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An expert goes beneath the surface, 
offering a guided tour of 
the pathophysiology of 

migraine and other forms of 
chronic daily headache.

 



T
he current consensus is that the term chronic daily
headache (CDH) refers to headache disorders experi-
enced very frequently (15 or more days a month), in-
cluding headaches associated with medication over-
use. CDH can be divided into primary and second-

ary varieties.1 Studies in the United States, Europe and Asia sug-
gest that four to five percent of the general population have pri-
mary CDH,2-4 and 0.5 percent have severe headaches daily.5-7

Once secondary headache, including medication overuse
headache (MOH), has been excluded, frequent headache suffer-
ers are subdivided into two groups, based on headache duration.
When the duration is greater than four hours, the major primary
disorders to consider are chronic migraine (CM), hemicrania
continua (HC), chronic tension-type headache (CTTH) and
new daily persistent headache (NDPH). CM, NDPH, and HC
are primary CDH disorders that are now included in the 2nd
IHS classification.8 Transformed migraine (TM) is similar, but
not identical, to CM. Understanding and identifying the mul-
tifarious presentations that fall under the rubric of CDH is fur-
ther complicated by its rather esoteric pathophysiology. In this
article, we will look more closely at the mechanisms at work
beneath the surface.

Pathophysiology Of Chronic Daily Headache
The trigeminal nucleus caudalis (TNC) of the trigeminal com-
plex, the major relay nucleus for head and face pain, receives noci-
ceptive input from cephalic blood vessels and pericranial muscles
(via the trigeminal and upper cervical nerves), as well as inhibito-
ry and facilitatory suprasegmental input. The trigeminal nerve
has three divisions: ophthalmic, mandibular and maxillary.
Anterior pain-producing structures are innervated by the oph-
thalmic (first) division. Posterior regions are subserved by the
upper cervical nerves.9

Afferent processes of the trigeminal nerve converge to form
the sensory root, entering the brain stem at the pontine level
and terminating in the trigeminal brain stem nuclear complex,
which is composed of the principal and the spinal trigeminal
nuclei (subdivided into the nucleus oralis, the subnuclear inter-
polaris, and the nucleus caudalis). The brain stem spinal
trigeminal nucleus is analogous to the dorsal horn of the spinal
canal, the first synapse in the central nervous system.

Most spinothalamic and trigeminothalamic tract neurons that
originate from the dorsal horn and project to ventroposterior lat-
eral and ventroposterior medial nuclei have wide dynamic-range
characteristics.10 The trigeminothalamic tract is analogous to the
spinothalamic tract. Second-order neurons from the trigeminal
spinal nuclei form the trigeminothalamic tract and project to
other midbrain structures, as well as to the thalamic tract. Most
ventroposterior medial nuclei, some with wide dynamic-range
characteristics, respond to low-threshold stimuli.9 Recent evi-
dence suggests that central pain facilitatory neurons (on-cells) are
present in the ventromedial medulla. In addition, neurons in the
TNC can be sensitized as a result of intense neuronal stimulation. 

Pain has three spatiotemporal characteristics: (1) as intensi-
ty increases, the area in which it is experienced often enlarges
(radiation); (2) pain may outlast the evoking stimulus; and (3)
repeated nociceptive stimuli may increase the perceived pain
intensity, even without increased input (sensitization).11 Pain
has both sensory and affective dimensions. In addition to being
physically unpleasant, pain is associated with negative emo-
tional feelings shaped by context, anticipations and attitudes.10

Pain unpleasantness is in series with pain sensation intensity.

