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This Journal feature begins with a case vignette that includes a therapeutic recommendation. A discussion 
of the clinical problem and the mechanism of benefit of this form of therapy follows. Major clinical studies, 

the clinical use of this therapy, and potential adverse effects are reviewed. Relevant formal guidelines,  
if they exist, are presented. The article ends with the author’s clinical recommendations.
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An otherwise healthy 23-year-old woman presents to her internist with a report of 
headaches and associated symptoms that occur twice a month. A diagnosis of mi-
graine without aura is made. The patient’s headaches last up to a day and cause her to 
miss work. The headaches have not responded reliably to analgesics or to combina-
tions of analgesics with caffeine. Her internist has previously recommended the com-
bination of aspirin and metoclopramide, which usually diminishes but does not elim-
inate her headache pain. On one occasion, her headache progressed despite treatment, 
and the patient went to the emergency department. She received subcutaneous suma-
triptan for a presumptive diagnosis of migraine. Her headache and nausea resolved, 
but she had a sensation of mild chest pressure for about 5 minutes, without associated 
symptoms. Her internist refers her to a headache specialist with the question of what 
therapy should be used to treat her headache episodes.

The Clinic a l Problem

Migraine is a genetically influenced chronic brain condition marked by paroxysmal 
attacks of moderate-to-severe, throbbing headache with associated symptoms that 
may include nausea, vomiting, and photophobia or phonophobia. In up to a third 
of patients with migraine, the headaches are accompanied by focal neurologic 
symptoms (often visual) known as aura (Table 1).1 The World Health Organization 
estimates that 324 million persons worldwide have migraines.2

Migraine is both more common and more severe in women than in men.3 
Symptoms generally begin in adolescence or early adulthood. Disease activity 
peaks during middle age, with a lifetime cumulative incidence of 43% in women 
and 18% in men.4 Although migraine is not life-threatening, it is associated with 
an increased risk of other vascular complications, including ischemic stroke and 
preeclampsia.5,6

Almost a quarter of patients with migraines have more than 3 days of headache 
a month, and such headaches often interfere with work, social functioning, and 
overall quality of life.7 Episodes of headache, the majority of which are migraine 
headaches, account for almost 3% of visits to the emergency department in the 
United States8,9 and 1.3% of outpatient visits.10 Health care expenses associated 
with migraine include direct costs of roughly $11 billion among patients with 
health insurance and indirect costs of almost $12 billion.11,12

Pathoph ysiol o gy a nd the Effec t of Ther a py

The pathophysiology of migraine is not completely understood. There is consider-
able evidence that intracranial vasodilatation, long thought to be causal, in fact 
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occurs in response to the neurologic events of 
migraine.13 The most widely accepted theory re-
garding the physiological mechanism of mi-
graine proposes that early in an attack, vasoac-
tive peptides are released from the primary 

sensory nerve terminals that innervate meninge-
al blood vessels. These peptides activate perivas-
cular trigeminal nerves and cause dilatation of 
arteries in the meninges as well as perivascular 
inflammation and extravasation of plasma pro-
teins. First-order neurons terminate in the tri-
gem inal nucleus caudalis in the brain stem. They 
activate second-order neurons that ascend to the 
thalamus, and from there, third-order neurons 
project to higher cortical centers. If uninterrupt-
ed, this process causes pain and can lead to hy-
peralgesia and allodynia, both hallmarks of pro-
longed migraine attacks.14

Activation of the sympathetic nervous system 
is the likely cause of nausea, vomiting, and 
other autonomic symptoms associated with mi-
graine. Sensitivity to light, sound, and smell is 
theorized to result from abnormal brain-stem 
modulation of sensory information.15,16 There is 
evidence that aura is caused by cortical spread-
ing depression, a transient, spreading distur-
bance in cortical function. Cortical spreading 
depression is most easily triggered in the occipi-
tal cortex, possibly explaining the predominance 
of visual forms of aura.15

