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The Mystique of Migraine - Part III:
Is it Neurogenic? Is the Brain Responsible?
Prof R] Henbest

Stmmary

This third paper on the mystique of
mrgraine deals wirh phe gucstion
whether the brain fself s responsibile
and, by referning o various studics,
reviews the evidence for the rofes
Maved by newral forors. This
evidence is evaluared in rerms of
(1) a phenomenan, (2 ) STFUCTIIrES,
svstems and substances and (31 an
unstable process {the autonomic
nervous svstem ). Other refated
oervaiions from studies of EEGs,
VEPs, magnesitim and frauna-
frggered migraines, ane also
atedelressed.
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Introduction

Even as the early foundarions of the
vascular theory were being laid,”” a
rival theory was emerging. Edward
Liveing [ 187 3), perhaps as a result of
an increasing interest in epilepsy,
proposed that the phenomena of
migraine were due to “nerve
storms™.”

Towards the end of the mincteenth
CCNTUrY, varving atremprs were made
to reconcile the two theories in terms
of the sympatheric nervous sysoem
controlling the cranjal vasculamre, In
1898, Moebius made one of the maost
succinet and perhaps telling
sratements ever made about migraine:
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“IMarcnchyma is the master,
circulation the servane,™

By the twentieth century, vigorous
controversy existed between the
vascular and neurogenic schools of
thought. Then in 1938," Graham and
Wolff's demonsteation thar migraine
headache was accompanicd by
mcreased pulsatility of the superficial
tempaoral arteries and resobved by
ergotamine-induced reduction of this
pulsatilicy virtually broughe che
controversy to a close. A few years
later, Schumacher and Wolff* showed
thar the visal aura of migraine could
b abnolished by inhalation of amyl
nitrite, a cercbral vasodilator. The
msu:llar theory, seemingly having
been established bevond doubt,
became enshrined in the international
classification of headache” that was o
last until 1988." Subsequent atrention
was directed primarily to the variows
mechanisms that might trigger the
vascular changes underlying migraine,

Of note however, Wolft himself,
thought thar the change in mood
and Sor appetite that frequenthy
preceeds the prodrome suggested a
change in hypothalamic acrivity” and
by the late 1970 there was increasing
dissatisfaction with the vascular
theory. Friedman® spoke of a pnmary
newral change and accumulation of
substances sensitizing the dilared
arteries to pain. Graham™ saw the
prodrome as the basic disorder and
the headache as an abnormal
compensatory event. He thought the
kasic disturbance was located in the
brrain centres governing the response
of the neurovascular systems.
Diamond and Dalessio”' suggested
neurogenic vasoconstriction of the
great arteries of the internal carond
leading 1o decreased flow and
proposed a “unified theory™ in which
stress leads to neurogenic vasospasm.
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Lance described migraine as, “A
heightened neurovascular reacton to
any rapid change in the internal or
external environment,” and
hypothesized thar migraine was a
disturbed protective response to real
or imagined threats wo the integrity of
the brain. Somewhat ironically, it was

No satisfactory understanding
vet of the p:u:h-:rgr:n-:s:s of
migraine which integrates the
vascular and neurogenic
theories.

a study of the cercbral blood flow,
itself, in migraine, by Olesen et al,'™ "
in 1981, that has raised the most
s-!gmhr;am doubis abourt the vascular
theory as described larer.

This paper addresses the question, s
the brain, itself, responsible for
migraine:™ and reviews the evidence
for the roles plaved by neural factors
im rerms of: 1) a phenomendon,

2] structures, systems, and
substances, and 3] an unstable
process (the autonomic nervous
systemn ). Related observations from
studies of clectroencephalograms
[EEGs), visual evoked potentials
(VEDPs), Ill-:l.l__,llfblul'll and trauma-
triggered migraines are also
presented.