Pain in Migraine
Migraine most likely results from a dysfunction of the trigeminal
nerve and its central connections that normally modulate senso-
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ry input. Components involved include: (1) the cranial blood ves-
sels and meninges; (2) the trigeminal innervation of the vessels
and meninges; (3) the reflex connections of the trigeminal system
with the cranial parasympathetic outflow; and (4) local and
descending pain modulation. The key pathway for the pain is
trigeminovascular input from the meningeal vessels. Brain imag-
ing studies suggest that important modulation of the trigemino-
vascular nociceptive input stems from the dorsal raphe nucleus,
locus coeruleus and nucleus raphe magnus.12

Although the source of pain in CDH is unknown and may
depend on the subtype, recent work suggests several mechanisms:
(1) increased peripheral nociceptive activation (perhaps due to
chronic neurogenic inflammation) and activation of silent noci-
ceptors; (2) peripheral sensitization; (3) altered sensory neuron
excitability due to changes in ion-channel expression/ phosphory-
lation/accumulation in primary afferents; (4) central sensitization
of TNC neurons due to posttranslational changes in ligand- and
voltage-gated ion-channel kinetics, altering excitability and
strength of their synaptic inputs; (5) phenotype modulation due
to alterations in the expression of receptors/transmitters/ion
channels in peripheral and central neurons; (6) synaptic reorgan-
ization modification of synaptic connections caused by cell death
or sprouting; (7) decreased pain modulation due to loss of local
and descending input;11 or (8) a combination of these.

Peripheral Mechanisms
Although the brain itself is largely insensate, pain can be generat-
ed by large cranial vessels, proximal intracranial vessels or dura
mater. The central convergence of the ophthalmic division of the
trigeminal nerve and the branches of C2 nerve roots explain the
typical distribution of migraine pain over the frontal and tempo-
ral regions and the referral of pain to the parietal, occipital and
high cervical regions.12 

During a migraine attack, an inflammatory process occurs in
the meninges, at the site of the nerve terminal. Trigeminal nerve
activation is accompanied by the release of vasoactive neuropep-
tides, including CGRP, substance P (SP) and neurokinin A from
the nerve terminals. These mediators produce mast cell activa-
tion, sensitization of the nerve terminals and extravasation of
fluid into the perivascular space around the dural blood vessels.
Intense neuronal stimulation causes induction of c-fos (an imme-
diate early gene product) in the TNC of the brainstem. SP and
CGRP further amplify the trigeminal terminal sensitivity by
stimulating the release of bradykinin and other inflammatory
mediators from nonneuronal cells.13

Inflammatory mediators increase the responsiveness of and
turn on silent, or sleeping, nociceptors. Neurotropins, such as
nerve growth factor, are synthesized locally and can also activate
mast cells and sensitive nerve terminals.14 Bradykinin and
kallidin, both acting through the B1 and B2 receptors, can acti-

vate primary afferent nociceptors.15 Prostaglandins and nitric
oxide (a diffusible gas that acts as a neurotransmitter)16 are both
endogenous mediators that can be produced locally and can sen-
sitize nociceptors. Cortical spreading depression (the cause of the
aura) can activate the trigeminal system. Repeated episodes of
neurogenic inflammation may chronically sensitize the pain path-
ways and contribute to the development of daily headache.

Sarchielli et al.17 measured CSF levels of nerve growth factor
(NGF), CGRP and SP in patients with TM both with and
without medication overuse. Higher NGF, CGRP and SP lev-
els were found in CSF in both groups of patients compared
with controls. A correlation was found between NGF and SP
levels. All levels correlated with the duration of the disorder.
This study suggests the involvement of NGF and chronic acti-
vation of the trigeminal vascular system in TM. NGF produc-
tion could arise from peripheral trigeminal nerve terminals as
well as the TNC and pain facilitating pathways. A study by
Ashina et al.18 strongly suggests that patients with an elevated
CGRP level had TM and that the trigeminal vascular system is
activated as part of the process of TM.

Sensitization in Migraine
Lance observed that during migraine attacks patients complain of
increased pain with stimuli that would ordinarily be non-noci-
ceptive. These stimuli include hair-brushing, wearing a hat and
resting the head on a pillow. This phenomenon of pain being pro-
duced by non-painful stimuli is referred to as allodynia. In a series
of now-classic experiments, Burstein et al.19 explored allodynia
development in patients with migraine. He measured pain
thresholds for hot, cold and pressure stimuli, both within the
region of spontaneous pain and outside it. He found that as an
attack progressed in a selected group of migraine sufferers, cuta-
neous allodynia developed in the region of pain and then outside
it (extracephalic locations). He found that 33 of 42 patients (79
percent) developed allodynia. Allodynia began over the first half
of the attack in those who eventually developed it.

