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Migraine
David W Dodick

Migraine is a chronic paroxysmal neurological disorder characterised by multiphase attacks of head pain and a myriad 
of neurological symptoms. The underlying genetic and biological underpinnings and neural networks involved are 
coming sharply into focus. This progress in the fundamental understanding of migraine has led to novel, mechanism-
based and disease-specific therapeutics. In this Seminar, the clinical features and neurobiology of migraine are 
reviewed, evidence to support available treatment options is provided, and emerging drug, device, and biological 
therapies are discussed.
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Introduction
Migraine is a chronic neurological disorder characterised 
by attacks of moderate or severe headache and revers­
ible neurological and systemic symptoms. The most 
characteristic symptoms associated with migraine 
include photophobia, phonophobia, cutaneous allodynia, 
and gastrointestinal symptoms such as nausea and 
emesis.1 Additionally, patients can have a variety of other 
neurological symptoms—eg, vertigo, dizziness, tinnitus, 
and cognitive impairment.

Migraine often begins with premonitory symptoms 
hours or days before the onset of pain.2 The most common 
premonitory symptoms include fatigue, impaired concen­
tration, and neck stiffness. However, other psychological 
(anxiety, depression, irritability), arousal (drowsiness), 
neurological (photophobia), and cranial parasympathetic 
symptoms (lacrimation), and general symptoms (eg, 
yawning, increased urination, nausea, diarrhoea, and food 
cravings) can occur before the onset of pain.3 Identification 
of premonitory symptoms could enable behavioural and 
treatment approaches that could mitigate or prevent the 
headache phase of migraine.

The migraine headache is often reported by patients to 
be unilateral (60%), throbbing (50%), and aggravated by 
physical activity (90%) or head movement.1 The headache 
can change sides during or between attacks. The pain 
intensity is at least moderate or severe during attacks in 
most patients. The median time to peak intensity is 1 h 
and median duration is 24 h.4 The duration of a migraine 
headache can range from 4 to 72 h in adults and 2 to 
48 h in children. The pain can involve any part of the 
head and often involves the posterior cervical and 
trapezius regions.4 Approximately 75% of patients have 
neck pain that accompanies their migraine episodes.5 
Additional symptoms that are not uncommon during 
migraine attacks are sinus pain or pressure (in 40% of 
patients)6,7 and cranial autonomic features (in 50% of 
patients).8 Headache can occur at any time of the day 
or night, but often occurs more during sleep, upon 
awakening, or shortly after rising in the morning than at 
other times.9,10 Because migraine pain can be bilateral, 
mild, non-throbbing, or associated with neck pain, 
the condition can be misdiagnosed as a tension-type 
headache, whereas the occurrence of facial pain or 
cranial autonomic features could lead to a misdiagnosis 
of so-called sinus headache.6

The numerous symptoms that can occur during 
migraine attacks reflect the complex pathophysiology 
and diffuse involvement of multiple neural networks and 
anatomical regions in the brain. Photophobia (94%), 
phonophobia (91%), and dizziness (72%) are often reported 
by patients, as are anorexia and nausea, both of which 
occur in over half of patients.11 Approximately a third of 
patients have vomiting and 16% of patients have diarrhoea 
during attacks.11 Approximately 70% of patients have non-
aura visual symptoms and about a third have osmophobia 
or hyperosmia.12,13 Vertigo can be present during attacks 
of migraine, or can constitute the defining symptom of 
vestibular migraine, or a prominent symptom of migraine 
with brainstem aura.14 Over 70% of patients have cutaneous 
allodynia—the perception of pain when non-painful 
stimuli are applied to the skin.15,16 The presence of allodynia 
can be both predictive of a suboptimal response to triptans 
and a risk factor for progression to chronic migraine.17

The postdromal phase is defined as from when the 
headache resolves, to when the individual feels completely 
back to baseline. This phase occurs in about 80% of 
individuals with migraine,18 and usually lasts less than 
12 h, but can persist for longer than 24 h in approximately 
12% of patients.18–20 The most common symptoms during 
this phase include asthenia, fatigue, somnolence, impaired 
concentration, photophobia, irritability, and nausea. 
Patients also report a low threshold for recurrent brief 
head pain with the Valsalva manoeuvre or head movement.

In about a third of people with migraine, reversible 
neurological symptoms (migraine aura) can occur 

Search strategy and selection criteria

I searched the Cochrane Library, MEDLINE, and Embase for 
paper published between Dec 1, 1945, and Dec 1, 2017. 
I used the search term “migraine” with the terms “headache” 
or “aura”. I largely selected publications from the past 
5 years, but did not exclude commonly referenced and 
highly regarded older publications. I also searched the 
reference lists of articles identified by this search and 
selected those I judged relevant. Review articles and book 
chapters are cited to provide readers with more details and 
references than can be provided in this Seminar as a result of 
space restrictions. The reference list was modified on the 
basis of comments from peer reviewers.

http://crossmark.crossref.org/dialog/?doi=10.1016/S0140-6736(18)30478-1&domain=pdf
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before the onset, during, or in the absence of pain. 
Migraine with aura is characterised by visual, sensory, 
language, or disturbances associated with brainstem 
dysfunction that usually last between 5 and 60 min and 
occur before the headache.1 In a rare subtype of migraine, 
known as hemiplegic migraine, motor deficits might 
occur. However, the neurological symptoms can persist 
for over 60 min in a substantial minority of patients, and 
can occur simultaneously with or following the onset of 
headache.21,22 The variable timing of aura and headache 
symptoms has challenged not only clinical beliefs, but 
also the biological basis and sequence of physiological 
events underlying a migraine attack.

Visual aura occurs in over 90% of patients with aura, 
and occurs in a hemifield as unformed flashes of light 
(spark photopsia), partial loss of vision (scotoma), or 
fortification phenomena (teichopsia).23 A variety of other 
visual symptoms that are not considered diagnostic 
of aura but can be described by patients include 
shimmering, undulations, or so-called heatwaves. Other 
complex disorders of visual perception, including meta­
morphopsia, micropsia, macropsia, and zoom or 
mosaic vision. Paraesthesias are the second most 
common aura symptom and usually occur in conjunction 
with a visual aura. The paraesthesias usually involve 
the hand and perioral (cheiro-oral) region, and the 
arm, tongue, and lips, and can become bilateral. The 
paraesthesias usually progress (or march) and jump from 
one body part to another and, like visual symptoms, often 
transition from a postive sensation (paraesthesias—eg, 
scintillations) to a negative sensation (numbness—eg, 
scotoma). Expressive language dysfunction, or aphasia, is 
the least common aura symptom. Symptoms that are 
thought to reflect brainstem dysfunction (although their 
origin is unclear) can occur—eg, vertigo, dysarthria, 
ataxia, diplopia, and bilateral paraesthesias. Although 
higher order cortical deficits (eg, apraxia and agnosia) are 
rare, they can occur during migraine attacks, which 
underscores the CNS origin of aura symptoms.24

Because of the reversible nature of neurological 
impairment from migraine, distinguishing between 

migraine aura and transient ischaemic attack can be 
challenging, particularly in older adults who might have 
vascular risk factors and experience aura without 
headache. The characteristic features of migraine aura, 
which reliably distinguish the phenomena from transient 
ischaemic attack, include the following factors: the 
bilateral nature of the visual or sensory symptoms; 
positive and negative visual phenomena occurring 
sequentially or simultaneously; development of 
symptoms over at least 5 min and movement across the 
visual field or across different parts of the body, or both; 
and the sequential appearance of aura symptoms (eg, 
visual then sensory), and their stereotyped and often 
recurrent nature.25

In addition to migraine with and without aura, the 
International Classification of Headache Disorders has 
established operational diagnostic criteria for numerous 
other subtypes of migraine.1 Notably, no pain or migraine-
associated symptom criterion are sufficient or necessary 
for the diagnosis of migraine without aura (panel 1). 
The condition of probable migraine, which does not 
have either the requisite number of pain or associated 
symptom features to be defined as migraine, is an under-
recognised migraine subtype that is believed to share an 
underlying biology with migraine and is treated in a 
similar fashion.26 Patients with probable migraine are 
most likely often misdiagnosed as having tension-type 
headache. The diagnostic requirement for migraine of at 
least five discrete attacks ensures that serious systemic 
and intracranial diseases that could present with similar 
headache features and their associated symptoms are not 
overlooked.

Although migraine is often described as a paroxysmal 
disorder with discrete attacks separated by pain-free 
and symptom-free intervals, a substantial number of 
individuals with migraine could have very frequent 
attacks and interictal symptoms in the absence of pain.20,27 
Persistent symptoms are more likely to occur in individ­
uals with chronic migraine than in those who have 
episodic migraine. Chronic migraine is defined by the 
presence of headache on more than 15 days per month, 
and that at least 8 days meet diagnostic criteria for 
migraine with or without aura.

Epidemiology
Migraine is one of the most prevalent and disabling 
medical illnesses in the world. WHO ranks migraine as 
the third most prevalent medical condition and the 
second most disabling neurological disorder in the 
world.28,29 The 1-year prevalence of migraine in the general 
population is 12%.30 The annual and lifetime prevalence 
are 18% and 33% in women, respectively, and 6% and 
13% in men. Migraine affects approximately 10% of 
school-aged children (5–18 years), and at prepubertal ages 
(<13 years) the rate of onset of migraine is slightly higher 
in boys than in girls.31 Although, for half of patients with 
migraine onset occurs before age 20 years, onset can 

Panel 1: Migraine without aura—International 
Classification of Headache Disorders-31

1	 At least five attacks fulfilling criteria 2–4
2	 Headache attacks lasting 4–72 h (untreated or successfully 

treated)
3	 Headache has at least two of the following characteristics: 

unilateral location, pulsating quality, moderate or severe 
pain intensity, aggravation by or causing avoidance of 
routine physical activity (eg, walking or climbing stairs)

4	 During headache at least one of the following: nausea or 
vomiting, or both; or photophobia and phonophobia

5	 Not attributed to another disorder—eg, meningitis or 
brain hemorrhage
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occur at an early age—eg, infantile colic has emerged 
as perhaps the earliest manifestation of migraine.32 
Migraine is most prevalent between the ages of 25 and 
55 years, and the prevalence rises through early adult life 
and then falls after midlife (ie, 55 years).

Migraine also has a substantial burden on the entire 
family unit. In a longitudinal internet-based population 
study,33 over half of people with migraine reported 
reduced participation in family activities compared with 
non-migraine controls and that they would be better 
partners and parents without migraine, and a third 
reported being worried about long-term financial security 
because of migraine. The financial cost of migraine is 
also a societal concern, with annual costs estimated to be 
in excess of US$20 billion.

The annual incidence of chronic migraine among people 
with episodic migraine is 2·5–3·0%.34–36 The population 
prevalence of chronic migraine is approximately 2%, 
whereas about 8% of the migraine population has chronic 
migraine. Several modifiable risk factors increase the 
risk of developing chronic migraine, including high 
baseline attack frequency (one per week), overuse of acute 
medications, caffeine consumption, snoring, obesity, and 
the inadequate acute treatment of migraine attacks.35,37,38 
Female sex, allodynia, head injury, low socioeconomic 
status, depression, anxiety, and comorbid pain disorders 
are also risk factors for chronic migraine. The recognition 
and management of these risk factors and identifying 
people who already have chronic migraine is important. 
Compared with patients who have episodic migraine, 
individuals with chronic migraine have a substantially 
reduced health-related quality of life and their condition 
has a substantially greater effect on daily activities, direct 
medical costs, and prevalence of medical comorbidities.39 
Chronic migraine is also associated with a greater use of 
health-care resources, including more frequent visits to 
primary-care physicians, specialists, and emergency 
departments than episodic migraine. Individuals with 
chronic migraine are also more frequently admitted to and 
treated in hospital and undergo more diagnostic tests than 
those with episodic migraine.40

Despite the availability of evidence-based guidelines 
intended to inform clinical decision making and the care 
of patients with migraine, the management of migraine 
for the population remains suboptimal. Among people 
with chronic migraine, only 41% consult a health-care 
provider about their condition, and only 25% of these 
people receive an accurate diagnosis.41 Even among those 
who receive an accurate diagnosis, over half are not 
prescribed an acute or preventive treatment. The use 
of screening tools, such as Identify (ID)-Migraine and 
ID-Chronic Migraine (ID-CM),42,43 and evidence-based 
guidelines for the acute and preventive treatment of 
migraine, should enhance the likelihood of patients 
receiving an accurate diagnosis and optimal treatment.44–51

The overuse of acute headache medications is common 
among individuals with migraine who have frequent 

attacks, and this overuse poses a unique treatment 
challenge for clinicians. The 1-year population prevalence 
of chronic headache and medication overuse is 
approximately 1–3%.52–55 Approximately 50% of patients 
seen in headache specialty centres overuse medication, 
and at least 50% of people with chronic migraine in 
the general population overuse acute medications. The 
threshold number of days that defines medication 
overuse depends on the medication (ie, >10 days per 
month for opioids, butalbital-containing medications, 
triptans, ergots, and combination analgesics; >15 days for 
simple analgesics such as non-steroidal anti-inflammatory 
medications). The greatest risk of progressing from 
episodic migraine to chronic migraine is associated with 
opioids (odds ratio [OR] 1·4) and butalbital-containing 
medications (OR 1·7) and can occur with as few as five 
doses per month.52 Individuals with chronic migraine 
who overuse medication have an even poorer quality of 
life, greater disability, and greater losses in productivity 
than people who have chronic migraine without 
medication overuse.

