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A 23-year-old woman presents with five episodes of headache during the past 
2 months. Each episode began with yawning, sensitivity to light, and a depressed 
mood that was followed by the gradual onset of neck pain that spread to the occipital 
region and eventually to the retro-orbital region on the right side. The pain became 
incapacitating over a period of 1 to 2 hours and was associated with nausea and sensi-
tivity to light and sound. With two of the episodes, she had jagged lines in her vision 
for 15 minutes as the neck pain was beginning; with all the episodes, she had severe 
fatigue and difficulty concentrating and finding words. The headache lasted approxi-
mately 24 hours, and, after resolution, she had several hours of residual neck soreness, 
fatigue, and depressed mood. How would you evaluate and treat this patient?

The Clinic a l Problem

Migraine is highly prevalent and is the seventh leading cause 
of time spent disabled worldwide,1 yet it has received relatively little at-
tention as a major public health issue. It may begin early in childhood, 

but its prevalence increases steeply at 10 to 14 years of age and continues to in-
crease until 35 to 39 years of age, after which it gradually decreases, particularly 
among women after menopause. Migraine is two to three times as common in 
women as in men2; the prevalence at its peak among women is more than 25%. 
Attacks of migraine occur with a broad spectrum of frequency and severity; for 
some persons it is an occasional problem that can be effectively managed, but for 
many it is frequent, incapacitating, and refractory to current therapy. As many as 
1 in 25 women may have chronic migraine with headache on more than 15 days 
per month.3 Migraine is a common cause of lost work and disrupted family rela-
tionships and is associated with a reduced quality of life.4 It is also associated with 
increased risks of several other disorders, including asthma, stroke, anxiety and 
depression, and other pain disorders.2,5

Although often simplistically characterized as a “bad headache,” a migraine 
attack typically includes a variety of premonitory symptoms that may occur hours 
before the headache begins and postdromal symptoms that last for hours after the 
headache ends. Yawning, mood change, light sensitivity, neck pain, and fatigue are 
common premonitory symptoms that may persist during and after the headache 
(see the Supplementary Appendix, available with the full text of this article at 
NEJM.org). Aura symptoms may include visual disturbances (e.g., wavy lines or 
bright or dark spots), other sensory changes (e.g., numbness or tingling), language 
dysfunction, and vertigo. Cutaneous allodynia (the experience of normal touch as 
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uncomfortable) is also a common component of 
a migraine attack. Patients may not recognize or 
spontaneously report these symptoms, but when 
asked to record them, they can often identify the 
onset of an attack several hours before a head-
ache occurs6 and realize that the disabling fea-
tures of an attack often outlast the headache.7 
Some presumed triggers of migraine may be 
manifestations of the premonitory phase of a 
migraine attack; food, light, sound, and odor 
triggers that are identified by patients may in 
some cases be early symptoms of gastrointesti-
nal and sensory sensitivity that are part of the 
attack.

The diverse and highly variable symptoms of 
migraine reflect complex alterations in the func-
tioning of the nervous system.8,9 Changes in the 
activity of multiple brain regions during migraine 
attacks have been visualized with functional 
imaging techniques and quantified with the use 
of clinical electrophysiological techniques.10,11 
These studies reveal activation of the hypothala-
mus, thalamus, brain stem, and cortex corre-
sponding with various symptoms of a migraine 
attack, including those occurring before and 
after headache. The long-standing concept of 
migraine as primarily a vascular disorder, in 
which headache is caused by dilation of blood 
vessels and is throbbing in quality due to the 
vascular pulse, has been refuted by substantial 
evidence during the past two decades.12,13 It is 
now clear that constriction of blood vessels is not 
a required mechanism of therapies for migraine.12 
Although migraine is associated with an in-
creased relative risk of stroke and cardiovascular 
disease,14,15 the mechanisms underlying this as-
sociation remain uncertain, and it is exceedingly 

rare for cerebral ischemia or infarction to occur 
during a migraine attack.

S tr ategies a nd E v idence

The clinical approach to patients with migraine 
includes making a correct diagnosis, identifying 
and removing exacerbating factors, establishing 
a plan for the treatment of acute attacks, and 
determining whether daily therapy to prevent 
attacks is warranted.

