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Abstract | Migraine affects up to 25% of women of reproductive age. In the majority of these women, migraine 
improves progressively during pregnancy, but symptoms generally recur shortly after delivery. As suboptimally 
treated migraine in pregnancy could have negative consequences for both mother and fetus, the primary 
aim of clinicians should be to provide optimal treatment according to stage of pregnancy, while minimising 
possible risks related to drug therapy. Nonpharmacological approaches are always first-line treatment, and 
should also be used to complement any required drug treatment. Paracetamol is the preferred drug for acute 
treatment throughout pregnancy. If paracetamol is not sufficiently effective, sporadic use of sumatriptan can 
be considered. NSAIDs such as ibuprofen can also be used under certain circumstances, though their intake 
in the first and third trimesters is associated with specific risks and contraindications. Preventive treatment 
should only be considered in the most severe cases. In women contemplating pregnancy, counselling is 
essential to promote a safe and healthy pregnancy and postpartum period for the mother and child, and 
should involve a dialogue addressing maternal concerns and expectations about drug treatment. This Review 
summarizes current evidence of the safety of the most common antimigraine medications during pregnancy 
and breastfeeding, and provides treatment recommendations for use in clinical practice.
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Introduction
Migraine is common among women of reproductive age, 
peaking in the fourth decade of life with a one-year preva
lence of about 25%.1,2 Hormonal fluctuations in connection 
with menarche, menstruation cycle, pregnancy, meno-
pause, use of oral contraceptives, and hormonal replace-
ment therapy are known to influence attack frequency 
and severity.3

Up to 80–90% of women with migraine experience 
a progressive improvement of symptoms during preg-
nancy, and some even experience complete remission.4,5 
Spontaneous remission is less common in patients with 
migraine with aura or migraine unrelated to the men-
strual cycle.6 Of women with any type of migraine, 4–8% 
get worse during pregnancy,7 and in a few individuals, 
migraine appears for the first time during gestation, usually 
in the first trimester.8 In more than half of women who 
experience improvement during pregnancy, migraine will 
return to the level that preceded pregnancy within a month 
after delivery.4,9 In addition, the puerperium is often associ-
ated with factors that can trigger or exacerbate migraine, 
such as sleep deprivation and stress. There is somewhat 
conflicting evidence as to whether breastfeeding protects 
from recurrence of migraine after delivery.10

Nonpharmacological preventive approaches, including 
avoidance of triggering and exacerbating factors, ensuring 

adequate nutrition and sleep, exercise, biofeedback and 
relaxation are safe and potentially effective strategies that 
should be tried as first-line treatment during pregnancy.11 
When an attack is imminent, measures such as bed-rest in a 
quiet, dark room, or some hours of sleep may help to relieve 
symptoms and possibly reduce the need for medication.

Although medication use in general should be limited 
while pregnant or breastfeeding, many women suffer from 
serious and debilitating migraine attacks that are not suffi-
ciently controlled by nonpharmacological strategies alone. 
In a cohort study of 3,480 women with migraine during 
pregnancy, more than 70% reported using antimigraine 
drugs, most frequently non-narcotic analgesics (54%) and 
triptans (25%).12 Medication use is even higher among 
breastfeeding women with migraine.10

Suboptimally treated migraine during pregnancy can 
have negative consequences for the mother and the fetus, 
including impaired nutrition, dehydration, sleep dep-
rivation, increased stress, and depression.13 Moreover, 
several studies have suggested associations between 
active migraine during pregnancy and an increased risk 
of vascular complications, including stroke, gestational 
hypertension, and pre-eclampsia.14–17 Pregnant women 
with severe gestational hypertension or pre-eclampsia are 
at a higher risk of preterm delivery, giving birth to small-
for-gestational-age newborns, and placental abruption.18 
Thus, providing adequate migraine treatment is impera-
tive not only for maternal benefit, but also for fetal and 
neonatal health.
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Management of migraine with medications during 
pregnancy and in the postpartum period is challenging 
because of the potential risks to the fetus and infant. 
Many of the commonly used drugs against migraine lack 
documentation of safety related to exposure in utero or 
via breast milk. Modifications of established therapeutic 
regimens could thus be necessary to find safer therapeu-
tic options. Decisions about treatment should always be 
based on a thorough and individual risk–benefit evalu-
ation to provide effective treatment that ensures mater-
nal health and well-being while minimising potential 
adverse effects in the fetus and nursing infant.

This article aims to summarize current evidence 
about acute and preventive pharmacological treatment 
of migraine during pregnancy and lactation, and to give 
recommendations for clinical practice.

Treatment options during pregnancy
Acute treatment
Medications for the treatment of acute migraine 
attacks include paracetamol, NSAIDs, triptans, opioid 
analgesics, ergot alkaloids, and antiemetics.

Paracetamol
Paracetamol (acetaminophen) has traditionally been con-
sidered a safe and well-established treatment option in 
all stages of pregnancy.19 Findings from three independ-
ent studies published in 2013–2014 have raised concern 
about adverse neurodevelopmental effects in children 
after long-term exposure (>28 days) to paracetamol 
in utero.20–22 The European Medicines Agency (EMA) has 
evaluated the findings from the first two studies, and con-
cluded that current evidence is insufficient to support the 
association between paracetamol exposure in pregnancy 
and neurodevelopmental effects.23 Thus, paracetamol 
remains the analgesic of choice during pregnancy, and 
although its efficacy in migraine is somewhat limited, it 
could be an option for treating mild to moderate attacks.24

NSAIDs
NSAIDs are frequently used as antimigraine agents.24,25 
Prostaglandins regulate several processes before, during 
and after pregnancy, including ovulation, deciduali-
zation, implantation, placentation, cervical ripening, 
uterine contractility and involution. In the fetus, prosta
glandins mediate relaxation of smooth muscle cells 
in the ductus arteriosus, renal blood vessels and the 
systemic vasculature.26–29

Adverse pregnancy outcomes following NSAID use 
differ according to trimester of exposure. NSAID use in 
early pregnancy has been associated with miscarriage30–32 
and congenital malformations (Supplementary 
Table 1).33–35 The majority of studies evaluating the effect 
on miscarriage are large, prospective, and population-
based. Nevertheless, the findings have often remained 
inconclusive owing to methodological issues associated 
with designating pregnancy outcomes, as well as con-
founding by indication, immortal time bias and a risk 
of exposure misclassification. The effect of these issues 
is further substantiated by the fact that some studies 
could not confirm an increased risk of miscarriage.36–39 
Nevertheless, an increase in the risk of miscarriage 
after NSAID use in early pregnancy cannot be satis
factorily ruled out and also seems plausible from a 
pharmacological perspective.

Associations between prenatal NSAID exposure and 
congenital malformations have been assessed in studies 
covering more than 20,000 pregnancies (Supplementary 
Table  1).31,33–35,39–43 Some of the newer large and 
population-based prospective studies have found associ
ations with congenital malformations.34,35 By contrast, 
other recent prospective population-based studies that 
were sufficiently large to rule out a twofold increase in 
risk, could not confirm these findings.40,42,44 In addition, 
one case–control study that specifically evaluated con-
genital heart defects did not find any association with 
maternal NSAID exposure.43

Use of NSAIDs late pregnancy has been associated 
with premature closure of the ductus arteriosus,27,45,46 
neonatal intraventricular haemorrhage,45,47,48 impaired 
renal function,45,49–51 persistent pulmonary hyperten-
sion of the newborn,52,53 necrotising enterocolitis,45,57 and 
cerebral palsy (Supplementary Table 2).54 The plausibility 
of these reports from a pharmacological point of view 
warrants their findings to be taken into serious consid-
eration. Three studies have analysed the effect of in utero 
NSAID exposure on birth weight and gestational age and 
found no significant relationship.31,39,40

Finally, continuous preconceptional and pericon-
ceptional NSAID use might interfere with ovulation 
and implantation, thereby reducing the possibility of 
becoming pregnant.55

In conclusion, owing to the suggested increase in 
the risk of miscarriage and congenital malformations, 
NSAIDs should preferably be avoided in the first tri-
mester. In the second trimester and the early part of 
third trimester, the use of single doses of NSAIDs for 
treating acute migraine attacks is justified when both 
nonpharmacological therapy and paracetamol prove 
insufficient. Use of NSAIDs closer to term—we suggest 
after gestational week 32—should be avoided because of 
the increased risk of adverse fetal outcomes.