Triptans are serotonin (5-hydroxytryptamine, 
or 5-HT) agonists with high affinity for 5-HT1B 
and 5-HT1D receptors. Triptans were originally 
thought to provide relief from migraine by caus-
ing cranial vasoconstriction, most likely through 
action at postsynaptic 5-HT1B receptors on the 
smooth-muscle cells of blood vessels. It is now 
theorized that triptans also block the release of 
vasoactive peptides from the perivascular trigem-
inal neurons through their action at presynaptic 
5-HT1D receptors on the nerve terminals. In ad-
dition, triptans bind to presynaptic 5-HT1D re-
ceptors in the dorsal horn, and this binding is 
thought to block the release of neurotransmit-
ters that activate second-order neurons ascend-
ing to the thalamus.17 Triptans may also facili-
tate descending pain inhibitory systems.18,19

Clinic a l E v idence

Randomized, controlled trials have evaluated 
parenteral, oral, suppository, and nasal formula-
tions of various triptans for short-term treatment 
of migraine. In these trials, the most widely used 
measure of benefit is a reduction in the severity 
of headache pain 2 hours after treatment, rated 
on a four-point scale (no pain, mild pain, moder-

Table 1. Diagnostic Criteria for Migraine.*

Migraine without aura

Criterion A — At least five attacks fulfilling criteria B through D

Criterion B — Headache lasting 4 to 72 hours (untreated or unsuccessfully 
treated)

Criterion C — Headache having at least two of the following characteristics:

Unilateral location

Pulsating quality

Moderate or severe intensity (inhibiting or prohibiting daily activities)

Aggravation on using stairs or engaging in similar routine physical activity

Criterion D —Headache during which at least one of the following occurs:

Nausea or vomiting

Photophobia and phonophobia

Criterion E — At least one of the following criteria is met:

History and physical and neurologic examination do not suggest an 
 organic disorder

History or physical or neurologic examination suggests an organic dis-
order that is ruled out after appropriate investigation

Organic disorder is present, but initial migraine attacks do not occur close 
to the time at which the organic disorder began

Typical aura with migraine headache†

Criterion A — At least two attacks fulfilling criteria B through D

Criterion B — Aura consisting of at least one of the following criteria but no 
motor weakness:

Fully reversible visual symptoms, including positive features (e.g., seeing 
flickering lights or spots or lines), negative features (e.g., loss of vision), 
or both

Fully reversible sensory symptoms, including positive features (e.g., feel-
ing of pins and needles, usually in the arms and legs, the face, or on 
one side of the body), negative features (e.g., numbness), or both

Fully reversible dysphasic speech disturbance

Criterion C — At least two of the following criteria:

Visual symptoms on one or both sides of the visual field, or unilateral 
sensory symptoms

At least one symptom of aura develops gradually over the course of 5 
minutes or more, or other symptoms of aura occur in succession over 
the course of 5 minutes or more

Each symptom lasts between 5 and 60 minutes

Criterion D — Headache fulfilling criteria B through D for migraine without 
aura; migraine without aura begins during the aura or follows the 
aura within 60 minutes

Criterion E — Symptoms cannot be attributed to another disorder

* Adapted from the International Classification of Headache Disorders II (2004).1 
More information on the classification of headache disorders is available at the 
International Headache Society Web site at www.i-h-s.org.

† Typical aura with migraine headache is the most common subform of migraine 
with aura.
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ate pain, or severe pain). Headache “response” 
has traditionally been defined as a reduction 
from moderate or severe headache to mild or no 
headache 2 hours after administration of the 
medication. The “therapeutic gain” is the differ-
ence between the headache response with triptan 
therapy and the response with placebo.

In a review of 13 randomized trials, a 6-mg 
dose of a subcutaneous formulation of sumatrip-
tan was shown to have a mean therapeutic gain 
of 51 percentage points (70% response with ac-
tive treatment vs. 19% with placebo), which is 
the largest for all available triptans.20 Most pa-
tients, however, prefer to use oral drugs to treat 
migraine. A meta-analysis by Ferrari et al. sum-
marized 53 randomized, double-blind controlled 
trials, involving more than 24,000 patients, in 
which oral triptans were compared with place-
bo.21 The 100-mg oral dose of sumatriptan was 
the reference dose, with a mean therapeutic gain 
at 2 hours of 29 percentage points (59% re-
sponse rate with active treatment vs. 30% with 
placebo). Most of the other triptans evaluated 
had similar therapeutic gain when administered 
at doses recommended by the manufacturer. The 
exceptions were frovatriptan, which was signifi-
cantly less effective, and naratriptan, which was 
marginally less effective.

