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Migraine is a common and disabling condition.
Among adults in the United States, approxi-

mately 18% of women and 6% of men report symp-
toms consistent with migraine1; less than half have
been diagnosed by a physician or received prescrip-
tion treatment from a physician.2 Migraine accounts
for more than 2.8 million visits per year to US physi-
cians and is the reason for encounter in about 1 visit
per week to the typical family physician.3 Migraine is
estimated to cost US employers more than $13 bil-
lion each year; direct medical costs exceed $1 bil- 
lion annually.4

PATHOPHYSIOLOGY
The exact pathophysiology of migraine is unknown.
The prevailing theory is that a trigger (such as
fatigue, stress, or certain foods) sets off a wave of
brief neuronal activation, followed by a more sus-
tained neuronal inhibition known as cortical spread-
ing depression (CSD). At some point the trigemino-
vascular system is activated (possibly by CSD),
releasing vasoactive neuropeptides that cause a
painful inflammatory response in the meninges.
Stimulation of presynaptic serotonin receptors
inhibits release of the inflammatory neuropeptides;
this is one possible explanation for the effectiveness
of the triptans.5

DIAGNOSIS
Migraine is a syndrome diagnosed by a certain com-
bination of signs and symptoms. The International
Headache Society (IHS) diagnostic criteria (Table 1)
are widely accepted as the reference standard for the
diagnosis of migraine, as well as that of other types
of headache.6 Although they were originally intend-
ed to assist in the standardization of research sub-
jects, the criteria for the most common headache dis-

orders can be adapted for diagnosis in the clinical
setting. Migraine diagnosis is based almost entirely
on the history; the main role of the physical exami-
nation is to screen for life-threatening conditions,
such as intracranial hemorrhage or tumors.
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● The International Headache Society criteria pro-
vide a useful standardized way to diagnose
migraine clinically.

● Neuroimaging is not necessary for patients who
clearly meet clinical criteria for migraine and
whose neurologic examination results are normal.

● Over-the-counter drugs (including aspirin,
ibuprofen, and the combination of aspirin, acet-
aminophen, and caffeine) work well and are
first-line treatments for mild migraine.

● Migraine-specific medications (including
intranasal dihydroergotamine [DHE] and the trip-
tans) are recommended for more severe
migraine; little evidence exists to suggest one
drug over another.

● Prophylaxis is recommended if patients find the
severity or frequency of headaches bothersome
enough to warrant preventive measures;
amitriptyline, divalproex sodium, and propra-
nolol are effective prophylaxes.
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In some patients, migraine is difficult to distin-
guish from other primary or secondary headaches,
especially tension-type headache. A recent meta-
analysis demonstrated that the features most helpful
to rule in migraine (compared with tension-type
headache) are nausea (positive likelihood ratio [LR+]
= 19.2), photophobia (LR+ = 5.8), and phonophobia
(LR+ = 5.2).7 Table 2 provides additional information
regarding these and other significant findings,
including the post-test probabilities of migraine
given the reported prevalence among adult men and
women in the United States. The likelihood ratios are
probably somewhat inflated, since many of these
symptoms are also part of the criteria for the refer-
ence standard (“incorporation bias”). The IHS crite-
ria for migraine without aura require nausea or the
combination of photophobia and phonophobia to
make the diagnosis; it is therefore not surprising that
these findings would be the most specific.

While the presence of any single feature may not
be sufficient to clinch the diagnosis, sequentially
combining the post-test probabilities can prove use-

ful in cases that are not straightforward. For exam-
ple, a woman with a family history of migraine who
complains of a unilateral headache accompanied by
photophobia but no nausea has an approximately
80% post-test probability of migraine. This conclu-
sion assumes statistical independence of these 
symptoms and thus may overestimate the 
probability somewhat.8

Migraine has no specific diagnostic findings on
computed tomography (CT) or magnetic resonance
imaging (MRI). The best evidence addressing the use
of neuroimaging studies in migraine, as well as most
other diagnostic and management issues, comes
from the United States Headache Consortium
(USHC), a panel of experts from several specialty
societies and professional organizations, including
the American Academy of Family Physicians. In April
2000, the USHC issued diagnosis and treatment
guidelines based on rigorous evidence-based
reviews of the medical literature.9 A USHC meta-
analysis showed that the prevalence of significant
abnormalities on head CT or MRI for migraine
patients with a normal neurologic examination
ranged from 0% to 3.1% with an overall prevalence
of 0.18% (1 in 555).10 Therefore, the USHC does not
recommend neuroimaging for patients with a normal
neurologic examination who meet the IHS diagnos-
tic criteria for migraine (level of evidence [LOE]: B,
using the Centre for Evidence-Based Medicine clas-
sification scheme). Neuroimaging should be consid-
ered for patients for whom a diagnosis is less clear
cut (LOE: C).