Diagnosis

The International Classification of Headache Disorders 
(ICHD) provides detailed criteria for the diagno-
sis of different types of headache.16 Many persons 
with migraine have not received a correct diag-
nosis, in part because of a traditional focus on 
the severity and quality of pain as the primary 
diagnostic criterion. Although migraine head-
ache is characteristically severe, unilateral, and 
throbbing, it may also be moderate, bilateral, and 
constant in quality. The features of migraine 
other than headache, particularly sensitivity to 
light and sound, nausea, and interference with 
the ability to function, may be more useful in 
diagnosis than the character of the headache17 
(Table 1). Other common migraine symptoms, 
including aura, cognitive dysfunction, dizziness, 
and fatigue, may lead physicians to order brain 
imaging, yet this is generally unnecessary if 
symptoms have a gradual onset and are transient 
(Table 2). Neck pain is another common symptom 
of migraine,18 but it is frequently misinterpreted 
as a manifestation of a disorder in the cervical 
spine, often leading to unnecessary scans of this 
region.19 Patients or physicians frequently believe 

Key Clinical Points

Migraine

• Migraine is underdiagnosed; recurrent headache that is associated with sensitivity to light, nausea, or a 
reduced ability to function is most likely migraine, regardless of other headache characteristics.

• Management should include establishing an accurate diagnosis, identifying and modifying potential 
exacerbating factors (including medications), developing a plan for the treatment of acute attacks, and 
determining whether preventive therapy is warranted.

• Therapies for acute migraine (e.g., triptans, nonsteroidal antiinflammatory drugs, and antiemetic agents 
individually or in combination) should be taken as early as possible after the onset of a migraine attack.

• Preventive therapies (e.g., beta-blockers, candesartan, tricyclic antidepressants, and anticonvulsant agents 
as well as botulinum toxin for chronic migraine) should be considered on the basis of the frequency and 
severity of attacks, response to medications for acute migraine, and coexisting conditions.

• Recent clinical trials support the efficacy of new therapies targeting calcitonin gene–related peptide 
(CGRP) for the treatment of acute migraine and for migraine prevention.
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that migraine is related to sinus disease, where-
as the majority of patients who receive a diagno-
sis of “sinus headache” in fact have migraine.

Lifestyle Factors

Skipped meals, irregular caffeine intake, irregular 
sleep, and stress are commonly identified as 
migraine triggers. Migraine attacks are more 
common before and during the menstrual period 
in women. These observations reinforce the con-
cepts that migraine attacks may be precipitated 
by environmental or hormonal change and that 
day-to-day consistency of diet, caffeine intake, 
sleep, and exercise is a sensible approach to re-
ducing migraine frequency. There are, however, 
no randomized trials of lifestyle modifications to 
support the efficacy of any specific approach, such 
as caffeine withdrawal or dietary restrictions.

Exacerbating Medications

Multiple medications can exacerbate migraine, 
including oral contraceptives, postmenopausal 
hormone therapy, nasal decongestants, selective 
serotonin-reuptake inhibitor antidepressants, and 
proton-pump inhibitors. In some patients, the 
frequency and severity of attacks can be dra-
matically reduced by adjusting or discontinuing 
these medications. In addition, regular use of 
analgesic medications, particularly opioids and 
barbiturate–caffeine–analgesic combinations, can 
increase migraine frequency and severity, even 
when taken only once or twice a week.20 This 
exacerbation cannot be explained simply by tol-
erance, dependence, or addiction but rather is a 
direct adverse effect on migraine. Withdrawing 
the frequently used medication can result in 
marked improvement, but this may require sub-
stantial time and effort, and in some patients, 
inpatient treatment is needed.21

Treatment of Acute Migraine

Medications that are commonly used in the man-
agement of acute migraine, their effects (vs. 
placebo) in randomized trials, and common or 
serious adverse effects are reviewed in Table 3. 
Triptans (selective activators of the 5-hydroxy-
tryptamine [5-HT], or serotonin, receptors of 
type 1B, 1D, and 1F) are effective in aborting an 
attack in the majority of patients with migraine, 
but clinical trials indicate that a minority of 
patients are pain-free by 2 hours. This may in 
part be due to the fact that in most clinical trials, 

the dosing of therapies for acute migraine oc-
curs when pain is already moderate or severe. 
Nonetheless, in clinical practice, a substantial 
percentage of patients report dissatisfaction with 
triptans because of a slow or incomplete re-
sponse.36,37 For some, the addition of a nonste-
roidal antiinflammatory drug (NSAID) (includ-
ing nonprescription preparations), or taking one 
of these medications independently, can be ef-
fective (Table 3).22,24 Multiple ergotamine prepa-
rations are available, and intravenous dihydroer-
gotamine in particular is a mainstay of treatment 
for refractory migraine in urgent care or inpa-
tient settings (Table 3).22,27

