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Current practice and future directions in the prevention and
acute management of migraine
Peter J Goadsby, Till Sprenger

Migraine is a common and disabling brain disorder with a strong inherited component. Because patients with
migraine have severe and disabling attacks usually of headache with other symptoms of sensory disturbance (eg, light
and sound sensitivity), medical treatment is often required. Patients can be managed by use of acute attack therapies
(eg, simple analgesics or non-steroidal anti-inﬂammatory drugs) or speciﬁc agents with vasoconstrictor properties (ie,
triptans or ergot derivatives). Future non-vasoconstrictor approaches include calcitonin gene-related peptide receptor
antagonists. Preventive therapy is probably indicated in about a third of patients with migraine, and a broad range of
pharmaceutical and non-pharmaceutical options exist. Medication overuse is an important concern in migraine
therapeutics and needs to be identiﬁed and managed. In most patients, migraine can be improved with careful
attention to the details of therapy, and in those for whom it cannot, neuromodulation approaches, such as occipital
nerve stimulation, are currently being actively studied and oﬀer much promise.

Introduction
Migraine is a complex, common, and disabling disorder
of the brain, whose mechanisms are only now being
unravelled.1–3 It is characterised by sensory symptoms:
pain and sensitivity to normal aﬀerent information, such
as light, sound, and head movement. The attack
manifestations are deﬁned by the International Headache
Society,4 although the diagnostic criteria do not include
common considerations such as the familial nature of the
disorder.5 Migraine is one of the primary headache
disorders in which headache is part of the clinical
phenotype of the syndrome, in contrast to secondary
headaches in which head pain is a consequence and a
symptom of another disorder. Episodic migraine, by
deﬁnition, occurs on fewer than 15 days per month and
chronic migraine occurs on 15 days or more per month.6
In terms of acute treatment, migraine can be managed
with available substance groups such as analgesics, nonsteroidal anti-inﬂammatory drugs (NSAIDs), ergotamine
derivatives, and triptans, with their diﬀerent modes of
administration. New strategies in acute treatment are
very promising and the calcitonin gene-related peptide
(CGRP) receptor antagonists and serotonin 5-HT1F
agonists are in the late stages of development. Preventive
treatment can be divided into pharmacological and nonpharmacological therapies; one approach certainly does
not exclude the use of the other, and a combination of
pharmacological and non-pharmacological approaches,
such as patient education, acupuncture, biofeedback, and
exercise, can be useful in clinical practice. Medicationoveruse headache (MOH),7 which is caused by the regular
use of analgesics or speciﬁc anti-migraine treatments
that can increase headache frequency, is very much a
problem in migraine management.8
In this Review, the subject of migraine treatment alone
is covered. A more detailed coverage of the pathophysiology
and diagnosis of headache disorders can be found
elsewhere.3,9–13 Available and awaited future approaches to
migraine treatment will be outlined and, where possible,
the evidence base is cited, although many care strategies
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remain to be rigorously tested. We discuss both acute and
preventive treatment, as well as strategies for the
management of medication overuse.
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General treatment principles
Once the diagnosis has been conﬁrmed, one usually starts
the management process by explaining the condition to
provide an understanding of the problem and to set
realistic expectations. This is helpful for patients because it
engages them in their own care, which in turn facilitates
management. A headache diary will often be very
instructive in the planning and evaluation of therapy.
Recording aﬀected days, pain severity, and medication use
and response, as well as obvious triggers (eg, days of
menstrual ﬂow) can be extremely helpful to determine the
need for preventive strategies and for considering
therapeutic outcomes. Migraine-related disability is also an
important factor and can be assessed using the very
pragmatic and useful migraine disability assessment
score,14 or a similar approach. Together, these aspects help
to determine the need and choice of acute and preventive
treatments. For example, attacks that last for days and are
highly disabling and refractory to acute attack therapy
might require a preventive approach. Patients who typically
have more than two or three migraine attacks per month
might also beneﬁt from preventive treatment,15 although
the frequency is arbitrary and a matter of debate.

Acute attack treatment
Current attack treatments fall into two categories:
disease non-speciﬁc—analgesics and NSAIDS; and
more disease speciﬁc—ergot-related compounds and
triptans. Of note, speciﬁcity is relative, because triptans,
for example, are also eﬀective in the acute treatment of
cluster headache,16 and perhaps other types of primary
or even secondary headache.17,18 To avoid medication
overuse, patients need to be counselled on the
frequency of use of acute attack medicines,19 and even
simple analgesics such as paracetamol (acetaminophen)
can be troublesome in this context.7
285

Review

Analgesics and NSAIDs
Because drugs such as aspirin 900–1000 mg and
paracetamol 1000 mg are cheap and can be eﬀective,
their use should be considered.20–22 It is almost
inconceivable that a patient with disabling headache
would not have tried these approaches before seeking a
neurological opinion. However, dosing might have been
inadequate. Naproxen (500–1000 mg orally or rectally,
with an anti-emetic),23–26 ibuprofen (400–800 mg
orally),27,28 or tolfenamic acid (200 mg orally)29 can be
extremely eﬀective in migraine if used adequately.
Selective cyclo-oxygenase 2 inhibitors have also proven
eﬀective in migraine treatment with similar eﬃcacy to
NSAIDs.30 However, the best-studied drug, rofecoxib, is
no longer available. The debate over the cardiovascular
safety of both unselective (NSAIDs) and selective cyclooxygenase inhibitors continues, and patients should be
made aware of potential side-eﬀects. Moreover, patients
with a high risk proﬁle in terms of cardiovascular disease
should not use cyclo-oxygenase inhibitors frequently.
The addition of anti-emetics or prokinetics, such as
domperidone (10 mg orally)31–33 or metoclopramide (10 mg
orally),34,35 to analgesics or NSAIDs might improve the
eﬃcacy of these drugs with an independent antinociceptive eﬀect and help patients to deal with
migraine-associated nausea. However, the evidence base
for their additional use is weak, and is largely based on
their combination with other treatments.36,37 Compound
analgesics (ie, those containing aspirin, paracetamol,
and caﬀeine) have been shown to be more eﬀective than
single analgesics.38,39 However, these drugs, particularly
caﬀeine-containing analgesics,40 might carry an
increased risk of MOH, although no prospective studies
have been done.

Ergot derivatives and triptans
When analgesic measures fail to avert disability, more
speciﬁc and more eﬀective anti-migraine treatments are
required.41 Ergotamine, previously the mainstay of acute
treatment, can no longer be considered the treatment of
choice in acute migraine.42 There are particular situations
in which ergotamine is very helpful, such as in the
treatment of very long attacks with headache recurrence,
but dosing must be carefully monitored because
ergotamine overuse can produce severe headache in
addition to many vascular problems.43 Dihydroergotamine
is usually better tolerated than ergotamine (less nausea
and vasoconstriction), but has a poor oral bioavailability.44
Dihydroergotamine administered via a nasal spray has a
better bioavailability of about 40%, but the onset of action
is relatively slow and it has been shown to be inferior
to nasal and subcutaneous sumatriptan.45,46 Injectable
dihydroergotamine (intravenous or intramuscular) is
more eﬀective, but produces more side-eﬀects and the
mode of administration is less convenient. In the near
future, dihydroergotamine might go through its second
incarnation as a new orally inhaled formulation that
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seems to be very promising in terms of headache relief
and tolerability.47
The triptans, which are serotonin 5-HT1B/1D receptor
agonists, have revolutionised the lives of many patients
with severe migraine attacks, and are clearly the most
powerful option available to stop a migraine attack. They
can be rationally applied by considering their pharmacological, physicochemical, and pharmacokinetic features,48
and are available in various formulations (tablet, nasal
spray, subcutaneous injection, suppositories).41 Although
head-to-head comparisons between triptans are not
exhaustive,49 it is widely acknowledged that the seven
licensed compounds diﬀer with regard to their
eﬀectiveness, side-eﬀect rate, and frequency of headache
recurrence (table 1).50 By determining the clinical
problem, such as failure of analgesics or NSAIDs,
nausea issues, or headache recurrence, a physician
can tailor the choice of triptan to the patient’s need
(panel).
Widespread clinical experience suggests that failure with
one triptan does not predict failure with another.51,52 Indeed,
each triptan should probably be tried for three attacks,
because after three unsuccessful trials, the probability of
success will be low, based on extrapolation from consistency
studies.53,54 There is no ﬁrm evidence base on which to
decide how many oral triptans to try before switching
formulation, although there is evidence that switching
from one to another after failure results in eﬀective
treatment.51,52 From a pragmatic position, one could suggest
switching to a nasal or injectable formulation after a patient
has failed three oral triptans. Some patients feel they can
improve their responsiveness to triptans by switching from
one substance to another between attacks, although this
approach has never been formally investigated.
The combination of triptans with anti-emetics has been
rarely studied, with only small studies indicating the
beneﬁts of such an approach.55 Although one might
expect this combination to be helpful, the reasons are not
clinically obvious. The main concern for triptans is their
rare, but serious, cardiovascular side-eﬀects,56 which
necessitates that they are not used in patients with
cerebrovascular or cardiovascular contraindications.

Treatment considerations
Pregnancy and lactation
Although triptans are contraindicated during pregnancy,
data from pregnancy registries indicate that sumatriptan
is largely safe in terms of teratogenicity when used
during the ﬁrst trimester, although their use might lead
to an increase in preterm births.57 Therefore, women who
were unaware of their pregnancy when they took a triptan
can be reassured. However, triptans should not be
deliberately used during pregnancy owing to insuﬃcient
data being available. In general, lactation is also a
contraindication to triptan use, although very little
sumatriptan has been found in breastmilk.58 As an
alternative, injectable sumatriptan (which has a short
www.thelancet.com/neurology Vol 9 March 2010
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terminal half-life) can be used.59 Mothers can then pump
and discard milk after using injectable sumatriptan and
use formula or previously pumped breastmilk for the
next feed. Breastfeeding can be resumed 12 h after
sumatriptan use.

Serotonin syndrome
Caution has also been advised with the combination of
triptans and selective serotonin reuptake inhibitors
(SSRIs) owing to the possible production of the
potentially life-threatening serotonin syndrome, with
symptoms such as tremor, palpitations, ﬂushing,
hypertension, and agitation.60,61 To date, 11 cases have
been described with suspected serotonin syndrome
attributed to triptan monotherapy,61 although the
investigators did not apply strict diagnostic criteria.62
27 cases of serotonin syndrome during concomitant
use of SSRIs, selective norepinephrine reuptake
inhibitors (SNRIs), and triptans were reported in a US
Food and Drug Administration (FDA) alert,63 with
one more case reported subsequently.64 However, only
seven of the cases reported by the FDA actually fulﬁlled
Sternbach’s criteria of serotonin syndrome.65 About
700 000 patients are taking SSRIs or SNRIs with
triptans annually in the USA.66 Thus, considering the
very low number of reported cases, triptans rarely
precipitate serotonin syndrome when administered
with SSRIs or SNRIs.65 Because of the continuing
debate, patients who have been appropriately selected
to use a combination of such drugs should be made
aware of the possibility of serotonin syndrome. Possible
symptoms should be discussed so that they seek
medical attention if required. Moreover, new cases of
serotonin syndrome should be reported.