Peripheral Sensitization. Sensitization of nociceptors results
in an increased spontaneous neuronal discharge rate. Neurons
show increased responsiveness to both painful and non-painful
stimuli. The receptor fields expand and, as a result, pain is felt
over a greater part of the dermatome. This results in hyperalgesia
(increased sensitivity to pain) and cutaneous allodynia. An exam-
ple of this is sunburn, with increased sensitivity to temperature
(i.e., a warm shower feels painfully hot). 

How does sensitization occur? Tissue injury and inflammation
result in the release of inflammatory mediators, such as
prostaglandin E2, bradykinin and NGF. These substances act on
G-protein-coupled receptors or tyrosine kinase receptors
expressed on nociceptor terminals. This activates intracellular sig-
naling pathways, resulting in phosphorylation of receptors and
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ion channels. Phosphorylation changes the threshold and kinet-
ics of the nociceptor terminals, producing increased sensitivity
and excitability that results in peripheral sensitization.20

Transcriptional or translational regulation can also contribute to
peripheral sensitization. NGF-induced activation of p38 mito-
gen-activated protein kinase in primary sensory neurons after
peripheral inflammation increases the expression and peripheral
transport of TRPV1 (a member of the transient receptor poten-
tial family), exacerbating heat hyperalgesia.21 

The normal rhythmic pulsation of the meninges, which are
innervated by peripheral trigeminal neurons, can mediate the
throbbing pain that migraineurs experience. With the increase
in intracranial neuronal sensitivity that migraine patients expe-
rience, the normal rhythmic pulsation is interpreted as painful.
Bendtsen et al.22 has found evidence for sensitization in CTTH
patients. Pericranial myofascial tenderness, evaluated by manu-
al palpation, was considerably higher in patients than in con-
trols (p<0.00001). The stimulus-response function from highly
tender muscle was qualitatively different than from normal
muscle, suggesting that myofascial pain may be mediated by
low-threshold mechanosensitive afferents projecting to sensi-
tized dorsal horn neurons.

Central sensitization. Central sensitization needs to be differ-
entiated from windup, which is an immediate activity-dependent
plasticity characterized by a progressive increase in action poten-
tial output from dorsal horn neurons during a conditioning train
of repeated low-frequency C-fiber nociceptor stimuli.23 It results
in increased synaptic efficacy; that is, enhanced responses in the
conditioning nociceptor pathway (homosynaptic potentiation).23

C-fiber activation elicits slow synaptic potentials that last several
hundred milliseconds.24,25 Windup results from the summation of
these slow synaptic potentials at relatively low afferent input fre-
quencies. This produces a cumulative depolarization that leads to
removal of the voltage-dependent Mg2+ channel blockade in
NMDA receptors. Thus, the action potential progressively
increases in response to each stimulus in a train of inputs as a
result of increased glutamate sensitivity.26

Morphine pretreatment and NMDA receptor antagonists
block windup, mediated by NMDA and tachykinin receptors. It
may be the trigger to long-lasting neuronal sensitization. Neurons
that exhibit windup are less sensitive to opioids than are neurons
that do not exhibit this phenomenon.27 Windup is accompanied
by calcium entry via NMDA channels. The increased intracellu-
lar calcium induces translocation (from cytosolic to membrane-
bound form) and activation of protein kinase C and phosphory-
lation of the NMDA channel, which relieves the Mg2+ block on
the ion channel.28 The increased calcium may also be responsible
for the induction of the two early gene products, c-fos and c-jun,
which can alter other peptides, proteins and receptors.28 This
results in increased glutamate sensitivity. NGF and inflammatory

cytokines may change the phenotype of sensory neurons, making
them more sensitive to nociception.29 NGF increases the synthe-
sis, transport and neuronal content of SP and CGRP. It also reg-
ulates two ion channels in sensory neurons: the capsaicin recep-
tor ion channel and the tetrodotoxin-resistant Na+ channel.30