Pathophysiology and genetics
Premonitory phase
The premonitory phase is the earliest stage of a migraine 
attack and it starts in the CNS. In a PET study of triggered 
and spontaneous attacks,56 the earliest stage of the 
premonitory phase showed activation in the posterior 
and lateral regions of the hypothalamus and adjacent 
midbrain ventral tegmentum. Activation of these regions 
and their central connections to the limbic system 
could explain why migraine is commonly triggered by 
alterations in homoeostasis (eg, changes in sleep–wake 
cycles, missed meals) and also some of the symptoms 
during the premonitory phase—eg, yawning, polyuria, 
food cravings, and mood changes. The periaqueductal 
grey and dorsal pons, in the region of the noradrenergic 
locus coeruleus and serotonergic dorsal raphe nucleus, 
also show selective activation during the premonitory 
phase.57 These regions are key for modulating the 
intensity of sensory stimuli (eg, light, sound), cerebral 
blood flow, nociception, and the excitability of cortical 
and subcortical neurons and glial cells. Involvement of 
these regions could account for alterations in cerebral 
blood flow seen during migraine attacks (with and 
without aura), amplification of ambient sensory stimuli 
(light, sound, odour), alterations in cortical excitability, 
and facilitation or disinhibition of trigeminal nociception.

Aura
Cortical spreading depression (CSD) is thought to be the 
underlying physiological cause of the aura phase of 
migraine.58 CSD is an extreme depolarisation of glial and 
neuronal cell membranes that results in disruption 
of ionic gradients, a rise in extracellular potassium 
concentrations, release of glutamate, and a transient 
increase followed by a decrease in cerebral blood flow. 
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The spread of a CSD wave across neural tissue occurs at 
a rate of 2–6 mm/min—similar to the progression of the 
fortification spectra and cerebral oligaemia seen on 
cerebral blood flow imaging during aura in human 
beings.59 Massive unregulated release of glutamate is 
considered to have an important role in the pathogenesis 
of CSD. The release of glutamate is mediated by 
intracellular calcium influx that is regulated by voltage-
gated calcium channels, whereas the transporter-
mediated astrocytic uptake of synaptic calcium is driven 
by sodium gradients that are maintained by the activity 
of sodium–potassium-ATPase (Na+–K+-ATPase) pumps.

The evidence that a CSD-like event is involved in the 
pathophysiology of migraine visual aura is based on blood 
oxygen level-dependent MRI during visual aura in human 
studies59 and the identification of mutations in genes 
responsible for familial hemiplegic migraine (FHM) 
that result in excessive glutamate neurotransmission, 
enhanced neuronal excitability, and reduced thresholds for 
CSD in transgenic animals.60 Additionally, CSD activates 
the trigeminovascular system61 and effective migraine-
preventive medications raise CSD thresholds in animal 
models.62 Additionally, tonabersat—an experimental drug 
that inhibits CSD in animal models—has been shown to 
have preventive efficacy for migraine with aura,63 and 
single-pulse transcranial magnetic stimulation (sTMS), 
which blocks CSD in animals,64 has been shown to be 
effective for the acute treatment of migraine with aura.65 
Finally, although their development has been hampered by 
adverse events, glutamate receptor antagonists showed 
preventive efficacy in proof-of-concept studies.66

FHM is a rare monogenic autosomal-dominant subtype 
of migraine.67,68 Gain-of-function mutations of CACNA1A 
(FHM type 1), which encode for the α1 subunit of 
neuronal Cav2·1 calcium channels on excitatory glutamate 
containing neurons, and of ATP1A2 (FHM type 2), which 
encode for the α2 subunit of Na+–K+-ATPase pumps 
located on astrocytes, leads to net excitatory neuro­
transmission as a result of unregulated release or reduced 
uptake of synaptic glutamate. Loss-of-function mutations 
in SCNA1 (FHM type 3), which encode the pore-forming 
α1 subunit of neuronal Nav1·1 sodium channels on 
inhibitory interneurons, result in unregulated firing 
of excitatory neurons.

FHM-related mutations have not been shown to be 
relevant in migraine with or without aura. However, 
increased CNS excitability in individuals with migraine 
has been shown from induced and event-related potential 
studies by use of visual, auditory, somatosensory, and 
olfactory stimuli, as well as nociceptive brainstem 
reflexes.69–71 These studies have consistently shown that, 
by contrast with people without migraine, for whom 
repetitive stimulation results in attenuated responses 
(habituation), individuals with migraine show unchanged 
or even increased responses.72 This absence of habituation 
is seen between attacks and normalises just before and 
during an attack.

Although the underlying basis for this increased cortical 
excitability is unclear, a genetic infuence seems likely. 
Missense mutations in the gene encoding casein kinase 
Iδ (CKIδ, also known as CSNK1D) has been found to 
be responsible for familial advanced sleep phase and 
migraine in two families.73 Transgenic mice with a Ckiδ 
missense mutation (Ckiδ-Thr44Ala) show a significant 
reduction in their threshold for and an increased number 
of CSD events in response to a provocative stimulus. 
Additionally, genome-wide association studies have 
identified one DNA variant in the MTDH gene for 
migraine with aura and six gene loci (MEF2D, TGFBR2, 
PHACTR1, ASTN1, TRPM8, and LRP1) for migraine 
without aura as migraine susceptibility genes.74 These 
genes are involved in glutamatergic neurotransmission 
or neuronal and synapse development and could 
influence the enhanced cortical excitability that is 
characteristic of migraine. A meta-analysis of genome-
wide association studies involved 59 674 affected indi­
viduals and 316 078 controls from 22 studies.75 Overall, 
44 independent single-nucleotide polymorphisms were 
found to be significantly associated with migraine risk. 
These single-nucleotide polymorphisms mapped to 
38 distinct genomic loci and included 28 loci that had not 
been reported before, including the first to be identified 
on chromosome X. Five of the loci involve or are linked 
to ion channels that influence neuronal excitability. 
However, loci that showed enrichment for genes expressed 
in vascular and smooth muscle tissues were also 
identified, indicating that vascular homoeostasis could 
influence the expression of the disease and might be 
integral to the pathogenesis of migraine, at least in some 
subgroups with migraine.

Functional imaging studies have also provided objective 
evidence that the brain of an individual with migraine is 
hyper-responsive to sensory stimuli even in the interictal 
phase between attacks.76,77 Stimulus-evoked activation 
patterns in the brains of individuals with migraine show 
stronger activation in pain-facilitating regions and 
hypoactivation in pain-inhibiting regions than the brains 
of individuals without migraine.78,79 These findings could 
explain the high sensitivity of people with migraine to 
noxious stimuli between attacks and their propensity to 
develop central sensitisation and allodynia during attacks. 
Visual stimuli also result in greater activation in the 
primary visual cortex and other visual processing 
regions—eg, the lateral geniculate nucleus80,81 and motion-
responsive middle temporal cortex—for individuals 
with migraine than individuals without migraine. This 
increased activation is especially true in individuals 
with migraine with aura, and is congruent with their 
vulnerability to CSD and visual aura.

Whether the enhanced cortical responsiveness in 
migraine is due to enhanced excitability or impaired 
inhibition is a matter of debate. Electrophysiological 
evidence82 suggests that the imbalance between excita­
tory and inhibitory networks is due to deficient activity 
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of thalamocortical networks between attacks, which 
is caused by functional disconnections between 
the thalamus and other subcortical areas. Specifically, 
dysfunctional thalamocortical networks could be a result 
of altered top-down cortical feedback to the thalamus 
or bottom-up input from brainstem monoaminergic 
nuclei. The locus coeruleus and dorsal raphe nucleus 
provide extensive monosynaptic and paracrine neuro­
transmission to the thalamus and cortex, and these 
brainstem nuclei show altered activity throughout 
all phases of the migraine attack, during the post­
dromal phase in episodic migraine, and during the 
interictal phase in chronic migraine.83–86 If this system is 
particularly vulnerable, potential trigger factors such as 
stressful life events, visual stimuli, hormonal changes, 
hypoglycaemia, or sleep deprivation could cause an 
attack. Therefore, abnormal modulation of excitability, 
rather than general hyperexcitability or hypoexcitability, 
could be the crucial underlying factor responsible for 
migraine attacks.

Headache phase
The headache phase of migraine is due to activation of 
trigeminal sensory pathways that innervate pain-sensitive 
intracranial structures, including the eye, dura mater, 
large cerebral and pial blood vessels, and the dural venous 
sinuses.87 These structures are supplied by a plexus 
of largely unmyelinated fibres that project from the 
ophthalmic division of the trigeminal nerve and the upper 
cervical spinal roots. These peripheral trigeminal sensory 
afferents converge and synapse on second-order neurons 
in the trigeminal cervical complex.88 This central 
convergence explains the characteristic distribution of 
migraine pain that includes the eye and periorbital region, 
the frontal and temporal head regions, and the referral of 
pain to the occipital nuchal regions. The second-order 
neurons within the trigeminal cervical complex project 
to the brainstem and hypothalamic, subcortical (basal 
ganglia), thalamic, and cortical regions that process 
nociceptive signals from the trigeminovascular system. 
Auditory, visual, and olfactory cortical areas that receive 
trigeminal sensory input could underlie the characteristic 
symptoms of migraine, whereas somatosensory, insular, 
retrosplenial, and parietal association cortical areas provide 
the sensory-discriminative, emotional, and cognitive 
appraisal of trigeminal nociceptive input.89

Trigeminal sensory fibres that innervate the meninges 
also project branches that cross the calvarial sutures 
and supply the periosteum and pericranial muscles.90 
Extracranial activation of meningeal nociceptors by 
extracranial causes (eg, head trauma, pericranial muscle 
inflammation), or activation of extracranial sensory fibres 
via activated meningeal nociceptors, provide mechanisms 
by which extracranial pathology can trigger migraine 
attacks in susceptible individuals, and pericranial muscle 
tenderness can result from a migraine attack triggered by 
an intracranial process.91

Sensory transmission of nociceptive signals from 
peripheral trigeminal sensory afferents to second-order 
neurons involves the release of several neurotransmitters, 
including calcitonin gene-related peptide (CGRP), 
pituitary adenylate cyclase-activating polypeptide-38 
(PACAP-38), glutamate, and nitric oxide.92 Release of 
CGRP and PACAP-38 also results in cranial vessel 
dilation and mast-cell degranulation, both of which could 
further activate vascular and meningeal nociceptors and 
contribute to migraine headache. Activated meningeal 
nociceptors could become sensitised (response threshold 
decreases and response magnitude increases) leading to a 
nociceptive response to stimuli that normally would not 
cause pain (eg, pulsation of blood vessels, increased CSF 
pressure associated with the Valsalva manoeuvre). The 
sensitisation of peripheral trigeminal sensory afferents 
could also lead to sensitisation of second-order and third-
order neurons in the trigeminal cervical complex and 
sensory thalamus,61 which could account for cephalic 
(scalp sensitivity and muscle tenderness) and extra­
cephalic (skin sensitivity in limbs or aching muscles) 
allodynia that occurs in most individuals during migraine 
attacks. Central sensitisation is present between full-
blown migraine attacks in people with chronic migraine 
and could account for the low-grade headache, allodynia, 
and other symptoms that are characteristic of this 
disorder. Sensitisation of third-order thalamic neurons 
also appear to underlie some of the associated symptoms 
of migraine—eg, photophobia. Intrinsically photo­
sensitive retinal ganglion cells in the retina have been 
found to project to dural-sensitive thalamic neurons in 
the posterior thalamus.93 The activity of these neurons, 
especially when sensitised, is significantly enhanced and 
their projection to multiple cortical areas, including the 
somatosensory and visual cortices, explains in part why 
light exacerbates head pain during a migraine attack. 
Repeated attacks of central sensitisation along with 
dysfunctional descending pain modulation could result 
in the progression and persistence of symptoms and the 
development of chronic migraine. The attack-related 
electrophysiological changes and increase in serum 
CGRP concentration seem to persist in the interictal 
phase in individuals with chronic migraine.94 A state of 
sustained central sensitisation can result in amplification 
of subthreshold events (migraine triggers) resulting in 
frequent migraine attacks. Such neural plasticity can be 
viewed as a type of so-called pain memory and is evident 
in functional MRI studies that show increased functional 
connectivity in the resting state within the matrix of 
networks that facilitate pain as the attack frequency 
increases.76 The induction of latent trigeminal sensiti­
sation by drugs promoting medication-overuse headache 
also produce analogous neural adaptations that promote 
enhanced susceptibility to subthreshold triggers mediated 
through descending pain-modulatory circuits.95 This 
latent sensitisation has been shown in animal models 
after persistent exposure to opiods or triptans and is 
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associated with increased expression of CGRP and 
neuronal nitric oxide synthase in trigeminal ganglia 
neurons that persist long after discontinuation of either 
opiate or triptan exposure.96 These changes are blocked by 
the co-administration of inhibitors of neuronal nitric 
oxide synthase and anti-CGRP monoclonal antibodies 
and suggest a potential role for such compounds for 
the treatment of medication-overuse headache.97 Triptan 
exposure has also been shown to reduce the stimulation 
threshold to result in a CSD event, and this event was 
blocked by topiramate.98 Taken together, these studies 
provide evidence that chronic migraine and medication-
overuse headache might be associated with enhanced 
cortical excitability and dysfunction of endogenous pain 
modulatory systems, leading to the development of 
persistent central sensitisation.