Allodynia
A recent issue has been the extent to which the presence
of allodynia, the production of the sensation of pain
from normally non-painful stimuli, can inﬂuence
outcome. Allodynia is an extremely common phenomenon in migraine, occurring in about two-thirds of
patients in population-based studies,67,68 and was ﬁrst
recognised at least 50 years ago.69 An initial uncontrolled
study suggested that the presence of allodynia was
associated with a poor outcome on triptans,70 consistent
with the development of central sensitisation in an
inﬂammatory model of trigeminal nociception.71
However, randomised controlled trials (RCTs) on the
use of triptans when pain is mild, the attack is not fully
developed, and allodynia is already present failed to
support this concept.72,73 A recent study suggested that
pain intensity rather than allodynia inﬂuences outcome
measures.74 Taken together, these ﬁndings suggest that
patients can be encouraged to use triptans before
allodynia has developed, but there is not enough
evidence to stop them from taking triptans when
allodynia is present.
www.thelancet.com/neurology Vol 9 March 2010
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ND=no difference compared with sumatriptan. +=better than sumatriptan.
−=inferior to sumatriptan. Adapted from Ferrari and colleagues,50 with permission
from Elsevier.

Table 1: Comparison of the main efficacy and tolerability measures for
the oral triptans versus 100 mg sumatriptan

Maximum monthly use
Another controversial issue relates to the maximum
monthly use of triptans. The manufacturers’ dosing
recommendations for triptans state that the safety of
treating an average of more than three to four headaches
in a 30-day period has not been established. However,
even daily triptan use has been reported to be relatively
safe.75 Because triptan use on 10 days or more is believed
to carry the risk of MOH,1 we advise our patients to use
triptans on fewer than 10 days per month, while calling
their attention to the fact that safety has only been
determined for up to three to four headaches per
month.

Early treatment
Almotriptan 12·5 mg has been shown to abate migraine
attacks more eﬀectively when taken early in the attack
(ie, within 1 h) when the pain is still mild than when
taken later in the attack when the pain is moderate or
severe.73 This is also very likely to be true for other
triptans, analgesics, and NSAIDs, although similar
studies are not available. Some fear that patients could
take triptans for headaches that would not eventually
evolve into full-blown migraine and thereby increase the
risk of MOH. However, treatment of migraine pain
when early or mild was associated with a reduction in
pain recurrence compared with treatment when
moderate or severe,76 so one could argue that this might
reduce the monthly use of triptans. We advise our
patients to take triptans as early as possible when the
287
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Panel: Stratification of acute migraine-specific treatment
options for various clinical situations
Unresponsive to analgesics/NSAIDs
First tier
• Sumatriptan (50 mg or 100 mg)
• Almotriptan (12·5 mg)
• Rizatriptan (10 mg)
• Eletriptan (40 mg)
• Zolmitriptan (2·5 mg)
Slower eﬀect/better tolerability
• Naratriptan (2·5 mg)
• Frovatriptan (2·5 mg)
Infrequent headache
• Ergotamine (1–2 mg)
• Dihydroergotamine (2 mg) nasal spray
Early nausea/vomiting or difficulties taking tablets
• Zolmitriptan (5 mg) nasal spray
• Sumatriptan (20 mg) nasal spray
• Sumatriptan (6 mg) subcutaneously
• Sumatriptan (25 mg) suppository
• Rizatriptan (10 mg) rapidly dissolving wafer
Headache recurrence
• Ergotamine (2 mg), most effective rectally/usually with
caffeine
• Naratriptan (2·5 mg)
• Almotriptan (12·5 mg)
• Eletriptan (40 mg)
Tolerating acute treatments poorly
• Naratriptan (2·5 mg)
• Frovatriptan (2·5 mg)
• Almotriptan (12·5 mg)
Menstrual-related headache
Prevention (perimenstrual use for 5–6 days)
• Ergotamine (every night)
• Frovatriptan (2·5 mg twice daily)
• Naratriptan (1 mg twice daily)
• Naproxen (500 mg twice daily)
• Estrogens (data are conflicting)
Acute treatment
• Triptans, if not used for prevention
• Dihydroergotamine nasal spray, if triptans or ergotamine
not used for prevention
Very rapidly developing symptoms
• Zolmitriptan (5 mg) nasal spray
• Sumatriptan (6 mg) subcutaneously
• Dihydroergotamine (1 mg) intramuscularly
All drugs are taken orally, unless stated otherwise. NSAIDs=non-steroidal
anti-inflammatory drugs.

pain is still mild to moderate, but when they are
reasonably sure they are developing their typical
migrainous pain.
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Choice of acute treatment
Most headache authorities suggest stratiﬁed care by
attack, which is what patients often do when they have
the available options: for example, patients use analgesics
or NSAIDs for their less severe attacks, relying on triptans
or ergot derivatives when their attacks or circumstances
demand them, or when the other options do not provide
relief (panel). Recent data suggest that combining a
triptan (eg, sumatriptan 85 mg) with an NSAID (eg,
naproxen 500 mg) can improve eﬃcacy and reduce
headache recurrence by about a third.23 Such an approach
is attractive if headaches are infrequent, although
whether there is an increased risk of MOH still needs to
be determined. If nausea is a major issue, analgesics,
NSAIDs, and sumatriptan can be taken as suppositories.
For such patients, sumatriptan and zolmitriptan are also
available as nasal sprays, and an iontophoretic
transdermal preparation of sumatriptan is in late phase 3
development.77 Injectable sumatriptan is another
alternative, and can be helpful if a rapid onset of action is
desired by the patient. A needle-free sumatriptan
injection device has recently been approved by the
FDA.78
There are no evidence-based therapies for the acute
treatment of aura; thus, prevention is the best option,
although an uncontrolled study with ketamine does
suggest one possible way forward.79 Such an approach is
based on the pharmacology of cortical spreading
depression (CSD), the animal equivalent of human aura,80
which can be blocked by NMDA receptor antagonists.81
However, an RCT in patients with migraine is needed.

Recent developments in acute therapy
Although triptans currently remain the most eﬀective
option for acute attack therapy, outstanding issues exist.
First, not all patients respond to treatment. Response
rates after oral administration are 30–40% for pain-free
outcomes at 2 h.50 Second, of those who do respond,
about one in three experience headache recurrence
within 24 h.82 Third, whereas most patients are not
particularly troubled by the side-eﬀects of triptans, which
they rate well below eﬃcacy considerations,83 the fact that
triptans constrict cranial blood vessels through activation
of serotonin 5-HT1B receptors produces an important
problem.84 These receptors are predominantly found in
the cranial circulation, although, unfortunately, they are
also found in small concentrations on coronary vessels
where they mediate vasoconstriction.85 As a consequence,
substantial eﬀort has been expended to search for nonvasoconstrictor therapies for acute migraine.86

CGRP receptor antagonists
Possible future candidates for migraine treatment
include CGRP receptor antagonists,87,88 nitric-oxidesynthase inhibitors,89 vanilloid transient receptor potential
cation channel subfamily V member 1 (TRPV1) receptor
antagonists,90,91 AMPA, kainate,92 and pure kainate
www.thelancet.com/neurology Vol 9 March 2010
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Serotonin receptor agonists
The announcement of the success of a phase 2 doseranging proof-of-concept study with the 5-HT1F receptor
agonist COL-144104 oﬀers another prospect for a nonvasoconstrictor acute anti-migraine therapy. Unlike the
triptans, COL-144 does not act at 5-HT1B/D receptors and
therefore does not cause vasoconstriction. 130 patients
with migraine received doses of between 2·5 mg and 45 mg
COL-144 or placebo administered intravenously.105 The
drug was well tolerated and did not produce triptan-like
chest symptoms. At eﬀective doses of COL-144, a higher
proportion of patients showed a headache response at 2 h
than those on placebo.105 An orally bioavailable formulation
of COL-144 is now in phase 2 testing.106 The success of
CGRP receptor antagonists and 5-HT1F receptor agonists
reinforce the need for a neurally based approach to
migraine and emphasise that migraine is a brain disorder.

Preventive treatment
Preventive therapy is a crucial component of the
management strategy to reduce migraine disability, and
is indicated in about a third of patients with migraine.107
Unfortunately, the mechanisms of action of current
preventive treatments are not well understood. One
potential mechanism could be the suppression of CSD,80
as most preventive medicines seem to inhibit CSD.108
Silent CSD might occur during migraine without aura,109
and its suppression would explain the eﬀectiveness of
migraine prophylactics. However, much more research is
needed to conﬁrm this hypothesis.
Although attack frequency is usually the main impetus
for prevention, sometimes intractability is the problem.
www.thelancet.com/neurology Vol 9 March 2010
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receptor antagonists,93 and 5-HT1F receptor agonists.94 Of
these, the CGRP receptor antagonist class is probably the
most advanced. The intravenous antagonist olcegepant
and the orally available antagonist telcagepant have
shown clear eﬀects in phase 1 and 2 RCTs,95,96 and
telcagepant has recently undergone two phase 3 studies
(ﬁgure) without cardiovascular liability.97–99 A phase 2 trial
on another CGRP receptor antagonist, BI 44370, has been
completed and results are awaited.100
CGRP receptor antagonists have shown some promise
in terms of reduced headache recurrence,96,101 and there is
also hope that this group of compounds contains a lower
risk of inducing MOH than do triptans. The clinical
tolerability of these drugs in terms of CNS and vascular
side-eﬀects seems to be more favourable than for triptans.
However, concerns about possible liver toxicity remain.
The development programme of one compound,
MK3207, which was undergoing phase 2 evaluation, has
been discontinued because of delayed liver test
abnormalities.102 Moreover, in a migraine prevention
study of daily telcagepant over 3 months, increases in
transaminases were observed in a few patients.103 FDA
ﬁling for telcagepant has thus been delayed to allow a
review of additional safety data.104
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Figure: Efficacy of CGRP receptor antagonists in migraine
Results of two double-blind, randomised, placebo-controlled studies on oral telcagepant,97,98 and a meta-analysis
by Ferrari and colleagues.50 Total numbers of patients in each group are shown above the bars. Data are shown for
the endpoint pain freedom at 2 h. CGRP=calcitonin gene-related peptide.

Consensus guidelines diﬀer substantially with regard to
recommendations about when to start pharmacological
migraine prophylaxis. In the US guidelines,110 treatment
is recommended when attacks regularly exceed two times
per week, whereas European guidelines suggest migraine
prophylaxis for two attacks or more per month.15 Patient
preference is certainly a major factor in deciding whether
to start a preventive treatment.