Further support for this recommendation is found
in a well-designed retrospective study demonstrating
that the rate of significant intracranial pathology
(mass lesion or hemorrhage) in patients presenting
to primary care practices with a new headache and
no neurologic findings was only 0.35%.11 Some
patients and physicians will find even this low risk
unacceptable and will obtain neuroimaging studies
for reasons (such as litigation fears, risk perception,
and so forth) that likely are not amenable to 
statistical argument.

TREATMENT
Genera l  P r inc ip les

Although the diagnostic criteria for migraine are rel-
atively straightforward, the expression of these
symptoms can be highly variable, both between
patients and in any given patient between attacks. In
addition, patients with migraine often experience
intercurrent tension or other primary headaches,
complicating both the diagnosis and the interpreta-
tion of response to a therapeutic trial. Consequently,

DIAGNOSTIC CRITERIA FOR MIGRAINE

Migraine Without Aura
1.  At least 5 attacks each lasting 4 to 72 hours and with at

least 2 of the following characteristics:
• Unilateral location
• Pulsating quality
• Intensity severe enough to inhibit or prohibit 

daily activities
• Aggravation by routine physical activity

2.  At least 1 of the following associated symptoms:
• Nausea, vomiting, or both
• Photophobia and phonophobia

Migraine With Aura
At least 2 attacks, each with at least 3 of the following
characteristics:

• At least 1 fully reversible aura symptom
• Gradual development of at least 1 aura 

symptom over 4 or more minutes, or several 
symptoms occur in succession

• No aura symptom lasts more than 60 minutes
• Headache follows or accompanies aura in 60 

minutes or less

In both cases, the diagnosis of migraine cannot be made if
the history or physical examination suggests another disor-
der unless that disorder has been ruled out by appropriate
testing or the migraine attacks do not occur for the first
time in close temporal relation to the disorder.
Adapted, with permission, from Headache Classification Committee of the
International Headache Society. Diagnostic Criteria. Available at:
http://www.i-h-s.org/ihsnew/guidelines/pdfs/diagnost.pdf. Accessed May
28, 2001.
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finding the right medication for an individual is often
challenging. The choice of treatment may be sug-
gested or limited by coexisting conditions. The pres-
ence of severe nausea or vomiting during a migraine
may require use of a medication that can be dosed
other than by mouth.

Patient education and involvement in the devel-
opment and evaluation of a migraine treatment plan
is essential. Just as migraine sufferers differ in the
type, frequency, and severity of their symptoms, they
also differ in their treatment preferences and goals.
Some are unable to tolerate certain side effects; oth-
ers are more interested in rapid relief of pain.
Discussions regarding expected responses to treat-
ment can prevent patients’ disappointment and los-
ing patients to follow-up. For example, a reduction
in the frequency of headaches over the course of
several months is a more realistic goal than immedi-
ate prevention of all headaches. A patient’s headache
diary can aid the patient in identifying and possibly
eliminating migraine triggers and greatly assist the
physician in adjusting and refining a treatment plan.

Various treatments, both
pharmacologic and nonphar-
macologic, have been used to
treat patients with migraine.
This article examines treat-
ments in 3 categories: abortive
medications, prophylactic
medications, and nonpharma-
cologic treatments.