Triptans
Triptans act as serotonin 5‑HT1B/1D/1F receptor agonists.56 
5‑HT1B/1D receptors are also found in the umbilical cord 
artery57 and fetal brain.58 Of the seven triptans avail-
able worldwide (sumatriptan, zolmitriptan, naratriptan, 

Key points

■■ Migraine affects up to one in four women of reproductive age, but migraine will 
often improve spontaneously during pregnancy

■■ Nonpharmacological approaches should always be tried as first-line treatment 
for migraine during pregnancy

■■ Several effective acute antimigraine medications are reasonably safe to use for 
pregnant and breastfeeding women

■■ In pregnancy, preventive drug therapy should be considered only in the most 
severe migraine cases

■■ Periconceptional counselling is important to promote a safe and healthy 
pregnancy and postpartum period for the mother and child
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rizatriptan, almotriptan, eletriptan and frovatriptan), the 
longest clinical experience of use during pregnancy exists 
for sumatriptan.

An overview of observational studies on the safety of 
triptan use during pregnancy is given in Supplementary 
Table 3. A total of 10 studies, including more than 
6,000 exposed infants, have evaluated pregnancy out-
comes after maternal triptan use.59–68 Five of the studies 
included multiple triptans, whereas four studies evalu-
ated sumatriptan only,65–68 and one rizatriptan only.62 The 
most frequently studied adverse pregnancy outcomes 
were spontaneous abortion, congenital malformations, 
prematurity or low gestational age, and low birth weight.

Risks of congenital malformations were evaluated in 
all studies; in the majority of studies, no such associ
ation was established. A large Swedish registry linkage 
study found an increased risk of congenital malforma-
tions following eletriptan use during the first trimes-
ter.63 However, this association was based on three cases 
among 14 exposed infants, and there was no specific 
pattern to the malformations. The authors thus consid-
ered this finding as random. Two additional studies,60,64 
including a higher number of women (n = 189 and 
n = 179, respectively), have evaluated the safety of eletrip
tan in early pregnancy; these data indicated no associ
ations with congenital malformations. Spontaneous 
abortion was included as an outcome in six of the 10 
studies, and one of these studies found an association 
with triptan use.61 Unfortunately, this study did not 
report the timing of exposure or specify which triptan 
was used. An association with atonic uterus has also been 
reported (Supplementary Table 3).69

In general, most of the cited studies on triptans have 
methodological limitations. One of the major short
comings is the lack of a disease comparison group, with 
an inability to rule out the impact of the underlying 
disease. Two studies, however, included a migraine 
control group made up of women not using triptans,66,68 
and three studies included a migraine control group 
consisting of women who had used triptans before preg-
nancy only.60,64,67 In these studies, no increased risk of any 
adverse pregnancy outcomes was found in the triptan 
group compared with the migraine control group.

In conclusion, the findings from published studies 
on triptans are reassuring. Accumulated data suggest 
that sporadic use of sumatriptan is probably safe during 
pregnancy. However, despite the increased size of newer 
epidemiological studies, some still do not have suffi-
cient power to detect rare adverse outcomes. Moreover, 
concern has been raised regarding the possibility that 
the vasoconstrictive effects of triptans could cause mal-
formations related to vascular disruption, though no 
such evidence has been found in clinical studies. For 
triptans other than sumatriptan, safety documentation 
remains limited. We therefore suggest that sumatriptan 
should be the first choice if treatment with triptans is 
considered necessary during pregnancy. The guideline 
by the European Federation of Neurological Societies 
states that use of triptans in the first trimester is recom-
mended if the fetus is more at risk from severe maternal 

attacks with vomiting than from the potential adverse 
effects of triptan exposure.25 However, such advice is of 
limited clinical utility, as the possible risks related to the 
two options cannot readily be quantified.

Opioid analgesics
Opioids have limited efficacy as antimigraine medica-
tions,25 and their use should in general be discouraged 
owing to the risk of abuse and dependence.24 A few 
studies have evaluated risks of congenital malformations 
after opioid exposure during the first trimester of preg-
nancy. A large case–control study indicated an increased 
risk of atrioventricular septal defects (adjusted OR [aOR] 
2.0, 95% CI 1.2–3.6), hypoplastic left heart syndrome 
(aOR 2.4, 95% CI 1.4–4.1), spina bifida (aOR 2.0, 95% 
CI 1.3–3.2) and gastroschisis (aOR 1.8, 95% CI 1.1–2.9) 
after exposure in early pregnancy.70 However, the study 
was limited by the potential of recall bias arising from 
retrospective reporting of drug intake during pregnancy. 
In addition, the increased relative risk of these defects 
corresponds to only a modest increase in absolute risk, 
given the low baseline rates. 

A large population-based cohort study found that use 
of codeine during the third trimester was associated with 
acute caesarean delivery (aOR 1.6, 95% CI 1.2–2.2) and 
postpartum haemorrhage (aOR 1.4, 95% CI 1.1–1.7).71 
No significant associations with other adverse pregnancy 
outcomes were found. Maternal use of opioids close to 
delivery can cause neonatal respiratory depression. 
Long-term use during pregnancy can also cause with-
drawal symptoms in the newborn infant.19 Prolonged 
use should clearly be avoided during pregnancy, but 
for short-term and sporadic use, weak opioids such as 
codeine might be a rescue alternative when other agents 
have failed.

Ergot alkaloids
The evidence for efficacy of ergotamine and other ergot 
derivatives in acute migraine treatment is limited,25 and 
these agents are, in any case, contraindicated during 
pregnancy because of their vasoconstrictive and utero-
tonic effects.72 One study found a notable increase in 
the proportion of low-birth-weight newborns (16.4% 
versus 5.7%; adjusted prevalence OR 2.8, 95% CI 1.2–
6.5) and preterm births (16.4 versus 9.2%; adjusted 
prevalence OR 1.9, 95% CI 1.0–4.0) after maternal 
ergotamine use during pregnancy, probably related to 
ergotamine-induced placental vasoconstriction.73

Antiemetics
Antiemetics are used as adjunctive medications to relieve 
migraine-associated nausea and vomiting, with the dopa-
mine antagonists metoclopramide and domperidone as 
the recommended agents.25 Metoclopramide has been 
reported to enhance the efficacy of orally administered 
sumatriptan,74 possibly by promoting absorption, which 
can be impaired during a migraine attack due to gastric 
stasis.75 In pregnancy, metoclopramide is commonly used 
in the treatment of hyperemesis gravidarum, and no asso-
ciation with congenital malformations or other harmful 
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fetal effects has been established.76 Whereas the Canadian 
Headache Society recommends metoclopramide as the 
antiemetic of choice during pregnancy,24 other guidelines 
state the contrary, arguing that metoclopramide should 
be avoided because of the risk of dyskinesia.25 We have, 
however, not found any such reactions reported in the 
literature. Moreover, we consider this risk to be negligible, 
as extrapyramidal effects in infants after maternal intake 
of other dopamine antagonists (used as antipsychotic 
drugs) have only been reported with chronic use.