Current pharmacological approaches
The choice of migraine preventive agent is based on
eﬀectiveness, side-eﬀect proﬁle, knowledge of previous
eﬃcacious or unsuccessful treatment trials, and the
comorbidities of the individual patient. With regard to the
eﬃcacy of preventive agents in studies, a 25% increase in
responders (ie, patients with a 50% reduction in migraine
days) can typically be expected in the active drug group
compared with those on placebo.111 In clinical practice,
this translates into a 50% reduction in migraine days for
half the patients who use them,112 and usually a more
obvious reduction in severity with some concomitant
opportunity to provide better control of residual attacks.
Preventive agents are, of course, only helpful if they
are actually taken, so it is important that the patient is
engaged in this process and knows what to expect.
Another issue relates to the optimum duration of
prophylactic treatment. For topiramate, a positive
treatment eﬀect can be maintained over a period of at
least 12–14 months.113,114 However, there seems to be a
prolonged beneﬁt after cessation of a 6-month treatment
period with topiramate.113 In light of these results, one
could conclude that, after a 6-month treatment period
with a stable therapeutic eﬀect, tapering of the preventive
medication should be tried in patients without (or
with few) comorbid conditions such as ﬁbromyalgia,
depression, or anxiety disorder, whereas it should be
continued over a longer period of time (>12 months) in
patients in whom comorbidities are clinically preeminent and who have risk factors for migraine
289
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Dose

Common side-effects

Propranolol118–120

40–120 mg twice daily

Reduced energy, tiredness, postural
symptoms; contraindicated in asthma

Metoprolol

25–100 mg twice daily

Reduced energy, tiredness, postural
symptoms; contraindicated in asthma

Valproate121–123

400–600 mg twice daily

Drowsiness, weight gain, tremor, hair loss,
fetal abnormalities, haematological or liver
abnormalities

Topiramate118,124,125

50–200 mg daily

Paraesthesiae, cognitive dysfunction, weight
loss, care with a family history of glaucoma,
nephrolithiasis

Gabapentin126†

900–3600 mg daily

Dizziness, sedation

5–15 mg daily

Drowsiness, weight gain, depression,
parkinsonism

Amitriptyline,‡
dosulepin (dothiepin),
nortriptyline129‡

25–75 mg every night

Drowsiness, urinary retention, arrhythmias;
note that some patients are very sensitive and
might only need a total dose of 10 mg, although
generally 1–1·5 mg/kg bodyweight is required

Venlafaxine130,131

75–150 mg daily

Drowsiness, urinary retention, arrhythmias

Beta-blockers

Anticonvulsants

Calcium channel blockers
Flunarizine127,128
Antidepressants

Serotonin antagonists
Pizotifen132

0·5–2 mg daily

Weight gain, drowsiness

Methysergide133

1–6 mg daily

Drowsiness, leg cramps, hair loss,
retroperitoneal fibrosis; 1 month drug holiday
is required every 6 months

Other compounds§
Lisinopril134

20 mg daily

Cough, dizziness

Candesartan135

16 mg daily

Birth defects and fetal death
..

Nutraceuticals¶
Riboflavin136

400 mg daily

Coenzyme Q10137

100 mg three times daily Gastrointestinal upset
or 75 mg twice daily

Butterbur (Petasites hybridus)138

50–75 mg twice daily

Elevation of transaminases

Feverfew (Tanacetum
parthenium)139–142

6·25 mg three times
daily

Skin rash

No convincing controlled evidence has been found for verapamil.143–145 Controlled trials in the following drugs have shown
no effect: nimodipine,146 clonidine,147 and the SSRI fluoxetine.148 *The local national formulary should be consulted for
detailed information on dose, side-effects, and contraindications. †Supported more by experience because the cited
study did not achieve the primary endpoint on an intention-to-treat basis. ‡A small study, although a very widely used
treatment. §Compounds not widely considered mainstream but with a positive RCT. ¶Non-pharmaceuticals with at least
one positive RCT. RCT=randomised placebo-controlled trial. SSRI=selective serotonin reuptake inhibitor.

Table 2: Preventive treatments in migraine*

progression (ie, high attack frequency, history of head
injuries or obesity).115,116 Patient preference is important in
this decision. Preliminary evidence suggests that, when
re-introducing a migraine preventive treatment in
patients who have previously used prophylactic
medication, one should switch to a diﬀerent group of
preventive drugs even if previous treatment trials were
eﬀective.117
Table 2 shows the treatments that have proven
eﬀective in the preventive management of migraine.
These broadly comprise substances from groups including beta-blockers, antidepressants, anticonvulsants,
calcium-channel blockers, serotonin antagonists, and
290

nutraceuticals
(ie,
dietary
supplements
with
pharmacological properties). In our view, the betablockers propranolol and metoprolol, the antiepileptic
drugs valproate and topiramate, and the calcium-channel
blocker ﬂunarizine can be considered to be ﬁrst-choice
drugs. Each of these drugs has proven eﬃcacy in reducing
migraine attack frequency in RCTs.118,121,123–125,127 Flunarizine
is not available in many countries and verapamil could
be used as an alternative, although the evidence is much
less clear for this drug with positive eﬀects only in very
small studies (table 2).143,144 Relatively new drugs with
some promise for the treatment of migraine include the
antidepressant venlafaxine,130,131 as well as the inhibitor of
angiotensin-converting enzyme lisinopril and the
antagonist of angiotensin II receptor candesartan.134,135
Although chronic migraine is represented by a large
group of patients who present with disabling headache
in secondary care, treatments have only recently been
studied in this group. Several RCTs have shown that
topiramate 100 mg reduces attack frequency in chronic
migraine,149–151 and converts chronic migraine into
episodic migraine.151 Its eﬀect is similar to propranolol
160 mg daily.150 In one study, inclusion of patients with
medication overuse did not inhibit the useful eﬀects of
topiramate 100 mg,150 although patients on topiramate
did not reduce their acute medication overuse. However,
in a subgroup analysis of patients with medication
overuse in a similar study in the USA, those on topiramate
did only slightly better than those on placebo, with the
diﬀerence between the groups not being signiﬁcant
(p=0·059).149,152 Because of the somewhat inconsistent
evidence, the results from the former study should not
be taken to suggest that all patients with medication
overuse should be treated with preventive drugs as
opposed to encouraging medication withdrawal ﬁrst, as
the data suggest that only a subgroup of patients might
beneﬁt from immediate preventive therapy.

Recent developments in preventive therapy
CSD inhibitors
Similar to the available preventive agents, tonabersat, a
novel potential preventive agent that has recently been
investigated in three phase 2 studies, also inhibits CSD.153
In addition, it reduces CSD-induced nitric-oxide release
and trigeminovascular responses in the laboratory.154
Unfortunately, two small RCTs and a larger, well powered
study (Tonabersat Evaluation in Migraine Prevention in
the United States [TEMPUS]) were negative in terms of
prevention of migraine without aura.155–157 One of these
studies had an interesting design and recruited only
patients who had migraine attacks with frequent aura.155 In
addition to the primary endpoint of a reduction in migraine
headache days with or without aura, which was not met, a
co-primary endpoint of this cross-over study was the
number of aura attacks. The investigators found a
signiﬁcant reduction in this co-primary endpoint in
patients during tonabersat treatment compared with
www.thelancet.com/neurology Vol 9 March 2010
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during placebo treatment period. This result is in
agreement with the view that CSD is the experimental
equivalent of aura, and substances eﬀective in CSD are
also eﬀective in aura. However, this study challenges the
view that silent CSD triggers migraine attacks without
aura. Together, these results suggest that, although
tonabersat is unlikely to be a major step forward for the
treatment of patients with migraine without aura, it could
be an option for the management of patients with aura.

Neuromodulation
Neuromodulatory approaches are currently focusing on
the stimulation of the greater occipital nerve (GON). Lowfrequency electrical stimulation has been shown to inhibit
nociceptive processing with eﬀects outlasting the
conditioning electrical stimulation.158 In the case of GON
stimulation, the targeted synapses and neurons are located
in the trigeminocervical complex and receive convergent
input from the GON as well as from the trigeminal
nerve.159 Stimulation of the GON is thus expected to
modulate excitability to the GON as well as dural aﬀerent
input, and this has been conﬁrmed in animal
experiments.160 Moreover, functional imaging studies have
shown that central processing of migraine pain signals in
the thalamus could be modiﬁed by GON stimulation.161
The use of occipital nerve stimulation for the treatment
of intractable head pain in human beings was ﬁrst
proposed in 1999, when a series of cases of intractable
occipital neuralgia responding to occipital nerve
stimulation were reported.162 Detailed phenotyping of
these cases in the context of a functional imaging study
showed that almost all patients had chronic migraine,
and that the stimulation approach was very successful.161
Two RCTs are now complete (PRecision Implantable
Stimulator for Migraine [PRISM] and Occipital Nerve
Stimulation for the Treatment of Intractable chronic
Migraine [ONSTIM]),163,164 and have been published in
abstract form.165,166
The PRISM study was completed by 125 treatmentrefractory migraine patients with or without medication
overuse. In the overall group, the primary endpoint
(reduction in migraine days at 12 weeks after implantation
compared with baseline) was not met, although there
was a trend towards greater eﬃcacy in the treatment
group than in the control group. This trend was driven by
the patients without medication overuse (reduction of
5·9 migraine days per month in the active groups vs −2·6
migraine days in the control group), whereas in the group
with medication overuse, outcomes of active and control
stimulation were similar (−5·0 vs −4·8 migraine days per
month). With regard to the subgroup without medication
overuse, the study was probably underpowered to detect
a signiﬁcant eﬀect of the stimulation. Moreover,
stimulation settings were probably not optimised.
66 patients completed the ONSTIM study. The
responder rate was signiﬁcantly higher in the group with
adjustable stimulation than in patients with preset
www.thelancet.com/neurology Vol 9 March 2010

stimulation or medical management. The eﬀectiveness
of a diagnostic occipital nerve block did not predict
stimulation eﬃcacy. However, the primary endpoint of
the study (percentage reduction in headache days per
month) was not met, although there was a trend in favour
of stimulation.166 As an alternative to stimulation of only
the occipital nerve, combined stimulation of the occipital
and supraorbital nerves has been suggested and showed
some promise in an open study.167 This is a developing
area of research,168 and with optimised stimulation
settings, peripheral nerve stimulation might be a useful
treatment strategy, particularly for medically treatmentrefractory patients without medication overuse, although
further studies are awaited before this technique can be
used outside clinical trials. Initial results in cluster
headache are promising.169,170

Botulinum toxin type A
Botulinum toxin type A (onabotulinum toxin A; BTA)
inhibits the release of acetylcholine at motor nerve
terminals.171 This action led to its use in the treatment of
movement disorders, such as dystonia,172 and in cosmetic
use for forehead and other facial wrinkles. Open-label
experience from its cosmetic use suggested potential
beneﬁts in headache. Basic experimental studies showed
anti-nociceptive properties in some standard models,
such as rats with formalin-induced pain,173 which
provided the rationale for its development in headache
prevention.174 However, the evidence regarding possible
anti-nociceptive properties of BTA in human models of
experimental pain remains inconclusive.175–179 Initially,
an RCT by Silberstein and colleagues180 showed a positive
eﬀect for a 25 U dose in the prevention of episodic
migraine, but no response at 75 U compared with
placebo. Of eight subsequent double-blind RCTs with a
total of 1728 patients, all but one small study with
30 patients were negative.181–188 Accordingly, a recent
meta-analysis of these studies concluded that BTA is not
signiﬁcantly better than placebo for the preventive
treatment of episodic migraine.189
With regard to chronic daily headaches, two large
studies (total 1057 patients) have been reported, and both
were negative on the primary endpoint of headache
days.190,191 Recently, two phase 3 studies of BTA in chronic
migraine have been completed (Phase III REsearch Evaluating Migraine Prophylaxis Therapy with Botulinum
Toxin Type A [PREEMPT1] in North America and
PREEMPT2 in North America and Europe).192 In
PREEMPT1, the primary endpoint (change in number
of headache episodes from baseline) was similar in the
BTA group and controls (−5·2 vs −5·3 episodes), although
the secondary endpoint (reduction of headache days)
diﬀered between the two groups (−7·8 vs −6·4 headache
days). The investigators attributed the negative outcome
regarding the primary endpoint to a baseline imbalance
in headache episodes between the treatment and placebo
groups. Subsequently, in PREEMT2, the sponsor changed
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the primary endpoint from change in number of headache
episodes to change in number of headache days.
PREEMPT2 was reported to be successful with regard to
primary and secondary endpoints, with a reduction of
9·0 headache days in the BTA group and 6·7 days in the
placebo group. The injections were well tolerated in both
studies. A pooled analysis of data from PREEMPT1 and
PREEMPT2 also showed a signiﬁcant beneﬁt of BTA
over placebo with regard to headache days and headache
episodes,193 and BTA was also reported to be eﬀective in a
subgroup of patients with medication overuse.194
Taking into account the experience from BTA studies
on episodic migraine, the results in chronic migraine
were challenging. A separate study conﬁrming the results
of PREEMPT1 or PREEMPT2 is therefore necessary.
From a mechanistic point of view, it could be that
pathophysiological processes such as central sensitisation
might have a more prominent role in preventive
treatment of chronic migraine than that of episodic
migraine, and are targeted by BTA as indicated by a BTAinduced size reduction in the zone of secondary
hyperalgesia in human experimental pain models.178,195
The results for chronic migraine from the PREEMPT1
and PREEMPT2 studies are only applicable to patients
without continuous headaches, because such patients
were excluded from these studies.