A Phenomenon: The Spreading
Depression of Leao

This phenomenaon was first described
in rags by Leao, a Brazilian
neurophysiologist, in 1944,
Spreading depression is a wave of
inhibition of the spontaneous cortical
neuronal activity that travels over the
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cerebral cortex at a rate of 2 to 5
millimetres per minute. Ir is preceded
b a short-lasring phase of neuronal
excitation. The waves of abnormal
and depressed cortical electrical
discharges spread like rpples across a
smodth surface of warer and do not
respect vascular territories. The
cerebral blood flow changes
accompanying this inhibirion stars
with a shore-lasting increase in blood
flow in am area about 2 or 3 malli-
mietres wide attributed to dilatation
of pial vessels. This transient increase
disappears after a minute or two and
is tollowed by a decrease in flow of
abour 20 po 30%, lasting about an
b, Spreading depression can be
elicited in animals by a variery of
stimuli including trauma, electrical,
and chemical influences. It can occur
after hvpoxia and during recovery
from hypercapnia.” As carly as 1958,
Milner postulated that the aura
symptoms were caused by this
neurophysiological phcnnml_mm
rather than hypoxia.'

Swdies of the cerebral blood flow in
migraine by Olesen et al in 1981, "
demonstrated a spn::u:ling wave of
oligaemia. By measunng n:gmnal
blood flow il!l'l'lll'T:Il‘It,‘.{lll.li"l. in many
areas of the cerebral hemisphere they
found thar, during ateacks of
migraine, diminished cerebral blood
flow {a wave of oligaemia) began in
the occipital lobe and spread forward
across the hemisphere ar a rate of 2 1o
3 millimetres per minune, The
aligaemia preceded the symptoms of
the aura and persisted well after the
headache had resolved. The oligazmia
transgressed the vascular boundaries
af the major cerebral arteries, making
it unlikely char vasospasm was its cause.

The finding of spreading depression

in animals and its possible existence
in the human brain is an important
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part of the nevral hvpothesis of the
causation of migraine. The cerebral
blood flow changes observed in
migraine are similar to those observed
in spreading depression. In both,
there is a spreading wave of
oligaemia, beginning in the oocipiral
lobes and spreading forward, thar
does not spread according to vascular
verritory. The rate of spread of visual
ficld defects associated with
migrainous attacks occurs ar abour
the same speed as the rate of spread
of oligaemia. Because of the
similarity, experimental spreading
depression in amimals and the aura of
migraine have been postulated as
having identical mechanisms.” Of
imterest, the spreading depression in
animals is not limited 1o the corex
but may also occur in brainstem or
hypothalamic structures.” In
addition, the time course of the
spread of oligacmia seen in migraine
does not occur in ischemic

PPresent evidence suggests that
the underlying mechanism of
migraine 15 neurogenic, with
vascular biochemical and inflam-
matory changes occurring
secondarily.

cerebrovascular disease, adding
support to the hypothesis thar the
primary event is neurcggenic rather
rhan vascular,

However, the relationship of the
spreading depression to oligaemia is
not completely understood. The long
held view thar migraine auras are due
to vasoconstriction of major vessels
no longer holds, We now know that
neuwronal events can modify
intrancuronal metabolism and initiate
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appropriate changes in the
micracirculation. Theretfore,
patients suffering from migraine with
awra, it would seem thar che initiating
event is newural followed by secondary
vascular changes. This idea is
supported by the dinical findings of
mulrifical and varied transient
neurclogic events during the aura.
Important to point out though, is
that a direct measurement of
spreading depression in humans has
not vet been possible. In animals,
many stimuli applied to the cortex
have induced the phenomenon of
spreading depression, bur so far,
stimuli applied to the human cormex
have failed to do so. Thus,
comparisons between changes in
cerebral blood flow acoompanying
the spreading depression in animals
and changes in blood flow in humans
during migraine remain inferential.

Structures, Systems and
Substances

A number of newral structures,
systems, and substances have been
proposed for the primary neural event
in migraine. These include or involve
a number of nuclei, Opposing
noradrenergic and hﬂr[)lﬂl‘llntl‘[.,ll:
systems, the trigeminal nerve, various
monoamines and the endogenous
opinids,

Brafnstem monoaminengic nearens
and pachwayvs: Noradrenengic and
Heroroninergic Systems