Fewer trials have compared the effectiveness 
of triptans directly with that of nontriptan 
therapy. In a review of published trials in which 
oral triptans were used, Lipton et al. found that 
the data suggested a significantly greater benefit 
with triptans than with ergotamine compounds, 
but no significant difference was detected be-
tween the effect of triptans and that of non-
steroidal or other analgesics.22 In one study of 
733 patients, 54% of patients receiving 40 mg 
of oral eletriptan had relief from headache at  
2 hours, as compared with 33% of those receiv-
ing a combination of 1 mg of ergotamine and 
100 mg of caffeine (P<0.001).23 In another study, 
involving 666 patients, which defined efficacy as 
a headache response in three of three migraine 
attacks, the efficacy was 33.4% with 2.5 mg of 
oral zolmitriptan as compared with 32.9% with 
900 mg of acetylsalicylic acid plus 10 mg of me-
toclopramide (P = 0.72).24

Recently, new information has become avail-
able about unpublished comparative randomized 
trials of oral sumatriptan.25 The results of these 
trials did not especially favor sumatriptan. It is 

unclear whether additional unpublished com-
parative trials of other triptans have been con-
ducted. This makes it difficult to draw definite 
conclusions about the overall place of orally ad-
ministered triptans in the treatment of acute 
migraine.

Clinic a l Use

Triptans are first-line therapies for individual at-
tacks of migraine in patients whose attacks do 
not reliably respond to simple or combination 
analgesics.26 Alternatives include ergot deriva-
tives, opioids, and barbiturate-containing medi-
cations. A key advantage of triptans over most of 
these alternatives is their more favorable side-
effect profile and more specific mechanism of 
action. Triptan therapy is most effective when 
provided rapidly in adequate doses and when 
used early, while headache pain is still mild.27

Seven triptans are approved by the Food and 
Drug Administration (FDA) for the treatment of 
acute migraine in adults (Table 2). The decision 
about which triptan and which formulation to 
use depends on the patient’s preference, the 
characteristics of the headache, convenience, 
and cost. Only sumatriptan is available for par-
enteral administration.

Most patients have a strong preference for 
oral treatment of migraine. Oral triptans are ap-
propriate when nausea and vomiting are mild or 
absent at the time of treatment. Naratriptan and 
frovatriptan are generally less effective in reliev-
ing headache at 2 hours than the other agents, 
although their longer half-lives may prove useful 
in some situations. The onset of action of most 
oral triptans is within 20 to 60 minutes.20 If 
necessary, patients can take another dose of 
most oral triptans after 2 or 4 hours. The usual 
initial dose and maximum daily dose for each 
agent are listed in Table 2. For patients who are 
very sensitive to side effects of triptans, the dose 
may need to be lowered.

Subcutaneous sumatriptan has the fastest 
onset of action of all available triptans (approxi-
mately 10 minutes) and is also the most effec-
tive,20 making it the best choice for rapidly de-
veloping or well-established migraines or for 
patients with prominent early nausea or vomit-
ing. It is commonly used in the emergency de-
partment, but it can also be self-administered in 
the thigh or deltoid region with a reusable auto-
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injector device into which medication cartridges 
are inserted. A needlefree, disposable device is 
also available; it uses a blast of air to create a 
small hole in the skin through which medication 
passes into the subcutaneous tissues.28

Rectal formulations (available in Europe and 
Asia) and intranasal or orally dissolving tablet 
formulations of triptans offer clinically mean-
ingful advantages in some situations. Orally dis-
solving wafers, intranasal triptans, and rectal 
formulations can be taken without water and 
may be useful for patients who have difficulty 
swallowing tablets. However, the acceptability of 
rectal formulations to patients is low, and trip-
tan nasal sprays and orally dissolving tablets 
have a bitter taste.