Patent foramen ovale closure
An epidemiological relation seems to exist between patent
foramen ovale (PFO) and migraine with aura, but not
migraine without aura.196 Open-label studies suggested
that PFO closure could cure or substantially improve
migraine.197 In accordance with this hypothesis, the
primary endpoint of an RCT in migraineurs with aura
in Europe (Migraine Intervention with STARFlex
Technology [MIST]-I)198 was the cessation of migraine
headaches 91–180 days after the procedure. This endpoint
was reached in only three (4%) of 74 patients in the
implant group versus three (4%) of 73 patients in the
control group (p=0·51). Secondary endpoints were also
negative.198 The US study, MIST-II,199 was halted by the
sponsor with enrolment problems and a reallocation of
funds to a PFO closure study in stroke stated as the
reasons.200 PFO closure has important associated risks,
including arrhythmia and cardiac tamponade, and thus
any potential beneﬁt needs to outweigh those risks. At
this time, there is no justiﬁcation whatsoever for PFO
closure to be used in migraine outside a clinical trial.

Alternative management strategies
Migraine is clearly an inherited disposition to headache
that is triggered by change: too much or too little sleep,
skipping meals, weather change, change in exertion
patterns, or change in stress. Thus a balanced, regular
lifestyle seems desirable, although it has not been proven
by evidence-based medicine that education of patients
and other adjustments to lifestyle truly reduce the
292

frequency or severity of headaches. The same applies to
the careful intake of recognised aggravating substances,
such as caﬀeine.201
Obesity has been shown to be a risk factor for the
progression from episodic to chronic migraine.202,203
Although no studies have speciﬁcally investigated weight
reduction as a therapeutic intervention in migraine, its
use is plausible in obese patients with chronic migraine.
In obese patients with episodic migraine, weight reduction might prevent the progression to chronic migraine.
No RCTs to date have assessed the eﬀectiveness of
exercise as a single intervention in migraine prevention,
and a recent qualitative systematic review concluded that
the published studies, mostly of poor quality, only suggest
a reduction in pain intensity rather than a reduction in
headache frequency or duration.204 It is certainly not
wrong to recommend some degree of aerobic exercise to
patients with migraine, because the eﬀectiveness in other
common disorders, namely cardiovascular disease, has
been broadly shown. However, patients should be aware
that exercise itself might be a potential headache trigger,
which is also true for exercise-related weight loss and
dehydration. In contrast to exercise, there is some
evidence for eﬃcacy of behavioural techniques such as
biofeedback, relaxation, and cognitive therapy for the
prevention of migraine.205,206
Two large multicentre RCTs of acupuncture for the
prevention of migraine have now been done.207,208 One
study showed similar eﬀectiveness of the acupuncture
interventions to standard medical treatment with betablockers, calcium-channel blockers, or antiepileptic
drugs.207 However, there was no diﬀerence between
verum and sham acupuncture, indicating that exact
adherence to the traditional acupuncture concepts
might not be important. The other study also showed
no diﬀerence between verum and sham acupuncture,
but both interventions were clearly superior to a
waiting-list group.208 Therefore, there are good reasons
to include acupuncture in a multimodal setting of
migraine prevention. By contrast, there is no evidence
to recommend homoeopathy.209 One study recently
suggested that acupuncture might also be useful for the
treatment of acute migraine attacks, and showed verum
acupuncture to be superior to sham acupuncture in the
acute setting.210 However, the absolute treatment eﬀect
was small (a reduction of 1 point on a 10-point visual
analogue scale), and it is questionable whether this can
be considered clinically relevant.
Taken together, there is increasing evidence for the
eﬃcacy of some non-pharmacological approaches.
These interventions are usually very well tolerated and
provide an important measure to combine with
pharmacological approaches in multidisciplinary care
to achieve optimum responses.211–213 Integrated care
extends these concepts of multidisciplinary treatment
to structured cooperation and interaction between
neurologists in private practice and tertiary-care
www.thelancet.com/neurology Vol 9 March 2010
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headache centres with harmonisation of treatment
approaches.214 It is hoped that such organisational
structures can further improve patient care, but a
careful cost-beneﬁt evaluation will be necessary before
such approaches are widely adopted.

Management of medication overuse
Medication overuse is eﬀectively deﬁned as the
consumption of triptans, ergotamines, opioids, or
combination analgesics on 10 days or more per month,
with the International Headache Society allowing 15 days
per month for simple analgesics.7 It seems essential that
analgesic overuse should be reduced and eliminated to
determine the underlying headache phenotype and to
start managing the problem eﬀectively.215 There is no
universally accepted, evidence-based approach to the
management of MOH. The best that can be done is to
oﬀer some observations, modulated by our experience,
which will necessarily be imperfect. This is an area that
desperately needs more research.

Withdrawal treatment
Although abrupt drug withdrawal is often regarded as
the treatment of choice,216 patients can also reduce their
use by, for example, 10% every week or every 2 weeks,
because abrupt cessation often produces withdrawal
headache. Either approach can be facilitated by ﬁrst
keeping a careful diary for 1–2 months to focus all parties’
minds on the issue. A small dose of an NSAID, such as
naproxen 500 mg twice daily if tolerated, will take the
edge oﬀ the pain as analgesic use is reduced, as will a
GON injection.217 Some experts advocate corticosteroids
to facilitate the withdrawal process,218 but clinical trials
have been short and the results are conﬂicting.219,220
Moreover, late-onset rebound headache might complicate
such a strategy.
When the patient has reduced their analgesic use
substantially, a preventive agent should be introduced
(table 2) if headache frequency remains a problem. The
sequence of withdrawal and introduction of a preventive
agent is still a matter for debate. As noted above,
topiramate has been shown to be eﬀective in some
patients even before withdrawal.150 However, patients
who are unresponsive to preventive treatment during
continuing medication overuse can respond better when
overuse is stopped.221 At this point, it could be reasoned to
ﬁrst withdraw patients whenever they are willing. A
preventive therapy can then be introduced as a second
step if necessary after withdrawal. In patients who refuse
to withdraw, preventive treatment can be introduced
while they are still overusing medication. In the latter
scenario, it is useful to advise patients of the likely higher
prospect of failure of the preventive agent. Future studies
will hopefully clarify this issue.
Because non-pharmacological approaches, such as
behavioural treatment and acupuncture, have been
shown to be eﬀective in the treatment of episodic
www.thelancet.com/neurology Vol 9 March 2010

Search strategy and selection criteria
We searched PubMed with the keywords “migraine”,
“treatment”, “randomized controlled”, and “trial”. All papers
published from 1966 to November, 2009, in English or
German, were considered if they described a controlled trial.
Abstracts located by this search were reviewed and, if
appropriate, the full articles obtained. References cited within
selected articles were also considered. In addition, review
books, abstracts, and articles that had previously come to the
attention of the authors were included.

migraine, these techniques might also be helpful in
chronic migraine complicated by medication overuse.
Current evidence indicates that these techniques are
particularly valuable in maintaining improvement over
longer time periods.212

Hospital admission
We believe that some patients with medication overuse
will require admission to hospital for detoxiﬁcation.
However, not all headache experts take this view, and
practice varies substantially from country to country and
even within countries. In general, patients who require
admission to hospital could include those who fail drug
withdrawal as outpatients, those who have a signiﬁcant
complicating medical condition (eg, unstable insulindependent diabetes mellitus or less well controlled
epilepsy), or those on complicating medicines (eg,
opioids or barbiturates), for which withdrawal might be
problematic as an outpatient. Approaches vary from
multidisciplinary to largely medicine based, but have not
been rigorously compared.213
Antidopaminergic anti-emetics (ie, domperidone,
metoclopramide [also acts at 5-HT4 and 5-HT3 receptors])
or 5-HT3 receptor antagonists (ie, ondansetron or
granisetron) can be given as required, as oral, suppository,
or intravenous formulations. The same applies to ﬂuids.
In addition, clonidine can be given for opioid withdrawal
symptoms. Some clinicians use clomipramine or
acamprosate for withdrawal symptoms, although data
on their eﬀectiveness are limited.222,223 For acute, intolerable pain, we have found intravenous aspirin 1 g to be
very useful and remarkably well tolerated in the setting
of medication withdrawal (Goadsby PJ, unpublished). At
night, oral or intramuscular chlorpromazine is helpful
both for pain and for its sedative eﬀect after ensuring
adequate hydration. If the patient does not settle over
3–5 days, a course of intravenous dihydroergotamine can
be used.224 The above-mentioned anti-emetics will be
required with dihydroergotamine to ensure that treatment is well tolerated.225

Conclusions
Eﬀective migraine management is possible in most
patients. However, much work remains to be done to
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improve the evidence base of the current approaches,
particularly in the management of chronic migraine, and
to elucidate their mechanisms of action. Medical therapy
is still the mainstay of migraine treatment, but migraine
is a complex disorder for which comorbidities and patient
preferences have to be taken into account. Nonpharmacological treatments can certainly help to reduce
the disease burden and to improve patient satisfaction.
An individualised approach to migraine management is
thus warranted and will be appreciated by the patient.
Future pharmacological developments for the treatment
of acute migraine attacks, such as new triptan
formulations, non-vasoconstrictor CGRP receptor
antagonists, and 5-HT1F agonists, will hopefully further
improve the care of these often severely aﬀected
patients.
Contributors
PJG and TS participated equally in the writing and editing of the Review.
Both authors have read and approved the ﬁnal manuscript.
Conflicts of interest
In the past 3 years, PJG has consulted for, advised, or collaborated with
Advanced Bionics, Allergan, Almirall, Autonomic Technologies Inc,
AstraZeneca, Belgian Research Council, Boehringer-Ingelheim, BristolMyers Squibb, Boston Scientiﬁc, Colucid, Eli-Lilly, Fidelity Foundation,
GlaxoSmithKline, Johnson & Johnson, Kalypsys, Medtronic, MAP
Pharmaceuticals, Migraine Research Foundation, Migraine Trust,
Minster, UK Medical Research Council, Merck Sharp and Dohme,
US National Institutes of Neurological Diseases and Stroke, Netherlands
Research Council, Neuralieve, Neuraxon, NeuroTherapeutics Pharma,
UK Organisation for Understanding Cluster Headache, and Pﬁzer.
TS has given talks for Pﬁzer.
Acknowledgments
TS is supported by the German Research Foundation (Deutsche
Forschungsgemeinschaft, project SP 1215/1-1).
References
1
Menken M, Munsat TL, Toole JF. The global burden of disease
study—implications for neurology. Arch Neurol 2000; 57: 418–20.
2
Goadsby PJ. Pathophysiology of migraine. In: Lipton RB, Bigal M,
eds. Migraine and other headache disorders. New York: Marcel
Dekker, Taylor & Francis Books, Inc, 2006: 81–98.
3
Headache Classiﬁcation Committee of the International Headache
Society. The International Classiﬁcation of Headache Disorders:
2nd edition. Cephalalgia 2004; 24 (suppl 1): 1–160.
4
Ferrari MD. Migraine. Lancet 1998; 351: 1043–51.
5
Lipton RB, Stewart WF, Diamond S, Diamond ML, Reed M.
Prevalence and burden of migraine in the United States:
data from the American Migraine Study II. Headache 2001;
41: 646–57.
6
Olesen J, Bousser MG, Diener HC, et al. New appendix criteria
open for a broader concept of chronic migraine. Cephalalgia 2006;
26: 742–46.
7
Silberstein SD, Olesen J, Bousser MG, et al. The International
Classiﬁcation of Headache Disorders, 2nd edition (ICHD-II)—
revision of criteria for 8.2 medication-overuse headache.
Cephalalgia 2005; 25: 460–45.
8
Goadsby PJ. Is medication-overuse headache a distinct biological
entity? Nat Clin Prac Neurol 2006; 2: 401.
9
Lance JW, Goadsby PJ. Mechanism and management of headache
(7th edn). New York: Elsevier, 2005.
10 Goadsby PJ, Dodick D, Silberstein SD. Chronic daily headache for
clinicians. Hamilton, Canada: BC Decker, Inc, 2005.
11 Olesen J, Tfelt-Hansen P, Ramadan N, Goadsby PJ, Welch KMA.
The headaches. Philadelphia: Lippincott, Williams & Wilkins, 2005.
12 Bigal M, Lipton RB. Headache-Classiﬁcation. In: Lipton RB,
Bigal M. Migraine and other headache disorders (1st edn).
New York: Marcel Dekker, Taylor & Francis Books, Inc, 2006: 1–22.