Lance has suggested thar a pair of
antagomistic systems, the
noradrenergic and serotoninergic
sytemns, operating in the brainstem is
central to the migraine attack.™ The
noradrenergic system onginares in
the locus cerubeus of the brain stem;
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| the serotoninergic system originares

in the raphe nuclei; both project m
the cerebral cortex. Stimulation of
the locus ceruleus activates the
noradrenengic perivascular fibres
causing vasoconstriction which
reduces blood flow; whereas,
stimulation of the dorsal raphe
nucleus increases blood flow in the
ipsilareral cortex. The locus ceruleus
supplies noradrenergic fibres to the
intracranial blood vessels and vaned
rates of discharge from the locus
cerulenus can induce changes in blood
flow similar to those seen in
migraine,” Experimental evidence in
Monkeys suppoers the presence of this
antagonistic system.” T Both systems

Migraine has its effects in
multiple organ systems
including the nervous,
circulatory, gastrointestinal and
haemartological.

increase extracranial scalp blood How
by activation of reflexes that pass
through the greater superficial
petrosal branch of the facial nerve.
These reflexes, part of the
parasympathetic outflow that passes
to the sphenopalatine ganglia and the
scalp and facial structures, cause
vasodilatation. These primary
neuronal events and their secondary
vascular phenomena are thoughe to
ACHVALE pain peroepron via an
endogenous “opiate system.”

In this view, an episodic and excessive
discharge of brainstem
MONGUTINergic neurons and
pathways is thought to be at the root
of the pain of migraine. However, it
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would seem unlikely that migraine
can be accounted for on the basis of
an antagonistic system solely
involving 4 monoaminergic
vasoconstrictor system and a
parasympathetic vasodilator system.
Rather, it is much more likely thar a
multitude of transmitzers is involved.

Neurotransmitter defect and impaired
ceafral inhibiion

In 1975, Appenzeller hyporhesized
thar the migrainous diathesis is a
result of uninhibited increases of
firing rates (perhaps genetically
determined ) of raphe neurons.” This
was thought to result in periodic
excessive discharges complicared by
alrered levels of vasoactive substances
i the brain, Linked o this
hypothesis was the proposal that the
activity of serotonin neurons {the
raphe wal‘tm MEUTS are cnmpnsud
of rhn: I:lrgn:sr number of peurons in
ystem chat
contain a:mtunin] is self-regulating
via a negative feedback system. These
initially n:umgcnic EVents were
thought to result in secondary
vasomotor changes affecting both
intra- and extra-cramial blood vessels
and the well-known manifestations of
migraine atracks with or withour
aura. This hypothesis also offers an
explanation for the hyperalgesia
found in migrainous subjecrs,
Depletion of serotonin from the
brain, either by experimental lesions
in the midbrain raphe or by I*
chlorophenylalanine has been shown
to markedly increase the brain's
PESPONSIVENSSS 1O NoXiows stimuli,
Drrugs that reduce brain serotonin
increase raphe firing rates. Thus,
drugs which increase brain serotonin
should decrease raphe unit firing, but
this has not been confirmed by
experimental sy,
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The Trgeminovasculir Sysiem

Omne of the neural structures that has
received notable recent attention 1s
the trigeminal ganglion = .27

The pain of headache is thought to
be due to depolanzation of
perivascular sensory axons, with those
surrounding the large vessels being of
greatest importance. The neowork of
relevant sensory fibres is thought to
originate in large part from neuarons
within the trigeminal ganglia. The
trigeminal nerve not only innervates

A return to the hypothesis that
migraine is due to “nerve
storms™.

the meninges but also the larger
cerehral arteries and the superior
saggital sinus,” This dense sensory
innervation correlates with the fcr
that these vessels, unlike most areas of
the brain, are pain sensitive. The
nervisus connections between the
trigeminal ganglia and cerebral blood
vessels have been termed the
trigeminovascular system, ™

Anatomic tracing and
immunohistochemistry studies in
laboratory animals have provided new
and important information about the
sensory innervation of cephalic blood
vessels. ® Newropeprides are
synrhesized by messenger RMA and
ribosomal mechanisms within
trigeminal gangha cells. The
trigeminal nerve has been shown to
release a number of neuropeptides,
including substance I, neurokinin A
[NEA), calcitomin gene-related
peptide (CGRIY) and galanin which

... Migraine: III

have all been idenrificd within
sensory axons surounding the vessels
of the circle of Willis.** Mo doulbt
more neuropeptides as well as other
chemical neurotransmicters will be
discovered.