Acute treatment
Acute treatment of migraine includes the use of drug 
therapy and behavioural techniques. Several general 
principles improve outcomes for acute treatment, inc­
luding giving acute medication early while pain is mild, 
and choosing the right dose and route of administration. A 
non-oral route of administration (eg, nasal spray, injection, 
suppository) can improve patient outcomes in those who 
typically are awakened by moderate-to-severe attacks, or 
whose pain peaks rapidly (ie, within 30 min), and could 
also be advisable for those with nausea or vomiting during 
the premonitory period or early in the course of the attack.99 
A combination of acute medications that possess different 
mechanisms of action could also be of use for patients who 
do not achieve rapid relief or who have recurrent headache 
within 24–48 h after initial relief.100 The education of 
patients with frequent migraine attacks about the potential 
for medication-overuse headache is important, and 
minimising the use of simple analgesics (eg, non-steroidal 
anti-inflammatory drugs, paracetamol) to less than 15 days 
per month, and triptans, ergots, or combination analgesics 
to less than 10 days per month.1,53

Simple analgesics are used by most individuals with 
migraine and have been shown to be effective for mild or 
moderate pain (table 1). Additionally, although stratified 
care (ie, matching attack severity to treatment intensity) 
has been shown to improve outcomes for acute treatment, 
some patients can use a step-care within attack strategy by 
first using simple analgesics and only stepping up to a 
migraine-specific medication if the pain progresses.101

When contraindications do not exist, triptans are 
widely considered to be first-line drugs for patients with 
migraine attacks associated with moderate or severe pain 
intensity.44,48 Triptans are highly selective serotonin 5-HT1B 
and 5-HT1D receptor agonists, and some have activity at 
the 5-HT1F receptor as well. These receptors are located 
on peripheral trigeminal sensory nerve endings and 
on neurons in the trigeminal cervical complex, rostral 
brainstem, and thalamus. Triptans also bind to 5-HT1B 
receptors located on intracranial, extracranial, and 
systemic blood vessels and can cause vasoconstriction. 
Overall, based on extensive clinical trial experience and 
over 25 years of use in clinical practice, the incidence of 
adverse vascular events is rare when triptans are used 
appropriately and according to prescribing guidelines.102 
However, when the vascular safety profile of triptans 
was analysed by the US Food and Drug Administration 
(FDA) Adverse Event Reporting System database, with 
a focus on serious and unexpected adverse events, 
unexpected associations were revealed between triptan 
use and ischaemic cerebrovascular events, aneurysms 
and artery dissections, and pregnancy-related vascular 
events. These associations underscore the rationale for 
the contraindication of triptans in patients with a history 
of symptomatic peripheral, coronary, and cerebrovascular 
disease and severe hypertension, and the caution that 
is taken in prescribing them to patients with vascular 
risk factors. In the absence of vascular risk factors 
and contraindications, triptans have shown an overall 
favourable safety profile and in some European countries 
they are available without a prescription.

Triptans are available in a variety of formulations 
(table 2). This variety allows the patient and clinician the 
ability to individualise the mode of administration on 
the basis of different attack profiles between patients 
and within the same patient. For triptans with multiple 
formulations, patients have the flexibility to establish 
which formulation is most appropriate for a given attack. 
For example, an attack that begins during waking hours 
and progresses slowly might be treated with an oral 
tablet, but an attack that awakens a patient from sleep 
and is already severe might be better treated with a 
non-oral formulation.

Despite the similar target specificity of all triptans, the 
efficacy and side-effect profiles can differ substantially 
from patient to patient. To achieve a pain-free state at 2 h, 
subcutaneous sumatriptan has the lowest number 
needed to treat (table 2);48,103 however, most patients prefer 
oral triptans. Selection of formulation should be on the 

Half-life (h) Dose (mg) Number needed to 
treat (2 h pain relief)

Aspirin

Tablet, intravenous, or combined 
with caffeine and paracetamol

0·25 975–1000 4·9

Salicylate (active form) 5–6 (after 1 g dose) 975–1000 3·3*

Ibuprofen

Tablet 2 400 3·2

Naproxen

Tablet 14 500–550 (up to 825 mg) 7·0

Diclofenac potassium

Tablet 2 50 6·2

Powder for oral solution 2 50 4·5

Elimination is given as half-life. *With metoclopramide.

Table 1: Simple analgesics used by individuals with migraine
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basis of a combination of the best evidence, patient 
preference and sensitivity to side-effects, and the 
characteristics of individual attacks (eg, time to peak 
intensity, propensity for recurrence). Pain-free rates at 2 h 
are highest for eletriptan 40 mg and rizatriptan 10 mg. 
Eletriptan 40 mg and frovatriptan 2·5 mg are associated 
with the lowest recurrence rates, whereas almotriptan 
12·5 mg and naratriptan 2·5 mg are associated with a low 
incidence of side-effects.100,103 Rizatriptan, frovatriptan, 
and zolmitriptan might be preferred in patients with a 
severe allergy to sulphonamide, because they do not have 
a sulpha moiety.

Dihydroergotamine can be self-administered by nasal 
spray, or subcutaneous or intramuscular injection, and 
can be of use in patients who do not respond to or tolerate 
triptans. Dihydroergotamine appears to be effective in 
reversing central sensitisation, which could explain why it 
does not appear to induce medication-overuse headache, 
its clinical utility in reducing headache recurrence, and 
its use as an acute medication option for those 
withdrawing from overuse of triptans or analgesics.104,105 
Oral ergotamine tartrate is seldom given to patients 
because of its poor oral bioavailability, lower efficacy than 
triptans, and its association with frequent occurrences 
of nausea. Little evidence exists for the use of oral or 
parenteral opioids or butalbital-containing analgesics for 
the acute treatment of migraine, and all evidence-based 
guidelines recommend against their routine use because 
of the high incidence of adverse events and the risk of 
habituation, addiction, tolerance, withdrawal syndromes, 
and medication-overuse headache.44,48,106

Preventive treatment
Preventive medications are of use to reduce the 
frequency, severity, and duration of attacks in people 
with frequent migraine. Since attack frequency is a risk 
factor for progression to chronic migraine, preventive 
medications should be given when migraine attacks 
are frequent (ie, four or more attacks per month, or 
≥8 headache days per month).107 Such medications 
should also be considered for individuals whose attacks 
substantially interfere with their quality of life despite 
appropriate use of acute medications and lifestyle 
modification strategies, or if contraindications, treatment 
resistance, or adverse events preclude the use of effective 
acute medications. Preventive medications might also be 
preferred by patients with a low frequency of attacks and 
they should be considered, regardless of attack frequency, 
for patients with the following rare migraine subtypes: 
hemiplegic migraine; migraine with brainstem aura; 
frequent, prolonged, or uncomfortable aura symptoms; 
or migrainous infarction.

The adherence to preventive medications is poor even 
among individuals with chronic migraine.108 Therefore, 
physician adherence to specific guiding principles could 
enhance patient compliance and outcomes (panel 2).109 
Special care, counselling, and education should be 

exercised when prescribing preventive medications for 
women of childbearing age because of the potential for 
toxic effects in fetuses and teratogenicity associated with 
some of the more common preventive medications.

The medications used for migraine prevention, their 
evidence base, and their dose ranges are given in 
table 3. In an evidence-based guideline from the 
Canadian Headache Society46 that incorporated clinical 
experience and the propensity for adverse events into 
the strength of recommendation, the following drugs 
and agents received strong recommendations for use: 
topiramate, propranolol, nadolol, metoprolol, amitripty­
line, gabapentin, candesartan, riboflavin, ubidecarenone 
(coenzyme Q10), and magnesium citrate. However, in 
other guidelines that are based on published studies,51 
the evidence supporting the efficacy of gabapentin is 

Route Number needed to 
treat (2 h pain free)

Sumatriptan 6 mg Subcutaneous 2·3

Sumatriptan 20 mg Intranasal 4·7

Zolmitriptan 5 mg Intranasal 4·6

Almotriptan 12·5 mg Oral 4·3

Eletriptan 20 mg Oral 10

Eletriptan 40 mg Oral 4·5

Frovatriptan 2·5 mg Oral 8·5

Naratriptan 2·5 mg Oral 8·2

Rizatriptan 10 mg Oral 3·1

Sumatriptan 50 mg Oral 6·1

Sumatriptan 100 mg Oral 4·7

Zolmitriptan 2·5 mg Oral 5·9

Migraine attacks were treated at moderate or severe intensity. Numbers needed 
to treat might be lower than indicated in the table when treatment is 
administered early while pain is mild.

Table 2: Triptans—route and efficacy based on the number needed to 
treat100

Panel 2: Preventive medications—general principles of use for prescribing health-care 
providers

•	 Begin with the lowest possible dose and increase it slowly; stop dose escalation when 
adverse events occur, or when efficacy or target dose achieved 

•	 Consider comorbid (eg, depression, epilepsy) and coexistent illnesses (eg, hypertension, 
obesity) when selecting drug, but recognise that monotherapy might not be optimal for 
treating two disorders (eg, a small dose of tricyclic antidepressant for the treatment of 
both migraine and depression)

•	 A 2–3 month trial is necessary to determine efficacy; a 6-month trial might be 
necessary before the maximal response is evident

•	 Target goals: reduction in frequency, severity, or duration of acute attacks, or a 
combination of these

•	 Discuss family planning and potential adverse fetal effects of antimigraine 
medications with all potentially childbearing female patients

•	 Discuss potential adverse drug-related events with patients; some might be 
self-limited and dose dependent
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inadequate or conflicting (ie, level U) and only supports 
a recommendation of possibly effective (level C) for 
candesartan and lisinopril (for description of evidence 
levels see table 3).

In addition to avoidance of reproducible and 
predictable trigger factors, behavioural treatments, 
including biofeedback-assisted relaxation training and 
cognitive behavioural therapy, have been shown to have 
an efficacy similar to preventive drugs. Therefore, such 
treatments could be useful for patients with migraine 
who cannot take preventive medications because of 
contraindications, or a history of poor response or 
adverse effects.47,110–113 Behavioural treatments should also 

be considered for women who are pregnant or lactating, 
individuals with medication-overuse headache, and 
those who express a preference for non-drug treatments, 
identify life stress as a trigger factor, or have poor coping 
skills or comorbid psychological disorders that might 
amplify the disability associated with migraine attacks. 
In addition to behavioural techniques, aerobic exercise 
could reduce attack frequency and improve patient 
outcomes to a similar degree as preventive medications.114

The evidence base for the management of chronic 
migraine is less robust than that of episodic migraine. 
Preventive medications should be considered in most 
patients with chronic migraine. OnabotulinumtoxinA and 
topiramate have been shown to be effective for individuals 
with chronic migraine, even when acute medications 
are overused.53,115–117 The evidence is strongest for onabotu­
linumtoxinA and, according to a guideline from the 
American Academy of Neurology,118 should be offered 
as preventive medication for individuals with chronic 
migraine.