Safety data for domperidone in pregnancy is lacking. 
However, electrocardiographic QT‑prolongation in new-
borns and infants has been reported following paediatric 
use of domperidone.77 We therefore recommend that this 
drug should be avoided in pregnant women.

Preventive treatment
Medications commonly used for migraine prophylaxis 
include β-blockers, antiepileptic drugs, tricyclic anti
depressants, angiotensin-converting enzyme (ACE) 
inhibitors, angiotensin II receptor blockers (ARBs), 
calcium channel blockers and botulinum toxin type A 
(BTX-A). Of the various vitamin and mineral supple-
ments available, the best-documented effects (classi-
fied as ‘probably effective’ by the American Academy of 
Neurology and the American Headache Society78) exist 
for magnesium and riboflavin (vitamin B2).

Preventive treatment is often recommended to be dis-
continued before pregnancy or when pregnancy is estab-
lished, because migraine is ameliorated by pregnancy 
for most women. During pregnancy, prophylaxis has 
been advised in pregnant women with frequent (>3–4 
per month) and prolonged severe attacks, especially for 
those women who do not respond to symptomatic treat-
ment, or experience complications such as dehydration, 
anorexia and fetal stress.72

Most of the safety documentation of preventive drugs 
stems from studies on pregnant women with other dis-
eases, such as hypertension, epilepsy and depression. 
It should be borne in mind that use of these drugs in 
migraine could require different dosages than those used 
in conditions for which fetal effects have been studied, 
and that the fetal risks related to the underlying maternal 
disorder could differ as well.

β-blockers
β-blockers are shown to be effective in migraine prophy
laxis, with the best evidence obtained for propranolol 
and metoprolol.25,79 A recent meta-analysis of 12 studies 
found no increased risk of all or major congenital mal-
formations after first trimester exposure of β-blockers 
(OR 1.0, 95% CI 0.9–1.1), although an increased risk of 
cardiovascular (OR 2.0, 95% CI 1.2–3.4), orofacial (OR 
3.1, 95% CI 1.8–5.4) and neural tube defects (OR 3.6, 
95% CI 1.2–10.7) was reported.80 The two latter associ
ations, however, were mostly driven by oxprenolol, a 
nonselective lipophilic β-blocker, which is infrequently 
used today. The authors concluded that causality of 
these findings is difficult to interpret given the few and 
heterogeneous studies available. Moreover, recall bias 

could be present in nine of the 12 studies. It should 
also be noted that there is an obvious risk of confound-
ing by indication, as hypertension increases the risk 
of malformations.81

If preventive medications are considered necessary 
during pregnancy, metoprolol or propranolol in the 
lowest possible effective doses are suggested as first-
choice options.82 The metabolism of metoprolol is mark-
edly enhanced during pregnancy,83 which could impair 
its clinical effect if the dose is not increased accordingly.

Use of β-blockers in the third trimester can induce 
fetal bradycardia, and newborns exposed to β-blockers 
close to delivery should be monitored for pharmaco-
logical effects such as bradycardia, hypotension and 
hypoglycaemia.82

Antiepileptic drugs
Valproate and topiramate are the two antiepileptic 
drugs with the best evidence of efficacy in migraine 
prophylaxis.25 Neither of these is considered safe during 
pregnancy. Valproate is clearly teratogenic, with an 
approximately 11% risk of malformations (mainly neural 
tube defects and cleft palate) after exposure in utero,84 
which is considerably higher than the 2–3% risk among 
children in the general population. Exposure in late 
pregnancy has been associated with adverse neuro
developmental effects including autism, impaired 
cognitive function and reduced intelligence.84–86 Thus, 
valproate should be considered contraindicated as 
migraine prophylaxis in pregnant women.87

Maternal use of topiramate in early pregnancy has been 
associated with an increased risk of oral clefts.88,89 Very 
limited data exist on late pregnancy exposure to topira-
mate, but low birth weight has been reported.90 Moreover, 
unfavourable neurodevelopmental effects cannot be 
excluded considering the risk of such outcomes in most 
other antiepileptics. On the basis of these possible risks, 
topiramate should not be offered as preventive therapy for 
migraine in any stage of pregnancy.

Antidepressants
Of the tricyclic antidepressants used in the prevention of 
migraine, amitriptyline has the best-documented effect.25 
Use in pregnancy is controversial, despite little evidence 
of any major teratogenic potential. In one study, amitrip-
tyline was found to increase the risk of pre-eclampsia 
in women with depression (RR 1.7, 95% CI 1.2–2.4).91 
Data on exposure to antidepressants in late pregnancy is 
limited, but neonatal effects, including preterm birth, res-
piratory distress, and hypoglycaemia have been reported 
after maternal antidepressant use during the third trimes-
ter.92 Nevertheless, amitriptyline has been suggested as a 
second-line choice (after β-blockers) as preventive therapy 
in pregnant women.93 Like for metoprolol,83 it might be 
necessary to increase the dose of amitriptyline during 
pregnancy owing to its enhanced metabolism.

ACE inhibitors, ARBs and calcium channel blockers
Intrauterine exposure to ACE inhibitors and ARBs 
is associated with increased risk of adverse outcomes 
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in the fetus, including miscarriage, oligohydramnios, 
renal failure and death (intrauterine or after birth).94,95 
Exposure to ACE inhibitors in early pregnancy has been 
associated with an increased risk of major congeni-
tal malformations (RR 2.7, 95% CI 1.7–4.3), including 
cardiovascular and CNS defects.96 Hence, ACE inhibi-
tors and ARBs are considered contraindicated at any 
stage in pregnancy.94 The calcium channel blocker flu-
narizine should not be used during pregnancy owing to 
insufficient safety data.

Botulinum toxin type A
BTX‑A is a purified neurotoxin isolated from the bacte-
rium Clostridium botulinum. It is administered as intra-
muscular injections in the neck and head. Because of its 
high molecular weight, BTX‑A is not expected to cross 
the placenta.97 Only one case report for the treatment of 
migraine during pregnancy has been published.98 Here, 
the patient received repeated injections from gestational 
week 18 with full resolution of migraine symptoms. The 
child was followed up for 6.5 years without detection of 
any neuromuscular or developmental adverse effects. 
Other reported cases are related to use of BTX‑A during 
pregnancy for other indications, such as for cosmetic 
purposes. Reports of botulism during pregnancy also 
exist. These observations do not indicate that maternal 
treatment with BTX‑A will adversely affect the fetus.97 
Nevertheless, owing to the very scarce data avail-
able, BTX‑A should only be considered in exceptional 
treatment-refractory cases.

Magnesium and riboflavin
Magnesium has been widely used during pregnancy for 
other indications than migraine. Various magnesium salts 
are found in antacids as well as in laxatives. Magnesium 
sulphate is also used in the third trimester for the treat-
ment of pre-eclampsia. There are no indications of any 
untoward maternal or fetal effects after such use, and 
in a recent study no neurological, cognitive or behav-
ioural harms were detected in children followed up for 
6–11 years after intrauterine exposure.99 Magnesium use 
during pregnancy is, therefore, considered safe. 

As there are no available data regarding fetal risks for 
riboflavin, this drug cannot be recommended during preg-
nancy in doses higher than those used for conventional 
vitamin supplementation.

Treatment options during breastfeeding
Human milk represents the ideal source of nutrients for 
small infants, and provides immunological and antioxi-
dant protection superior to that of milk substitutes. As the 
infant should not unnecessarily be denied the benefits of 
breast milk, women are strongly encouraged to breastfeed 
whenever possible.100 Thus, in addition to the possible risk 
related to drug exposure via breast milk, the disadvan-
tage of not receiving breast milk should always be taken 
into account when performing a risk–benefit evaluation 
related to medications for lactating women.