At least one of the pepridergic
mechanisms of pain transmission,
substance P, operates not only in the
vessel to neuron” direction, bur also
in the reverse *neuron to vessel”
direction.” The theoretical
implications of this are profound.
Mot omly may the vessel send pain
signals to sensory neurons and, thus,
the brain, but the brain may, via
SCNSOTY NCLrons, send IMCSSAECS T
the vessels which may control their
muostility, their calibre, their pain

sensitivity and, perhaps, the actvity of

other pepride or non-peptide
subsrances in the vessel wall and even
its lumen. Thus the rrigeminal nerve
miay be involved not only in the
transmission of painful sensory
stimuli, but also in the initiation of a
sterile neurogenic inflammatory
response.

The anti-migraine actions of the
ergot alkaloids and sumatriptan likely
relate to neuronal blockade of
neuroeffector functions of
trigeminovascular fibres, perhaps
blockade of neurotransmitrer releass
from primary afferent fibres
innervating cephalic vessels *

The relevance of the close proximity
of certain peripheral neural strucrures
to the middle meningeal arverics has
also recently been emphasized. ™ The
aunculotemporal nerve, a projection
of the tigeminovascular system,
loops around to embrace the middle
meningeal artery just prior to it entry
it the cranium, which would pur i
in an opportune place w help
MGnitor an aute-regulatony system.
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The painful aspects of the migraine
artack may originate in and for be
perpetuated by reverberations up and
down this trigeminovascular system.
The tngeminal innervation of
intracranial blood vessels provides,
among other things, a reasonable
anaromical basis not anly for the
vascular dilatarion phase and for the
pain in migraine, but also for its
unilateral distribution. Mot only does
the trigeminal vascular system
funcrionally unify the previously
disparare neural and vascular
substrates, but it may be the common
final stage mechanism which is
activated by other influences to
generate the pain of migraine.

Endogenous Pain Conerol ACpiare
Sywtem

Abnormalities of the endogenous
pain control mechanisms that operare
in the central nervous system to
micdulate the transmission of pain
signals and ultimarely the perception
of pain have been found in
migraine.* The endogenous pain

Could migraine be a disorder
of generahized vasomotor
dysfunction?

control svstem is sometimes referred
to as the “opiate™ system as it
involves the opiate neuropeptides:
endorphins, enkephalins, and
dyvmorphins.

Cerchrospinal Aluid levels of
enkephalin have been found o be
decreased during migraine headaches
in comparison to headache free
intervals.” Enkephalin is the
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neurctransmitter for the interncurons
locared in the central nervous system,
especially those located in the
pelatinous substance of the spinal
cord and its rostral extension in the
brainstem, the nucleus of the
rrigeminal trace. There, these
interneurons inhibat the transmssion
of pain signals from the primary
sensory neurons to the spine- and
trigeminothalamic tracrs,

An Unstable Autonomic
Nervous System

A long-held and widely accepred
belief is thar migraine patients have
an unstable autonomic nervous
system.* Both intracranial and
extracranial arteral tone is regolated
by the sympathetic division of the
autonomic nervous system as well as
b a variety of circulatory humoral
agenes, ™

The toundational studies on the
reactivity of the cramial arteries in
paticnts with migraine headaches
were done by Tunis and Wolff in
1953.% They demonstrated that:

1) the caliber of the temporal artery
was significantly larger in migraine
paticns (when headache free) than in

Migraineurs showed
sympathetic hyperfunction
during attacks.

nonheadache controls, 2) the caliber
dunng headache attacks was even
larger than that during headache-free
perinds, 3) migraine paticnis
exhibited grearer variability of the
contractile state of the observed
vascular bed than controls, and
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4] the vanability of the temporal-
artery pulse-wave contours became
more striking about 72 hours prior to
the onsct of headache and was
maximal ar the height of the
headache. They concluded that the
pulse wave changes associated with
the headache attack were but an
accentuated part of a continuous
physiological process present in those
prone to migraine headaches.