Central sensitization, by contrast, refers to an activity- or use-
dependent increase in the excitability of nociceptive neurons in
the CNS as a result of, and outlasting, a short barrage of nocicep-
tor input. This can take up to 60 minutes to develop. Sensi-
tization results from the activation of multiple intracellular signal-
ing pathways in dorsal horn neurons by the neurotransmitter
(glutamate) and the neuromodulators (SP, brain-derived neu-
rotrophic factor, and ephrin-B ligands). Central sensitization is
characterized by an increased spontaneous discharge rate, reduc-
tions in threshold and increased responsiveness to both noxious
and nonnoxious peripheral stimuli, and expanded receptive fields
of CNS nociceptive neurons.31-33

Most dorsal horn neuronal input is sub-threshold—the
synaptic strength is too weak to evoke an action potential out-
put.33 After induction of central sensitization, the same input can
activate dorsal horn neurons as a result of increases in synaptic
efficacy.35 This is called homosynaptic potentiation. Additional
inputs from non-stimulated Aδ afferents become activated.35,36

This is called heterosynaptic facilitation, because the Aδ fibers are
not the ones that were activated by the nociceptive conditioning
stimuli (C fibers must be activated to produce central sensitiza-
tion). As a result of central sensitization, low threshold sensory
fibers activated by innocuous stimuli, such as light touch, can
activate normally high-threshold nociceptive secondary sensory
neurons in the dorsal horn. The increased excitability of CNS

1. High headache frequency
2. Female gender
3. Obesity (BMI>30)
4. Snoring
5. Stressful life events
6. High caffeine consumption
7. Acute medication overuse
8. Depression 
9. Head trauma
10. History of migraine
11. Less than a high school education

Table 1. 
Risk Factors for CDH

         



neurons reduces pain threshold (tactile allodynia). 
If the stimulus is maintained, central sensitization persists. It

can outlast the stimulus for several hours.32 Clinically, central sen-
sitization contributes to pain hypersensitivity in the skin, muscle,
joints and viscera.37 Cutaneous allodynic pain is referred to the
periphery, but it arises from within the CNS. Does sensitization
play a role in headache? Brief chemical irritation of the dura with
a cocktail (inflammatory soup) of four inflammatory mediators
(histamine, serotonin, bradykinin and prostaglandin E2) made
meningeal perivascular neurons pain-sensitive for a period of one
to two hours.38 This peripheral sensitization can explain the
intracranial hypersensitivity (i.e., the worsening pain during
coughing, bending over or any head movement) and the throb-
bing pain of migraine.39

Brief dural chemical irritation may also result in central sensi-
tization with changes in the central trigeminal neurons that
receive convergent input from the dura and the skin. Their
threshold decreases and their excitability increases in response to
brushing and heating of the periorbital skin—stimuli to which
they showed only minimal or no response prior to chemical stim-
ulation.40 In addition, the threshold of cardiovascular responses to
facial and intracranial stimuli is reduced.41

Central sensitization results in muscle tenderness and cuta-
neous allodynia in patients with migraine. Most migraineurs
exhibit cutaneous allodynia inside and outside their pain-referred
areas during migraine attacks. Burstein et al.40 studied the devel-
opment of cutaneous allodynia during migraine by measuring the
pain thresholds in the head and forearms of a patient at several

points during the migraine attack and comparing the pain thresh-
olds in the absence of an attack.42 (Studies in animals show that
peripheral nociceptors became sensitized and mediated the symp-
toms of cranial hypersensitivity ~30 minutes after their initial
activation.) The barrage of impulses then activated second-order
neurons and initiated their sensitization, mediating the develop-
ment of cutaneous allodynia on the ipsilateral head. Many
patients had periorbital cutaneous allodynia ipsilateral to the
headache. Patients with allodynia were significantly older than
those without cutaneous allodynia, hinting at a possible correla-
tion between age and sensitization. These findings provide a neu-
ral basis for the pathophysiology of migraine pain and suggest a
basis for continued head pain.