Triptan monotherapy does not provide relief 
from headache in about one third of patients.21 
If the initial dose is ineffective, the dose should 
be increased within the approved limits (Table 2). 
If an appropriate dose of a triptan is ineffective 
for two headache attacks, or has unacceptable 
side effects, a switch to a different triptan or 
triptan formulation should be considered.29 In 
particular, patients with headache that does not 
respond to an oral triptan should be encouraged 
to consider subcutaneous sumatriptan. If triptan 
monotherapy remains ineffective, triptans should 
be tried in combination with other drugs, espe-
cially antiemetics or nonsteroidal antiinflam-
matory drugs (NSAIDs).23,30 Return of headache 
after initial treatment success (recurrence) occurs 
in about one third of triptan-treated attacks.

Triptans are contraindicated in patients with 
poorly controlled hypertension, severe hepatic or 
renal impairment, or basilar or hemiplegic mi-
graine (uncommon forms of migraine with aura). 
Patients with known vasospastic or ischemic 
coronary artery disease should not use triptans. 
Triptans also should be avoided in patients who 
are at high risk for coronary artery disease on 
the basis of risk-factor stratification. If the use 
of triptans is contemplated despite the presence 
of substantial coronary risk factors, cardiac evalu-
ation is recommended before use.31

Because the majority of patients using trip-
tans are women of childbearing age, their safety 
in pregnancy is an important consideration. The 
available data are sufficient to rule out a large 
increase in the overall risk of birth defects from 
exposure to sumatriptan during the first trimes-
ter, but they are not adequate to rule out small 

or moderate increases in the risk of a particular 
birth defect.32-34 The risks of exposure are prob-
ably very low, but because evidence is incom-
plete, triptans should not be used routinely dur-
ing pregnancy. For some women whose severe 
headaches do not respond to other treatments, 
the benefits of use may outweigh potential 
harms.

When prescribing triptans, clinicians should 
be aware of several drug interactions (Table 2). 
Triptans should not be used within 24 hours 
after receipt of ergotamine or ergot-type medica-
tions. A 2006 FDA advisory alerted prescribers to 
the possible development of the serotonin syn-
drome when triptans are used in combination 
with selective serotonin-reuptake inhibitors or 
selective norepinephrine-reuptake inhibitors.35 
Migraine is often present in patients with affec-
tive disorders, so it is not uncommon for pa-
tients to require treatment for both conditions.

After several months of use, patients begin-
ning to take a triptan should be seen for a follow-
up visit to evaluate the frequency of headaches 
and the completeness, duration, and consistency 
of the response to the drug. To avoid causing 
medication-overuse headache, treatment of mi-
graine should generally be limited to an average 
of about 2 days per week.26 Triptans should be 
combined with preventive treatment in patients 
with frequent headache. In most cases treatment 
results are best monitored with the use of a 
headache diary, which can also be used to track 
possible migraine triggers.36 A template for a 
simple headache diary is available at the Web 
site of the American Headache Society at www 
.americanheadachesociety.org.

Most triptans are expensive as compared with 
alternative migraine treatments. The average 
wholesale price for a single brand-name triptan 
tablet is in the range of $23 to $31.37 However, 
a generic formulation of sumatriptan is now 
available, and the average wholesale price of 
generic sumatriptan is as low as $2.55 per tab-
let.37 Several triptans are available without a 
prescription in some countries, but not the 
United States.

A dv er se Effec t s

Certain minor adverse events — including par-
esthesias, flushing, and mild, transient neck 
tightness or chest pressure — occur commonly 
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enough with the use of triptans that they are 
known as triptan sensations.38 In one study, 
these sensations were reported by almost half of 
patients who received subcutaneous sumatriptan 
and in about a quarter of those who took oral 
formulations. These side effects may be more 
common in women and in younger people. They 
can sometimes be mitigated by switching to a 
different triptan or another route of administra-
tion. Some other mild adverse events, particu-
larly central nervous system effects such as som-
nolence or asthenia, can be features of the 
underlying migraine attack that become appar-
ent after successful treatment of the headache.39

Neck or chest tightness occurring in associa-
tion with triptan use may alarm patients and 
doctors. When evaluated, most patients with 
triptan-induced neck or chest pain do not have 
electrocardiographic or other evidence of de-
creased myocardial perfusion. Thus, in most 
cases triptan-associated chest pain is not caused 
by coronary vasoconstriction.