Antiemetic agents are important adjunctive 
therapies, particularly for patients with substan-
tial nausea, a disabling symptom that may be a 
predictor of a poor therapeutic response.28 Paren-
teral administration of antiemetics may be a 
useful approach in the emergency department.23 
Intranasal, subcutaneous injectable, rectal sup-
pository, or other nonoral preparations of thera-
pies for acute migraine may be able to achieve 

Disease Classification

Migraine without aura (ICHD-3)

At least five attacks fulfilling the following criteria:

Headache attacks lasting 4–72 hr (untreated or unsuccessfully treated)

Headache has at least two of the following four characteristics:

Unilateral location

Pulsating quality

Moderate or severe pain intensity

Aggravation by or causing avoidance of routine physical activity (e.g., 
walking or climbing stairs)

During headache, at least one of the following:

Nausea and vomiting

Photophobia and phonophobia

Headache is not better accounted for by another ICHD-3 diagnosis

Migraine (ID Migraine validation study)

During the past 3 mo, at least two of the following with headaches:

Nausea or sickness to stomach

Sensitivity to light (a lot more than when one did not have headaches)

Limited ability to work, study, or do what one needed to do for at least 1 day

*  The diagnostic criteria for migraine without aura are from the International 
Classification of Headache Disorders, third edition (ICHD-3).16 The simplified 
criteria for diagnosis of migraine were shown in the ID Migraine validation 
study to have a high positive predictive value (93% in a primary care setting).17

Table 1. Diagnostic Criteria for Migraine.*
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therapeutic levels more quickly than oral prepa-
rations and are indicated if nausea and vomiting 
are a feature of migraine attacks.22,24

Administration of therapies for acute migraine 
early in an attack, before symptoms are severe, 
is associated with better efficacy than later ad-
ministration.36,38 It is therefore important to edu-
cate patients to recognize premonitory symp-
toms so that they can initiate treatment as soon 
as pain begins, or even beforehand (although in 
nearly all clinical trials of treatments for acute 
migraine, the treatments are administered when 
the pain is moderate or severe). Patients com-
monly withhold treatment until later in an attack 
because of concerns regarding adverse effects or 
the cost of medications; these concerns should 
be addressed if the maximal benefit of therapy 
for acute migraine is to be achieved. Insurance 
companies in the United States typically limit 
the number of triptan doses that a patient may 
receive per month, but these limitations are not 
evidence-based. The primary concern with fre-
quent triptan use is not safety but rather the 
potential development of medication-overuse 
headache, which the ICHD, third edition, de-
fines as more than 10 days per month of triptan 
use in a person who has 15 or more days of 
headache per month.16

Preventive Therapy for Migraine

The decision to initiate preventive therapy should 
be based on a number of factors, including at-
tack frequency and severity, responsiveness to 
medications for acute migraine, and coexisting 
conditions. There is no evidence supporting a 
specific “threshold” migraine frequency for which 
preventive therapy is clearly warranted, although 
it is generally agreed that preventive therapy 
should be considered if migraine occurs at least 
once per week or on 4 or more days per month. 
Identifying a preventive therapy that is both ef-
fective and has few side effects in patients with 
migraine remains challenging. All currently avail-
able preventive medication therapies for migraine 
were initially developed for other indications and 
have been secondarily adopted as treatments for 
migraine. Antihypertensive agents (e.g., beta-
adrenergic blockers and candesartan), anticon-
vulsant agents (e.g., topiramate and divalproex 
sodium), and tricyclic antidepressants (e.g., ami-
triptyline and nortriptyline) are standard preven-
tive therapies for migraine (Table 4). For some 
patients, these agents can be highly effective, 
although the average difference in headache days 
per month between preventive therapies and 
placebo has been small in clinical trials.39,41 Ad-
verse effects are common for most of the preven-
tive therapies, and patients often report an ini-
tial response that “wears off” despite increasing 
doses. Adherence to treatment is generally poor.51

OnabotulinumtoxinA is a Food and Drug 
Administration (FDA)–approved therapy for the 
prevention of chronic migraine, defined as head-
ache occurring on more than 15 days per month, 
with migraine features on at least 8 of those 
days. There is limited evidence to support the 
use of nonprescription agents — including coen-
zyme Q10, riboflavin, magnesium, melatonin, 
and petasites — but these agents are nonethe-
less widely used because of their acceptable side-
effect profile.46 Without clear biologic or pheno-
typic predictors of response to specific preventive 
treatments, the choice of a preventive therapy for 
migraine is largely based on the side-effect pro-
file and coexisting conditions. For example, for 
patients with hypertension, a beta-blocker or 
candesartan may be warranted; for those with 
insomnia, a tricyclic antidepressant may be con-
sidered; and for patients who are obese, topira-
mate may be appropriate.