Gallai et al.43 found elevated CSF levels of glutamate and
nitrite (a nitric oxide metabolite) in TM patients with and with-
out medication overuse. The increase in CSF nitrite, a marker for
nitric oxide production, was accompanied by an increase in
cGMP. CGRP, SP and to a lesser extent neurokinin A were also
elevated in patients compared with controls. Nitric oxide plays a
crucial role in animal models of sensitization. Its formation is trig-
gered by glutamate receptor activation. Lassen et al.47 discovered
that nitroglycerin, a nitric oxide donor, can induce headache in
CTTH patients. This study suggests that nitric oxide may play an
important role in the pathophysiology of CTTH.

Evidence now exists that central sensitization, defined by the
presence of cutaneous allodynia, exists in CDH, including TM
with and without medication overuse. Shukla et al.44 studied
dynamic mechanical (brush) allodynia (BA) in headache patients
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in an inpatient setting. This study demonstrated that mechanical
dynamic BA is common in hospitalized CDH patients. Of a total
of 78 patients, most of whom had TM, 32 (41 percent) experi-
enced BA. Allodynia was more common and more severe in V1,
indicating the role of central sensitization in its development.
Allodynia was significantly more common in patients with uni-
lateral headaches, and was usually ipsilateral to the headache. 

Creach et al.43 compared heat-pain thresholds in patients with
TM with and without medication overuse and patients with
episodic migraine. Extracranial, but not facial, allodynia was more
common in both TM groups (39.5 percent vs 12.1 percent).
Using a questionnaire, Sobrino46 found that 56.3 percent of TM
patients had cutaneous allodynia in their pain referred areas.

Bendtsen et al.22 found evidence for sensitization in patients
with CTTH. Pericranial myofascial tenderness, evaluated by
manual palpation, was considerably higher in patients than in
controls (p<0.00001). The stimulus-response function from
highly tender muscle was qualitatively different from normal
muscle, suggesting that myofascial pain may be mediated by low-
threshold mechanosensitive afferents projecting to sensitized dor-
sal horn neurons. Increased muscle hardness in CTTH patients
may reflect sensitization of second-order neurons due to pro-
longed nociceptive input from myofascial tissues. The decrease in
muscle hardness following treatment with L-NMMA (a nitric
oxide synthase inhibitor) in by a study Ashina et al.48 may be
caused by decreased central sensitization. 

Pain Modulation
The mammalian nervous system contains networks that mod-
ulate nociceptive transmission. The trigeminal brain stem
nuclear complex receives monoaminergic, enkephalinergic and
peptidergic projections from regions known to be important in
the modulation of nociceptive systems. A descending inhibito-
ry neuronal network extends from the frontal cortex and hypo-
thalamus through the periaqueductal gray (PAG) to the rostral
ventromedial medulla (RVM) and the medullary and spinal
dorsal horn. The RVM includes the nucleus raphe magnum
and the adjacent reticular formation and projects to the outer
laminae of the spinal and medullary dorsal horn. Electrical
stimulation or injection of opioids into the PAG reduces
nociresponsive neuron activity. The PAG receives projections
from the insular cortex and the amygdala.9

RVM stimulation can inhibit and/or facilitate nociceptive and
non-nociceptive input. The RVM is a relay in descending modu-
lation of nociception.49 RVM stimulation at relatively high current
intensities is both antinociceptive (in the tail-flick test) and
responsible for decreased responses of dorsal horn neurons. By
contrast, lower current intensity stimulation at the same sites is
facilitatory.50-52 Excitatory neurotransmitters (e.g., glutamate, neu-
rotensin) microinjected into the RVM replicated the effects of

stimulation, facilitating and inhibiting spinal nociception at lower
and higher doses, respectively.51-54 Microinjection of NMDA into
the RVM facilitated the tail-flick reflex in a dose-dependent man-
ner, an effect blocked by an NMDA receptor antagonist.69 