The optimal management approach to patients with 
chronic migraine who also overuse acute medications is 
a unique challenge for clinicians since the best treatment 
strategy is uncertain. A guideline for the treatment 
of medication overuse published by the European 
Federation of Neurological Societies concluded that “only 
a few controlled and/or randomized trials are available to 
give evidence-based recommendations for the treatment 
of [medication-overuse headache]”.119 The consumption 
of acute medications should be reduced and restrictions 
on the number of days of use per week should be 
imposed to reduce headache frequency and minimise 
the risk of systemic, renal, gastrointestinal, and cardio­
vascular toxic effects. However, debate and clinical 
equipoise continue regarding the best strategy to 
discontinue the medications that are being overused, 
acutely manage the inevitable withdrawal headaches and 
recurrent migraine attacks, and whether to initiate 
preventive medication at the same time as withdrawal 
is initiated.120

A systematic review has shown a low level of evidence 
to support discontinuation of overused medications 
without initiating preventive medication.120 Adding 
preventive medication to acute drug discontinuation led 
to better outcomes than discontinuation alone, and some 
evidence suggests that preventive medication alone could 
be superior to drug discontinuation alone. However, 
randomised controlled trials are needed to assess the 
safety and long-term efficacy of preventive medication 
plus discontinuation versus preventive medication alone 
versus discontinuation alone. A large pragmatic multi­
centre trial is assessing abrupt discontinuation plus 
prevention versus prevention alone (NCT02764320).

Emerging treatments
The presence of serotonin 5-HT1B receptors on blood 
vessels and the cardiovascular liability associated with 

Level of 
evidence

Daily dose 

β blockers 

Atenolol B 50–200 mg once a day

Metoprolol A 50–200 mg once a day for long-acting formulation

Nadolol B 20–160 mg once a day

Propranolol A 40–240 mg once a day for long-acting formulation

Antidepressants

Timolol A 20–60 mg once a day

Amitriptyline B 10–50 mg before bed

Nortriptyline ··* 10–150 mg before bed

Venlafaxine B 75–225 mg once a day for long-acting formulation

Calcium-channel blockers and anticonvulsants

Verapamil U 120–960 mg in divided doses for long-acting formulation

Flunarizine A 5–10 mg once a day

Gabapentin U 600–3600 mg in two–three divided doses

Topiramate† A 50–200 mg twice a day or before bed

Valproic acid–divalproex† A 500–2000 mg once a day or in two divided doses

Angiotensin-converting enzyme inhibitors, angiotensin receptor blockers

Lisinopril C 10–40 mg once a day

Candesartan† C 16–32 mg once a day

Cyproheptadine C 4–16 mg before bed

Ibuprofen B 200 mg twice a day

Fenoprofen B 200–600 mg twice a day

Ketoprofen B 50 mg three times a day

Naproxen B 500–1100 mg once a day

Naproxen sodium B 550 mg twice a day

Miscellaneous agents 

Feverfew B 50–82 mg once a day

Riboflavin B 400 mg once a day or 200 mg twice a day

Ubidecarenone (coenzyme Q10) C 300 mg once a day

Magnesium citrate B 400–600 mg once a day

OnabotulinumtoxinA‡ A 155–195 mg once every 12 weeks (for chronic migraine)

Data are from Canadian Headache Society guidelines46 and Holland et al.51 Levels of evidence to support use as 
preventive medication are defined as follows: level A: drug has been established as effective (requires at least two 
consistent class 1 studies); level B: drug is probably effective (requires at least one class 1 study or two consistent 
class 2 studies); level C: drug is possibly effective (requires at least one class 2 study or two consistent class 3 studies); 
level U: data are inadequate or conflicting, treatment is unproven. *Used in clinical practice but no level of evidence 
since no studies have been done. †For pregnant women, drugs are reclassified as FDA Pregnancy category D because of 
the risk of fetal malformation. ‡Approved for the preventive treatment of chronic migraine, not episodic migraine 
FDA=US Food and Drug Administration.

Table 3: Preventive medications for migraine
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targeting this receptor has prompted the development of 
lasmiditan, a 5-HT1F receptor agonist that does not have 
activity at the 5-HT1B receptor, therefore making it more 
selective than available serotonin receptor agonists and 
removing any vasoconstricting effect. Lasmiditan is a 
highly selective 5-HT1F receptor agonist that has been 
shown in randomised, double-blind, placebo-controlled 
studies to be effective for the acute treatment of 
migraine.121 The most common adverse events were 
vertigo and dizziness, which could be due to activation of 
5-HT1F receptors in the lateral vestibular nucleus, tempo­
roparietal cortex, or cerebellum, or a combination of 
these. Two large, phase 3 placebo-controlled trials 
have been completed for this drug (NCT02439320, 
NCT04239320). Although the full results of these trials 
have not yet been peer reviewed and published, on 
the basis of abstract presentations from the study 
investigators at the International Headache Congress in 
Vancouver, BC, Canada, in September, 2017,122 the trials 
seem to have confirmed the efficacy and safety of 
lasmiditan. The preliminary efficacy seen with lasmiditan 
shows the potential for drugs that do not have vaso­
constrictor activity to be effective and acute antimigraine 
drugs.

On the basis of the abundance of evidence for the 
integral role of CGRP in the pathophysiology of migraine, 
six small-molecule CGRP receptor antagonists (gepants) 
have been developed and shown to be effective for 
the acute treatment of migraine.123–127 The development 
of two of these drugs (telcagepant and MK-3207) was 
terminated because of liver toxicity, but several others are 
in development. Overall, these studies confirm that 
CGRP receptor antagonists are effective acute-migraine 
therapies and, like lasmiditan, do not have vasoconstrictor 
activity and are a promising therapeutic target.128

The pivotal role of CGRP in the pathogenesis of 
migraine also prompted the development of mono­
clonal antibodies targeting either GCRP or its receptor. 
Subcutaneously administered anti-CGRP monoclonal 
antibodies targeting the peptide (fremanezumab, 
galcanezumab) or its receptor (erenumab) have now 
been shown in pivotal trials to be well tolerated and 
efficacious for the prevention of episodic migraine and 
chronic migraine.129–137 Eptinezumab, an intravenously 
administered anti-CGRP monoclonal antibody, has also 
been reported to be effective for the preventive 
treatment of episodic migraine in a phase 2 randomised 
placebo-controlled trial, and of chronic migraine in a 
phase 3 placebo-controlled trial.131,138 The positive results 
of a phase 3 trial of eptinezumab for the preventive 
treatment of chronic migraine were also announced 
but are as yet unpublished. Trials for galcanezumab 
and fremanezumab for the preventive treatment of 
episodic and chronic cluster headache are ongoing. 
These protein antibodies should not have off-target 
toxic effects since they are catabolised into their own 
constitutive aminoacids. 

The long half-life (3–6 weeks) of these monoclonal 
antibodies should enable monthly (erenumab, galcan­
ezumab, fremanezumab) subcutaneous dosing, or a 
single subcutaneous (fremanezumab) or intravenous 
(eptinezumab) dose with a 3-month evaluation of efficacy. 
The vascular safety of sequestering or blocking the 
receptor of a potent vasodilator, CGRP, especially during 
times of acute vascular stress (eg, stroke, myocardial 
infarction, hypertension) could be a concern.139 A 2017 
study (abstract presentation at the 2017 International 
Headache Congres140) assessing the cardiovascular safety 
of individuals with stable angina showed no difference in 
ST-segment depression, or time to total treadmill exercise 
time or onset of exercise-induced angina in patients 
given erenumab 140 mg intravenously compared with 
placebo. However, the safety of CGRP monoclonal 
antibodies in clinical situations in which the blood–brain 
barrier is disrupted (eg, meningitis, head trauma) is 
unclear. Additionally, given the long biological half-life of 
the antibodies, their ability to cross the placental barrier, 
and the predominance of migraine in women of 
childbearing age, their effect on a developing fetus and 
safety during pregnancy need to be clarified. Most 
available therapeutic monoclonal antibodies for the 
treatment of inflammatory and autoimmune diseases 
carry an FDA pregnancy rating of category B or C. During 
the first 20–22 weeks of pregnancy, minimal active 
transfer occurs for most monoclonal antibodies because 
of the absence of the neonatal Fc receptor, which 
transports high molecular weight immunoglobulin G 
(Ig) antibodies across the placenta.141–143 However, transfer 
of IgG antibodies progressively increases over the course 
of a pregnancy as neonatal Fc receptors are expressed, 
and CGRP might have a role in the regulation of 
uteroplacental blood flow during pregnancy.144 Long-
term open-label extension studies and post-marketing 
data should provide additional safety data on these 
new biologics.

Several neuromodulation devices have emerged as 
being effective for acute or preventive migraine 
treatment. In a randomised, double-blind, parallel-group, 
multicentre, phase 2 sham-controlled study,65 sTMS was 
shown to be effective for the acute treatment of migraine 
with aura. The incidence and severity of adverse events 
were similar between the sTMS and sham groups. sTMS 
was approved by the FDA for the acute treatment of 
migraine with aura in 2014. On the basis of a prospective 
open-label observational trial in which patients delivered 
four pulses twice daily, sTMS was FDA approved for the 
acute and prophylactic treatment of migraine headache.145

The preventive efficacy of an external trigeminal 
nerve stimulation for migraine was assessed in a double-
blinded, randomised, sham-controlled trial involving 
67 patients with episodic migraine who applied the 
device for 20 min per day over a 3-month period.146 
The proportion of patients who had a greater than 
50% reduction in mean monthly migraine days was 
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significantly greater in the active group than the sham 
group (38·1% vs 12·1%; p=0·023). However, the other 
primary endpoint of a reduction in mean monthly 
migraine attacks between baseline and the third month 
of treatment was not significantly different between the 
two groups (6·94 to 4·88 in the active group vs 6·54 to 
6·22 in the sham group; p=0·054). The device received 
regulatory approval in the USA and some European 
countries for preventive treatment of episodic migraine, 
and on Sept 15, 2017, on the basis of a sham-controlled 
trial presented at the International Headache Congress 
as a late-breaking abstract,147 was approved by the FDA 
for the acute treatment of migraine with or without aura.

Non-invasive vagus nerve stimulation (nVNS) has 
been assessed for the acute and preventive treatment 
of migraine and cluster headache. Despite open-label 
evidence of efficacy, nVNS did not significantly reduce 
migraine frequency in a small, randomised, sham-
controlled study in people with chronic migraine.148 
nVNS has been assessed for the acute and preventive 
treatment of episodic migraine in two large sham-
controlled trials (NCT02378844, NCT02686034). In a 
study assessing the efficacy of nVNS for the acute 
treatment of migraine,149 nVNS treatment did not achieve 
statistical significance for the primary endpoint of a 
pain-free state at 2 h (30·4% vs 19·7%; p=0·067). 
However, significantly higher pain-free rates compared 
with sham groups were achieved at 30 min (12·7% vs 
4·2%; p=0·012) and 60 min (21·0% vs 10·0%; p=0·023). 
In January, 2018, nVNS was approved by the FDA for the 
acute treatment of migraine pain. It has also shown 
preliminary efficacy for the preventive treatment of 
cluster headache150 and has been shown to be effective for 
the acute treatment of cluster headache attacks in 
patients with episodic cluster headache, and has received 
approval for this indication.151,152

In 2017, the efficacy of remote, non-painful, electrical 
upper-arm skin stimulation was assessed in a placebo-
controlled trial for the acute treatment of migraine.153 
Electrodes were applied to the skin of the upper arm for 
20 min after the migraine attack began. A positive 
headache response at 2 h was seen in 58% of patients in 
the active treatment group versus 24% in the placebo 
group (p=0·02). Pain-free responses at 2 h were seen 
in 30% of the treated patients compared with 6% of 
the placebo group (p=0·004). The rationale of remote 
electrical stimulation is based on the activation of 
descending inhibition pathways via a conditioned pain-
modulation effect.154

Infiltration of local anaesthetic (with or without 
corticosteroid) around extracranial nerves, especially the 
greater occipital nerve, has long been of use for the acute 
and preventive treatment of migraine and a variety of 
other headache disorders. However, no placebo-controlled 
evidence seems to support the use of an extracranial 
nerve blockade for the acute treatment of migraine. 
Although the data on the preventive efficacy of greater 

occipital nerve blockades is mixed,155 a meta-analysis of 
six randomised trials showed that, compared with 
control interventions, a greater occipital nerve block can 
reduce the number of headache days and medication 
consumption of patients with migraine.156

A supportive consensus statement from the American 
Headache Society157 outlined the procedural aspects that 
should be used in clinical practice when administering 
both extracranial nerve blocks and trigger point 
injections. The nerves targeted include the supraorbital, 
supratrochlear, greater and lesser occipital, and auriculo­
temporal nerves, and the sphenopalatine ganglion.