A b o r t i v e  M e d i c a t i o n s

Table 3 lists over-the-counter
(OTC) and prescription medica-
tions for acute migraine attacks.
Until recently, little if any high-
quality evidence existed to
guide the physician in selecting
the appropriate medication for
a specific patient. The USHC
issued a consensus recommen-
dation that nonsteroidal anti-
inflammatory drugs (NSAIDs)
and over-the-counter analgesics
be considered first-line treat-
ments, especially for mild
migraine headaches, and that
migraine-specific agents be
used for patients with more
severe episodes.12

Further support for this
stratified-care approach to
migraine treatment has since

been provided by the Disability in Strategies of Care
(DISC) Study. DISC demonstrated that patients
whose treatment was chosen according to their
Migraine Disability Assessment Scale (MIDAS) score
(those with a score of I or II were treated with
aspirin and metoclopramide; those with a score of III
or IV were treated with zolmitriptan) had less dis-
ability and a significantly greater headache response
at 2 hours than patients who were given zolmitrip-
tan if their headaches failed to respond to aspirin
and metoclopramide.13 The study supports the
expert consensus that patients with a history of mild
disability associated with migraine can be treated
effectively with simple OTC analgesics, whereas
patients with significant migraine-associated disabili-
ty will have better outcomes if treated with migraine-
specific medications (LOE: B).

Mild to moderate migraine can be treated effec-
tively with an oral combination of aspirin, acetamin-
ophen, and caffeine (Excedrin or generic substitutes)
or aspirin plus metoclopramide (LOE: A). Patients
who cannot take aspirin may respond to 1000 mg

DIAGNOSTIC FEATURES IN MIGRAINE

PV+% PV-%
Finding Sensitivity (%) Specificity (%) LR+ LR- (M/F) (M/F)

Versus Patients With Tension-Type Headache
Nausea 81 96 19.2 0.20 56/82 1.2/4.2

Photophobia 79 86 5.8 0.25 26/55 1.5/5.1

Phonophobia 67 87 5.2 0.38 25/53 2.4/7.7

Exacerbation by 
physical activity 81 78 3.7 0.24 19/45 1.5/5.1

Unilateral location 65 82 3.7 0.43 19/44 2.7/8.6

Throbbing or
pulsating quality 73 75 2.9 0.36 16/39 2.2/7.3

Precipitated by
chocolate 33 95 7.1 0.70 30/59 4.3/13

Versus Patients Without History of Headache

Family history
of migraine 58 88 5.0 0.47 24/51 3.0/10

LR+ denotes positive likelihood ratio; LR-, negative likelihood ratio; PV+, probability of migraine given a positive find-
ing; PV-, probability of migraine given a negative finding.
Prevalence of migraine in the US population is 6% for men (M) and 18% for women (F).1

Adapted, with permission, from Smetana GW. The diagnostic value of historical features in primary headache syn-
dromes: a comprehensive review. Arch Intern Med 2000; 160:2729-37. ©2000 American Medical Association.
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or IM) in relieving the pain of migraine (LOE: A).25,26

Despite the widespread use of parenteral meperi-
dine in this setting, there are no placebo-controlled
studies documenting its effectiveness in the treat-
ment of migraine headache.

Prophy lac t i c  Med ica t ions

The USHC recommends that preventive treatment be
considered for patients with migraine who desire a
reduction in the frequency or severity of their
headaches for any reason, including but not limited
to frequent headaches that significantly interfere with
daily activities despite acute treatment, unpleasant
side effects associated with abortive medications, or

acetaminophen alone (LOE: B).
Triptans (5-hydroxytryptamine1B/1D receptor ago-

nists) are the drugs of choice for the acute treatment
of moderate to severe migraine (except hemiplegic
or basilar migraine) (LOE: A). Contraindications
include coronary artery disease, uncontrolled hyper-
tension, pregnancy, and recent monoamine oxidase
inhibitor or ergot alkaloid use. Little evidence exists
to recommend one triptan over another. A few stud-
ies suggest that the newer oral triptans may be slight-
ly more efficacious than oral sumatriptan, although
the differences do not appear overwhelming.14-16

There have been no recent studies on isomethep-
tene-containing compounds such as Midrin. Three
randomized placebo-controlled trials in the mid-
1970s found a modest but statistically significant
effect on migraine pain.17-19 However, the lack of
standardized inclusion criteria and outcome
measures makes it difficult to draw firm, valid
conclusions about the efficacy of isomethep-
tene.20 These drugs should be considered second
line in the acute treatment of migraine (LOE: B).