Antinociception can be measured by nociceptive reflex inhibi-
tion. In the RVM and PAG, three classes of neurons have been
identified.56 “Off-cells” pause immediately before the nociceptive
reflex, whereas “on-cells” are activated. Neutral cells show no con-
sistent changes in activation.9 On-cells and off-cells fire in a recip-
rocating pattern; tail-flick latency was longer during periods of
increased off-cell activity and shorter when on-cells were active.
Opioids activate off-cells and inhibit on-cells; nociceptive reflexes
are inhibited. Naloxone-precipitated opioid withdrawal increases
on-cell activity.57,58 This is abolished by intra-RVM injection of
lidocaine.59,60 Thus, off-cell activity suppresses nociception, where-
as on-cell activity enhances the response to noxious stimuli. On-
and off-cell activity is modulated by 5-HT1 receptor agonists.9

Off- and on-cells (descending inhibitory and facilitatory path-
ways) project from the RVM through both dorsal and ventral
parts of the spinal cord to the spinal dorsal horn.49

Opioids can paradoxically induce pain and decrease tolerance
to nociception. This is similar mechanistically to the abnormal
pain that follows peripheral nerve injury. Both are less responsive
to the antinociceptive effects of morphine and are reversed by
NMDA antagonists.61 Both activate the RVM descending pain
facilitation pathways. Increased RVM facilitation may be mediat-
ed by pronociceptive peptide CCK, which exists throughout the
brain and spinal cord. Immunoreactivity is seen in the PAG and
RVM. CCG can contribute to RVM neuron excitability. Intra-
RVM CCK produces reversible thermal and tactile hypersensitiv-
ity62 and prevents both the activation of off-cells and the antinoci-
ception produced by systemic morphine.63

Conversely, microinjection of a CCK antagonist into the
RVM blocks thermal and tactile hypersensitivity in rats with
peripheral nerve injury.62 CCK antagonists also enhance mor-
phine-induced antinociception and reverse morphine tolerance.64

The RVM produces descending facilitation by elevating spinal
dynorphin expression.65 Dynorphin acts as an endogenous
pronociceptor mediator, resulting in enhanced release of CGRP
and SP.66-68 Dynorphin upregulation is blocked by lesions in the
RVM descending pathways. The lesions also block enhanced
CGRP release and abnormal pain. Antibodies to dynorphin also
block CGRP release in model systems.67

Opioid analgesic tolerance is a pharmacological phenomenon
that occurs after its prolonged administration, in part due to acti-
vation of the NMDA receptor (NMDAR). Excess activation of
NMDARs can lead to neurotoxicity. Opioid-induced neurotoxi-
city depletes inhibitory GABA interneurons, a mechanism that
may have clinical implications in opioid therapy and substance
abuse and may account for refractoriness in CM.

       



The RVM modulates the activity of the TNC and dorsal horn
neurons. Increased on-cell activity in the brain stem’s pain mod-
ulation system could enhance the response to both painful and
nonpainful stimuli. Opioid withdrawal results in increased firing
of the on-cells, decreased firing of the off-cells, and enhanced
nociception.56,69 Descending facilitatory influences could con-
tribute to chronic pain states and the development and mainte-
nance of hyperalgesia.70 Headache may be caused, in part, by
enhanced neuronal activity in the nucleus caudalis as a result of
enhanced on-cell and decreased off-cell activity. Other condi-
tioned stimuli associated with pain and stress also can turn on the
pain system and may account, in part, for the association between
pain and stress.56 