However, serious cardiovascular events, some 
resulting in death, have been reported in asso-
ciation with triptan use. Among the patients who 
died almost all those in whom a causal link was 
likely had cardiac risk factors and were found to 
have coronary artery disease on postmortem 
examination. The authors of one study estimated 
that the rate of serious cardiovascular events was 
lower than 1 event per 4 million uses.40 In a 
cohort study of almost 64,000 patients with mi-
graine who were receiving triptans as used in 
general practice, there was no observed associa-
tion between triptan use and coronary events.41 
A consensus statement issued by an expert panel 
of the American Headache Society concluded 
that chest symptoms related to triptan use were 
“generally nonserious and are not explained by 
ischemia” and noted that “the incidence of seri-
ous cardiovascular events with triptans in both 
clinical trials and clinical practice appears to be 
extremely low.”31

A r e a s of Uncerta in t y

As with other drugs used for the treatment of 
acute migraine, triptans have been associated with 
the development of headache caused by medica-
tion overuse, in which frequent use of medica-
tion leads to a cycle of increased headache and 
medication use. Most experts thus recommend a 

conservative limit on use to about 2 days per week. 
However, many patients seen in specialty practice 
continue to have numerous, disabling headaches, 
despite aggressive preventive treatment. More 
frequent use of triptans may be appropriate in 
these circumstances, since good evidence is 
lacking with regard to individual susceptibility 
and medication thresholds for the development 
of medication-overuse headache.42,43 Triptans do 
not seem to lead to progression of migraine in 
those with relatively infrequent headache.44

Triptans do not prolong aura in the roughly 
30% of patients with migraine who are subject 
to it, but it is uncertain whether efficacy is re-
duced or absent when the drug is given during 
the aura. Thus, the optimal timing of triptan use 
in relation to aura is in doubt.45,46 In the absence 
of firm evidence, patients with aura who take 
triptans should experiment with the timing of 
use to find the timing that works for them.

There has been interest in using triptans pre-
ventively. A number of studies have investigated 
the use of daily, scheduled doses of triptans for 
the prevention of highly predictable attacks of 
migraine, such as those occurring in association 
with menstruation.47,48 These studies have attrib-
uted modest benefits to triptans as compared 
with placebo, but the long-term ratio of harm to 
benefit is not well established. No triptan has 
been approved by the FDA for preventive use.

Guidelines

The 2000 U.S. Headache Consortium Guidelines 
consider triptans an appropriate initial choice for 
the treatment of acute migraine in patients with 
moderate-to-severe headaches and in patients 
with milder headaches that have previously failed 
to respond to nonspecific treatment. The guide-
lines propose that NSAIDs or combination anal-
gesics with caffeine are reasonable choices for 
the treatment of less severe headaches that have 
previously responded to such drugs.26

In contrast, guidelines from the American 
College of Physicians and American Academy of 
Family Practice published in 2002 (which have 
since expired) endorsed NSAIDs as first-line 
therapy for most patients and recommended the 
use of an antiemetic in patients with nausea and 
vomiting. Triptans were recognized as an alter-
native treatment for attacks that failed to respond 
to NSAIDs.49
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Guidelines from the European Federation of 
Neurological Societies published in 2009 recom-
mend either triptans or NSAIDs for the treatment 
of acute migraine and suggest that treatment be 
preceded by the use of metoclopramide or dom-
peridone (not available in the United States). 
The use of intravenous acetylsalicylic acid or sub-
cutaneous sumatriptan is recommended for very 
severe attacks.50

R ecommendations

For the patient described in the vignette, it is rea-
sonable to recommend the use of an oral triptan. 
She has not had a consistent benefit from NSAIDs 
or combination analgesics but obtained complete 
relief of headache and associated nausea with 
subcutaneous sumatriptan. There is a good chance 
that her headaches will also respond to an oral 
triptan. The chest symptoms she reported are en-
tirely consistent with nonserious triptan sensa-
tions and will be less likely to occur with an oral 

formulation. In young, healthy patients who are 
at low risk for cardiovascular disease according 
to risk-factor stratification, there is no need to 
perform baseline cardiovascular testing before 
prescribing triptans.

