
 

III./2.2.: The pathology and etiology of headaches
This part summarizes the pathomechanism of primary headaches. Due to
limitations of space, the etiology of secondary headaches is not
discussed.

III./2.2.1.: Anatomy

As the results of neurosurgical interventions attest, the brain tissue itself
is not sensitive to painful stimuli. In the supratentorial compartment, the
major pain-sensitive intracranial structures, i.e. the dura mater and
intracranial blood vessels are innervated by the first (ophthalmic) branch
of the trigeminal nerve. The infratentorial structures derive their
innervation from the glossopharyngeal and vagal nerves and the three
uppermost cervical roots (C1-3).

As far as the pathomechanism of headaches is concerned, the trigeminal
innervation has a decisive role. Impulses caused by painful stimuli are
transmitted by the pseudounipolar neurons of the trigeminal ganglion to
the second-order sensory neurons located in the descending trigeminal
nucleus (nucl. caudalis nervi trigemini) and in the dorsal horns of the first
and second cervical segments (C1-2). The latter neurons also receive
input from the greater occipital nerve; this convergence of trigeminal and
cervical input explains why the pain sometimes involves the occipital
territory during attacks of migraine and other primary headaches. The
axons of the second-order sensory neurons of the descending trigeminal
nucleus project to the ventral posteromedial (VPM) nucleus of the
thalamus. The thalamocortical connections have not yet been fully
elucidated. Several structures of the brainstem pain control system have a
modulatory effect on the processing of painful stimuli, acting mostly on
the neurons of the descending trigeminal nucleus.

Fig. 7: The neuroanatomy of headaches. Abbreviations: fCx: frontal cortex, HT:
hypothalamus, Th: thalamus, Cx: cortex, NDR: nucleus dorsalis of the raphe, LC: locus

coeruleus, NRM: nucleus raphe magnus, n.V.: trigeminal nerve, C1-2:cervical roots 1 and
2, NCnT: nucleus caudalis nervi trigemini

The stimulation of the dura, venous sinuses (such as the superior sagittal
sinus) or the trigeminal ganglion causes pain and changes in the diameter
of intracranial vessels; the effects of stimulation can be blocked or
prevented by substances acting on the receptors expressed by trigeminal
neurons. Studies in the 80’s have clarified that the trigeminal nerve has an
important role in controlling the diameter of intracranial vessels,
therefore the term ‘trigeminovascular system’ was coined, expressing the
intimate connection between trigeminal activation and vascular diameter.



To our present knowledge, the trigeminovascular system has a prominent
role in the pathomechanism of primary headaches, especially migraine
and trigemino-autonomic headaches; it is the ‘final common pathway’ of
pain generation.

Trigeminovascular neurons express various neuropeptides, such as
CGRP, substance P, neurokinin A, etc. During activation of the
trigeminovascular system, neuropeptide release from trigeminal terminals
results in sterile inflammation (neurogenic inflammation), with a local
increase in vessel wall permeability and plasma protein extravasation,
vasodilation and histamine release. This process is self-propagatory as
the sterile inflammation causes further trigeminal activation. According
to animal studies, pharmacological agents used in the acute therapy of
migraine ( such as acetylsalicylic acid, indomethacin, and serotonin
1B/1D agonist triptans) can block various elements of neurogenic
inflammation.

Fig. 8: Neurogenic inflammation

Beside their trigeminal innervation, cerebral vessels are also innervated
by fibers from the autonomic nervous system. Parasympathetic fibers
originate from the superior salivatory nucleus, and reach the vessels via
the sphenopalatine and otic ganglia. These fibers contain acetylcholine
and peptide-type transmitters such as vasoactive intestinal polypeptide
(VIP), peptide histidine isoleucine (PHI), pituitary adenylate-cyclase
activating polypeptide (PACAP), etc. Activation of the parasympathetic
system causes vasodilation. There is scientific evidence that
vasodilatation caused by trigeminal stimulation is, in great part, mediated
by parasympathetic fibers. This phenomenon is explained by a brainstem
trigemino-parasympathetic reflex, whose afferent arm is formed by
collaterals from the central axons of pseudounipolar trigeminal neurons,
whereas the efferent arm contains fibers originating in the superior
salivatory nucleus.

Fig. 9: The innervation of the cerebral vessels



Sympathetic innervation of the cerebral vessels originates from the
hypothalamus. The first synapse is in the intermediolateral column of the
cervical spinal cord, and the second synapse is in the superior cervical
ganglion. Sympathetic fibers contain norepinephrine and neuropeptide-Y;
their activation results in vasoconstriction.

As supported by animal studies, during the stimulation of the trigeminal
ganglion the concentration of CGRP, substance P and VIP is increased in
the jugular vein, whereas there is no change in neuropeptide-Y
concentration. If only the pain-sensitive trigeminal fibers are stimulated
(by the stimulation of the superior sagittal sinus), only the concentration
of CGRP and VIP is increased, the latter probably as a consequence of
the axon reflex described above. Drugs used in the acute therapy of
migraine (ergot-derivates and triptans) block the release of CGRP.