Overuse of acute medication (analgesics, opioids, barbitu-
rates, ergotamine-containing compounds or triptans) can con-
tribute to the transformation of episodic into transformed
migraine.27 Some believe drug-induced primary CDH is due to a
rebound effect wherein medication withdrawal triggers the next
headache, which, in turn, leads to the consumption of more drug.
This may produce a vicious cycle resulting in more frequent drug
use and drug-induced primary CDH. Continued high fluctuat-
ing doses could result in resetting the pain control mechanisms in
susceptible individuals, perhaps by enhancing on-cell activity,
enhancing central sensitization through NMDA receptors, or
blocking adaptive antinociceptive changes. Formulations of drugs
that maintain sustained, nonfluctuating levels might avoid the
development of drug-induced headache.27 Chronic opioid use has
clearly been shown to activate RVM pain facilitation. Opioid-
induced neurotoxicity by depleting inhibitory GABA interneu-
rons may result in headache intractability.

Compensatory adaptive changes associated with frequent
headaches (if they occur) may not be enough to allow continued
drug effectiveness. If tolerance has decreased drug effectiveness, a
drug holiday could renew the response.27 Drug overuse may, in
part, prevent the occurrence of antinociceptive adaptive changes.
The analgesic washout period could be a result of the time
required for the system to reset. The failure of preventive drugs
could result from the lack of endogenous antinociceptive agents.
A similar phenomenon occurs in contingent tolerance in the
seizure kindling model. 

The long-term effectiveness of anticonvulsants can be studied
in amygdala-kindled animals. Repeated pretreatment with carba-
mazepine before kindling results in a loss of drug efficacy and
constitutes a unique form of associative or contingent tolerance.
Animals treated with carbamazepine after seizures occur do not
show tolerance. Giving the drug after seizures occur can reverse
tolerance once it has developed.71 Some neurobiologic alterations
following seizures may thus be adaptive, or anticonvulsant, in
contrast to more enduring changes related to the primary patho-
physiology of the kindled process.27

Clinical strategies based on these concepts might be used to
reverse tolerance in the long-term treatment of CDH. Switching
a patient to a drug that has a different mechanism of action and
does not show cross-tolerance or discontinuing the ineffective
drug and reintroducing it later may be effective in some migraine
or TM patients.

Evidence exists for differences in pain modulation in migraine.
Painful stimulation induces two pain sensations: the first acute,
short-lasting, and well localized; the second longer but less local-
ized. The second pain intensity increases with repeat stimulation
and is enhanced in chronic headaches. Fusco et al72 evaluated the
effect of dextromethorphan and Mg2+ on temporal summation
of second pain in chronic headache patients, seven with TM and
five with other chronic headaches. The pain stimulus consisted of
four electrical shocks delivered on the medial forearm at three-
second intervals. The stimulus was repeated one hour after a
100mg oral dose of dextromethorphan, 10 minutes after the end
of slow intravenous infusion of Mg2+, or both. First pain intensi-
ty did not change. The exaggerated temporal summation of the
second pain in chronic headache was confirmed.
Dextromethorphan significantly decreased this. Mg2+ alone had
no effect, but did increase the effect of dextromethorphan. 

Positron emission tomography in primary headaches, such as
migraine73 and cluster74 headache, has demonstrated activations
(as measured by increased cerebral blood flow) in brain areas asso-
ciated with pain, such as the cingulate cortex, insulae, frontal cor-
tex, thalamus, basal ganglia and cerebellum. These areas are sim-
ilarly activated when head pain is induced by injecting capsaicin
into the forehead of volunteers.75 Cortical (but not brainstem)
activation is reversed by sumatriptan, as is the headache. This area
of the brainstem is rich in opioids and includes the pain control
centers.76 Dihydroergotamine (DHE) and centrally penetrant
triptans selectively bind to this area of the brainstem. This area of
the brainstem may integrate the phenomenon we call migraine,
or it could be activated as a result of the migraine attack. If the
first explanation is correct, ongoing activity in this area of the
brainstem could produce recurrent or daily headache. If this area
is responsible for controlling pain, then its failure to activate
could explain ongoing headache activity. Acute migraine medica-
tions may induce daily headache by preventing the development
of adaptive changes and perhaps by maintaining brainstem acti-
vation.73