Because it is the least expensive option, I 
would prescribe a dose of 50 mg or 100 mg of 
generic oral sumatriptan and advise the patient 
to take it early in the course of a headache, be-
fore the pain becomes severe. I would ask her to 
limit use of the medication to 2 days a week and 
to keep a diary of headache frequency, character-
istics, and response to treatment. I would see 
the patient in a follow-up visit several months 
later to assess treatment results. If sumatriptan 
causes unpleasant side effects or is not helpful, 
I would consider trying a different triptan.

No potential conflict of interest relevant to this article was 
reported.

Disclosure forms provided by the author are available with the 
full text of this article at NEJM.org.

I thank Dr. Thomas Ward for his review of an earlier version 
of the manuscript.

References

Headache Classification Subcommit-1. 
tee of the International Headache Society. 
The International Classification of Head-
ache Disorders: 2nd edition. Cephalalgia 
2004;24:Suppl 1:9-160.

The global burden of disease: 2004 2. 
update. Geneva: World Health Organiza-
tion, 2008. (Accessed June 4, 2010, at 
http://www.who.int/healthinfo/global_
burden_disease/GBD_report_2004update_ 
full.pdf.)

Linet MS, Stewart WF, Celentano DD, 3. 
Ziegler D, Sprecher M. An epidemiologic 
study of headache among adolescents and 
young adults. JAMA 1989;261:2211-6.

Stewart WF, Wood C, Reed ML, Roy J, 4. 
Lipton RB. Cumulative lifetime migraine 
incidence in women and men. Cephalal-
gia 2008;28:1170-8.

Schürks M, Rist PM, Bigal ME, Buring 5. 
JE, Lipton RB, Kurth T. Migraine and 
cardiovascular disease: systematic review 
and meta-analysis. BMJ 2009;339:b3914.

Adeney KL, Williams MA. Migraine 6. 
headaches and preeclampsia: an epidemio-
logic review. Headache 2006;46:794-803.

Linde M, Dahlöf C. Attitudes and bur-7. 
den of disease among self-considered mi-
graineurs — a nation-wide population-
based survey in Sweden. Cephalalgia 2004; 
24:455-65.

Goldstein JN, Camargo CA Jr, Pelle-8. 
tier AJ, Edlow JA. Headache in United 
States emergency departments: demo-
graphics, work-up and frequency of path-
ological diagnoses. Cephalalgia 2006;26: 
684-90.

Pitts SR, Niska RW, Xu J, Burt CW. Na-9. 
tional Hospital Ambulatory Medical Care 
Survey: 2006 emergency department sum-
mary. Natl Health Stat Rep 2008;6:1-38.

Hing E, Cherry DK, Woodwell DA. 10. 
National Ambulatory Medical Care Sur-
vey: 2004 summary. Advance data from 
vital and health statistics. No. 374. Hyatts-
ville, MD: National Center for Health Sta-
tistics, 2006.

Hawkins K, Wang S, Rupnow M. Di-11. 
rect cost burden among insured US em-
ployees with migraine. Headache 2008;48: 
553-63.

Idem12. . Indirect cost burden of migraine 
in the United States. J Occup Environ Med 
2007;49:368-74.

Goadsby PJ. The vascular theory of 13. 
migraine — a great story wrecked by the 
facts. Brain 2009;132:6-7.

Goadsby PJ, Lipton RB, Ferrari MD. 14. 
Migraine — current understanding and 
treatment. N Engl J Med 2002;346:257-70.

Sprenger T, Goadsby PJ. Migraine 15. 
pathogenesis and state of pharmacologi-
cal treatment options. BMC Med 2009; 
7:71.

Afridi SK, Matharu MS, Lee L, et al.  16. 
A PET study exploring the laterality of 
brainstem activation in migraine using 
glyceryl trinitrate. Brain 2005;128:932-9.