In order to quantify infant drug exposure through milk 
for a fully breastfed infant, the relative infant dose (RID) 

is one of the most central measures (Box 1). Another 
important factor is the infant age. As the processes for 
elimination of drugs gradually mature during the first 
months of life, even drugs with a relatively high RID, 
which preferably should be avoided in premature and 
newborn babies, can safely be given to a lactating mother 
whose infant is older.

Acute treatment
Paracetamol
Paracetamol is excreted in breast milk in low concen-
trations,102 and the metabolic capacity of paracetamol 
is about the same in neonates as in adults.103 With the 
exception of one case report of a 2‑month-old infant 
who developed a rash after exposure to paracetamol 
through breast milk,104 no adverse effects in breastfed 
infants have been described in literature. On the basis of 
long clinical experience, paracetamol is considered safe 
during breastfeeding.24,103

NSAIDs
In general, NSAIDs are considered compatible with 
breastfeeding, with ibuprofen being the drug of choice 
owing to its short elimination half-life (about 2 h), lack 
of active metabolites, and low excretion in milk.24,72 
In addition, there are no adverse effects reported in 
breastfed infants.103 In a recent review, diclofenac and 
naproxen were also regarded as compatible with breast-
feeding, but caution is warranted because the risk 
profile is less certain.105 We suggest that naproxen and 
diclofenac should be regarded as second choices within 
the NSAID group.

More controversies exist regarding the safety profile of 
aspirin. Thrombocytopenic purpura has been reported 
in an infant exposed to aspirin via breast milk.106 As 
children exposed to salicylates have a theoretical risk of 
Reye syndrome, regular use during breastfeeding should 
be avoided.82 Occasional use of single doses, however, 
should not be expected to pose a risk to the infant.103

Triptans
Making recommendations for triptan use is hindered 
by the lack of data. One study including five lactat-
ing women treated with a single, subcutaneous dose 
of sumatriptan found that the estimated RID was only 
3.5%, suggesting that use of sumatriptan during lacta-
tion should not pose a substantial risk to the infant.107 
The Summary of Product Characteristics for sumatriptan 

Box 1 | Breastfeeding and relative infant dose

Relative infant dose (RID)101 is the weight-adjusted dose 
of a drug received by the infant via breast milk, expressed 
as a percentage of the weight-adjusted maternal dose.

Infant daily dose (mg/kg)RID =  Maternal daily dose (mg/kg)
 × 100

■■ RID <10%: breastfeeding is generally considered safe, 
with the exception of highly toxic agents

■■ RID ≥10%: it is generally assumed that a potential risk 
of pharmacological effects in the infant may exist
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advises that breastfeeding should be avoided for 12 h 
after treatment.108 We consider this precaution to be too 
conservative given the drug’s short elimination half-life 
of about 2 h and its low oral bioavailability; we advise that 
the mother may breastfeed as soon as practically feasible 
after recovering from the migraine attack.

Eletriptan is suggested to be even safer than suma
triptan because its high plasma protein binding results 
in lower concentrations in breast milk than in case of 
sumatriptan.109 Excretion of eletriptan in breast milk has 
been studied in eight women, and a maternal dose of up 
to 80 mg daily produced low levels in breast milk.101 The 
estimated RID of 0.2% would not be expected to cause 
any adverse effects in breastfed infants.

To date, there are no published data on other triptans. 
Until more safety data are provided, caution is recom-
mended for the use of these triptans during lactation. 
As frovatriptan has a long half-life (25–30 h) compared 
with other triptans, we suggest that—until more data are 
available—this drug should be avoided in breastfeeding 
women, at least during the infant’s first months of life.

Opioid analgesics
Administration of single doses of opioid analgesics 
is generally viewed as compatible with breastfeeding 
because, for most opioids, only low levels have been 
detected in milk.103 Neonatal death has been reported 
in an infant whose mother used a paracetamol–codeine 
combination in therapeutic doses over a 13-day period 
following delivery.110 The infant gradually developed 
lethargy and had difficulties in feeding. The mother 
carried a CYP2D6 allele associated with ultrarapid 
metabolisation of codeine to morphine, which led the 
infant to be exposed to toxic levels of morphine in 
the breast milk. Thus, repeated dosing of codeine should 
be avoided. Some argue that maternal CYP2D6 geno-
typing should be considered before prescribing codeine 
during breastfeeding,111 but such a procedure does not 
seem justified if codeine is used occasionally in single 
doses. In general, sporadic use of opioids in the lowest 
effective analgesic dose could be a rescue alternative 
when other agents are ineffective.112 However, particu-
lar caution should be taken when the infant is prema-
ture or newborn24 owing to their impaired capacity to 
metabolize opioids.

Ergot alkaloids
As existing documentation is very scarce, use of ergot-
amine is not recommended in breastfeeding women. A 
study from 1934 reported vomiting, diarrhoea and con-
vulsions in breastfed infants whose mothers used ergot-
amine for migraine, and on this basis different sources 
either strongly discourage prolonged use in nursing 
mothers101 or consider it contraindicated altogether.19 
Moreover, ergotamine can inhibit prolactin secretion 
and thereby decrease milk production.101

Antiemetics
Metoclopramide is excreted in breast milk with RID 
values ranging from 4.7–14.3%,101 but infant plasma 

concentrations after exposure via breast milk are low,113 
and no adverse effects have been reported in breastfed 
infants. Thus, even though the RID is relatively high, 
metoclopramide in single doses would not be expected 
to cause any harmful effects in the infant, and could be 
considered compatible with breastfeeding.

Preventive treatment
β-blockers
β-blockers are suggested as first-choice medications 
if migraine prophylaxis is needed during lactation.93 
Propranolol is excreted into breast milk, but the infant 
doses are considerably lower than those used therapeu-
tically in infants.114 Metoprolol is also excreted in breast 
milk to some extent, with an RID of 1.4%.101 As infant 
plasma concentrations are negligible, use during breast-
feeding is not expected to pose a risk to the infant.115,116 
Although symptoms caused by β-blockade (such as 
bradycardia and hypoglycaemia) have not previously 
been reported following exposure to propranolol or 
metoprolol via milk, some authors nevertheless recom-
mend that exposed infants should be closely observed for 
these signs.117 Even though such effects perhaps could be 
an issue in preterm infants or newborns, we consider it 
unlikely that any such pharmacological effect would arise 
in a breastfed infant.

Antiepileptics
Valproate binds highly to plasma proteins, thereby 
limiting its passage into breast milk. The estimated 
RID is low, 1.4–1.7%.118 Moreover, infant plasma levels 
after exposure via breast milk are considerably lower 
than the therapeutic plasma concentrations in infants 
and children treated for seizures.118 Thus, valproate is 
considered compatible with breastfeeding. However, it 
has been argued that valproate is best avoided owing 
to its teratogenic potential should the lactating mother 
become pregnant again.93

Data on the excretion of topiramate in human milk 
are limited. A study in five women found RID values of 
3–23%.119 Infant drug levels were 10–20% of the mater-
nal plasma levels, and in one infant the concentration 
was below the detectable level. No adverse effects were 
reported in the breastfed infants. Although topiramate 
is generally regarded as compatible with breastfeeding—
despite a less documented safety profile than compar
able drugs105—it seems advisable to monitor at least 
the youngest infants for sedation, irritability, poor 
suckling, and diarrhoea, because of its relatively high 
RID values.