Based on these findings, others
hvpothesized that migraine was a
disorder of generalized vasomotor
dvsfunction.® Subsequently, a
number of studics were published
that reported conflicting results,
Several investigarors found evidence
for oweractive central and peripheral
vaspoonstrictor mechanisms in thar
heat stimulus applied to the body
trunk produced a significantly smaller
increase in hand blood flow in
classical m'ga.im: paticnts than in
controls.™ " Others found no such
differences in hand blood flow™.+
and others concluded thar the studies
thus far had major methodological
problems and thar there was no
conclusive evidence that migraine
subjects have generalized vasomotor
dysfunction.*

Laver, Cohen, Rickles and
MeArthur® found that migraine
subjects had a more stereotyped, rigid
respOnse pattern across stimulus
situations than non-migrainoos
subjecrs. They tested head and hand
remperature, [rontalis
electromyography, heart rate,
galvanic skin response and finger
pulse volume. Subjects participared in
rest, onenting, reaction time, time
estimation and mental arithmetic
tasks.

Two studies provide evidence thar

stimuli which elicit temporal amery
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dilation in control subjects elicie
VASOCONSTICTion in migraine subjects.
[n the one study, subjects had oo
learn vo control pulse waves of the
digits with bioteedback, receive false
feedback, listen to a relaxation tape or
hear a tape on how to grow an
avocado. Equal numbers of migraine
and control subjects were subject ro
cach condition. While the digital
prulse waves did not ditferentiate the

Cerebrospinal fluid levels of
enkephalin decreased during
headaches.

conrrols and headache subjects, the
temporal artery pulse waves did. All
tasks taken together, the non-
headache subjects essentially shovwed
a continual vasodilation over time
while the migraine subjecrs exhibired
sustained vasoconstriction.® Similar
results were found by Bakal and
Kaganov with the presentation of
B0 dB white moise.®

There is also evidence that
migraincurs show sympathetic
hvpertunction dunng headache
attacks** and sympathetic
hypofunction between artacks, 74
Three studies have reporred
cardiovascular symparheric
hypofunction as evidenced by
remarkable BI* reduction after tilting,
and lower noradrenaline levels in
migraine patients during headache
free intervals, = ® 5 A recent study by
Mikamo® included patients suffering
from muscle contraction headaches as
well as those suffering from
migraines. Migraine patients showed
grearer cardiovascular sympatheric
hypofincrion as demonstraced by
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significantly greater orthostatic
hyporension (svstolic B immediagely
after standing: controls -6.1,

MOH -12 .4, Migraine -19.3). There
was no clear evidence of parasym-
pathetic hypofunction or hyper-
tunction in either headache group
and noradrenaline levels showed lictle
difference. Thus, there is a difference
in blood vessel reactiviry in spite of
similar noradrenergic function,

It Sokolov's theory of orenring and
defensive behaviour, that predicrs
that a person will have cephalic
(remporal artery ) vasodilation o
orienting stumuli and vasoconstriction
o noxious defensive stmuli,™ is
accepted, then these studies provide
evidence that migraine headache
patients are hypersensitive 1o a variery
af stimuli and interpret innocuous
stimuli as potentially dangerous.

EEGs, VEPs, MG, and Trauma

An increased incidence
(approximarcly rwice) of both fiscal
and nontocal abnormalities have been
observed on the EEGs of patients
with migraine.” Recent studies of the
EEGs of patients with migraine are
compatible with a fluctuating
asvmpromatic nearal disorder. For
example patients who experience
migraine with aura have been found
to have increased frequency
dispersion and asymmetry of alpha
rhythm {increased slow wave
activity).” The records were mostly
normal when separated from attacks
by ten asympromatic days.
Abnormalities increased significantly
before the onset of the prodromal
symproms and clearly ourlasied the
headache.

Alverations in visual evoked potentials
(VEDPs) recorded close to an attack
have been observed™ and a merthod
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for the electrodiagnosis of migraine
{using flash and patrern amplitudes
and frequencies) has been proposed.”™

Bram magnesium (Mg) has been
found to be low during migraine
artacks without changes in pH." Mg
is known to influence vascular tone.™
Expernmentally Mg defiency has also
been tound to be associared with
spreading cortical depression,”
central neurotransmitter release™ and
plateler hyperaggregation.” Mg is an
important element in those
phyvsiclogical svstems that become
transicntly aberant in migraine
suffierers and thus could provide the

Are these patients
hypersensitive to a variety of
stimuli, and do they interpret
inoccuous stimuli as potentially
dangerous?

link berween the physiological
threshold for a migraine artack and
the mechanisms of the artack itself.