294

13
14

15

16

17

18
19

20

21
22

23

24

25
26

27

28

29

30

31

32

33

34

35

Silberstein SD, Lipton RB, Goadsby PJ. Headache in clinical
practice (2nd edn). London: Martin Dunitz, 2002.
Stewart WF, Lipton RB, Whyte J, et al. An international study to
assess reliability of the migraine disability assessment (MIDAS)
score. Neurology 1999; 53: 988–94.
Evers S, 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.
Goadsby PJ, Cohen AS, Matharu MS. Trigeminal autonomic
cephalalgias—diagnosis and treatment. Curr Neurol Neurosci Rep
2007; 7: 117–25.
Brennum J, Kjeldsen M, Olesen J. The 5-HT1-like agonist
sumatriptan has a signiﬁcant eﬀect in chronic tension-type
headache. Cephalalgia 1992; 12: 375–79.
Rosenberg JH, Silberstein SD. The headache of SAH responds to
sumatriptan. Headache 2005; 45: 597–98.
Limmroth V, Katsarava Z, Fritsche G, Przywara S, Diener H-C.
Features of medication overuse headache following overuse of
diﬀerent acute headache drugs. Neurology 2002; 59: 1011–14.
Diener H-C, Eikermann A, Gessner U, et al. Eﬃcacy of 1,000 mg
eﬀervescent acetylsalicylic acid and sumatriptan in treating
associated migraine symptoms. Eur Neurol 2004; 52: 50–56.
Limmroth V, May A, Diener HC. Lysine-acetylsalicylic acid in acute
migraine attacks. Eur Neurol 1999; 41: 88–93.
Lipton RB, Baggish JE, Stewart WF, Codispoti J, Fu M. Eﬃcacy and
safety of acetaminophen in the nonprescription treatment of
migraine. Arch Intern Med 2000; 160: 3486–92.
Brandes JL, Kudrow D, Stark SR, et al. Sumatriptan-naproxen for
acute treatment of migraine: a randomized trial. JAMA 2007;
297: 1443–54.
Smith TR, Sunshine A, Stark SR, Littleﬁeld DE, Spruill SE,
Alexander WJ. Sumatriptan and naproxen sodium for the acute
treatment of migraine. Headache 2005; 45: 983–91.
Welch KMA. Naproxen sodium in the treatment of migraine.
Cephalalgia 1986; 6: 85–92.
Wentz AL, Jimenez TB, Dixon RM, Aurora SK, Gold M. A doubleblind, randomized, placebo-controlled, single-dose study of the
cyclooxygenase-2 inhibitor, GW406381, as a treatment for acute
migraine. Eur J Neurol 2008; 15: 420–27.
Kellstein DE, Lipton RB, Geetha R, et al. Evaluation of a novel
solubilized formulation of ibuprofen in the treatment of migraine
headache: a randomized, double-blind, placebo-controlled,
dose-ranging study. Cephalalgia 2000; 20: 233–43.
Codispoti JR, Prior MJ, Fu M, Harte CM, Nelson EB. Eﬃcacy of
nonprescription doses of ibuprofen for treating migraine
headache. A randomized controlled trial. Headache 2001;
41: 665–79.
Myllyla VV, Havanka H, Herrala L, et al. Tolfenamic acid rapid
release versus sumatriptan in the acute treatment of migraine:
comparable eﬀect in a double-blind, randomized, controlled,
parallel-group study. Headache 1998; 38: 201–07.
Silberstein S, Tepper S, Brandes J, et al. Randomized,
placebo-controlled trial of rofecoxib in the acute treatment of
migraine. Neurology 2004; 62: 1552–57.
Macgregor EA, Wilkinson M, Bancroft K. Domperidone plus
paracetamol in the treatment of migraine headache. Cephalalgia
1993; 13: 124–27.
Cottrell J, Mann SG, Hole J. A combination of ibuprofen lysine
(IBL) and domperidone maleate (DOM) in the acute treatment
of migraine: a double-blind study [abstract]. Cephalalgia 2000;
20: 269.
Dowson A, Ball K, Haworth D. Comparison of a ﬁxed combination
of domperidone and paracetamol (domperamol) with sumatriptan
50 mg in moderate to severe migraine: a randomized UK primary
care study. Curr Med Res Opin 2000; 16: 190–97.
Oral Sumatriptan and Aspirin plus Metoclopramide Comparative
Study Group. A study to compare oral sumatriptan with oral aspirin
plus metaclopramide in the acute treatment of migraine. Eur Neurol
1992; 32: 177–84.
Geraud G, Compagnon A, Rossi A, Cozam Study Group.
Zolmitriptan versus a combination of acetlysalicylic acid and
metaclopramide in the acute oral treatment of migraine: a doubleblind, randomised, three-attack study. Eur Neurol 2002; 47: 88–89.

www.thelancet.com/neurology Vol 9 March 2010

Review

36

37

38

39

40
41
42

43
44
45

46

47

48
49

50

51

52

53

54

55
56

57
58

59
60
61

Tfelt-Hansen P, Henry P, Mulder LJ, Scheldewaert RG, Schoenen J,
Chazot G. The eﬀectiveness of combined oral lysine acetylsalicylate
and metoclopramide compared with oral sumatriptan for migraine.
Lancet 1995; 346: 923–26.
Tfelt-Hansen P, Olesen J, Aebelholt-Krabbe A, Melgaard B, Veilis B.
A double blind study of metoclopramide in the treatment of
migraine attacks. J Neurol Neurosurg Psychiatry 1980; 43: 369–71.
Goldstein J, Hoﬀman HD, Armellino JJ, et al. Treatment of severe,
disabling migraine attacks in an over-the-counter population of
migraine suﬀerers: results from three randomized placebocontrolled studies of the combination of acetaminophen, aspirin
and caﬀeine. Cephalalgia 1999; 19: 684–91.
Lipton RB, Stewart WF, Ryan RE, Saper J, Silberstein S, Sheftell F.
Eﬃcacy and safety of acetaminophen, aspirin, and caﬀeine in
alleviating migraine headache pain—three double-blind,
randomized, placebo-controlled trials. Arch Neurol 1998; 55: 210–17.
Scher AI, Stewart WF, Lipton RB. Caﬀeine as a risk factor for chronic
daily headache: a population-based study. Neurology 2004; 63: 2022–27.
Goadsby PJ, Lipton RB, Ferrari MD. Migraine—current
understanding and treatment. N Engl J Med 2002; 346: 257–70.
Tfelt-Hansen P, Saxena PR, Dahlof C, et al. Ergotamine in the acute
treatment of migraine—a review and European consensus. Brain
2000; 123: 9–18.
Silberstein SD, McCrory DC. Ergotamine and dihydroergotamine:
history, pharmacology, and eﬃcacy. Headache 2003; 43: 144–66.
Little PJ, Jennings GL, Skews H, Bobik A. Bioavailability of
dihydroergotamine in man. Br J Clin Pharmacol 1982; 13: 785–90.
Boureau F, Kappos L, Schoenen J, Esperanca P, Ashford E.
A clinical comparison of sumatriptan nasal spray and
dihydroergotamine nasal spray in the acute treatment of migraine.
Int J Clin Pract 2000; 54: 281–86.
Touchon J, Bertin L, Pilgrim AJ, Ashford E, Bes A. A comparison of
subcutaneous sumatriptan and dihydroergotamine nasal spray in
the acute treatment of migraine. Neurology 1996; 47: 361–65.
Silberstein SD, Kori SH, Tepper SJ, et al. Eﬃcacy and tolerability of
MAP0004, a novel orally inhaled therapy, in treating acute migraine
[abstract]. Cephalalgia 2009; 29 (suppl 1): 12.
Goadsby PJ. The pharmacology of headache. Progr Neurobiol 2000;
62: 509–25.
Adelman JU, Lipton RB, Ferrari MD, et al. Comparison of
rizatriptan and other triptans on stringent measures of eﬃcacy.
Neurology 2001; 57: 1377–83.
Ferrari MD, Roon KI, Lipton RB, Goadsby PJ. Oral triptans
(serotonin, 5-HT1B/1D agonists) in acute migraine treatment: a metaanalysis of 53 trials. Lancet 2001; 358: 1668–75.
Farkkila M, Olesen J, Dahlof C, et al. Eletriptan for the treatment of
migraine in patients with previous poor response or tolerance to
oral sumatriptan. Cephalalgia 2003; 23: 463–71.
Diener HC, Gendolla A, Gebert I, Beneke M. Almotriptan in
migraine patients who respond poorly to oral sumatriptan:
a double-blind, randomized trial. Headache 2005; 45: 874–82.
Kramer MS, Matzura-Wolfe D, Polis A, et al. A placebo-controlled
crossover study of rizatriptan in the treatment of multiple migraine
attacks. Neurology 1998; 51: 773–81.
Dahlof CGH, Lipton RB, McCarroll KA, Kramer MS, Lines CR,
Ferrari MD. Within-patient consistency of response of rizatriptan
for treating migraine. Neurology 2000; 55: 1511–16.
Schulman EA, Dermott KF. Sumatriptan plus metoclopramide in
triptan-nonresponsive migraineurs. Headache 2003; 43: 729–33.
Dodick D, Lipton RB, Martin V, et al. Consensus statement:
cardiovascular safety proﬁle of triptans (5-HT1B/1D agonists) in the
acute treatment of migraine. Headache 2004; 44: 414–25.
Evans EW, Lorber KC. Use of 5-HT11 agonists in pregnancy.
Ann Pharmacother 2008; 42: 543–49.
Wojnar-Horton RE, Hackett LP, Yapp P, Dusci LJ, Paech M, Ilett KF.
Distribution and excretion of sumatriptan in human milk.
Br J Clin Pharmacol 1996; 41: 217–21.
Goadsby PJ, Goldberg J, Silberstein SD. Migraine in pregnancy.
BMJ 2008; 336: 1502–04.
Mathew NT, Tiejen GE, Lucker C. Serotonin syndrome complicating
migraine pharmacotherapy. Cephalalgia 1996; 16: 323–27.
Soldin OP, Tonning JM. Serotonin syndrome associated with
triptan monotherapy. N Engl J Med 2008; 358: 2185–86.