Antidepressants
Milk levels of amitriptyline and its active metabolite 
nortriptyline are low, with estimated RID values of 
1.2–2.5%.120 Adverse effects have not been reported in 
breastfed infants, and infant plasma levels have been 
reported to be very low. On the other hand, data are 
generally sparse, and other tricyclic antidepressants 
have elimination half-lives that are considerably longer 
in infants than in adults.120 Therefore, accumulation 
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cannot be excluded in premature and newborn babies. 
In such cases, caution could be warranted, and the infant 
should be monitored for signs such as sedation, poor 
suckling, and constipation. By contrast, in older infants, 
amitriptyline exposure through breast milk would not 
be expected to cause any adverse effects. Thus, amitrip-
tyline could be considered as migraine prophylaxis in 
the postpartum period in cases where β-blockers are 
ineffective or contraindicated.93

ACE inhibitors, ARBs and calcium channel blockers
Data on the excretion of ACE inhibitors and ARBs into 
milk are extremely scarce, with the exception of ACE 
inhibitor enalapril, for which RID values of 0.07–0.2% 
have been estimated. Even though such low concen-
trations would not be expected to pose any significant 
risk to the infant, enalapril is potentially nephrotoxic 
in premature or newborn infants and should be used 
with caution.101

Table 1 | Safety of commonly used antimigraine medications over the course of pregnancy and during lactation

Medication Close to 
conception

First trimester Second trimester 
and early third 
trimester

Late third 
trimester

During lactation

Acute treatment*

Paracetamol Considered safe Considered safe Considered safe Considered safe Considered safe

Sumatriptan No evidence of 
increased fetal 
or maternal risk

No evidence of 
increased risk 
of malformations

No evidence of 
increased fetal 
or maternal risk

No evidence of 
increased fetal 
or maternal risk 

Considered safe

Other triptans No evidence of 
increased fetal or 
maternal risk, but 
data are limited

No clear evidence of 
malformations, but 
data are limited

No evidence of 
increased fetal 
or maternal risk

No evidence of 
increased fetal 
or maternal risk

Most triptans are 
probably compatible 
with breastfeeding

NSAIDs:
ibuprofen, 
diclofenac, 
naproxen

Possibly 
increased risk 
of miscarriage

Possibly 
increased risk 
of malformations

Single doses 
considered safe in 
second trimester; 
occasional use of 
single doses up to 
week 32 in the third 
trimester should not 
pose any risk to 
the fetus

Risk of harmful 
fetal and maternal 
effects if used after 
week 32

Generally compatible 
with breastfeeding, with 
ibuprofen being the 
drug of choice

Preventive treatment

β-blockers:
metoprolol, 
propranolol

No evidence of 
increased fetal 
or maternal risk

Occasional reports 
of increased risk of 
some malformations, 
but causality not 
established

In general, no 
notable teratogenic 
effects demonstrated

Risk of adverse 
effects in the fetus, 
for example 
bradycardia

Risk of adverse 
effects in the 
newborn infant, 
for example 
bradycardia, 
hypotension and 
hypoglycaemia 

Adverse effects in the 
infant are unlikely

Tricyclic 
antidepressants: 
amitriptyline

No evidence of 
increased fetal 
or maternal risk

Few data exist; 
no evidence for 
teratogenic effects 
for tricyclic 
antidepressants 
in general

Very few data exist; 
increased risk of 
pre-eclampsia in one 
study

Adverse effects and 
withdrawal 
symptoms in the 
newborn infant 
cannot be excluded

Low excretion in milk, 
but few data available

Impaired elimination in 
premature and newborn 
infants might cause 
accumulation

Antiepileptics: 
valproate

Increased risk 
of neural tube 
defects in the 
fetus

Increased risk 
of a variety of 
malformations

Risk of unfavourable 
long-term 
neurodevelopmental 
effects

Risk of unfavourable 
long-term 
neurodevelopmental 
effects

No risk for the 
breastfed infant, but 
an obvious risk of 
teratogenic effects if 
the mother should 
become pregnant again

Antiepileptics: 
topiramate

No data exist, but 
experience with 
other antiepileptic 
drugs suggests it 
is wise to avoid 
use

Increased risk of 
orofacial clefts

Few data exist, but 
unfavourable mental 
and neuromotor 
effects in the child 
cannot be excluded

Few data exist, but 
unfavourable mental 
and neuromotor 
effects in the child 
cannot be excluded

Generally considered 
compatible with 
breastfeeding, but in 
premature and newborn 
infants, drug levels 
might accumulate to 
cause adverse effects

Overview of the safety of commonly used antimigraine medications related to stage of pregnancy and lactation. Dark green pills indicate drugs that are considered safe. Light green pills 
indicate drugs that are generally considered safe, but uncertainty exists owing to, for example, risks associated with specific drugs in a class or with a certain time period during pregnancy, 
or because of the limited data. Yellow pills indicate drugs for which increased risk of harm cannot be excluded, either because of studies revealing harmful effects or a lack of data supporting 
safety. Red pills indicate contraindicated drugs, for which the risk to the fetus or infant exceeds the therapeutic benefit to the mother. *Classification presupposes occasional use; risks may 
increase with frequent or excessive use.
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No data exist on flunarizine excretion into milk, 
and no reports are found in literature regarding its use 
during lactation. Due to its very long elimination half-
life in infants—19 days—use in breastfeeding women 
is discouraged.105

Botulinum toxin type A
No reports on the use of BTX‑A during lactation are 
described in literature. Because of its high molecular 
weight, the drug is not expected to appear in the systemic 

circulation and would consequently not be excreted into 
breast milk.19

Magnesium and riboflavin
Magnesium is normally found in breast milk, and data 
from one study indicates that maternal intake of magne-
sium increases its concentration in milk only slightly.121 
The RID of magnesium is estimated to be 0.2%. As the 
absorption of magnesium from the gut is poor, there is 
no reason to believe that surplus magnesium in breast 
milk would cause any substantial effects in the infant. 
Although even fewer data are available for riboflavin, this 
drug is also considered compatible with breastfeeding.101

Clinical recommendations
Before pregnancy
If relevant, all women of fertile age with migraine 
should be informed about any potential adverse effects 
that current medication might have on the fetus—even 
women who do not report contemplating pregnancy. 
Particular precautions should be taken with drugs with 
an established teratogenic risk. The EMA has recently 
stated that doctors should exclude pregnancy before pre-
scribing valproate for women with migraine, and that it 
should not be prescribed to those who are not on effec-
tive contraception.87 We recommend that topiramate, 
ACE inhibitors and ARBs should be stopped and avoided 
by women contemplating pregnancy, and women of 
fertile age using these drugs should be informed about 
adequate contraception. In general, discontinuation of 
preventive therapy is recommended before pregnancy 
or when pregnancy is established, because migraine is 
usually ameliorated by pregnancy itself.

In the periconceptional period, good counselling is 
particularly important, and should address the expected 
disease activity throughout pregnancy and the post-
partum period, the potential teratogenic risks of still 
ongoing drug treatment (Table 1), and the alternative 
treatment options. To promote adherence to therapy, 
the dialogue should also focus on the woman’s concerns, 
expectations, and knowledge about her medication.

During pregnancy
Nonpharmacological strategies should be the mainstay 
of treatment in pregnant women and always comple-
mentary when pharmacological treatment is required. 
Nevertheless, the possible risks associated with untreated 
or poorly managed migraine should be borne in mind, 
and absolute restrictions in pharmacotherapy are there-
fore not advisable. When medication is required, the aim 
is to provide the most effective treatment constituting 
the lowest possible risk to the fetus (Table 1). With many 
treatment options available, the medication regimen 
must be tailored to the individual patient, taking into 
consideration the frequency and severity of migraine 
attacks, accompanying symptoms, and the woman’s pre-
vious drug experience and current preferences. Figure 1 
presents a treatment algorithm in pregnant women. 
Regular follow-up assessments, preferably on a monthly 
basis, are recommended.

Nature Reviews | Neurology

Clinical assessment and dialogue
 Severity of migraine?

 If pregnant, which gestational week?
 Which medications have worked in the past?

 Accompanying symptoms (e.g. nausea, vomiting)?
 Individual attitudes and preferences?