Yet another interesting association is
that between migraine artacks
(including those associated with
complex neurological phenomena)
and even mild blows to the head.”
Occurring mostly in children,
adolescents, and young adules, they
generally develop after latent periods.
Their various expressions are identical
to those of classical or complicated
migraine,

Discussion
%0 what have we got and how does it

work? Can the varyving picces of
evidence for 2 neural theory be put
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together? Can a newural theory
account for the evidence used o
support the vascular theorvd Can the
neurogenic and vascular theories be
integratcd?

5o far we have a phenomenon that is
net anly a neural event, but a cenrral
neural event, in fact, a cortical evenr,
referred to as the spreading
depression of Leao, We also have a
number of neural structures and
systems including nucled in the
midbrain {the locus cerulens and the
raphe nuclei) in which neural
disturbances mighr arise, We also
have the rigemino-vascular svstem to
carry it all our, In addibon, we have
what apears to be increased sensitivity
of the autonomic nervous system and
altered endogenouws pain control
micchanisms,

It is difficult to integrave Woltfs
vascular theory with the spreading
depression of Lean. Firstly, there is
no evidence that spreading depression
can be precipitated by cercbral
hypoxia, Sccondly, there is no
evidence that spreading depression
can lead to cerebral vasadilation.
Wolff interpreted the effect of
inhalation of carbon dioxide on the
migraine aura as indicating the
involvement of vasoconstriction
induced cerebwal hypoxia in the
pathogenesis of the aura symptoms.
However, a recent study of rats
inhaling carbon dioxide found ir also
to aftect the propagarion of spreading
depression, which offers an alternarive
explanation for Wolff™s observations,™

Chne weay around this is offered by
Spierlings™ who sugpgests the
uncoupling of the aura from the
headache and connecring both o a
factor X, Thus factor X {the
“migraine process” | leads o two
things: spreading depression which is
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responsible for the aura svmproms,
and vasodilation and decreased pain
threshold which are responsible for
the headache which in turn leads o
increased activity of the sympathetic
nervous system and auronomic
svinpreans, Migraine with aura then is
due to both provesses being present,
migraine without aura when only the
latter is present. This would explain
the simultancous ocourrence of aura
and migraine and the occurrence of
headache withour awra and awra
withour headache.

Spreading depression may well cause
fcal newrological evenes (the aura)
associated with migraine, bur rhese
deficits can also stem from the locus
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To dare, an understanding of the
pathogenesis of migraine that
integrates the vascular and
neurogenic theorics, not o mention
all of the available clinical and
experimental data, remains lacking.

An interesting association
between migraine attacks and
mild blows to the head.

cerulews and its secondary effects on
blood flow to the cortex. The pain,
however, 1s mediared through an
interacrion berween the endogenous
system of pain control that influences
mongaminergic neuronal regulation
of cerebral blood flow and its relation
to trigeminal nerve discharge, which
if excessive, causes headache.

Neurogenic vasospasm at the base of
the brain and the paal arteries
produces a reduction in lecal cerebral
blood flow with subsequent alteration
in cerchral metabolism, including
local tissue acidosis, These local
changes then cause vasodilatation of
the intracranial vessels. To increase
the blood flow, the extracranial blood
vessels dilate, which liberares the
various vasoactive substances thar
have been mentioned.

Conclusion

Present evidence suggests that the
underlving mechanism of migraine is
likely neurogenic (with the brain
being the primary and initiating
organ ) with vascular, biochemical,
and inflammatory changes occuring
secondarily. Further, it appears chat
the stimulus for headache must
ultimarely activare the
trigeminovascular svstem and
serotonin is clearly one of the factors
that may do so.

However, in view of the rapid and
continuing increase in our knowledge
and understanding of the complexity
and interconnectedness of how the
human body works, it would seem
that a broad concept of migraine, not
related primarily to either the vascular
of neurological {brain) systems,
wotlld allow the most scope for
further advancement. Migraine may
be considered a constitutional
disorder of neurotransmission,
acrivated paroxysmally by multiple
and often unknown fcrors, with
eifects in multiple organ systems
including at least the nervous,
circulatory, gastrointestinal,, and
hacmatological systems.

Subsequent papers in this serics on
the mystique of migraine will review
the role of haematological factors,
pevchological aspects and discuss the
meaning of migraine.
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