www.thelancet.com/neurology Vol 9 March 2010

62
63

64

65

66
67

68
69
70

71

72

73

74

75
76

77

78

79

80
81

82

83

84

85

86

Evans RW. More on serotonin syndrome associated with triptan
monotherapy. N Engl J Med 2008; 359: 870–71.
US Food and Drug Administration. Selective serotonin/
norepinephrine reuptake inhibitors (SNRIs). July 19, 2006. http://
www.fda.gov/Safety/MedWatch/SafetyInformation/
SafetyAlertsforHumanMedicalProducts/ucm150748.htm (accessed
Jan 8, 2010).
Bonetto N, Santelli L, Battistin L, Cagnin A. Serotonin syndrome
and rhabdomyolysis induced by concomitant use of triptans,
ﬂuoxetine and hypericum. Cephalalgia 2007; 27: 1421–23.
Evans RW. The FDA alert on serotonin syndrome with combined
use of SSRIs or SNRIs and triptans: an analysis of the 29 case
reports. MedGenMed 2007; 9: 48.
Sclar DA, Robison LM, Skaer TL. Concomitant triptan and SSRI or
SNRI use: a risk for serotonin syndrome. Headache 2008; 48: 126–29.
Bigal ME, Ashina S, Burstein R, et al. Prevalence and characteristics
of allodynia in headache suﬀerers: a population study. Neurology
2008; 70: 1525–33.
Lipton RB, Bigal ME, Ashina S, et al. Cutaneous allodynia in the
migraine population. Ann Neurol 2008; 63: 148–58.
Selby G, Lance JW. Observations on 500 cases of migraine and allied
vascular headache. J Neurol Neurosurg Psychiatry 1960; 23: 23–32.
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.
Burstein R, Jakubowski M. Analgesic triptan action in an animal
model of intracranial pain: a race against the development of central
sensitisation. Ann Neurol 2004; 55: 27–36.
Cady R, Martin V, Mauskop A, et al. Symptoms of cutaneous
sensitivity pre-treatment and post-treatment: results from the
rizatriptan TAME studies. Cephalalgia 2007; 27: 1055–60.
Goadsby PJ, Zanchin G, Geraud G, et al. Early vs. non-early
intervention in acute migraine—‘Act when Mild (AwM)’. A
double-blind, placebo-controlled trial of almotriptan. Cephalalgia
2008; 28: 383–91.
Schoenen J, De Klippel N, Giurgea S, et al. Almotriptan and its
combination with aceclofenac for migraine attacks: a study of
eﬃcacy and the inﬂuence of auto-evaluated brush allodynia.
Cephalalgia 2008; 28: 1095–105.
Robbins L. Frequent triptan use: observations on safety issues.
Headache 2004; 44: 178–82.
Goadsby PJ. The ‘Act when Mild’ (AwM) study: a step forward in our
understanding of early treatment in acute migraine. Cephalalgia
2008; 28 (suppl 2): 36–41.
Goldstein J, Pugach N, Smith T, Nett R, Angelov AS, Pierce MW.
Acute anti-migraine eﬃcacy and tolerability of Zelrix, a novel
iontophoretic transdermal patch of sumatriptan [abstract].
Cephalalgia 2009; 29 (suppl 1): 20.
Brandes JL, Cady RK, Freitag FG, et al. Needle-free subcutaneous
sumatriptan (Sumavel DosePro): bioequivalence and ease of use.
Headache 2009; 49: 1435–44.
Kaube H, Herzog J, Kaufer T, Dichgans M, Diener HC. Aura in
some patients with familial hemiplegic migraine can be stopped by
intranasal ketamine. Neurology 2000; 55: 139–41.
Lauritzen M. Pathophysiology of the migraine aura. The spreading
depression theory. Brain 1994; 117: 199–210.
Somjen GG. Mechanisms of spreading depression and hypoxic
spreading depression-like depolarization. Physiol Rev 2001;
81: 1065–96.
Visser WH, Jaspers NM, de Vriend RH, Ferrari MD. Risk factors for
headache recurrence after sumatriptan: a study in 366 migraine
patients. Cephalalgia 1996; 16: 264–69.
Goadsby PJ, Dodick D, Ferrari MD, McCrory D, Williams P.
TRIPSTAR. Prioritizing triptan treatment attributes in migraine
management. Acta Neurol Scand 2004; 110: 137–43.
Humphrey PPA, Feniuk W, Perren MJ, Beresford IJM, Skingle M,
Whalley ET. Serotonin and migraine. Ann N Y Acad Sci 1990;
600: 587–98.
MaassenVanDenBrink A, Reekers M, Bax WA, Ferrari MD,
Saxena PR. Coronary side-eﬀect potential of current and prospective
antimigraine drugs. Circulation 1998; 98: 25–30.
Goadsby PJ. Emerging therapies for migraine. Nat Clin Pract Neurol
2007; 3: 610–19.

295

Review

87

88
89
90

91

92

93

94

95

96

97

98

99

100
101
102

103

104

105

106

107

108

109
110

296

Goadsby PJ, Edvinsson L, Ekman R. Vasoactive peptide release in
the extracerebral circulation of humans during migraine headache.
Ann Neurol 1990; 28: 183–87.
Goadsby PJ. Calcitonin gene-related peptide antagonists as treatments
of migraine and other primary headaches. Drugs 2005; 65: 2557–67.
Lassen LH, Ashina M, Christiansen I, Ulrich V, Olesen J. Nitric
oxide synthesis inhibition in migraine. Lancet 1997; 349: 401–02.
Rami HK, Thompson M, Stemp G, et al. Discovery of SB-705498: a
potent, selective and orally bioavailable TRPV1 antagonist suitable
for clinical development. Bioorg Med Chem Lett 2006; 16: 3287–91.
Use of SB-705498 in the acute treatment of migraine.
NCT00269022. http://www.clinicaltrials.gov/ct2/show/
NCT00269022 (accessed Jan 14, 2010).
Sang CN, Ramadan NM, Wallihan RG, et al. LY293558, a novel
AMPA/GluR5 antagonist, is eﬃcacious and well-tolerated in acute
migraine. Cephalalgia 2004; 24: 596–602.
Weiss B, Alt A, Ogden AM, et al. Pharmacological characterization
of the competitive GLUK5 receptor antagonist
decahydroisoquinoline LY466195 in vitro and in vivo.
J Pharmacol Exp Ther 2006; 318: 772–81.
Goldstein DJ, Roon KI, Oﬀen WW, et al. Selective serotonin 1F
(5-HT1F) receptor agonist LY334370 for acute migraine: a
randomised controlled trial. Lancet 2001; 358: 1230–34.
Olesen J, Diener H-C, Husstedt I-W, et al. Calcitonin gene-related
peptide (CGRP) receptor antagonist BIBN4096BS is eﬀective in the
treatment of migraine attacks. N Engl J Med 2004; 350: 1104–10.
Ho T, Mannix L, Fan X, et al. Randomized controlled trial of an oral
CGRP antagonist, MK-0974, in acute treatment of migraine.
Neurology 2008; 70: 1004–12.
Ho TW, Ferrari MD, Dodick DW, et al. Eﬃcacy and tolerability of
MK-0974 (telcagepant), a new oral antagonist of calcitonin generelated peptide receptor, compared with zolmitriptan for acute
migraine: a randomised, placebo-controlled, parallel-treatment trial.
Lancet 2008; 372: 2115–23.
Connor KM, Shapiro RE, Diener HC, et al. Randomized, controlled
trial of telcagepant for the acute treatment of migraine. Neurology
2009; 73: 970–77.
Petersen KA, Birk S, Lassen LH, et al. The CGRP-antagonist,
BIBN4096BS does not aﬀect cerebral or systemic haemodynamics
in healthy volunteers. Cephalalgia 2005; 25: 139–47.
BI 44370 TA in acute migraine attack. NCT00751803. http://www.
clinicaltrials.gov/ct2/show/NCT00751803 (accessed Jan 8, 2010).
Goadsby PJ. Calcitonin gene-related peptide (CGRP) antagonists
and migraine—is this a new era? Neurology 2008; 70: 1300–01.
Merck. Merck updates status of clinical development programs for
investigational CGRP receptor antagonist treatments for acute
migraine; MK-3207 clinical development discontinued. Sept 10,
2009. http://www.merck.com/newsroom/news-release-archive/
research-and-development/2009_0910.html (accessed Jan 8, 2010).
Tepper SJ, Cleves C. Telcagepant, a calcitonin gene-related peptide
antagonist for the treatment of migraine. Curr Opin Investig Drugs
2009; 10: 711–20.
Merck. Merck announces ﬁrst-quarter 2009 ﬁnancial results.
April 21, 2009. http://www.merck.com/newsroom/news-releasearchive/ﬁnancial/2009_0421.html (accessed Jan 8, 2010).
Reuter U, Pilgrim A, Diener HC, Farkkila M, Ferrari MD. COL-144,
a selective 5-HT1F agonist for the treatment of migraine attacks
[abstract]. Cephalalgia 2009; 29: 122.
Pilgrim AJ, Dussault B, Rupniak NMJ, White J, Mazur D,
DiSanto AR. COL-144, an orally bioavailable selective 5-HT1F
receptor agonist for acute migraine therapy [abstract]. Cephalalgia
2009; 29 (suppl 1): 24.
Lipton RB, Bigal ME, Diamond M, et al. Migraine prevalence,
disease burden, and the need for preventive therapy. Neurology 2007;
68: 343–49.
Ayata C, Jin H, Kudo C, Dalkara T, Moskowitz MA. Suppression of
cortical spreading depression in migraine prophylaxis. Ann Neurol
2006; 59: 652–61.
Sanchez-Del-Rio M, Reuter U, Moskowitz MA. New insights into
migraine pathophysiology. Curr Opin Neurol 2006; 19: 294–98.
American Academy of Neurology. AAN guideline summary for
clinicians. Migraine headache. http://www.aan.com/professionals/
practice/guidelines/migraine/clinician_summary_migraine.pdf
(accessed Jan 14, 2010).

