance
imaging ( MRI) scans. Igarashi and
his colleagues found that 29% of
migraine patients compared to 11%
of age-matched controls less than 40

Migraine may be caused by a
reduced number of scrotonmin
receptors - but are they
vascular or neural?

years of age, had small foci of high
intensity in their white matter.
Although one cannot be sure on the
basis of this study alone, whether
these foci are the cause or effect of
migraine, taken together with the
other results staved above, they
certainly are suggestive of pathologe
changes as the resalt of repeated or
severe hypoxia and further suggese
that the changes can be irreversible.

Studies of cluster headache have
shown that the rCEF increases in
both hemispheres during the
headache, but is higher in the
hemisphere contralateral to the
headache. This contralaceral
preponderance may also be observed
tor a lesser extent with migraime.
Unlike migraine, the increased rCBF
of cluster subsides wath the
resolution of the headache ™
Addirionally, the extracranial blood
Hlow increases to a much greater
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degree in cluster than in migraine
(perhaps related oo the obervation
that the pain of cluster is usually
preater), is greater on the side of the
headache, and subsides promptly as
the headache subsides.” Also of note,
the increased rCBF does nor decrease
with the administration of
ergotamine, even though the
headache does

External Carotid./Extra-
cramial/ Non-cerebral
Intracranial Blood Flow

The development of infra-red
cutancous thermography and
Duoppler ultrasonography have
allowed further study of extracranial
blood flow, including that of the
smaller vessels,

Thermography measures and maps
the changes in skin temperature that
are caused by changes in cutaneous
blood flow. In migraine, a decrease in
temperature on the side of the
headache has been demonstrated wich
a return to normal temperarure
following clearing of the headache by
ergotamine.*

The Doppler technigque involves
placing an ultrasonic transceiver over
a superficial vessel to measure the
direction, velocity and tarbulence of
Blowwd flow in that vessel. In cluster
headache, decreased flow velociny in
the ipsilareral supraorhital and frontal
arteries berween headaches, a further
decrease during headache, and an
increase following the successful use
of ergotamine to terminate the
clusrer headache have been shown,®

Friberg et al,'* combined +CBF
mueasurements with simultaneous
miasurements of blood velocity in
the middle cerebral arteries (MCA)
by mecans of transcranial doppler
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ultrasonography. Ten (10} migraine
paricnts with unilateral headache
were studied both during an attack
and when they had been free of
artacks for 5 days, On borh occasions
they were given inrravenous
sumatriptan (a designer drug,
svnthesized to activate a specific
subpopulation of serotonin
receprors ) which relicved the
symproms within thirty minures
withour affecting r{ CBF). The MCA
veloity was normal on both sides on
the non-artack day and on the
unaffected side during the arrack.
However, during the attack the MCA

Mifrainc is part of a
widespread disturbance

velocity on the headache side was
2a% lower (45 vs 61 om/second;

p = 0,02} than that on the
nonheadache side where velocity
values were normal. This finding was
true for patients with and withoor
aura. As the authors concluded, the
lower velocity in the MCA can be
explained only by dilation of the
MCA since rCBF in the MCA supply
territory was unaffected. The mean
MCA diamerer increase was
extimated to be 20%. Thus headache
was associated with intracranial large
artenal dilation on the headache side.

Two other findings of inceresr are the
dense sensory innervation of large
vessels in contrast to the small blood
vessels of artenolar size within the
brain which are not innervared® and
the association of migraine wich aura
with hypertension which implies a
rendency towards vascular spasm.
Ziegler found a definite history of
hypertension in 20% of migrinc
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paticnts with aura in contrast to 11%
of those without aura (p = 0,02).%*

Interpretation and discussion

The evidence supports the following
LnbETpretations:

1. The aura of migraine is cansed by
decreased regional cerebral blood
flow ({rCRF).

Migraine in its prodromal stage is
associated with cerebral events
invelving brain cells and cerebral
circulation largely supplicd by the
internal carotid artery. Migraine
with aura is initiated by a focal
reduction of rfCBF which oceurs
most commonly in the posterior
regions of one hemisphere. The
neurclogical symptoms of the aura
can be related 1o the arcas of the
brain with reduced rissue
perfusion. For example, reduced
flow in the posterior cerebral
artery, resulting in ischemia of the
occipital lobes, is associared with
the visual phenomena which are
the commuonest symptoms of the
prodromal phase.
Drvsautoregulation of the vesscls
may prolong the ischemnia and
the aura.

The decreased fCRF, in che
absence of any visible change in
the large or medium-sized vessels,
suggests that the impediment to
flovw is in the small cercebral
vessels, the arterioles.

2. Ulrimartelv there is an increase in
cerebral perfusion, almaost
certainly mediated by dilation of
the small vessels, almost cerrainly
in response 1o ischemia and almose
certainly prolonged by
dysautoregulation. The loss of the
normal autoregulatory function of
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arterioles and their reactviey to
artenial carbon dioxade (CO*)
leads to a vicious cvele such thar
there is a failure o vasoconstrict
when the level of CO? decreases,
which may prolong the increased
blood flow.