Shared decision about strategy for 
migraine treatment in pregnancy

Encourage and provide information
on nonpharmacological strategies

Prescription of medication
Regular follow-up assessments

Nonpharmacological treatment
Identify and avoid triggers

Adequate and regular sleep and nutrition
Stress reduction (consider sick leave)

Biofeedback, relaxation

Consider preventive treatment
if attack frequency ≥4 per month

Yes

No

Yes NoOnly
partially

Yes

No

Paracetamol NSAIDsTriptans Others:
Opioid analgesics

Antiemetics 

Yes No

Continue with 
paracetamol

Is paracetamol
effective?

Could paracetamol be an alternative?

Select a triptan, an NSAID or another drug on the basis
of clinical assessment and potential risks for the fetus

Continue with 
medication

Is the therapy effective?

Assess symptoms
Increase dose

Add another drug 
for acute treatment
Add an antiemetic

Could other drugs
for acute treatment
be an alternative?

Optimal pharmacological treatment used in the past

Figure 1 | Algorithm for the treatment of migraine in pregnant women. When 
medication is needed, paracetamol should be the first choice. If this drug is 
insufficiently effective within the recommended dosage range, limited use of 
triptans can be considered. Of these, sumatriptan is the first-choice, as its safety 
during pregnancy has been more extensively studied than for the other triptans. 
NSAIDs, preferably ibuprofen, can also be used under certain circumstances, 
although there are specific risks and contraindications related to intake in the 
first and third trimesters (Table 1). Opioids are generally not recommended, but 
from a teratogenic point of view, sporadic use should not pose any risk to the 
fetus. Thus, when used in single doses, short-acting opioids, such as codeine, 
can be an option when other antimigraine agents fail. Antiemetics, preferably 
metoclopramide, can be considered as conjunctive therapy in women experiencing 
disabling nausea and vomiting. According to current evidence of safety, the 
β-blockers propranolol and metoprolol are considered the drugs of choice when 
preventive treatment is needed.
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The postpartum period
Maternal wishes and expectations regarding breastfeed-
ing and the choice of medication should be addressed 
well in advance of delivery. Women whose migraine 
improves during pregnancy should be informed about 
the likely return of symptoms following delivery.

None of the most commonly used drugs for acute 
treatment of migraine are transferred into breast milk in 
pharmacologically significant amounts. Thus, in most 
cases, breastfeeding could be encouraged, as the benefits 
of receiving breast milk by far outweigh any potential 
risks to the infant (Table 1). However, more research is 
needed to quantify infant exposure of the least studied 
agents, such as the newer triptans.

Conclusions
Several effective antimigraine medications are reason-
ably safe for use by pregnant and breastfeeding women. 
Nonpharmacological strategies are always first-line treat-
ment options for mild migraine, and should also be used 
complementarily whenever pharmacological treatment 
is required. In pregnancy, prophylactic treatment should 
only be considered in the most severe cases. Women with 

migraine should be offered periconceptional counselling 
to promote a safe, healthy pregnancy and postpartum 
period for mother and child.

Review criteria

A literature search was performed in Medline and 
Embase using the keywords “migraine”, “drug 
therapy”, “pregnancy”, “pregnancy outcome”, “birth 
defects”, “congenital malformations”, “breast milk”, 
“breastfeeding” and “lactation”, combined with the 
individual migraine medication or medication group 
considered. Medical Subject Headings (MeSH terms) 
were used when possible. For each relevant paper, the 
bibliography was scrutinized for additional citations. Only 
studies in humans, published in English were included. 
We consulted the migraine treatment guidelines from 
the American Academy of Neurology and the American 
Headache Society,78,79 the Canadian Headache 
Society,24,93 and the European Federation of Neurological 
Societies.25 We also consulted textbooks and Internet 
resources on drug use during pregnancy and lactation 
(Supplementary further reading). Finally, the authors’ own 
clinical experience and research have been included in 
the material.

1.	 Stovner, L. J., Zwart, J. A., Hagen, K., 
Terwindt, G. M. & Pascual, J. Epidemiology of 
headache in Europe. Eur. J. Neurol. 13, 333–345 
(2006).

2.	 Lipton, R. B. et al. Migraine prevalence, disease 
burden, and the need for preventive therapy. 
Neurology 68, 343–349 (2007).

3.	 Sacco, S., Ricci, S., Degan, D. & Carolei, A. 
Migraine in women: the role of hormones and 
their impact on vascular diseases. J. Headache 
Pain 13, 177–189 (2012).

4.	 Sances, G. et al. Course of migraine during 
pregnancy and postpartum: a prospective study. 
Cephalalgia 23, 197–205 (2003).

5.	 Maggioni, F., Alessi, C., Maggino, T. & Zanchin, G. 
Headache during pregnancy. Cephalalgia 17, 
765–769 (1997).

6.	 Nappi, R. E. et al. Headaches during pregnancy. 
Curr. Pain Headache Rep. 15, 289–294 (2011).

7.	 Aube, M. Migraine in pregnancy. Neurology 53, 
S26–S28 (1999).

8.	 Wright, G. D. & Patel, M. K. Focal migraine 
and pregnancy. Br. Med. J. (Clin. Res. Ed.) 293, 
1557–1558 (1986).

9.	 Hoshiyama, E. et al. Postpartum migraines: 
a long-term prospective study. Intern. Med. 51, 
3119–3123 (2012).

10.	 Kvisvik, E., Stovner, L., Helde, G., Bovim, G. 
& Linde, M. Headache and migraine during 
pregnancy and puerperium: the MIGRA-study. 
J. Headache Pain 12, 443–451 (2011).

11.	 Contag, S. A. & Bushnell, C. Contemporary 
management of migrainous disorders in 
pregnancy. Curr. Opin. Obstet. Gynecol. 22,  
437–445 (2010).

12.	 Nezvalová-Henriksen, K., Spigset, O. & 
Nordeng, H. Maternal characteristics and 
migraine pharmacotherapy during pregnancy: 
cross-sectional analysis of data from a large 
cohort study. Cephalalgia 29, 1267–1276 
(2009).

13.	 Gladstone, J. P., Eross, E. J. & Dodick, D. W. 
Migraine in special populations. Treatment 
strategies for children and adolescents, 
pregnant women, and the elderly. Postgrad. Med. 
115, 39–44, 47–50 (2004).

14.	 Facchinetti, F. et al. Migraine is a risk factor 
for hypertensive disorders in pregnancy: 
a prospective cohort study. Cephalalgia 29, 
286–292 (2009).

15.	 Williams, M. A. et al. Trimester-specific blood 
pressure levels and hypertensive disorders 
among pregnant migraineurs. Headache 51, 
1468–1482 (2011).

16.	 Adeney, K. L. et al. Risk of preeclampsia 
in relation to maternal history of migraine 
headaches. J. Matern. Fetal Neonatal Med. 18, 
167–172 (2005).

17.	 Bushnell, C. D., Jamison, M. & James, A. H. 
Migraines during pregnancy linked to stroke 
and vascular diseases: US population based 
case-control study. BMJ 338, b664 (2009).

18.	 Hauth, J. C. et al. Pregnancy outcomes in healthy 
nulliparas who developed hypertension. Calcium 
for Preeclampsia Prevention Study Group. 
Obstet. Gynecol. 95, 24–28 (2000).

19.	 Briggs, G. G. & Freeman, R. K. (eds) Drugs in 
Pregnancy and Lactation: A Reference Guide to 
Fetal and Neonatal Risk 10th edn (Wolters Kluwer 
Health, 2014).

20.	 Thompson, J. M., Waldie, K. E., Wall, C. R., 
Murphy, R. & Mitchell, E. A. Associations 
between acetaminophen use during 
pregnancy and ADHD symptoms measured 
at ages 7 and 11 years. PLoS ONE 9, 
e108210 (2014).