111 Bussone G, Diener HC, Pfeil J, Schwalen S. Topiramate
100 mg/day in migraine prevention: a pooled analysis of
double-blind randomised controlled trials. Int J Clin Pract 2005;
59: 961–68.
112 Nelles G, Delbruck A, Schulze L, et al. Topiramate for migraine
prevention in a naturalistic setting: results from an open label,
ﬂexible dose study. Headache 2009; 49: 1454–65.
113 Diener HC, Agosti R, Allais G, et al. Cessation versus continuation
of 6-month migraine preventive therapy with topiramate
(PROMPT): a randomised, double-blind, placebo-controlled trial.
Lancet Neurol 2007; 6: 1054–62.
114 Rapoport A, Mauskop A, Diener HC, Schwalen S, Pfeil J. Long-term
migraine prevention with topiramate: open-label extension of
pivotal trials. Headache 2006; 46: 1151–60.
115 Evans RW, Loder E, Biondi DM. When can successful migraine
prophylaxis be discontinued? Headache 2004; 44: 1040–42.
116 Bigal ME, Lipton RB, Holland PR, Goadsby PJ. Obesity, migraine,
and chronic migraine: possible mechanisms of interaction.
Neurology 2007; 68: 1851–61.
117 Wober C, Wober-Bingol C, Koch G, Wessely P. Long-term results of
migraine prophylaxis with ﬂunarizine and beta-blockers.
Cephalalgia 1991; 11: 251–56.
118 Diener HC, Tfelt-Hansen P, Dahlof C, et al. Topiramate in migraine
prophylaxis—results from a placebo-controlled trial with
propranolol as an active control. J Neurol 2004; 251: 943–50.
119 Weber RB, Reinmuth OM. The treatment of migraine with
propranolol. Neurology 1971; 21: 404–05.
120 Rabkin R, Stables DP, Levin NW, Suzman MM. The prophylactic
value of propranolol in angina pectoris. Am J Cardiol 1966;
18: 370–80.
121 Jensen R, Brinck T, Olesen J. Sodium valproate has a prophylactic
eﬀect in migraine without aura: a triple blind, placebo-controlled
crossover study. Neurology 1994; 44: 647–51.
122 Silberstein SD, Wilmore J. Divalproex sodium: migraine treatment
and monitoring. Headache 1996; 36: 239–42.
123 Klapper J, Divalproex Sodium in Migraine Prophylaxis Study
Group. Divalproex sodium in migraine prophylaxis: a dosecontrolled study. Cephalalgia 1997; 17: 103–08.
124 Brandes JL, Saper JR, Diamond M, et al. Topiramate for migraine
prevention: a randomized controlled trial. JAMA 2004; 291: 965–73.
125 Silberstein SD, Neto W, Schmitt J, Jacobs D. Topiramate in
migraine prevention: results of a large controlled trial. Arch Neurol
2004; 61: 490–95.
126 Mathew NT, Rapoport A, Saper J, et al. Eﬃcacy of gabapentin in
migraine prophylaxis. Headache 2001; 41: 119–28.
127 Diener HC, Matias-Guiu J, Hartung E, et al. Eﬃcacy and tolerability
in migraine prophylaxis of ﬂunarizine in reduced doses:
a comparison with propranolol 160 mg daily. Cephalalgia 2002;
22: 209–21.
128 Leone M, Grazzi L, Mantia LL, Bussone G. Flunarizine in migraine:
a mini review. Headache 1991; 31: 388–91.
129 Couch JR, Ziegler DK, Hassanein R. Amitriptyline in the
prophylaxis of migraine. Eﬀectiveness and relationship of
antimigraine and antidepressant drugs. Neurology 1976; 26: 121–27.
130 Ozyalcin SN, Talu GK, Kiziltan E, Yucel B, Ertas M, Disci R. The
eﬃcacy and safety of venlafaxine in the prophylaxis of migraine.
Headache 2005; 45: 144–52.
131 Bulut S, Berilgen MS, Baran A, Tekatas A, Atmaca M, Mungen B.
Venlafaxine versus amitriptyline in the prophylactic treatment of
migraine: randomized, double-blind, crossover study.
Clin Neurol Neurosurg 2004; 107: 44–48.
132 Arthur GP, Hornabrook RW. The treatment of migraine with
BC-105 (Pizotifen), a double-blind trial. N Z Med J 1971; 73: 5–9.
133 Lance JW, Fine RD, Curran DA. An evaluation of methysergide in
the prevention of migraine and other vascular headache. Med J Aust
1963; 1: 814–18.
134 Schrader H, Stovner LJ, Helde G, Sand T, Bovim G. Prophylactic
treatment of migraine with angiotensin converting enzyme
inhibitor (lisinopril): randomised, placebo controlled, crossover
study. BMJ 2001; 322: 1–19.
135 Tronvik E, Stovner LJ, Helde G, Sand T, Bovim G. Prophylactic
treatment of migraine with an angiotensin II receptor blocker: a
randomized controlled trial. JAMA 2003; 289: 65–69.

www.thelancet.com/neurology Vol 9 March 2010

Review

136 Schoenen J, Jacquy J, Lenaerts M. Eﬀectiveness of high-dose
riboﬂavin in migraine prophylaxis—a randomized controlled trial.
Neurology 1998; 50: 466–70.
137 Sandor PS, Di Clemente L, Coppola G, et al. Eﬃcacy of coenzyme
Q10 in migraine prophylaxis: a randomized controlled trial.
Neurology 2005; 64: 713–15.
138 Lipton RB, Gobel H, Einhaupl KM, Wilks K, Mauskop A.
Petasites hybridus root (butterbur) is an eﬀective preventive
treatment for migraine. Neurology 2004; 63: 2240–44.
139 Murphy JJ, Heptinstall S, Mitchell JR. Randomised double-blind
placebo-controlled trial of feverfew in migraine prevention. Lancet
1988; 2: 189–92.
140 Pfaﬀenrath V, Diener HC, Fischer M, Friede M,
Henneicke-von Zepelin HH. The eﬃcacy and safety of
Tanacetum parthenium (feverfew) in migraine prophylaxis—a
double-blind, multicentre, randomized placebo-controlled doseresponse study. Cephalalgia 2002; 22: 523–32.
141 Johnson ES, Kadam NP, Hylands DM, Hylands PJ. Eﬃcacy of
feverfew as prophylactic treatment of migraine. BMJ 1985;
291: 569–73.
142 Diener HC, Pfaﬀenrath V, Schnitker J, Friede M,
Henneicke-von Zepelin HH. Eﬃcacy and safety of 6.25 mg t.i.d.
feverfew CO2-extract (MIG-99) in migraine prevention—a
randomized, double-blind, multicentre, placebo-controlled study.
Cephalalgia 2005; 25: 1031–41.
143 Solomon GD, Steel JG, Spaccavento LJ. Verapamil prophylaxis of
migraine: a double-blind, placebo-controlled study. JAMA 1983;
250: 2500–02.
144 Markley HG, Cleronis JCD, Piepko RW. Verapamil prophylactic
therapy of migraine. Neurology 1984; 34: 973–76.
145 Solomon GD. Verapamil in migraine prophylaxis—a ﬁve-year
review. Headache 1989; 29: 425–27.
146 Migraine Nimodipine European Study Group (MINES). European
multicenter trial of nimodipine in the prophylaxis of common
migraine (migraine without aura). Headache 1989; 29: 633–38.
147 Kallanranta T, Hakkarainen H, Hokkanen E, Tuovinen T. Clonidine
in migraine prophylaxis. Headache 1977; 17: 169–72.
148 Saper JR, Silberstein SD, Lake AE, Winters ME. Double-blind trial
of ﬂuoxetine: chronic daily headache and migraine. Headache 1994;
34: 497–502.
149 Silberstein SD, Lipton RB, Dodick DW, et al. Eﬃcacy and safety of
topiramate for the treatment of chronic migraine: a randomized,
double-blind, placebo-controlled trial. Headache 2007; 47: 170–80.
150 Diener H-C, 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.
151 Mei D, Ferraro D, Zelano G, et al. Topiramate and triptans revert
chronic migraine with medication overuse to episodic migraine.
Clin Neuropharmacol 2006; 29: 269–75.
152 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.
153 Smith MI, Read SJ, Chan WN, et al. Repetitive cortical spreading
depression in a gyrencephalic feline brain: inhibition by the novel
benzoylamino-benzopyran SB-220453. Cephalalgia 2000; 20: 546–53.
154 Read SJ, Smith MI, Hunter AJ, Upton N, Parsons AA. SB-220453, a
potential novel antimigraine compound, inhibits nitric oxide release
following induction of cortical spreading depression in the
anaesthetized cat. Cephalalgia 1999; 20: 92–99.
155 Hauge AW, Asghar MS, Schytz HW, Christensen K, Olesen J.
Eﬀects of tonabersat on migraine with aura: a randomised, doubleblind, placebo-controlled crossover study. Lancet Neurol 2009;
8: 718–23.
156 Goadsby PJ, Ferrari MD, Csanyi A, Olesen J, Mills JG. Randomized,
double-blind, placebo-controlled, proof-of-concept study of the
cortical spreading depression inhibiting agent tonabersat in
migraine prophylaxis. Cephalalgia 2009; 29: 742–50.
157 Minster Pharmaceuticals. News & media. Feb 2, 2009. TEMPUS
study results in migraine prevention. http://www.minsterpharma.
com/news_463.asp (accessed Jan 8, 2010).
158 Ellrich J, Lamp S. Peripheral nerve stimulation inhibits nociceptive
processing: an electrophysiological study in healthy volunteers.
Neuromodulation 2005; 8: 225–32.

www.thelancet.com/neurology Vol 9 March 2010

159 Le Doare K, Akerman S, Holland PR, et al. Occipital aﬀerent
activation of second order neurons in the trigeminocervical complex
in rat. Neurosci Lett 2006; 403: 73–77.
160 Bartsch T, Goadsby PJ. Stimulation of the greater occipital nerve
induces increased central excitability of dural aﬀerent input. Brain
2002; 125: 1496–509.
161 Matharu MS, Bartsch T, Ward N, Frackowiak RSJ, Weiner RL,
Goadsby PJ. Central neuromodulation in chronic migraine patients
with suboccipital stimulators: a PET study. Brain 2004; 127: 220–30.
162 Weiner RL, Reed K. Peripheral neurostimulation for control of
intractable occipital neuralgia. Neuromodulation 1999; 2: 217–21.
163 Treatment for migraines with an implantable device. NCT00286078.
http://www.clinicaltrials.gov/ct2/show/NCT00286078 (accessed
Jan 14, 2010).
164 Goadsby PJ, Dodick D, Mitsias P, et al. ONSTIM: occipital nerve
stimulation for the treatment of chronic migraine [abstract].
Eur J Neurol 2005; 12 (suppl 2): 198.
165 Lipton RB, Goadsby PJ, Cady RK, et al. PRISM study: occipital
nerve stimulation for treatment-refractory migraine [abstract].
Cephalalgia 2009; 29 (suppl 1): 30.
166 Goadsby PJ, Dodick DW, Saper JR, Silberstein SD. Occipital nerve
stimulation (ONS) for treatment of intractable chronic migraine
(ONSTIM) [abstract]. Cephalalgia 2009; 29: 133.
167 Reed KL, Black SB, Banta CJ II, Will KR. Combined occipital and
supraorbital neurostimulation for the treatment of chronic
migraine headaches: initial experience. Cephalalgia 2009; published
online Sep 3. DOI:10.1111/j.1468-2982.2009.01996.x.
168 Goadsby PJ. Neurostimulation in primary headache syndromes.
Exp Rev Neurotherapeut 2007; 7: 1785–89.
169 Magis D, Allena M, Bolla M, De Pasqua V, Remacle JM,
Schoenen J. Occipital nerve stimulation for drug-resistant chronic
cluster headache: a prospective pilot study. Lancet Neurol 2007;
6: 314–21.
170 Burns B, Watkins L, Goadsby PJ. Successful treatment of medically
intractable cluster headache using occipital nerve stimulation
(ONS). Lancet 2007; 369: 1099–106.
171 Simpson LL. The origin, structure, and pharmacological activity of
botulinum toxin. Pharmacol Rev 1981; 33: 155–88.
172 Jankovic J. Botulinum toxin in clinical practice.
J Neurol Neurosurg Psychiatry 2004; 75: 951–57.
173 Cui M, Khanijou S, Rubino J, Aoki KR. Subcutaneous
administration of botulinum toxin A reduces formalin-induced
pain. Pain 2004; 107: 125–33.
174 Aoki KR. Review of a proposed mechanism for the antinociceptive
action of botulinum toxin type A. Neurotoxicology 2005;
26: 785–93.
175 Voller B, Sycha T, Gustorﬀ B, et al. A randomized, double-blind,
placebo controlled study on analgesic eﬀects of botulinum toxin A.
Neurology 2003; 61: 940–44.
176 Sycha T, Samal D, Chizh B, et al. A lack of antinociceptive or
antiinﬂammatory eﬀect of botulinum toxin A in an inﬂammatory
human pain model. Anesth Analg 2006; 102: 509–16.
177 Kramer HH, Angerer C, Erbguth F, Schmelz M, Birklein F.
Botulinum toxin A reduces neurogenic ﬂare but has almost no
eﬀect on pain and hyperalgesia in human skin. J Neurol 2003;
250: 188–93.
178 Gazerani P, Staahl C, Drewes AM, Arendt-Nielsen L. The eﬀects of
botulinum toxin type A on capsaicin-evoked pain, ﬂare, and
secondary hyperalgesia in an experimental human model of
trigeminal sensitization. Pain 2006; 122: 315–25.
179 Blersch W, Schulte-Mattler WJ, Przywara S, May A, Bigalke H,
Wohlfarth K. Botulinum toxin A and the cutaneous nociception in
humans: a prospective, double-blind, placebo-controlled,
randomized study. J Neurol Sci 2002; 205: 59–63.
180 Silberstein S, Mathew N, Saper J, Jenkins S, BOTOX Migraine
Clinical Research Group. Botulinum toxin type A as a migraine
preventive treatment. Headache 2000; 40: 445–50.
181 Barrientos N, Chana P. Botulinum toxin type A in prophylactic
treatment of migraine headaches: a preliminary study.
J Headache Pain 2003; 4: 146–51.
182 Petri S, Tolle T, Straube A, Pfaﬀenrath V, Stefenelli U,
Ceballos-Baumann A. Botulinum toxin as preventive treatment for
migraine: a randomized double-blind study. Eur Neurol 2009;
62: 204–11.