Levy D, Jakubowski M, Burstein R. 17. 
Disruption of communication between 
peripheral and central trigeminovascular 
neurons mediates the antimigraine action 
of 5HT 1B/1D receptor agonists. Proc Natl 
Acad Sci U S A 2004;101:4274-9.

Shields KG, Goadsby PJ. Serotonin re-18. 
ceptors modulate trigeminovascular re-
sponses in ventroposteromedial nucleus 
of thalamus: a migraine target? Neurobiol 
Dis 2006;23:491-501.

Bartsch T, Knight YE, Goadsby PJ. Ac-19. 
tivation of 5-HT(1B/1D) receptor in the 
periaqueductal gray inhibits nociception. 
Ann Neurol 2004;56:371-81.

Tfelt-Hansen P, De Vries P, Saxena PR. 20. 
Triptans in migraine: a comparative re-
view of pharmacology, pharmacokinetics 
and efficacy. Drugs 2000;60:1259-87.

Ferrari MD, Goadsby PJ, Roon KI, Lip-21. 
ton RB. Triptans (serotonin, 5-HT1B/1D 
agonists) in migraine: detailed results and 
methods of a meta-analysis of 53 trials. 
Cephalalgia 2002;22:633-58.

Lipton RB, Bigal ME, Goadsby PJ. 22. 
Double-blind clinical trials of oral trip-
tans vs other classes of acute migraine 
medication — a review. Cephalalgia 2004; 
24:321-32.

Diener HC, Jansen JP, Reches A, et al. 23. 
Efficacy, tolerability and safety of oral 
eletriptan and ergotamine plus caffeine 
(Cafergot) in the acute treatment of mi-
graine: a multicentre, randomised, double-
blind, placebo-controlled comparison. Eur 
Neurol 2002;47:99-107.

Geraud G, Compagnon A, Rossi A. 24. 
Zolmitriptan versus a combination of 
acetylsalicylic acid and metoclopramide 
in the acute oral treatment of migraine:  
a double-blind, randomised, three-attack 
study. Eur Neurol 2002;47:88-98.

Tfelt-Hansen PC. Unpublished clini-25. 



n engl j med 363;1 nejm.org july 1, 201070

clinical ther apeutics

cal trials with sumatriptan. Lancet 2009; 
374:1501-2.

Silberstein SD. Practice parameter: evi-26. 
dence-based guidelines for migraine head-
ache (an evidence-based review): report of 
the Quality Standards Subcommittee of 
the American Academy of Neurology. 
Neurology 2000;55:754-62. [Erratum, Neu-
rology 2000;56:142.]

Cady RK, Freitag FG, Mathew NT, et 27. 
al. Allodynia-associated symptoms, pain 
intensity and time to treatment: predict-
ing treatment response in acute migraine 
intervention. Headache 2009;49:350-63.

Brandes JL, Cady RK, Freitag FG, et al. 28. 
Needle-free subcutaneous sumatriptan 
(Sumavel DosePro): bioequivalence and 
ease of use. Headache 2009;49:1435-44.

Dodick DW. Triptan nonresponder 29. 
studies: implications for clinical practice. 
Headache 2005;45:156-62.

Peroutka SJ. Beyond monotherapy: ra-30. 
tional polytherapy in migraine. Headache 
1998;38:18-22.

Dodick D, Lipton RB, Martin V, et al. 31. 
Consensus statement: cardiovascular safe-
ty profile of triptans (5-HT agonists) in 
the acute treatment of migraine. Head-
ache 2004;44:414-25.

Cunnington M, Ephross S, Churchill P. 32. 
The safety of sumatriptan and naratriptan 
in pregnancy: what have we learned? Head-
ache 2009;49:1414-22.

Källén B, Lygner PE. Delivery outcome 33. 
in women who used drugs for migraine 
during pregnancy with special reference 
to sumatriptan. Headache 2001;41:351-6.

Olesen C, Steffensen FH, Sorensen HT, 34. 
Nielsen GL, Olsen J. Pregnancy outcome 
following prescription for sumatriptan. 
Headache 2000;40:20-4.