A number of randomized controlled studies
have demonstrated the efficacy of acetamino-
phen–codeine combinations in the acute treat-
ment of migraine.21-23 Some of these trials have
used combinations that included other medica-
tions in addition to acetaminophen and codeine;
no study has been done on the dose most read-
ily available in the United States (ie, 300 mg acet-
aminophen plus 30 mg codeine). Concerns
about abuse, tolerance, and rebound headache
appropriately limit their use. In addition, there is
no evidence that they are more effective than
other abortive treatments; one study showed no
difference between the acute migraine relief pro-
vided by 1000 mg plain aspirin versus 400 mg
acetaminophen and 25 mg codeine.21 While acet-
aminophen plus codeine combinations probably
are effective in migraine, they are second-line
drugs (LOE: B).

No randomized, placebo-controlled trials have
evaluated the efficacy of butalbital-containing
agents for migraine. Because of concerns relating
to dependence, withdrawal, and rebound
headache, the USHC recommends that use of
these agents “should be limited and carefully
monitored” (LOE: D).12

In the emergency department setting,
prochlorperazine (10 mg given intravenously
[IV]) is a safe and effective treatment for migraine
(LOE: A).24 Dihydroergotamine (DHE) given IV or
intramuscularly (IM) in combination with
antiemetics is at least as good as meperidine (IV

SELF-ADMINISTERED ACUTE TREATMENT OPTIONS 
IN MIGRAINE

Strength of Treatment (Route
Recommendation of Administration) Comments 

A Acetaminophen + 
aspirin + caffeine (PO) NNT* 3.9 (3.2 to 4.9) 51

A Aspirin (PO) NNT range from 3.5 to 5.552

A Aspirin + NNT 3.2 (2.6 to 4.0)53

metoclopramide (PO)

A Butorphanol (IN) Abuse/dependence and 
rebound headache 
potential

A DHE (IN) NNT 2.5 (1.9 to 3.7)54

A NSAIDs (PO) NNT 7.5 (4.5 to 22) (for 
ibuprofen)55

A Triptans (PO) NNT range from 2.7 to 5.4 56

A Sumatriptan (IN) NNT 3.4 (2.9 to 4.1)56

A Sumatriptan (SC) NNT 2.0 (1.8 to 2.2)56

B Acetaminophen (PO) NNT 5.2 (3.3 to 13)57

B Acetaminophen Abuse/dependence and
+ codeine (PO) rebound headache potential

B Isometheptene Limited clinical
compounds (PO) trial data.

D Butalbital compounds No clinical trials;
(PO) risk of rebound headache

D Ergotamine (PO) Conflicting evidence; 
increased risk of adverse 
effects

* Numbers needed to treat (NNT; 95% confidence interval) in this column are for
headache response (reduction in headache severity from “severe” or “moderate” to
“mild” or “none”) at 2 hours; included when available data permit.
IN denotes intranasal; PO, by mouth; SC, subcutaneous.
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the cost of abortive medications (LOE: D).27 Table 4
lists medications available in the United States that
are used in the prophylaxis of migraine.

Beta blockers, particularly propranolol, are com-
monly prescribed and are very effective in reducing
the frequency of migraine (LOE: A).27-30 Most author-
ities consider them the migraine prophylactic of
choice in patients with no contraindications (eg,
asthma, congestive heart failure, or heart block).

Amitriptyline is the only antidepressant to demon-
strate consistent efficacy in migraine prophylax-
is.27,31,32 This medication may be especially useful in
patients who suffer from both migraine and tension
headaches.33 Divalproex sodium is another drug
clearly shown effective against migraine prophylacti-
cally.27,30,34 The risk of significant hematologic and
hepatic side effects requires laboratory monitoring
and may limit its use in many patients.

Calcium channel blockers (CCBs), particularly ver-
apamil, are widely used by both primary care physi-
cians and neurologists for the prevention of
migraine,35 and yet only 3 controlled trials of vera-
pamil are reported in the English language literature.
Two methodologically weak studies showed a small
but significant effect from verapamil36,37; the third
demonstrated no advantage over placebo.38 The only
CCB consistently shown effective for migraine pro-
phylaxis is flunarizine.27 Unfortunately, it is not avail-
able in the United States. 