297

Review

183 Aurora SK, Gawel M, Brandes JL, Pokta S, Vandenburgh AM.
Botulinum toxin type a prophylactic treatment of episodic migraine:
a randomized, double-blind, placebo-controlled exploratory study.
Headache 2007; 47: 486–99.
184 Evers S, Vollmer-Haase J, Schwaag S, Rahmann A, Husstedt IW,
Frese A. Botulinum toxin A in the prophylactic treatment of
migraine—a randomized, double-blind, placebo-controlled study.
Cephalalgia 2004; 24: 838–43.
185 Saper JR, Mathew NT, Loder EW, DeGryse R, VanDenburgh AM.
A double-blind, randomized, placebo-controlled comparison of
botulinum toxin type a injection sites and doses in the prevention
of episodic migraine. Pain Med 2007; 8: 478–85.
186 Relja M, Poole AC, Schoenen J, Pascual J, Lei X, Thompson C.
A multicentre, double-blind, randomized, placebo-controlled,
parallel group study of multiple treatments of botulinum toxin
type A (BoNTA) for the prophylaxis of episodic migraine headaches.
Cephalalgia 2007; 27: 492–503.
187 Vo AH, Satori R, Jabbari B, et al. Botulinum toxin type-A in the
prevention of migraine: a double-blind controlled trial.
Aviat Space Environ Med 2007; 78: B113–18.
188 Elkind AH, O’Carroll P, Blumenfeld A, DeGryse R, Dimitrova R.
A series of three sequential, randomized, controlled studies of
repeated treatments with botulinum toxin type A for migraine
prophylaxis. J Pain 2006; 7: 688–96.
189 Shuhendler AJ, Lee S, Siu M, et al. Eﬃcacy of botulinum toxin
type A for the prophylaxis of episodic migraine headaches: a metaanalysis of randomized, double-blind, placebo-controlled trials.
Pharmacotherapy 2009; 29: 784–91.
190 Silberstein SD, Stark SR, Lucas SM, Christie SN, Degryse RE,
Turkel CC. Botulinum toxin type A for the prophylactic treatment of
chronic daily headache: a randomized, double-blind, placebocontrolled trial. Mayo Clin Proc 2005; 80: 1126–37.
191 Mathew NT, Frishberg BM, Gawel M, Dimitrova R, Gibson J,
Turkel C. Botulinum toxin type A (BOTOX) for the prophylactic
treatment of chronic daily headache: a randomized, double-blind,
placebo-controlled trial. Headache 2005; 45: 293–307.
192 Dodick DW, Smith TR, Becker WJ, et al. Botulinum neurotoxin
type A for treatment of chronic migraine: PREEMPT 2 trial doubleblind phase [abstract]. Cephalalgia 2009; 29 (suppl 1): 29.
193 Dodick DW, Aurora SK, Turkel CC, et al. Botulinum neurotoxin
type A for treatment of chronic migraine: the double-blind phase of
the PREEMPT clinical program [abstract]. Cephalalgia 2009;
29 (suppl 1): 34.
194 Silberstein S, Blumenfeld AM, Cady RK, et al. Botulinum
neurotoxin type A for treatment of chronic migraine: analysis of
the PREEMPT chronic migraine subgroup with baseline acute
headache medication overuse [abstract]. Cephalalgia 2009;
29 (suppl 1): 31.
195 Gazerani P, Pedersen NS, Staahl C, Drewes AM, Arendt-Nielsen L.
Subcutaneous botulinum toxin type A reduces capsaicin-induced
trigeminal pain and vasomotor reactions in human skin. Pain 2009;
141: 60–69.
196 Diener HC, Kurth T, Dodick D. Patent foramen ovale and migraine.
Curr Pain Headache Rep 2007; 11: 236–40.
197 Wilmshurst PT, Nightingale S, Walsh KP, Morrison WL. Eﬀect on
migraine of closure of cardiac right-to-left shunts to prevent
recurrence of decompression illness or stroke or for haemodynamic
reasons. Lancet 2000; 356: 1648–51.
198 Dowson A, Mullen MJ, Peatﬁeld R, et al. Migraine Intervention
with STARFlex Technology (MIST) trial. A prospective, multicenter,
double-blind, sham-controlled trial to evaluate the eﬀectiveness of
patent foramen ovale closu re with STARFlex septal repair implant
to resolve refractory migraine headache. Circulation 2008;
117: 1397–404.
199 NMT Medical. MIST II PFO-Migraine Trial With BioSTAR
Bioabsorbable Septal Repair Implant. NCT00283738. http://
clinicaltrials.gov/show/NCT00283738 (accessed Feb 01, 2010).
200 SNL Financial. NMT Medical announces signiﬁcant changes to its
clinical trial plans in the United States. 23 Jan, 2008. http://www.
snl.com/irweblinkx/ﬁle.aspx?IID=4148066&FID=5499493 (accessed
Jan 8, 2010).

298

201 Bigal ME, Sheftell FD, Rapoport AM, Tepper SJ, Lipton RB. Chronic
daily headache: identiﬁcation of factors associated with induction
and transformation. Headache 2002; 42: 575–81.
202 Scher AI, Stewart WF, Ricci JA, Lipton RB. Factors associated with
the onset and remission of chronic daily headache in a populationbased study. Pain 2003; 106: 81–89.
203 Bigal ME, Lipton RB. Obesity is a risk factor for transformed
migraine but not chronic tension-type headache. Neurology 2006;
67: 252–57.
204 Busch V, Gaul C. Exercise in migraine therapy—is there any
evidence for eﬃcacy? A critical review. Headache 2008; 48: 890–99.
205 Andrasik F. Behavioral treatment of migraine: current status and
future directions. Expert Rev Neurother 2004; 4: 403–13.
206 Nestoriuc Y, Martin A. Eﬃcacy of biofeedback for migraine: a metaanalysis. Pain 2007; 128: 111–27.
207 Diener HC, Kronfeld K, Boewing G, et al. Eﬃcacy of acupuncture
for the prophylaxis of migraine: a multicentre randomised
controlled clinical trial. Lancet Neurol 2006; 5: 310–16.
208 Linde K, Streng A, Jurgens S, et al. Acupuncture for patients with
migraine: a randomized controlled trial. JAMA 2005; 293: 2118–25.
209 Whitmarsh TE, Coleston-Shields DM, Steiner TJ. Double-blind
randomized placebo-controlled study of homoeopathic prophylaxis
of migraine. Cephalalgia 1997; 17: 600–04.
210 Li Y, Liang F, Yang X, et al. Acupuncture for treating acute attacks of
migraine: a randomized controlled trial. Headache 2009; 49: 805–16.
211 Gunreben-Stempﬂe B, Griessinger N, Lang E, Muehlhans B, Sittl R,
Ulrich K. Eﬀectiveness of an intensive multidisciplinary headache
treatment program. Headache 2009; 49: 990–1000.
212 Grazzi L, Andrasik F, D’Amico D, et al. Behavioral and
pharmacologic treatment of transformed migraine with analgesic
overuse: outcome at 3 years. Headache 2002; 42: 483–90.
213 Zeeberg P, Olesen J, Jensen R. Eﬃcacy of multidisciplinary
treatment in a tertiary referral headache centre. Cephalalgia 2005;
25: 1159–67.
214 Diener HC, Katsarava Z, Limmroth V. Current diagnosis and
treatment of migraine [in German]. Schmerz 2008;
22 (suppl 1): 51–58.
215 Bigal ME, Rapoport AM, Sheftell FD, Tepper SJ, Lipton RB.
Transformed migraine and medication overuse in a tertiary
headache centre—clinical characteristics and treatment outcomes.
Cephalalgia 2004; 24: 483–90.
216 Katsarava Z, Jensen R. Medication-overuse headache: where are we
now? Curr Opin Neurol 2007; 20: 326–30.
217 Afridi SK, Shields KG, Bhola R, Goadsby PJ. Greater occipital nerve
injection in primary headache syndromes—prolonged eﬀects from
a single injection. Pain 2006; 122: 126–29.
218 Krymchantowski AV, Barbosa JS. Prednisone as initial treatment of
analgesic-induced daily headache. Cephalalgia 2000; 20: 107–13.
219 Boe MG, Mygland A, Salvesen R. Prednisolone does not reduce
withdrawal headache. A randomised double-blind study. Neurology
2007; 69: 26–31.
220 Pageler L, Katsarava Z, Diener H-C, Limmroth V. Prednisone vs.
placebo in withdrawal therapy following medication overuse
headache. Cephalalgia 2008; 28: 152–56.
221 Zeeberg P, Olesen J, Jensen R. Discontinuation of medication
overuse in headache patients: recovery of therapeutic
responsiveness. Cephalalgia 2006; 26: 1192–98.
222 Fumal A, Laureys S, Di Clemente L, et al. Orbitofrontal cortex
involvement in chronic analgesic-overuse headache evolving from
episodic migraine. Brain 2006; 129: 543–50.
223 Lenarduzzi P, Schoenen J, Sianard-Gainko J. Eﬃcacy of
clomipramine during the weaning period in drug abuse headaches:
a blinded study. N Trends Clin Neuropharm 1988; II: 162 [abstract].
224 Raskin NH. Repetitive intravenous dihydroergotamine as therapy
for intractable migraine. Neurology 1986; 36: 995–97.
225 Nagy AJ, Gandhi S, Bhola R, Goadsby PJ. A review of inpatient
intravenous dihydroergotamine (DHE) for the treatment of
headache [abstract]. Cephalalgia 2007; 27: 710.

www.thelancet.com/neurology Vol 9 March 2010