21.	 Brandlistuen, R. E., Ystrøm, E., Nulman, I., 
Koren, G. & Nordeng, H. Prenatal paracetamol 
exposure and child neurodevelopment: a sibling-
controlled cohort study. Int. J. Epidemiol. 42, 
1702–1713 (2013).

22.	 Liew, Z., Ritz, B., Rebordosa, C., Lee, P. C. & 
Olsen, J. Acetaminophen use during pregnancy, 
behavioral problems, and hyperkinetic disorders. 
JAMA Pediatr. 168, 313–320 (2014).

23.	 European Medicines Agency. Pharmacovigilance 
Risk Assessment Committee (PRAC): minutes of 
the meeting on 5–8 May 2014. PRAC: Agendas, 
minutes and highlights [online], http:// 
www.ema.europa.eu/docs/en_GB/document_
library/Minutes/2014/06/WC500169468.pdf 
(2014).

24.	 Worthington, I. et al. Canadian Headache Society 
Guideline: acute drug therapy for migraine 
headache. Can. J. Neurol. Sci. 40, S1–S80 
(2013).

25.	 Evers, S. et al. EFNS guideline on the drug 
treatment of migraine—revised report of an 
EFNS task force. Eur. J. Neurol. 16, 968–981 
(2009).

26.	 Østensen, M. & Skomsvoll, J. Anti-inflammatory 
pharmacotherapy during pregnancy. Expert Opin. 
Pharmacother. 5, 571–580 (2004).

27.	 Koren, G., Florescu, A., Costei, A. M., 
Boskovic, R. & Moretti, M. E. Nonsteroidal 
antiinflammatory drugs during third trimester 
and the risk of premature closure of the ductus 
arteriosus: a meta-analysis. Ann. Pharmacother. 
40, 824–829 (2006).

28.	 Insel, P. A. in Goodman and Gilman’s The 
Pharmacological Basis of Therapeutics 9th edn 
Ch. 27 (eds Hardman, J. G. et al.) 617–657 
(MacGraw–Hill, 1996).

29.	 Reese, J. et al. Coordinated regulation of fetal 
and maternal prostaglandins directs successful 
birth and postnatal adaptation in the mouse. 
Proc. Natl Acad. Sci. USA 97, 9759–9764 
(2000).

30.	 Li, D. K., Liu, L. & Odouli, R. Exposure to non-
steroidal anti-inflammatory drugs during 
pregnancy and risk of miscarriage: population 
based cohort study. BMJ 327, 368 (2003).

31.	 Nielsen, G. L., Sørensen, H. T., Larsen, H. & 
Pedersen, L. Risk of adverse birth outcome and 
miscarriage in pregnant users of non-steroidal 
anti-inflammatory drugs: population based 
observational study and case-control study. 
BMJ 322, 266–270 (2001).

32.	 Nakhai-Pour, H. R., Broy, P., Sheehy, O. & 
Berard, A. Use of nonaspirin nonsteroidal anti-
inflammatory drugs during pregnancy and the 
risk of spontaneous abortion. CMAJ 183,  
1713–1720 (2011).

33.	 Hernandez, R. K., Werler, M. M., Romitti, P., 
Sun, L. & Anderka, M. Nonsteroidal 
antiinflammatory drug use among women and 
the risk of birth defects. Am. J. Obstet. Gynecol. 
206, 228.e1–228.e8 (2012).

REVIEWS

© 2015 Macmillan Publishers Limited. All rights reserved

http://www.ema.europa.eu/docs/en_GB/document_library/Minutes/2014/06/WC500169468.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Minutes/2014/06/WC500169468.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Minutes/2014/06/WC500169468.pdf


218  |  APRIL 2015  |  VOLUME 11� www.nature.com/nrneurol

34.	 Ofori, B., Oraichi, D., Blais, L., Rey, E. & Berard, A. 
Risk of congenital anomalies in pregnant users 
of non-steroidal anti-inflammatory drugs: 
a nested case-control study. Birth Defects Res. B 
Dev. Reprod. Toxicol. 77, 268–279 (2006).

35.	 Ericson, A. & Källén, B. A. Nonsteroidal anti-
inflammatory drugs in early pregnancy. Reprod. 
Toxicol. 15, 371–375 (2001).

36.	 Daniel, S. et al. Fetal exposure to nonsteroidal 
anti-inflammatory drugs and spontaneous 
abortions. CMAJ 186, E177–E182 (2014).

37.	 Edwards, D. R. et al. Periconceptional 
over‑the‑counter nonsteroidal anti-inflammatory 
drug exposure and risk for spontaneous 
abortion. Obstet. Gynecol. 120, 113–122 (2012).

38.	 Nielsen, G. L., Skriver, M. V., Pedersen, L. 
& Sørensen, H. T. Danish group reanalyses 
miscarriage in NSAID users. BMJ 328, 109 
(2004).

39.	 Cassina, M. et al. First trimester diclofenac 
exposure and pregnancy outcome. Reprod. 
Toxicol. 30, 401–404 (2010).

40.	 Nezvalová-Henriksen, K., Spigset, O. & 
Nordeng, H. Effects of ibuprofen, diclofenac, 
naproxen, and piroxicam on the course of 
pregnancy and pregnancy outcome: 
a prospective cohort study. BJOG 120,  
948–959 (2013).

41.	 Daniel, S. et al. Major malformations following 
exposure to nonsteroidal antiinflammatory drugs 
during the first trimester of pregnancy. 
J. Rheumatol. 39, 2163–2169 (2012).

42.	 van Gelder, M. M., Roeleveld, N. & Nordeng, H. 
Exposure to non-steroidal anti-inflammatory 
drugs during pregnancy and the risk of selected 
birth defects: a prospective cohort study. 
PLoS ONE 6, e22174 (2011).

43.	 Cleves, M. A. et al. Maternal use of 
acetaminophen and nonsteroidal anti-
inflammatory drugs (NSAIDs), and muscular 
ventricular septal defects. Birth Defects Res. A 
Clin. Mol. Teratol 70, 107–113 (2004).

44.	 Jensen, M. S. et al. Maternal use of 
acetaminophen, ibuprofen, and acetylsalicylic 
acid during pregnancy and risk of cryptorchidism. 
Epidemiology 21, 779–785 (2010).

45.	 Norton, M. E., Merrill, J., Cooper, B. A., 
Kuller, J. A. & Clyman, R. I. Neonatal 
complications after the administration of 
indomethacin for preterm labor. N. Engl. J. Med. 
329, 1602–1607 (1993).

46.	 Vermillion, S. T., Scardo, J. A., Lashus, A. G. & 
Wiles, H. B. The effect of indomethacin tocolysis 
on fetal ductus arteriosus constriction with 
advancing gestational age. Am. J. Obstet. Gynecol. 
177, 256–259; discussion 259–261 (1997).

47.	 Ojala, R., Ikonen, S. & Tammela, O. Perinatal 
indomethacin treatment and neonatal 
complications in preterm infants. Eur. J. Pediatr. 
159, 153–155 (2000).

48.	 Doyle, N. M., Gardner, M. O., Wells, L., Qualls, C. 
& Papile, L. A. Outcome of very low birth weight 
infants exposed to antenatal indomethacin for 
tocolysis. J. Perinatol. 25, 336–340 (2005).

49.	 Ojala, R. et al. Renal follow up of premature 
infants with and without perinatal indomethacin 
exposure. Arch. Dis. Child. Fetal Neonatal Ed. 84, 
F28–F33 (2001).

50.	 Benini, D., Fanos, V., Cuzzolin, L. & Tato, L. 
In utero exposure to nonsteroidal anti-
inflammatory drugs: neonatal renal failure. 
Pediatr. Nephrol. 19, 232–234 (2004).