Prognosis
The long-term prognosis of migraine varies considerably 
between individuals. Outcomes range from complete or 
partial clinical remission, to decades of attacks that do 
not change in frequency, severity, or symptom profile (ie, 
persistence), or to the development of chronic migraine 
(ie, progression). The management of risk factors 
for chronic migraine is sound and appropriate, although 
management of risk factors has not yet been shown 
to influence progression. Untreated chronic migraine 
can remit to an episodic pattern. Headache frequency 
(15–19 vs 25–31 headache days per month) and the 
absence of allodynia are two factors that increase the 
probability of conversion of chronic migraine to episodic 
migraine.158,159

Structural brain changes occur over time in individ-
uals with migraine. A population-based study in the 
Netherlands showed that hyperintense lesions in the 
brain white matter accumulated over a 9-year period in 
female patients with migraine.160 The increase in lesions 
did not affect cognition and no relationship was found 
between frequency or subtype of migraine and lesion 
progression.

Evidence is increasing for other functional and structural 
brain changes that appear to occur with increasing 
migraine frequency. Key structural differences in cortical 
thickness in the somatosensory cortex and insula were 
found in individuals with high migraine attack frequency, 
indicating the potential for repeated sensory activation 
during attacks to lead to adaptive changes in regions of the 
brain that process sensory information and modulate the 
affective response to pain.161 Additionally, as migraine 
frequency increases, stronger activation is seen in regions 
that facilitate pain and weaker activation is seen in 
regions that inhibit pain.79 In a 2015 study,162 brain cortical 
thickness, cortical surface area, and regional volumes were 
highly accurate in distinguishing individuals with chronic 
migraine from those with episodic migraine and non-
affected controls. Moreover, individuals with migraine 
have age-related thinning of specific brain regions, 
suggesting that the migraine disease process interacts 
with ageing to affect cortical integrity.163 The extent to 
which these changes have neurological consequences or 
are modifiable with effective treatment is unknown.
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Controversies and uncertainties
A fundamental question in migraine pathogenesis is 
whether, and by what mechanisms, the trigeminovascular 
system becomes activated as a result of central changes 
that occur during the premonitory or aura phase. In 
migraine with aura, the prevailing hypothesis is that CSD 
is a noxious event that leads to activation of meningeal 
nociceptors. In a rodent-model studies,164 CSD induces a 
significant but delayed (14–25 min) increase in the firing 
of meningeal nociceptors. The delay seen between the 
wave of CSD and activation of the trigeminovascular 
fibres correlates with the delay often seen between the 
onset of aura and the beginning of the headache. CSD 
might activate meningeal nociceptors by inducing an 
inflammatory cascade through the activation and opening 
of pannexin-1 megachannels.165 Pannexin-1 activation 
leads to the release of proinflammatory mediators such as 
high mobility group B1 (HMGB1) from neurons, which 
initiates a parenchymal inflammatory response that 
leads to sustained release of inflammatory mediators 
and prolonged trigeminal stimulation. The time required 
for the transduction of this inflammatory cascade could 
explain the delay between CSD and the activation of 
nociceptors.

CSD could also activate second-order neurons within 
the trigeminal cervical complex directly.166 Descending 
cortical projections from somatotopically specified insular 
and primary somatosensory cortices terminate in 
contralateral laminae I–II and III–V of the trigeminal 
cervical complex. These projections might provide 
top-down control of trigeminal nociception and explain 
how selective facilitation or disinhibition of second-order 
neurons within the trigeminal cervical complex lead 
specifically to cephalic pain. Animal studies166 have shown 
that CSD leads to a significant increase in the firing 
of second-order trigeminovascular neurons in the tri­
geminal cervical complex, even after peripheral trigeminal 
nociceptors are blocked by lidocaine injections into 
the trigeminal ganglion. The mechanism by which 
this process occurs is unclear, but that CSD can disrupt 
the ability of the dorsal raphe nucleus to inhibit 
trigeminovascular nociception suggests that descending 
inhibition of nociceptive traffic from the trigeminal 
cervical complex is impaired.

In migraine without aura, the mechanism through 
which peripheral or central trigeminovascular noci­
ception, or both, occur is uncertain. One speculation is 
that CSD might occur in individuals who have migraine 
without aura but remain clinically silent or give rise to 
atypical aura symptoms.167 Although the evidence of this 
proposed mechanism is sparse, CSD is known to occur 
in cortical regions other than the visual or somatosensory 
cortex and in subcortical tissues, including the striatum, 
hippocampus, and thalamus.168 Additionally, support 
for this hypothesis comes from a PET study167 of an 
individual with migraine without aura who was 
participating in a visual-activation paradigm. The patient 

developed a migraine attack without typical aura (visual 
blurring) and a bilateral decrease in cerebral blood 
flow—beginning in the visual-association cortex and 
spreading to the occipitotemporal and parietal cortex—
occurred at a rate of 2–6 mm/min.

An alternative hypothesis accounting for headache in 
migraine without aura is via descending facilitation or 
impaired descending inhibition of central trigemino­
vascular neurons. Functional imaging studies have 
shown early activation in the hypothalamus, midbrain, 
and dorsal rostral pons.56,86,169,170 Hypothalamic neurons 
that respond to changes in physiological and emotional 
homoeostasis can activate meningeal nociceptors by 
enhancing parasympathetic tone and the release of 
vasoactive intestinal polypeptides.171,172 Hypothalamic and 
brainstem neurons can reduce the threshold for 
transmission of nociceptive trigeminovascular signals 
from the thalamus to the cortex.173 These regions 
also provide descending input that both facilitates 
and inhibits neurons within the trigeminal cervical 
complex via the rostral ventromedial medulla and other 
brainstem nuclei including the dorsal raphe nucleus, 
locus coeruleus, and nucleus cuneiformis. Persistent 
activation of midbrain and dorsal pontine structures 
in the headache phase and the pain-free state after 
treatment, and hypoactivation of the nucleus cuneiformis 
suggest the possibility of altered modulation of the 
trigeminal cervical complex neurons that are responsive 
to basal sensory afferent traffic from meningeal 
nociceptors.83,84

Additionally, controversy exists over whether activation 
of peripheral trigeminal nociceptors is necessary for 
the development of a migraine headache. Supporters of 
the peripheral theory maintain that, although the genesis 
of the attack might begin in the CNS, peripheral 
nociceptor activation, even from extracranial afferents, is 
a prerequisite for the generation of the headache phase of 
migraine.174 Alternatively, the central theory proposes that 
central events (eg, CSD or altered descending modulation 
of nociceptive transmission) can enable and amplify basal 
sensory signalling from meningeal nociceptors and other 
sensory modalities (eg, light, sound, touch, smell) without 
altering the peripheral sensory environment.92 It is 
possible, and probable, that these theories are not 
mutually exclusive and that migraine is a genetically 
predetermined permissive brain state with hyperexcitable 
central networks. In a cyclic manner, or within the context 
of endogenous or external trigger factors, these networks 
amplify basal sensory afferent traffic or is hyper-
responsive to peripheral stimuli that increase nociceptive 
traffic along peripheral trigeminal or cervical sensory 
afferents (eg, head trauma, whiplash, sinus mucosal 
inflammation, blunt head trauma).

As an extension of this argument, an unresolved 
question is whether acute and preventive drugs can 
stop or prevent attacks through a purely peripheral 
mechanism, or whether penetration of the blood–brain 
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barrier is necessary to gain access to central targets 
involved in stopping the attack. No conclusive evidence 
that the blood–brain barrier is breached either during or 
between attacks seems to exist. In fact, evidence 
suggests that the blood–brain barrier is intact even 
during attacks.175 Triptans are largely hydrophilic drugs 
that were designed to bind to peripheral serotonin 
receptors located on intracranial blood vessels and were 
later found to be agonists at receptors located on 
trigeminal nerve terminals. As such, these drugs were 
thought to exert their therapeutic effect outside the 
blood–brain barrier by reducing sensory transmission 
from the first-order to the second-order neurons. 
However, central side-effects (eg, sedation) do occur, 
their receptor targets are located on second-order and 
third-order trigeminovascular neurons, and application 
of triptans in animal models at central sites can potently 
modulate ascending nociceptive traffic from the 
trigeminal cervical complex.176

The evidence that anti-CGRP monoclonal anti­
bodies129–135 are effective for the prevention of migraine 
supports a peripheral mode of action. These are large 
molecules that do not penetrate the blood–brain barrier 
in quantities that are likely to be sufficient for them to 
have a central mechanism of action. In experimental 
animal models, fremanezumab, a humanised CGRP 
monoclonal antibody, was shown to prevent CSD-
induced activation and sensitisation of high-threshold 
trigeminovascular neurons and the activation of Aδ-type 
but not C-type meningeal nociceptors.177,178 These data 
support that this antimigraine drug was the first that 
seemed to be selective for peripheral Aδ-fibres and 
central high-threshold neurons, and, according to the 
authors, suggest that the initiation of the headache 
phase of migraine depends on activation of meningeal 
nociceptors, and that for some patients activation of the 
Aδ-high-threshold pain pathway might be sufficient for 
the generation of headache perception. Considering 
these data, interrupting the afferent traffic along peri­
pheral sensory fibres could modulate central networks 
that are responsible for generating a migraine attack. 
Therefore, migraine attacks could be stopped and 
prevented by decreasing either peripheral trigemino­
vascular sensory transmissions or directly modulating 
central networks that control the ascending transmission 
of nociceptive signals from central trigeminovascular 
neurons.

Outstanding research questions
Several key questions will guide future efforts in 
migraine research. The molecular switch that stops 
an attack is still unknown. Similarly, from disease 
course and prognosis perspective, establishing the 
factors that influence remission and progression to 
persistent symptoms over time will be crucial in guiding 
the development of disease-modification strategies. 
Answers to these questions could produce a druggable 

target that prevents progression and prevents or 
terminates the attack.

The development of clinical, genetic, serum, or imaging 
biomarkers, or a combination of these, that predict 
treatment response and clinical disease course would 
begin an era of precision medicine for people with 
migraine. Pursuing established (eg, CGRP, PACAP-38) 
and uncovering new treatment targets within the 
peripheral or central trigeminovascular systems, or both, 
and the cranial parasympathetic system will be essential to 
expanding the disease-specific treatment options available 
to patients. Additionally, identifying key mechanistic 
pathways and targets within rostral brainstem and 
supratentorial brain regions that modulate nociceptive and 
other networks that generate migraine symptoms will be 
essential for modifying the expression of the disease. 
Similarly, expanding and validating the genes and their 
products that are associated with migraine, and 
understanding the molecular mechanisms by which they 
lead to expression of the disease, could identify genetic 
endophenotypes (subgroups), which should facilitate 
drug development and an individualised approach to 
treatment and disease modification. Finally, the influence 
of aggressive migraine prevention on disease course, 
serious adverse outcomes (eg, ischaemic stroke), and the 
occurrence of comorbid diseases (eg, depression, epilepsy) 
should be the focus of prospective, longitudinal disease-
outcome registries.
Declaration of interests
DWD reports personal fees from Alder, Amgen, Allergan, Eli Lilly, 
Teva, Acorda, Promius Pharma, Dr Reddy’s Laboratories, INSYS 
Therapeutics, eNeura, Autonomic Technologies, Xenon 
Pharmaceuticals, Tonix Pharmaceuticals, Supernus Pharmaceuticals, 
Nocira, Trigemina, Theranica, Charleston Laboratories, Zosano 
Pharma, Biohaven Pharmaceuticals, BioCentric, Electrocore, Boston 
Scientific, and Magellan Health, outside the submitted work. He has a 
patent issued by and royalties from Oxford University Press and 
Cambridge University Press (book royalty): patent number 
17189376·1-1466. Title: Botulinum toxin dosage regimen for chronic 
migraine prophylaxis. He has editorial honoraria from UpToDate, 
MedNet, PeerView Institute for Medical Education, Medicom, 
Chameleon Communications, Medscape, WebMD, Academy for 
Continued Healthcare Learning, Haymarket Medical Education, 
Global Scientific Communications, HealthLogix, Miller Medical, 
MeetingLogiX, and Wiley-Blackwell. He also has stock options with 
Nocira, Epien, Healint, Theranica, and Mobile Health. He has a 
consulting use agreement with Neuroassessment Systems and 
Myndshft, and board positions with King-Devick Technology and 
Epien Medical.

References 
1	 International Headache Society. The international classification of 

headache disorders, 3rd edn. Cephalalgia 2018; 38: 1–211.
2	 Giffin NJ, Ruggiero L, Lipton RB, et al. Premonitory symptoms in 

migraine: an electronic diary study. Neurology 2003; 60: 935–40.
3	 Karsan N, Prabhakar P, Goadsby PJ. Characterising the premonitory 

stage of migraine in children: a clinic-based study of 100 patients in a 
specialist headache service. J Headache Pain 2016; 17: 94.

4	 Kelman L. Pain characteristics of the acute migraine attack. 
Headache 2006; 46: 942–53.

5	 Calhoun AH, Ford S, Millen C, Finkel AG, Truong Y, Nie Y. 
The prevalence of neck pain in migraine. Headache 2010; 
50: 1273–77.