“Neuromodulation” approaches, which are 

Feature

Typical features of migraine

History of multiple stereotypical attacks lasting 4–72 hr

No symptoms between attacks

Gradual onset of headache, neck pain

Vision, sensory, and language symptoms begin and progress gradually and  
last ≤1 hr (typical aura)

Yawning, neck pain, sensory sensitivity, fatigue, and mood change before  
and after headache

Family history of headache

Features suggestive of secondary headache

New onset of headache (particularly in persons older than 50 yr of age)

Headache lasting >72 hr

Vision, sensory, and language symptoms lasting >1 hr

Very sudden onset of headache or neurologic symptoms

Abnormal neurologic examination

Associated fever, systemic illness

Table 2. Typical Features of Migraine versus “Red Flags” That Warrant 
Further Diagnostic Evaluation.
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based on the concept that migraine can be abort-
ed or prevented by the stimulation of peripheral 
nerves or the brain, are other potential therapies. 
Single-pulse transcranial magnetic stimulation33 
is now approved by the FDA as a treatment for 
acute migraine and as a preventive treatment, 
whereas supraorbital nerve stimulation48 is ap-
proved as a preventive treatment. More experi-
ence with these approaches is needed to guide 
their appropriate use relative to pharmacologic 
approaches in clinical practice.

A r e a s of Uncerta in t y

The causes of migraine remain incompletely 
understood. Migraine commonly runs in families, 
but specific genetic mechanisms have been elu-
sive. Population studies have identified at least 
38 different gene polymorphisms that are asso-
ciated with migraine.52 However, the contribution 
of these polymorphisms in individual patients 
with migraine is uncertain.

The nature and source of neurochemical me-
diators that trigger migraine attacks are being 
actively investigated. Migraine is associated with 
the release of a number of neurotransmitters and 
neuromodulators, including the neuropeptides 
calcitonin gene–related peptide (CGRP)53 and 
pituitary adenylate cyclase–activating peptide 
(PACAP).54 Administration of these peptides can 
provoke migraine attacks in susceptible persons,55 
suggesting a causative role.

Small-molecule antagonists of the CGRP re-
ceptor have shown efficacy as therapies for acute 
migraine.34,35 Monoclonal antibodies to CGRP or 
its receptor have shown consistent efficacy as 
preventive therapies for migraine in multiple large 
phase 2 and phase 3 clinical trials49 (Table 4). 
These monoclonal antibodies will probably soon 
be under consideration by the FDA for approval 
for clinical use as preventive therapies.

Guidelines

Guidelines regarding treatments for acute mi-
graine and preventive therapies have been pro-
duced by the American Headache Society, the 
American Academy of Neurology, the Canadian 
Headache Society, and the European Federation 
of Neurological Societies.22-25,39,41 These guidelines 
vary somewhat in their recommendations, in part 
because they are based not only on data from 

clinical trials but also on expert opinion. The 
recommendations in this article are generally 
consistent with these guidelines, although only 
therapies that are supported by high-quality evi-
dence or are highly recommended are discussed.

Conclusions a nd 
R ecommendations

The young woman described in the vignette has 
migraine with and without aura. If her neurologic 
examination is normal, there is no indication for 
an imaging study, given that she has had multiple 
episodes of typical duration with complete reso-
lution of symptoms between episodes and no “red 
flags,” such as an abrupt onset of symptoms, 
fever, concurrent clinically significant illness, or 
persistent headache between attacks. Many prac-
titioners reflexively order an imaging study when 
attacks include neurologic symptoms in addition 
to headache, but such symptoms are character-
istic of migraine. Current medications should be 
reviewed as possible exacerbating factors. Con-
sistency of lifestyle factors (diet, caffeine intake, 
sleep, and exercise) should be encouraged, and a 
strategy for the treatment of acute attacks with 
triptans, NSAIDs, antiemetics, or a combination 
of these agents should be developed, with an 
emphasis on treating as early as possible after 
migraine onset. The frequency and severity of 
migraine attacks should be monitored to assess 
whether preventive therapy may be indicated; op-
tions include a beta-blocker, candesartan, a tricy-
clic antidepressant, an anticonvulsant (topiramate 
or divalproex sodium), or onabotulinumtoxinA 
(if headache occurs ≥15 days per month). This 
choice should be informed by coexisting condi-
tions and potential adverse effects. Paper or elec-
tronic symptom diaries can be very helpful in 
assessing the clinical course of migraine and the 
response to therapies. If pharmacologic therapies 
are ineffective or have unacceptable side effects, 
neuromodulation approaches should be considered.
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