III./2.2.2.: The pathomechanism of migraine

During migraine attacks, the jugular concentration of CGRP is
significantly increased, whereas the concentration of substance P, VIP
and neuropeptide-Y is unchanged. This phenomenon was observed in
both major types of migraine (migraine with and without aura); CGRP
concentrations were correlated with the severity of attacks. After
successful treatment of the attacks, the concentration of CGRP was
normalized. These changes in CGRP concentrations during migraine
attack are considered as an evidence of trigeminovascular activation.

The process leading to trigeminovascular activation

Although the most characteristic feature of migraine is the attack itself,
studies in attack-free patients have revealed that certain brain functions of
migraineurs are different from those of headache-free controls. This is
exemplified by a deficit of habituation in migraineurs: while repetitive
sensory stimulation leads to a decrease in the amplitude of responses in
healthy persons (habituation), there is no decrease in the amplitudes in
migraineurs. Another difference that is relevant for the pathomechanism
of migraine is the finding of lower energy reserves (lower concentrations
of intracellular organic phosphates) in the brain of migraineurs with
MR-spectroscopic methods. These alterations may render the
migraineurs’ brain more sensitive to endogenous and exogenous migraine
triggers.

In animal experiments, the stimulation of the occipital cortex leads to a
spreading wave of depolarization followed by a longer-lasting decrease in
cortical activity, a phenomenon termed ‘spreading depression’. As it has
already been acknowledged in the 40’s, the velocity of this spreading
depolarization is similar to the velocity of a functional deficit that can be
hypothesized from the visual disturbances occurring during the migraine
aura (Fig. 10).



Fig. 10: A schematic of spreading depression based on the drawing of Lashley, a physiology
lecturer at Harvard. Lashley plotted the time course of his own migrainous visual deficit;

the numbers indicate the time (in minutes) from the onset of the visual disturbance, x
denotes the point of visual fixation. The visual disturbance, occurring in the right hemifield,

indicates a transient functional disturbance spreading forward from the occipital pole.

In the last 15 years, PET and later functional MRI examinations
succeeded in demonstrating a functional disturbance spreading rostrally
from the occipital pole during the initial phase of migraine attacks. The
notion that this cortical functional deficit could be responsible for the
onset of the attack is underscored by experiments showing that spreading
depression can indeed activate the trigeminovascular system. A
prolonged activation of the system leads first to peripheral, then central
sensitization, clinically evidenced by intracranial hypersensitivity
(aggravation of migraine pain by bending forward) and cutaneous
allodynia, respectively.

During the course of trigeminal activation, the transmission of pain
impulses in the CNS is modulated by several brainstem nuclei, such as
the locus coeruleus (LC), nucleus raphe magnus (NRM) and
periaqueductal grey matter (PAG). These, in turn, are influenced by tracts
originating in the cortex and hypothalamus. This anatomical arrangement
can account for the fact that migraine is accompanied by a disturbance in
sensory gating functions (hypersensitivity to lights, noises and odors) and
autonomic functions (nausea, vomiting, pallor, etc).

In summary, the primary initiating factor of a migraine attack is most
probably the functional disturbance of the cortex. Certain exogenous or
endogenous stimuli lead to spreading depression in the occipital cortex,
which would, in a part of migraineurs, cause aura symptoms (see Fig.
10). Trigeminal activation is probably caused by the consequent
depolarization of trigeminal nerve endings in the pia mater covering the
occipital lobe.

III./2.2.3.: The pathomechanism of cluster headache

The pathomechanism of cluster headache resembles that of migraine in
some aspects. Similarly to migraine, the source of pain is the activation
of the trigeminovascular system. In contrast to migraine, cluster headache
attacks are accompanied by obvious signs of parasympathetic activation
that is explained by the activation of the trigemino-parasympathetic reflex
arch described earlier. This notion is substantiated by the finding of
elevated CGRP and VIP concentrations (signs of trigeminal and
parasympathetic activation) in the ipsilateral external jugular vein during
spontaneous or nitroglycerin-provoked cluster headache attacks.
Sympathetic dysfunction - less frequently observed during the attacks,
and persisting in a part of the patients between attacks during the cluster



period - is explained by a neurapraxic injury (caused by vasodilation) of
sympathetic fibers passing through the carotid canal. The characteristic
clustering of attacks is probably caused by a dysfunction in the
hypothalamus, evidenced by functional neuroimaging studies.

Fig. 11:The pathomechanism of cluster headache. The initiating event is the activation of
the hypothalamus, followed by the activation of the trigeminal nerve (red) causing pain. The

collaterals of secondary trigeminal neurons cause activation in the superior salivatory
nucleus (blue) and consequent parasympathetic symptoms. The parasympathetic activation
leads to vasodilation, resulting in the neurapraxic injury of sympathetic fibers in the carotid

canal.

III./2.2.4.: The pathomechanism of tension type
headache

Tension type headache is the most common primary headache type, yet
its pathomechanism is perhaps the least well understood in this group of
headaches. The source of pain is in part the trigeminal system, but the
myofascial afferents of the head, neck and shoulder musculature also
have a role in pain generation (this could explain why lengthy periods of
sedentary work with wrong posture of the head and neck can lead to
tension type headache). Brainstem nuclei involved in pain control (locus
coeruleus, nucl. raphe magnus, periaqueductal gray matter) may also
have an important role in tension type headache.