Besides use for acute treatment, NSAIDs are occa-
sionally prescribed to prevent migraine. Naproxen
sodium, the most frequently studied NSAID, shows a
small but significant effect in overall improvement
compared with placebo in several trials.39-41 Two of
these studies showed a reduction in the number of
severe headaches per week but no significant change
in the total number of headaches per week.40,41

Some recent studies support the use of novel
migraine prophylactics. One study of riboflavin (400
mg daily) showed a moderate reduction in migraine
frequency.42 Achieving maximal therapeutic effect
required 3 months of use. Another study found that
10 mg lisinopril daily can significantly reduce
migraine frequency and severity when compared 
with placebo.43

Nonpharmaco log i c  Trea tments

Although the data for nonpharmacologic migraine
treatment are neither so extensive nor so rigorous as
those for medications, some evidence is available.
The Duke Center for Clinical Health Policy Research
performed a comprehensive systematic review and
meta-analysis of behavioral and physical treatments
for migraine for the Agency for Healthcare Research
and Quality.44 This review forms the evidence base
for the USHC guideline in this area.45 The authors
note that most studies were conducted on patients
recruited at specialized headache centers; thus, cau-

tion should be exercised in generalizing the
results to a primary care population.

The meta-analysis showed that cognitive–
behavioral (including stress management) thera-
py, electromyelogram biofeedback, relaxation
training, and thermal biofeedback combined
with relaxation training are effective in migraine
prophylaxis (LOE: B).44 An earlier meta-analysis
concluded that the prophylactic benefit of com-
bined relaxation and thermal biofeedback train-
ing was equivalent to the benefit obtained from
propranolol.46 Because of limited or mixed evi-
dence, no clear recommendations can be made
with regard to acupuncture, cervical 
manipulation, hyperbaric oxygen, hypnosis, 
occlusal adjustment, or transcutaneous electronic 
nerve stimulation.45

Prognos i s

Little evidence is available concerning the long-
term prognosis of migraine, either with or with-
out treatment. For many patients, migraine per-
sists, but slowly decreases in frequency over a
lifetime.47,48 For patients who respond well to pro-

PROPHYLACTIC TREATMENT OPTIONS IN MIGRAINE

Strength of
Recommendation Treatment Comments 

A Amitriptyline Evidence for no significant 
difference versus 
propranolol32, 33

A Divalproex sodium NNT* range from 2.1 
to 2.930, 34

A Propranolol NNT range from 2.3 to 528-30

B Lisinopril Based on 1 study (level 1b)43

B Naproxen sodium Risk of rebound headache

B Riboflavin NNT 2.842  based 
on 1 study (level 1b)

D Verapamil Considered effective by 
many experts; limited, 
poor-quality clinical trials 
(see text)

* Numbers needed to treat (NNT) in this column are for a 50% reduction in headache
frequency compared with baseline; reported when available data permit.
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phylaxis, no data are available to
help the clinician decide how long
to continue using it. One small case
series showed that while a few
patients had a lasting reduction in
the frequency of their migraines
after stopping effective prophylac-
tic medication, most experienced
relapse.49

A subset of patients with
migraine develops headaches of
increasing frequency, often result-
ing in daily or continuous
headaches. This syndrome has
been known as transformed or
malignant migraine. Many such
patients use migraine medications
on a daily basis. Although no con-
trolled trials have been reported,
the daily or near-daily use of most
acute migraine medications
(including acetaminophen, aspirin,
dihydroergotamine, ergotamine,
NSAIDs, opioids, and triptans) is
believed capable of provoking
medication-overuse headaches.50

Some of these patients can reduce
the frequency of their headaches if
they can break the cycle of medication use.47

CONCLUSIONS
Migraine headache is a common and disabling con-
dition. The diagnosis often can be made on the basis
of key findings in the patient’s history. A classic his-
tory, in combination with a normal neurologic exam-
ination, obviates head imaging. Available evidence
clearly shows that effective methods for both acute
and prophylactic treatment of migraine exist. The
Figure contains an algorithm summarizing such treat-
ment. Wider implementation of the USHC evidence-
based guidelines by primary care physicians treating
those with migraine should result in decreased 
pain and increased productivity for many patients.
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