6	 Eross E, Dodick D, Eross M. The Sinus, Allergy and Migraine Study 
(SAMS). Headache 2007; 47: 213–24.



Seminar

www.thelancet.com   Vol 391   March 31, 2018	 1327

7	 Lal D, Rounds A, Dodick DW. Comprehensive management of 
patients presenting to the otolaryngologist for sinus pressure, pain, 
or headache. Laryngoscope 2015; 125: 303–10.

8	 Barbanti P, Aurilia C, Dall’Armi V, Egeo G, Fofi L, Bonassi S. 
The phenotype of migraine with unilateral cranial autonomic 
symptoms documents increased peripheral and central trigeminal 
sensitization. A case series of 757 patients. Cephalalgia 2016; 
36: 1334–40.

9	 Gori S, Lucchesi C, Balacci F, Bonuccelli U. Preferential occurrence 
of attacks during night sleep and/or upon awakening negatively 
affects migraine clinical presentation. Funct Neurol 2015; 30: 119–23.

10	 Kelman L, Rains JC. Headache and sleep: examination of sleep 
patterns and complaints in a large clinical sample of migraineurs. 
Headache 2005; 45: 904–10.

11	 Silberstein SD. Migraine symptoms: results of a survey of 
self-reported migraineurs. Headache 1995; 35: 387–96.

12	 Friedman DI, Evans RW. Are blurred vision and short-duration 
visual phenomena migraine aura symptoms? Headache 2017; 
57: 643–47.

13	 Kelman L. The place of osmophobia and taste abnormalities in 
migraine classification: a tertiary care study of 1237 patients. 
Cephalalgia 2004; 24: 940–46.

14	 Stolte B, Holle D, Naegel S, Diener HC, Obermann M. 
Vestibular migraine. Cephalalgia 2015; 35: 262–70.

15	 Bigal ME, Ashina S, Burstein R, et al. Prevalence and characteristics 
of allodynia in headache sufferers: a population study. Neurology 
2008; 70: 1525–33.

16	 Selby G, Lance JW. Observations on 500 cases of migraine and 
allied vascular headache. J Neurol Neurosurg Psychiatry 1960; 
23: 23–32.

17	 Burstein R, Collins B, Jakubowski M. Defeating migraine pain with 
triptans: a race against the development of cutaneous allodynia. 
Ann Neurol 2004; 55: 19–26.

18	 Giffin NJ, Lipton RB, Silberstein SD, Olesen J, Goadsby PJ. 
The migraine postdrome: an electronic diary study. Neurology 2016; 
87: 309–13.

19	 Kelman L. The postdrome of the acute migraine attack. Cephalalgia 
2006; 26: 214–20.

20	 Quintela E, Castilio J, Muñoz P, Pascual J. Premonitory and 
resolution symptoms in migraine: a prospective study in 
100 unselected patients. Cephalalgia 2006; 26: 1051–60.

21	 Hansen JM, Lipton RB, Dodick DW, et al. Migraine headache is 
present in the aura phase: a prospective study. Neurology 2012; 
79: 2044–49.

22	 Hansen JM, Goadsby PJ, Charles AC. Variability of clinical features 
in attacks of migraine with aura. Cephalalgia 2016; 36: 216–24.

23	 Russell MB, Olesen J. A nosographic analysis of the migraine aura in 
a general population. Brain 1996; 119: 355–61.

24	 Petrusic I, Zidverc-Trajkovic J, Podgorac A, Sternic N. 
Underestimated phenomena: higher cortical dysfunctions during 
migraine aura. Cephalalgia 2013; 33: 861–67.

25	 Vongvaivanich K, Lertakyamanee P, Silberstein SD, Dodick DW. 
Late-life migraine accompaniments: a narrative review. Cephalalgia 
2015; 35: 894–911.

26	 Silberstein S, Loder E, Diamond S, et al. Probable migraine in the 
United States: results of the American Migraine Prevalence and 
Prevention (AMPP) study. Cephalalgia 2007; 27: 220–29.

27	 Lampl C, Thomas H, Stovner LJ, et al. Interictal burden attributable 
to episodic headache: findings from the Eurolight project. 
J Headache Pain 2016; 17: 9.

28	 GBD 2015 Disease and Injury Incidence and Prevalence 
Collaborators. Global, regional, and national incidence, prevalence, 
and years lived with disability for 310 diseases and injuries, 
1990–2015: a systematic analysis for the Global Burden of Disease 
Study 2015. Lancet 2016; 388: 1545–602.

29	 GBD 2015 Neurological Disorders Collaborator Group. Global, 
regional, and national burden of neurological disorders during 
1990–2015: a systematic analysis for the Global Burden of Disease 
Study 2015. Lancet Neurol 2017; 16: 877–97.

30	 Lipton RB, Bigal ME, Diamond M, et al. Migraine prevalence, 
disease burden, and the need for preventive therapy. Neurology 
2007; 68: 343–49.

31	 Bille B. A 40-year follow-up of school children with migraine. 
Cephalalgia 1997; 17: 488–91.

32	 Gelfand AA, Goadsby PJ, Allen IE. The relationship between 
migraine and infant colic: a systematic review and meta-analysis. 
Cephalalgia 2015; 35: 63–72.

33	 Buse DC, Scher AI, Dodick DW, et al. Impact of migraine on the 
family: perspectives of people with migraine and their spouse/
domestic partner in the CaMEO study. Mayo Clin Proc 2016; 
91: 596–611.

34	 Buse DC, Manack AN, Fanning KM, et al. Chronic migraine 
prevalence, disability, and sociodemographic factors: results 
from the American Migraine Prevalence and Prevention Study. 
Headache 2012; 52: 1456–70.

35	 Lipton RB. Tracing transformation: chronic migraine classification, 
progression, and epidemiology. Neurology 2009; 72 (suppl 5): S3–7.

36	 Natoli JL, Manack A, Dean B, et al. Global prevalence of chronic 
migraine: a systematic review. Cephalalgia 2010; 30: 599–609.

37	 Lipton RB, Bigal ME. Migraine: epidemiology, impact, and risk 
factors for progression. Headache 2005; 45 (suppl 1): S3–13.

38	 Lipton RB, Fanning KM, Serrano D, Reed ML, Cady R, Buse DC. 
Ineffective acute treatment of episodic migraine is associated with 
new-onset chronic migraine. Neurology 2015; 84: 688–95.

39	 Buse D, Manack A, Serrano D, et al. Headache impact of chronic 
and episodic migraine: results from the American Migraine 
Prevalence and Prevention study. Headache 2012; 52: 3–17.

40	 Blumenfeld AM, Varon SF, Wilcox TK, et al. Disability, HRQoL 
and resource use among chronic and episodic migraineurs: 
results from the International Burden of Migraine Study (IBMS). 
Cephalalgia 2011; 31: 301–15.

41	 Lipton RB, Silberstein SD. Episodic and chronic migraine 
headache: breaking down barriers to optimal treatment and 
prevention. Headache 2015; 55 (suppl 2): 103–22.

42	 Lipton RB, Serrano D, Buse DC, et al. Improving the detection of 
chronic migraine: development and validation of Identify Chronic 
Migraine (ID-CM). Cephalalgia 2016; 36: 203–15.

43	 Lipton RB, Dodick DW, Sadovsky R, et al. A self-administered 
screener for migraine in primary care: the ID migraine validation 
study. Neurology 2003; 61: 375–82.

44	 Marmura MJ, Silberstein SD, Schwedt TJ. The acute treatment of 
migraine in adults: the american headache society evidence 
assessment of migraine pharmacotherapies. Headache 2015; 55: 3–20.

45	 Orr SL, Aubé M, Becker WJ, et al. Canadian Headache Society 
systematic review and recommendations on the treatment of 
migraine pain in emergency settings. Cephalalgia 2015; 
35: 271–84.

46	 Pringsheim T, Davenport W, Mackie G, et al. Canadian Headache 
Society guideline for migraine prophylaxis. Can J Neurol Sci 2012; 
39 (suppl 2): S1–59.

47	 Pryse-Phillips WE, Dodick DW, Edmeads JG, et al. Guidelines for 
the nonpharmacologic management of migraine in clinical practice. 
Canadian Headache Society. CMAJ 1998; 159: 47–54.

48	 Worthington I, Pringsheim T, Gawel MJ, et al. Canadian Headache 
Society Guideline: acute drug therapy for migraine headache. 
Can J Neurol Sci 2013; 40 (suppl 3): S1–80.

49	 Lewis D, Ashwal S, Hershey A, et al. Practice parameter: 
pharmacological treatment of migraine headache in children and 
adolescents: report of the American Academy of Neurology Quality 
Standards Subcommittee and the Practice Committee of the Child 
Neurology Society. Neurology 2004; 63: 2215–24.

50	 Holland S, Silberstein SD, Freitag F, et al. Evidence-based guideline 
update: NSAIDs and other complementary treatments for episodic 
migraine prevention in adults: report of the Quality Standards 
Subcommittee of the American Academy of Neurology and the 
American Headache Society. Neurology 2012; 78: 1346–53.

51	 Silberstein S, Holland S, Freitag F, et al. Evidence-based guideline 
update: pharmacologic treatment for episodic migraine prevention 
in adults: report of the Quality Standards Subcommittee of the 
American Academy of Neurology and the American Headache 
Society. Neurology 2012; 78: 1337–45.

52	 Bigal ME, Serrano D, Buse D, Scher A, Stewart WF, Lipton RB. 
Acute migraine medications and evolution from episodic to chronic 
migraine: a longitudinal population-based study. Headache 2008; 
48: 1157–68.

53	 Diener HC, Dodick DW, Goadsby, Lipton RB, Olesen J, 
Silberstein SD. Chronic migraine—classification, characteristics 
and treatment. Nat Rev Neurol 2012; 8: 162–71.



Seminar

1328	 www.thelancet.com   Vol 391   March 31, 2018

54	 Straube A, Pfaffenrath V, Ladwig KH, et al. Prevalence of chronic 
migraine and medication overuse headache in Germany— 
the German DMKG headache study. Cephalalgia 2010; 30: 207–13.

55	 Westergaard ML, Hansen EH, Glümer C, Olesen J, Jensen RH. 
Definitions of medication-overuse headache in population-based 
studies and their implications on prevalence estimates: a systematic 
review. Cephalalgia 2014; 34: 409–25.

56	 Schulte LH, May A. The migraine generator revisited: continuous 
scanning of the migraine cycle over 30 days and three spontaneous 
attacks. Brain 2016; 139: 1987–93.

57	 Maniyar FH, Sprenger T, Monteith T, Schankin C, Goadsby PJ. 
Brain activations in the premonitory phase of nitroglycerin-triggered 
migraine attacks. Brain 2014; 137: 232–41.

58	 Pietrobon D, Moskowitz MA. Pathophysiology of migraine. 
Annu Rev Physiol 2013; 75: 365–91.

59	 Hadjikhani N, Sanchez Del Rio M, Wu O, et al. Mechanisms of 
migraine aura revealed by functional MRI in human visual cortex. 
Proc Natl Acad Sci U S A 2001; 98: 4687–92.

60	 Eikermann-Haerter K, Moskowitz MA. Animal models of migraine 
headache and aura. Curr Opin Neurol 2008; 21: 294–300.

61	 Noseda R, Burstein R. Migraine pathophysiology: anatomy of the 
trigeminovascular pathway and associated neurological symptoms, 
cortical spreading depression, sensitization and modulation of pain. 
Pain 2013; 154 (suppl 1): S44–53.

62	 Ayata C, Jin H, Kudo C, Dalkara T, Moskowitz MA. Suppression of 
cortical spreading depression in migraine prophylaxis. Ann Neurol 
2006; 59: 652–61.

63	 Hauge AW, Asghar MS, Schytz HW, Christensen K, Olesen J. 
Effects of tonabersat on migraine with aura: a randomised, 
double-blind, placebo-controlled crossover study. Lancet Neurol 2009; 
8: 718–23.

64	 Andreou AP, Holland PR, Akerman S, Summ O, Fredrick J, 
Goadsby PJ. Transcranial magnetic stimulation and potential 
cortical and trigeminothalamic mechanisms in migraine. Brain 
2016; 139: 2002–14.

65	 Lipton RB, Dodick DW, Silberstein SD, et al. Single-pulse 
transcranial magnetic stimulation for acute treatment of migraine 
with aura: a randomised, double-blind, parallel-group, 
sham-controlled trial. Lancet Neurol 2010; 9: 373–80.

66	 Marin JC, Goadsby PJ. Glutamatergic fine tuning with ADX-10059: 
a novel therapeutic approach for migraine? 
Expert Opin Investig Drugs 2010; 19: 555–61.