In addition, activation of specific brain regions is seen in
episodic migraine. Specifically, brainstem areas are activated in
episodic migraine,73 one of which was more clearly localized to
the dorsal pons.77 The underlying pathophysiology of CM is like-
ly to be similar to that of episodic migraine, with perhaps contin-
uous brainstem activation. Manjit et al.78 reported eight patients
with the IHS diagnosis of CM who showed a marked beneficial
response to implanted bilateral suboccipital stimulators.
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Stimulation evoked local paraesthesia, the presence of which was
a criterion of pain relief. On stimulation, the headache began to
improve instantaneously and was completely suppressed within
30 minutes. When the stimulation was switched off, the headache
recurred instantly and peaked within 20 minutes. PET scans were
performed using rCBF as a marker of neuronal activity. Each
patient was scanned in the following three states: (1) stimulator at
optimum settings: patient pain-free but with paresthesia; (2)
stimulator off: patient in pain and no paresthesia; (3) stimulator
partially activated: patient with intermediate levels of pain and
paresthesia. There were significant changes in rCBF in the dorsal
rostral pons, anterior cingulate cortex (ACC) and cuneus, corre-
lated to pain scores, and correlated to stimulation-induced pares-
thesia scores in the ACC and left pulvinar. 

The activation pattern in the dorsal rostral pons is highly sug-
gestive of a role for this structure in the pathophysiology of chron-
ic migraine. The localization and persistence of activity during
stimulation is exactly consistent with a region activated in episod-
ic migraine and with the persistence of activation of that area after
successful treatment. The dorsal rostral pons may be a locus of
neuromodulation by suboccipital stimulation. In addition, sub-
occipital stimulation modulated activity in the left pulvinar.

Contingent negative variation (CNV) is the surface negative
slow wave potential elicited in expectancy conditions. It repre-
sents the excitability of cortical pyramidal neurons. Migraine
patients have enhanced negativity and reduced habituation com-
pared with non-migraine controls. Siniatchkin et al.79 have shown
that patients with CDH also have reduced habituation but signif-
icantly lower amplitude than episodic migraine patients. This
suggests the presence of a common mechanism in these disorders.
CDH patients may have lost the compensatory mechanism that
is present in episodic patients, leading to chronification and lower
negativity of the slow wave. 

Post et al.27 suggested the kindling model for epilepsy as a
model for nonepileptic progressive disorders, such as mania. Post
and Silberstein27 suggested that spontaneous recurrent migraine
headaches might be analogous to the low levels of electrical stim-
ulation in the kindling model in the process of headache transfor-
mation. Preventive migraine treatment could provide a dual ben-
efit by preventing the occurrence of episodes and blocking the
sensitization process that could lead to syndrome progression.

In primary CDH, hypersensitivity of neurons in the TNC
may be a result of supraspinal facilitation. Peripheral nociceptors
may be hypersensitive as a result of sensitization. The vascular
nociceptor may be hypersensitive in CM; and the myofascial
nociceptor may be hypersensitive in CTTH associated with a dis-
order of the pericranial muscles. Less myofascial nociceptor
hypersensitivity and a general increase in nociception may be
present in CTTH not associated with a disorder of the pericranial
muscles. 

 



CTTH and CM may result from a defective interaction
between endogenous nociceptive brainstem activity and
peripheral input. Physical or psychologic stress or nonphysio-
logic working positions can increase nociception that could
trigger or sustain an attack in an individual with altered pain
modulation. Emotional mechanisms may also reduce endoge-
nous antinociception. Long-term potentiation of nociceptive
neurons and decreased activity in the antinociceptive system

could cause primary CDH. Sensitization of the TNC neurons
can result in normally nonpainful stimuli becoming painful,
producing trigger spots, an overlap in the symptoms of
migraine and TTH, and activation of the trigeminal vascular
system. PN
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