Public health advisory — combined use 35. 

of 5-hydroxytryptamine receptor agonists 
(triptans), selective serotonin reuptake 
inhibitors (SSRIs) or selective serotonin/
norepinephrine reuptake inhibitors (SNRIs) 
may result in life-threatening serotonin 
syndrome. Silver Spring, MD: Food and 
Drug Administration, 2006.

McKenzie JA, Cutrer FM. How well do 36. 
headache patients remember? A compari-
son of self-report measures of headache 
frequency and severity in patients with 
migraine. Headache 2009;49:669-72.

Information for Vermont prescribers 37. 
of prescription drugs: Zomig (zolmitrip-
tan) tablets; Zomig ZMT (zolmitriptan) 
rapid dissolve tablets. AstraZeneca, 2009. 
(Accessed June 4, 2010, at http://www 
.astrazeneca-us.com/_mshost795281/ 
content/980214/1447588/2112235/
ZOMIG-ZOMIGZMT.)

Nappi G, Sandrini G, Sances G. Toler-38. 
ability of the triptans: clinical implica-
tions. Drug Saf 2003;26:93-107.

Goadsby PJ, Dodick DW, Almas M,  39. 
et al. Treatment-emergent CNS symptoms 
following triptan therapy are part of the 
attack. Cephalalgia 2007;27:254-62.

Welch KM, Mathew NT, Stone P, Rosa-40. 
mond W, Saiers J, Gutterman D. Tolerabil-
ity of sumatriptan: clinical trials and post-
marketing experience. Cephalalgia 2000; 
20:687-95. [Erratum, Cephalalgia 2001;21: 
164-5.]

Hall GC, Brown MM, Mo J, MacRae 41. 
KD. Triptans in migraine: the risks of 
stroke, cardiovascular disease, and death 
in practice. Neurology 2004;62:563-8.

Silberstein SD, Dodick D, Kesslick J. 42. 
Removing barriers to appropriate migraine 
treatment: formulary limitations and trip-
tan package size. Headache 2005;45: 
1250-4.

Wammes-van der Heijden EA, Rahim-43. 
toola H, Leufkens HG, Tijssen CC, Eg-
berts AC. Risk of ischemic complications 
related to the intensity of triptan and 
 ergotamine use. Neurology 2006;67:1128-
34.

Bigal ME, Serrano D, Buse D, Scher A, 44. 
Stewart WF, Lipton RB. Acute migraine 
medications and evolution from episodic 
to chronic migraine: a longitudinal popu-
lation-based study. Headache 2008;48: 
1157-68.

Bates D, Ashford E, Dawson R, et al. 45. 
Subcutaneous sumatriptan during the mi-
graine aura. Neurology 1994;44:1587-92.

Aurora SK, Barrodale PM, McDonald 46. 
SA, Jakubowski M, Burstein R. Revisiting 
the efficacy of sumatriptan therapy dur-
ing the aura phase of migraine. Headache 
2009;49:1001-4.

Silberstein SD, Elkind AH, Schreiber 47. 
C, Keywood C. A randomized trial of fro-
vatriptan for the intermittent prevention 
of menstrual migraine. Neurology 2004; 
63:261-9.

Adelman JU, Calhoun A. A random-48. 
ized trial of frovatriptan for the intermit-
tent prevention of menstrual migraine. 
Neurology 2005;64:931.

Snow V, Weiss K, Wall EM, Mottur-49. 
Pilson C. Pharmacologic management of 
acute attacks of migraine and prevention 
of migraine headache. Ann Intern Med 
2002;137:840-9.

Evers S, Afra J, Frese A, et al. EFNS 50. 
guideline on the drug treatment of mi-
graine — revised report of an EFNS task 
force. Eur J Neurol 2009;16:968-81.
Copyright © 2010 Massachusetts Medical Society.

collections of articles on the journal’s web site

The Journal’s Web site (NEJM.org) sorts published articles into  
more than 50 distinct clinical collections, which can be used as convenient  

entry points to clinical content. In each collection, articles are cited in reverse 
chronologic order, with the most recent first. 