67	 Ferrari MD, Klever RR, Terwindt GM, Ayata C, 
van der Maagdenburg AM. Migraine pathophysiology: lessons 
from mouse models and human genetics. Lancet Neurol 2015; 
14: 65–80.

68	 Tolner EA, Houben T, Terwindt GM, de Vires B, Ferrari MD, 
van der Maagdenberg AM. From migraine genes to mechanisms. 
Pain 2015; 156 (suppl 1): S64–74.

69	 Ambrosini A, Schoenen J. The electrophysiology of migraine. 
Curr Opin Neurol 2003; 16: 327–31.

70	 Magis D, Lisicki M, Coppola G. Highlights in migraine 
electrophysiology: are controversies just reflecting disease 
heterogeneity? Curr Opin Neurol 2016; 29: 320–30.

71	 Ambrosini A, Kisialiou A, Coppola G, et al. Visual and auditory 
cortical evoked potentials in interictal episodic migraine: an audit 
on 624 patients from three centres. Cephalalgia 2016; 37: 1126–34.

72	 Brighina F, Palermo A, Fierro B. Cortical inhibition and habituation 
to evoked potentials: relevance for pathophysiology of migraine. 
J Headache Pain 2009; 10: 77–84.

73	 Brennan KC, Bates EA, Shapiro RE, et al. Casein kinase 
iδ mutations in familial migraine and advanced sleep phase. 
Sci Transl Med 2013; 5: 183ra56.

74	 Anttila V, Winsvold BS, Gormley P, et al. Genome-wide 
meta-analysis identifies new susceptibility loci for migraine. 
Nat Genet 2013; 45: 912–17.

75	 Gormley P, Anttila V, Winsvold BS, et al. Meta-analysis of 
375,000 individuals identifies 38 susceptibility loci for migraine. 
Nat Genet 2016; 48: 856–66.

76	 Schwedt TJ, Chiang CC, Chong CD, Dodick DW. Functional MRI of 
migraine. Lancet Neurol 2015; 14: 81–91.

77	 Hadjikhani N, Ward N, Boshyan J, et al. The missing link: 
enhanced functional connectivity between amygdala and 
visceroceptive cortex in migraine. Cephalalgia 2013; 33: 1264–68.

78	 Schwedt TJ, Chong CD, Chiang CC, Baxter L, Schlaggar BL, 
Dodick DW. Enhanced pain-induced activity of pain-processing 
regions in a case-control study of episodic migraine. 
Cephalalgia 2014; 34: 947–58.

79	 Mainero C, Boshyan J, Hadjikhani N. Altered functional magnetic 
resonance imaging resting-state connectivity in periaqueductal gray 
networks in migraine. Ann Neurol 2011; 70: 838–45.

80	 Denuelle M, Boulloche N, Payoux P, Fabre N, Trotter Y, Géraud G. 
A PET study of photophobia during spontaneous migraine attacks. 
Neurology 2011; 76: 213–18.

81	 Boulloche N, Denuelle M, Payoux P, Fabre N, Trotter Y, Géraud G. 
Photophobia in migraine: an interictal PET study of cortical 
hyperexcitability and its modulation by pain. 
J Neurol Neurosurg Psychiatry 2010: 81: 978–84.

82	 Coppola G, Bracaglia M, Di Lenola D, et al. Lateral inhibition in the 
somatosensory cortex during and between migraine without aura 
attacks: correlations with thalamocortical activity and clinical 
features. Cephalalgia 2016; 36: 568–78.

83	 Moulton EA, Becerra L, Johnson A, Burstein R, Borsook D. 
Altered hypothalamic functional connectivity with autonomic circuits 
and the locus coeruleus in migraine. PLoS One 2014; 9: e95508.

84	 Moulton EA, Burstein R, Tully S, Hargreaves R, Becerra L, 
Borsook D. Interictal dysfunction of a brainstem descending 
modulatory center in migraine patients. PLoS One 2008; 3: e3799.

85	 Afridi SK, Giffin NJ, Kaube H, et al. A positron emission tomographic 
study in spontaneous migraine. Arch Neurol 2005; 62: 1270–75.

86	 Weiller C, May A, Limmroth V, et al. Brain stem activation in 
spontaneous human migraine attacks. Nat Med 1995; 1: 658–60.

87	 Burstein R, Noseda R, Borsook D. Migraine: multiple processes, 
complex pathophysiology. J Neurosci 2015; 35: 6619–29.

88	 Bartsch T, Goadsby PJ. The trigeminocervical complex and migraine: 
current concepts and synthesis. Curr Pain Headache Rep 2003; 
7: 371–76.

89	 Noseda R, Jakubowski M, Kainz V, Borsook D, Burstein R. 
Cortical projections of functionally identified thalamic 
trigeminovascular neurons: implications for migraine headache 
and its associated symptoms. J Neurosci 2011; 31: 14204–17.

90	 Kosaras B, Jakubowski M, Kainz V, Burstein R. Sensory innervation 
of the calvarial bones of the mouse. J Comp Neurol 2009; 
515: 331–48.

91	 Burstein R, Blake P, Schain A, Perry C. Extracranial origin of 
headache. Curr Opin Neurol 2017; 30: 263–71.

92	 Goadsby PJ, Holland PR, Martins-Oliveira M, Hoffmann J, Schankin C, 
Akerman S. Pathophysiology of migraine: a disorder of sensory 
processing. Physiol Rev 2017; 97: 553–622.

93	 Noseda R, Kainz V, Jakubowski M, et al. A neural mechanism for 
exacerbation of headache by light. Nat Neurosci 2010; 13: 239–45. 

94	 Cernuda-Morollón E, Larrosa D, Ramón C, Vega J, 
Martínez-Camblor P, Pascual J. Interictal increase of CGRP levels 
in peripheral blood as a biomarker for chronic migraine. 
Neurology 2013; 81: 1191–96.

95	 De Felice M, Ossipov MH, Wang R, et al. Triptan-induced latent 
sensitization: a possible basis for medication overuse headache. 
Ann Neurol 2010; 67: 325–37.

96	 De Felice M, Ossipov MH, Wang R, et al. Triptan-induced 
enhancement of neuronal nitric oxide synthase in trigeminal 
ganglion dural afferents underlies increased responsiveness to 
potential migraine triggers. Brain 2010; 133: 2475–88.

97	 Kopruszinski CM, Xie JY, Eyde NM, et al. Prevention of stress- or 
nitric oxide donor-induced medication overuse headache by a 
calcitonin gene-related peptide antibody in rodents. Cephalalgia 2017; 
37: 560–70.

98	 Green AL, Gu P, De Felice M, Dodick D, Ossipov MH, Porreca F. 
Increased susceptibility to cortical spreading depression in an animal 
model of medication-overuse headache. Cephalalgia 2014; 
34: 594–604.

99	 Dodick DW. Triptan nonresponder studies: implications for clinical 
practice. Headache 2005; 45: 156–62.

100	 Becker WJ. Acute migraine treatment. Continuum (Minneap Minn) 
2015; 21: 953–72.

101	 Lipton RB, Stewart WF, Stone AM, Láinez MJ, Sawyer JP. 
Stratified care vs step care strategies for migraine: the Disability in 
Strategies of Care (DISC) study: a randomized trial. JAMA 2000; 
284: 2599–605.



Seminar

www.thelancet.com   Vol 391   March 31, 2018	 1329

102	 Dodick D, Lipton RB, Martin V, et al. Consensus statement: 
cardiovascular safety profile of triptans (5-HT agonists) in the acute 
treatment of migraine. Headache 2004; 44: 414–25.

103	 Cameron C, Kelly S, Hsieh SC, et al. Triptans in the acute treatment 
of migraine: a systematic review and network meta-analysis. 
Headache 2015; 55 (suppl 4): 221–35.

104	 Dodick D, Silberstein S. Central sensitization theory of migraine: 
clinical implications. Headache 2006; 46 (suppl 4): S182–91.

105	 Saper JR, Silberstein S, Dodick D, Rapoport A. DHE in the 
pharmacotherapy of migraine: potential for a larger role. 
Headache 2006; 46 (suppl 4): S212–20.

106	 Evers A, Afra J, Frese A, et al. EFNS guideline on the drug treatment 
of migraine—report of an EFNS task force. Eur J Neurol 2006; 
13: 560–72.

107	 Silberstein S, Tfelt-Hansen P, Dodick DW, et al. Guidelines for 
controlled trials of prophylactic treatment of chronic migraine in 
adults. Cephalalgia 2008; 28: 484–95.

108	 Hepp Z, Dodick DW, Varon SF, Gillard P, Hansen RN, Devine EB. 
Adherence to oral migraine-preventive medications among patients 
with chronic migraine. Cephalalgia 2015; 35: 478–88.

109	 Dodick DW, Silberstein SD. Migraine prevention. Pract Neurol 2007; 
7: 383–93.

110	 Penzien DB, Andrasik F, Freidenberg BM, et al. Guidelines for 
trials of behavioral treatments for recurrent headache, first edition: 
American Headache Society Behavioral Clinical Trials Workgroup. 
Headache 2005; 45 (suppl 2): S110–32.

111	 Nicholson RA, Buse DC, Andrasik F, Lipton RB. Nonpharmacologic 
treatments for migraine and tension-type headache: how to choose 
and when to use. Curr Treat Options Neurol 2011; 13: 28–40.

112	 Seng EK, Holroyd KA. Behavioral migraine management modifies 
behavioral and cognitive coping in people with migraine. 
Headache 2014; 54: 1470–83.

113	 Holroyd KA, Cottrell CK, O’Donnell FJ, et al. Effect of preventive 
(beta blocker) treatment, behavioural migraine management, or 
their combination on outcomes of optimised acute treatment in 
frequent migraine: randomised controlled trial. BMJ 2010; 
341: c4871.

114	 Varkey E, Cider A, Carlsson J, Linde M. Exercise as migraine 
prophylaxis: a randomized study using relaxation and topiramate as 
controls. Cephalalgia 2011; 31: 1428–38.

115	 Silberstein SD, Blumenfeld AM, Cady RK, et al. OnabotulinumtoxinA 
for treatment of chronic migraine: PREEMPT 24-week pooled 
subgroup analysis of patients who had acute headache medication 
overuse at baseline. J Neurol Sci 2013; 331: 48–56.

116	 Diener HC, Bussone G, Van Oene JC, Lahaye M, Schwalen S, 
Goadsby PJ. Topiramate reduces headache days in chronic 
migraine: a randomized, double-blind, placebo-controlled study. 
Cephalalgia 2007; 27: 814–23.

117	 Diener HC, Dodick DW, Goadsby PJ, et al. Utility of topiramate for 
the treatment of patients with chronic migraine in the presence or 
absence of acute medication overuse. Cephalalgia 2009; 29: 1021–27.

118	 Simpson DM, Hallett M, Ashman EJ, et al. Practice guideline update 
summary: botulinum neurotoxin for the treatment of blepharospasm, 
cervical dystonia, adult spasticity, and headache: report of the 
guideline development subcommittee of the American Academy of 
Neurology. Neurology 2016; 86: 1818–26.

119	 Evers S, Jensen R. Treatment of medication overuse headache—
guideline of the EFNS headache panel. Eur J Neurol 2011; 
18: 1115–21.

120	 Chiang CC, Schwedt TJ, Wang SJ, Dodick DW. Treatment of 
medication-overuse headache: a systematic review. Cephalalgia 2016; 
36: 371–86.

121	 Tfelt-Hansen PC, Pihl T, Hougaard A, Mitsikostas DD. 
Drugs targeting 5-hydroxytryptamine receptors in acute treatments 
of migraine attacks. A review of new drugs and new administration 
forms of established drugs. Expert Opin Investig Drugs 2014; 
23: 375–85.

122	 Wietecha LA, Kuca B, Case MG, Selzler KJ, Aurora SK. Phase 3 
study (SPARTAN) of lasmiditan compared to placebo for acute 
treatment of migraine. Cephalalgia 2017; 37 (suppl 1): 367–68 
(abstr).

123	 Hewitt DJ, Aurora SK, Dodick DW, et al. Randomized controlled 
trial of the CGRP receptor antagonist MK-3207 in the acute 
treatment of migraine. Cephalalgia 2011; 31: 712–22.

124	 Ho TW, Ferrari MD, Dodick DW, et al. Efficacy and tolerability of 
MK-0974 (telcagepant), a new oral antagonist of calcitonin 
gene-related peptide receptor, compared with zolmitriptan for acute 
migraine: a randomised, placebo-controlled, parallel-treatment trial. 
Lancet 2008; 372: 2115–23.

125	 Marcus R, Goadsby PJ, Dodick DW, Stock D, Manos G, Fischer TZ. 
BMS-927711 for the acute treatment of migraine: a double-blind, 
randomized, placebo controlled, dose-ranging trial. Cephalalgia 2014; 
34: 114–25.