Bur, the increased cercbral
perfusion probably is not the
cause of the headache for a
number of reasons: firstly, the
hvpoperfusion present during the
aura can continue for hours and
can be present dunng the
suceeeding headache phase;
secomdly, the increase may be
gencralized even chough the
headache is localized; thirdly, the
headache seems o bear no
relationship to the intracranial
pulsations; fourthly, the increased
perfusion may ourlase the
headache by hours or davs; fifthly,
it is nor reduced by the
administration of ergotamine even
though the headache is, and
finally, clinical situarions in which
regional cerebral perfusion is
clevared as much as or more than
it is in migraine may not be
accompanied by headache, Rather,
the increased rCRF would scem to
be solely a compensatory evem for
the nitial ischemia and not
associated with the pain either as
cause of effect.

. Instead, the painful headache

phase is, paradoxically,
extracerchral, I is not related to
cerebral blood flow changes, but
tor blood flow changes in a
ditferent set of blood vessels -
namely, excessive dilation and
amplitude of pulsation of the
branches of the external racher
than the internal carond, one
branch of which, the middle
meningeal artery, is indeed
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intracranial. The extracranial
blood flow {as inferred from the
inhalation technique) behaves
differently from the intracerebral
blood fow, in thar while also
elevated during headache, it
subsides promptly as the headache
subsides,

External carond artery dilation
alone is not sufficient to produce
pain. A decrease in pain threshold
is also required.

Thus, the original research by
Woltt and his colleagues holds

remarkably well today. All three of

their ariginal conclusions have

been borne our by the research oo
date with one refinement: the aura

Migraine and tension
headaches may be part of a
CONTINUUM - varying
quantitatively rather than
qualitatively.

is due o decreased cerchral blood
flow and there is a decreased pain
tlireshold, but the headache, while
mainly extracranial, is now known
o be more specifically due to
dilation of the external carotid
svstem, Four addiional comments
ficnl Lo,

Firstly, the smudy by Sk}ri'ln] -Cllesen
ctal,’® demonstrating ischemic
foci during an artack of migraine
with aura, together with positron
CITISSIonN tumngraphu: findings of
increased cerebral oxygen
extraction'” have reintroduced the
theory of a primary vascular cause
of the migraine attack, a theory
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presumed past resuscirarion by
many.® Although reduced
regional cerebral blood flow has
now been comvincingly shown to
account for the awra of migraine,
what is responsible for the
decreased perfusion in the firss
place? Vasoconstriction is cerrainly
one, but not the only means which
could account for the decreased
flow. At least two other
prossibilities would be that of
platelet aggregation and mural
edema. Further, even if
vasoconstrictiion were the
mechanism, it may be secondary
neural or hematologieal
hormonal factors rather than
heing primary.

Secondly there is an apparent
paradox posed by both doppler
and thermographic studies of a
decreased flow through the
curancous vessels during
headaches presumed to be due ar
least in parr oo extracranial
vasodilarion. The paradox is
parrially resolved in rhar the
vasodilation has been
demonstrated in the larger
extracranial vessels, while the
decreased flow has been found in
the smaller vessels. In fact, the
disrention of the exrracranial
blood vessels may be secondary 1o
obstruction of the smaller vessels.
We also have evidence of
vasedilation of intracranial
noncerebral large vessels, Bur, we
have no explanation as to why
there should be decreased flow
through any of the extracranial
vesacls,

The third comment concerns the
debate about whether common
and classic migraine are disince
ennicies or not?” The main
argument in favour of distinct
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entiries has been the well
subsrantared association with
changes in cerebral blood flow for
classical migraine that has been
lacking for common migraine. ™
However, the recent study by
Friberg er al** found identical amd
significant blood flow changes in
migraine with and without aura
and also suggested a common
mechanism in that the headaches
af both were aborted by a
serotonin agomst thoaght o act
predominantly on pathologically
distended arteries. These findings
suggzest thar migraine may be
caused by a reduced number of
serotonin receptors. The gquestion
i, are these receptors vascular or
neural?

The fourth comment concerns the
theory that migraine and tension
headaches are part of a continuum
- varying quanritarively rather than
qualitarively.**#*# This line of
thinking goes further than the
question of the similanty of
commaon and classical migraine
and raises questions abour the role
of vascular changes in tension
headaches.*

Unresolved Issues

1. Is the pnmary event migraine with
aura vascular in nature, that 1s,
vasoconstriction of the cercbral
arrerioles, or is the primary event
neural, chemical, mechanical or
psvchological? Although reduced
regional cerebral blood flow has
mow been convincingly shown to
account for the aura of migraine,
what is responsible for the
decreased perfusion in the firse
place: Where are the responsible
receptors located, on the
arterioles, the nerves or platelets?
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2, Whar is the initaring event for
migraine withour aura?

3. Why is there decreased flow
through any of the extracranial
vessels?

4, Why do the branches of the
external carotid become dilated
and pulsate to the point of pain
because of a process initiated in
the territory of the internal carotid
artery?

Conclusion

We now have a fair amount of
sophisticated information abour the
blood flow of the head during
migraine arcacks. There is substantal
evidence that the aura of migraine is
due to decreased regional cerebral
blood flow and that the headache of

... convincingly shown that
reduced regional cerebral
blood flow accounts for the
aura of migraine.

migraine 15 due to dilaved vessels of
the external carotid svstem. But, we
still do not know whether migraine is
a vascular phenomenon, a *nerve
storm’ or perhaps even a
haematological disorder. In additon,
we would do well to remember thag
migraine is but part of a widespread
disturbance and we still know
precious little abour accompanying
changes in the rest of the vasoular
svstem, such as renal blood flow, |
think ir appropriare, ar least for the
time being, that the present
international classification of
headache,* simply calls migraine,
migraine.
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