126	 Olesen J, Diener HC, Husstedt, et al. Calcitonin gene-related peptide 
receptor antagonist BIBN 4096 BS for the acute treatment of 
migraine. N Engl J Med 2004; 350: 1104–10.

127	 Voss T, Lipton RB, Dodick DW, et al. A phase IIb randomized, 
double-blind, placebo-controlled trial of ubrogepant for the acute 
treatment of migraine. Cephalalgia 2016; 36: 887–98.

128	 Wrobel Goldberg S, Silberstein SD. Targeting CGRP: a new era for 
migraine treatment. CNS Drugs 2015; 29: 443–52.

129	 Bigal ME, Dodick DW, Rapoport AM, et al. Safety, tolerability, 
and efficacy of TEV-48125 for preventive treatment of 
high-frequency episodic migraine: a multicentre, randomised, 
double-blind, placebo-controlled, phase 2b study. Lancet Neurol 
2015; 14: 1081–90.

130	 Bigal ME, Edvisson L, Rapoport Am, et al. Safety, tolerability, and 
efficacy of TEV-48125 for preventive treatment of chronic migraine: 
a multicentre, randomised, double-blind, placebo-controlled, 
phase 2b study. Lancet Neurol 2015; 14: 1091–100.

131	 Dodick DW, Goadsby PJ, Silberstein SD, et al. Safety and efficacy of 
ALD403, an antibody to calcitonin gene-related peptide, for the 
prevention of frequent episodic migraine: a randomised, 
double-blind, placebo-controlled, exploratory phase 2 trial. 
Lancet Neurol 2014; 13: 1100–07.

132	 Sun H, Dodick DW, Silberstein S, et al. Safety and efficacy of 
AMG 334 for prevention of episodic migraine: a randomised, 
double-blind, placebo-controlled, phase 2 trial. Lancet Neurol 2016; 
15: 382–90.

133	 Dodick DW, Goadsby PJ, Spierings EL, Scherer JC, Sweeney SP, 
Grayzel DS. Safety and efficacy of LY2951742, a monoclonal 
antibody to calcitonin gene-related peptide, for the prevention of 
migraine: a phase 2, randomised, double-blind, placebo-controlled 
study. Lancet Neurol 2014; 13: 885–92.

134	 Silberstein SD, Dodick DW, Bigal ME, et al. Fremanezumab for the 
preventive treatment of chronic migraine. N Engl J Med 2017; 
377: 2113–22.

135	 Goadsby PJ, Reuter U, Hallström Y, et al. A controlled trial of 
erenumab for episodic migraine. N Engl J Med 2017; 377: 2123–32.

136	 Skljarevski V, Oakes TM, Zhang Q, et al. Effect of different doses of 
galcanezumab vs placebo for episodic migraine prevention: 
a randomized clinical trial. JAMA Neurol 2018; 75: 187–93.

137	 Detke HC, Wang S, Skljarevski V, et al. A phase 3 placebo-controlled 
study of galcanezumab in patients with chronic migraine: results 
from the 3-month double-blind treatment phase of the REGAIN 
study. Cephalalgia 2017; 37 (suppl 1): 338 (abstr).

138	 Saper J, Lipton R, Kudrow D, et al. A phase 3, randomized, double-
blind, placebo-controlled study to evaluate the efficacy and safety of 
eptinezumab in frequent episodic migraine prevention: primary 
results of the PROMISE 1 (prevention of migraine via intravenous 
eptinezumab safety and efficacy 1) trial. Cephalalgia 2017; 
37 (suppl 1): 337 (abstr).

139	 MaassenVanDenBrink A, Meijer J, Villalón CM, Ferrari MD. 
Wiping out CGRP: potential cardiovascular risks. 
Trends Pharmacol Sci 2016; 37: 779–88.

140	 Depre C, Antalik L, Starling A, et al. A randomized, double-blind, 
placebo-controlled study to evaluate the effect of erenumab on 
exercise time during a treadmill test in patients with stable angina. 
Cephalalgia 2017; 37 (suppl 1): 340–41 (abstr).

141	 Simister NE. Placental transport of immunoglobulin G. Vaccine 2003; 
21: 3365–69.

142 	 Palmeira P, Quinello C, Silveira-Lessa AL, Zago CA, 
Carneiro-Sampaio M. IgG placental transfer in healthy and 
pathological pregnancies. Clin Dev Immunol 2012; 2012: 985646.

143	 Chaparro M, Gisbert JP. Transplacental transfer of 
immunosuppressants and biologics used for the treatment of 
inflammatory bowel disease. Curr Pharm Biotechnol 2011; 
12: 765–73.



Seminar

1330	 www.thelancet.com   Vol 391   March 31, 2018

144	 Yallampalli C, Chauhan M, Thota CS, Kondapaka S, 
Wimalawansa SJ. Calcitonin gene-related peptide in pregnancy and 
its emerging receptor heterogeneity. Trends Endocrinol Metab 2002; 
13: 263–69.

145	 Starling AJ, Tepper SJ, Marmuar MJ, et al. A multicenter, prospective, 
single arm, open label, observational study of sTMS for migraine 
prevention (ESPOUSE Study). Cephalalgia (in press). 

146	 Meng FG, Zhang JG, Schoenen J, et al. Migraine prevention with a 
supraorbital transcutaneous stimulator: a randomized controlled 
trial. Neurology 2013; 81: 1102.

147	 Chou DE, Yugrakh MS, Gross G, Winegarner D, Rowe V, 
Kuruvilla D. Acute treatment of migraine with e-TNS: 
a multi-center, double-blind, randomized, sham-controlled trial. 
Cephalalgia 2017; 37 (suppl 1): 323 (abstr).

148	 Silberstein SD, Calhoun AH, Lipton RB, et al. Chronic migraine 
headache prevention with noninvasive vagus nerve stimulation: 
the EVENT study. Neurology 2016; 87: 529–38.

149	 Tassorelli C, Grazzi L, de Tommaso M, et al. Non-invasive vagus 
nerve stimulation (nVNS) for the acute treatment of migraine: 
a randomised controlled trial. Cephalalgia 2017; 
37 (suppl 1): 319–20 (abstr). 

150	 Gaul C, Diener HC, Silver N, et al. Non-invasive vagus nerve 
stimulation for PREVention and Acute treatment of chronic cluster 
headache (PREVA): a randomised controlled study. Cephalalgia 2016; 
36: 534–46.

151	 Silberstein SD, Mechtler LL, Kudrow DB, et al. Non-invasive vagus 
nerve stimulation for the acute treatment of cluster headache: 
findings from the randomized, double-blind, sham-controlled 
ACT1 study. Headache 2016; 56: 1317–32.

152	 Goadsby PJ, de Coo IF, Silver N, et al. ACT2 Study Group. 
Non-invasive vagus nerve stimulation for the acute treatment of 
episodic and chronic cluster headache: a randomized, double-blind, 
sham-controlled ACT2 study. Cephalalgia 2017; published online 
Dec 12. DOI:10.1177/0333102417744362.

153	 Yarnitsky D, Volokh L, Ironi A, et al. Nonpainful remote electrical 
stimulation alleviates episodic migraine pain. Neurology 2017; 
88: 1250–55.

154	 Nir RR, Yarnitsky D. Conditioned pain modulation. 
Curr Opin Support Palliat Care 2015; 9: 131–37.

155	 Dilli E, Halker R, Vargas B, et al. Occipital nerve block for the 
short-term preventive treatment of migraine: a randomized, 
double-blinded, placebo-controlled study. Cephalalgia 2015; 
35: 959–68.

156	 Tang Y, Kang J, Zhang Y, Zhang X. Influence of greater occipital 
nerve block on pain severity in migraine patients: a systematic 
review and meta-analysis. Am J Emerg Med 2017; 35: 1750–54.

157	 Blumenfeld A, Ashkenazi A, Napchan U, et al. Expert consensus 
recommendations for the performance of peripheral nerve blocks 
for headaches—a narrative review. Headache 2013; 53: 437–46.

158	 Lipton RB, Penzien DB, Turner DP, Smitherman TA, Houle TT. 
Methodological issues in studying rates and predictors of migraine 
progression and remission. Headache 2013; 53: 930–34.

159	 Manack A, Buse DC, Serrano D, Turkel CC, Lipton RB. 
Rates, predictors, and consequences of remission from chronic 
migraine to episodic migraine. Neurology 2011; 76: 711–18.

160	 Palm-Meinders IH, Koppen H, Terwindt GM, et al. Structural brain 
changes in migraine. JAMA 2012; 308: 1889–97.

161	 Maleki N, Becerra L, Brawn J, Bigal M, Burstein R, Borsook D. 
Concurrent functional and structural cortical alterations in migraine. 
Cephalalgia 2012; 32: 607–20.

162	 Schwedt TJ, Chong CD, Wu T, Gaw N, Fu Y, Li J. Accurate 
classification of chronic migraine via brain magnetic resonance 
imaging. Headache 2015; 55: 762–77.

163	 Chong CD, Dodick DW, Schlaggar BL, Schwedt TJ. Atypical 
age-related cortical thinning in episodic migraine. Cephalalgia 2014; 
34: 1115–24.

164	 Zhang X, Levy D, Noseda R, Kainz V, Jakubowski M, Burstein R. 
Activation of meningeal nociceptors by cortical spreading 
depression: implications for migraine with aura. J Neurosci 2010; 
30: 8807–14.

165	 Karatas H, Erdener SE, Gursoy-Ozdemir Y, et al. Spreading 
depression triggers headache by activating neuronal Panx1 
channels. Science 2013; 339: 1092–95.

166	 Lambert GA, Truong L, Zagami AS. Effect of cortical spreading 
depression on basal and evoked traffic in the trigeminovascular 
sensory system. Cephalalgia 2011; 31: 1439–51.

167	 Woods RP, Iacoboni M, Mazziotta JC. Brief report: bilateral 
spreading cerebral hypoperfusion during spontaneous migraine 
headache. N Engl J Med 1994; 331: 1689–92.

168	 Moskowitz MA. Genes, proteases, cortical spreading depression 
and migraine: impact on pathophysiology and treatment. 
Funct Neurol 2007; 22: 133–36.

169	 Afridi SK, Matharu MS, Lee L, et al. A PET study exploring the 
laterality of brainstem activation in migraine using glyceryl 
trinitrate. Brain 2005; 128: 932–39.

170	 Maniyar FH, Sprenger T, Monteith T, Schankin CJ, Goadsby PJ. 
The premonitory phase of migraine—what can we learn from it? 
Headache 2015; 55: 609–20.

171	 Burstein R , Jakubowski M. Unitary hypothesis for multiple triggers 
of the pain and strain of migraine. J Comp Neurol 2005; 493: 9–14.

172	 Burstein R, Cliffer KD, Giesler GJ Jr. Direct somatosensory 
projections from the spinal cord to the hypothalamus and 
telencephalon. J Neurosci 1987; 7: 4159–64.

173	 Malick A, Strassman RM, Burstein R. Trigeminohypothalamic and 
reticulohypothalamic tract neurons in the upper cervical spinal cord 
and caudal medulla of the rat. J Neurophysiol 2000; 84: 2078–112.

174	 Olesen J, Burstein R, Ashina M, Tfelt-Hansen P. Origin of pain in 
migraine: evidence for peripheral sensitisation. Lancet Neurol 2009; 
8: 679–90.

175	 Schankin CJ, Maniyar FH, Seo Y, et al. Ictal lack of binding to brain 
parenchyma suggests integrity of the blood-brain barrier for 
11C-dihydroergotamine during glyceryl trinitrate-induced migraine. 
Brain 2016; 139: 1994–2001.

176	 Goadsby PJ, Hoskin KL. Serotonin inhibits trigeminal nucleus 
activity evoked by craniovascular stimulation through a 5HT1B/1D 
receptor: a central action in migraine? Ann Neurol 1998; 43: 711–18.

177	 Melo-Carrillo A, Noseda R, Nir RR, et al. Selective inhibition of 
trigeminovascular neurons by fremanezumab: a humanized 
monoclonal anti-CGRP antibody. J Neurosci 2017; 37: 7149–63.

178	 Melo-Carrillo A, Noseda R, Nir RR, et al. Fremanezumab—a 
humanized monoclonal anti-CGRP antibody—inhibits thinly 
myelinated (Aδ) but not unmyelinated (C) meningeal nociceptors. 
J Neurosci 2017; 37: 10587–96.


	Migraine
	Introduction
	Epidemiology
	Pathophysiology and genetics
	Premonitory phase
	Aura
	Headache phase

	Acute treatment
	Preventive treatment
	Emerging treatments
	Prognosis
	Controversies and uncertainties
	Outstanding research questions
	References