51.	 Phadke, V., Bhardwaj, S., Sahoo, B. & 
Kanhere, S. Maternal ingestion of diclofenac 
leading to renal failure in newborns. Pediatr. 
Nephrol. 27, 1033–1036 (2012).

52.	 Alano, M. A., Ngougmna, E., Ostrea, E. M. Jr 
& Konduri, G. G. Analysis of nonsteroidal 

antiinflammatory drugs in meconium and its 
relation to persistent pulmonary hypertension of 
the newborn. Pediatrics 107, 519–523 (2001).

53.	 Van Marter, L. J., Hernandez-Diaz, S., 
Werler, M. M., Louik, C. & Mitchell, A. A. 
Nonsteroidal antiinflammatory drugs in late 
pregnancy and persistent pulmonary 
hypertension of the newborn. Pediatrics 131, 
79–87 (2013).

54.	 Tyler, C. P. et al. Brain damage in preterm 
newborns and maternal medication: the 
ELGAN Study. Am. J. Obstet. Gynecol. 207, 
192.e1–192.e9 (2012).

55.	 Provost, M., Eaton, J. L. & Clowse, M. E. Fertility 
and infertility in rheumatoid arthritis. Curr. Opin. 
Rheumatol 26, 308–314 (2014).

56.	 Soldin, O. P., Dahlin, J. & O’Mara, D. M. Triptans 
in pregnancy. Ther. Drug Monit. 30, 5–9 (2008).

57.	 Gupta, S. et al. Functional reactivity of 5‑HT 
receptors in human umbilical cord and maternal 
subcutaneous fat arteries after normotensive or 
pre-eclamptic pregnancy. J. Hypertens. 24, 
1345–1353 (2006).

58.	 Bonnin, A. & Levitt, P. Fetal, maternal, and 
placental sources of serotonin and new 
implications for developmental programming 
of the brain. Neuroscience 197, 1–7 (2011).

59.	 Ephross, S. A. & Sinclair, S. M. Final results 
from the 16-year sumatriptan, naratriptan, 
and treximet pregnancy registry. Headache 54, 
1158–1172 (2014).

60.	 Nezvalová-Henriksen, K., Spigset, O. & 
Nordeng, H. Triptan safety during pregnancy: 
a Norwegian population registry study. Eur. J. 
Epidemiol. 28, 759–769 (2013).

61.	 Berard, A. & Kori, S. Dihydroergotamine (DHE) 
use during gestation and the risk of adverse 
pregnancy outcomes. Headache 52, 1085–1093 
(2012).

62.	 Merck & Co. Thirteenth/Fourteenth Annual 
Report from the Merck Pregnancy Registry for 
MAXALT (rizatriptan benzoate): covering the period 
from approval (June 1998) through June 12, 
2012. Merck Pregnancy Registries [online], 
http://www.merckpregnancyregistries.com/
maxalt.html (2012).

63.	 Källén, B., Nilsson, E. & Otterblad Olausson, P. 
Delivery outcome after maternal use of drugs for 
migraine: a register study in Sweden. Drug Saf. 
34, 691–703 (2011).

64.	 Nezvalová-Henriksen, K., Spigset, O. & 
Nordeng, H. Triptan exposure during pregnancy 
and the risk of major congenital malformations 
and adverse pregnancy outcomes: results from 
the Norwegian Mother and Child. Cohort Study. 
Headache 50, 563–575 (2010).

65.	 Källén, B. & Lygner, P. E. Delivery outcome in 
women who used drugs for migraine during 
pregnancy with special reference to sumatriptan. 
Headache 41, 351–356 (2001).

66.	 Olesen, C., Steffensen, F. H., Sørensen, H. T., 
Nielsen, G. L. & Olsen, J. Pregnancy outcome 
following prescription for sumatriptan. Headache 
40, 20–24 (2000).

67.	 O’Quinn, S. et al. Pregnancy and perinatal 
outcomes in migraineurs using sumatriptan: 
a prospective study. Arch. Gynecol. Obstet. 263, 
7–12 (1999).

68.	 Shuhaiber, S. B. et al. Pregnancy outcome 
following first trimester exposure to sumatriptan. 
Neurology 51, 581–583 (1998).

69.	 Nezvalová-Henriksen, K., Spigset, O. & 
Nordeng, H. M. Triptan exposure during 
pregnancy and the risk of major congenital 
malformations and adverse pregnancy 
outcomes: results from the Norwegian Mother 
and Child Cohort Study [erratum]. Headache 52, 
1319–1320 (2012).

70.	 Broussard, C. S. et al. Maternal treatment with 
opioid analgesics and risk for birth defects. 
Am. J. Obstet. Gynecol. 204, 314.e1–314.e11 
(2011).

71.	 Nezvalová-Henriksen, K., Spigset, O. & 
Nordeng, H. Effects of codeine on pregnancy 
outcome: results from a large population-based 
cohort study [erratum]. Eur. J. Clin. Pharmacol. 
68, 1689–1690 (2012).

72.	 Cassina, M., Di Gianantonio, E., Toldo, I., 
Battistella, P. A. & Clementi, M. Migraine therapy 
during pregnancy and lactation. Expert Opin. 
Drug Saf. 9, 937–948 (2010).

73.	 Banhidy, F., Acs, N., Puho, E. & Czeizel, A. E. 
Ergotamine treatment during pregnancy and a 
higher rate of low birthweight and preterm birth. 
Br. J. Clin. Pharmacol. 64, 510–516 (2007).

74.	 Schulman, E. A. & Dermott, K. F. Sumatriptan 
plus metoclopramide in triptan-nonresponsive 
migraineurs. Headache 43, 729–733 (2003).

75.	 MacGregor, E. A. Anti-emetics. Curr. Med. Res. 
Opin. 17 (Suppl. 1), S22–S25 (2001).

76.	 Pasternak, B., Svanstrom, H., Molgaard-
Nielsen, D., Melbye, M. & Hviid, A. 
Metoclopramide in pregnancy and risk of major 
congenital malformations and fetal death. JAMA 
310, 1601–1611 (2013).

77.	 [No authors listed] Domperidone: QT prolongation 
in infants. Prescrire Int. 20, 14 (2011).

78.	 Holland, S. et al. Evidence-based guideline 
update: NSAIDs and other complementary 
treatments for episodic migraine prevention 
in adults: report of the Quality Standards 
Subcommittee of the American Academy of 
Neurology and the American Headache Society. 
Neurology 78, 1346–1353 (2012).

79.	 Silberstein, S. D. et al. Evidence-based guideline 
update: pharmacologic treatment for episodic 
migraine prevention in adults: report of the 
Quality Standards Subcommittee of the 
American Academy of Neurology and the 
American Headache Society. Neurology 78, 
1337–1345 (2012).

80.	 Yakoob, M. Y. et al. The risk of congenital 
malformations associated with exposure to beta-
blockers early in pregnancy: a meta-analysis. 
Hypertension 62, 375–381 (2013).

81.	 Bateman, B. T. et al. Chronic hypertension 
in pregnancy and the risk of congenital 
malformations: a cohort study. Am. J. Obstet. 
Gynecol. 212, 337.e1–337.e14.

82.	 MacGregor, E. A. Headache in pregnancy. 
Continuum (Minneap. Minn.) 20, 128–147 
(2014).

83.	 Wadelius, M., Darj, E., Frenne, G. & Rane, A. 
Induction of CYP2D6 in pregnancy. Clin. 
Pharmacol. Ther. 62, 400–407 (1997).

84.	 Meador, K. J. et al. Fetal antiepileptic drug 
exposure and cognitive outcomes at age 6 years 
(NEAD study): a prospective observational study. 
Lancet Neurol. 12, 244–252 (2013).

85.	 Christensen, J. et al. Prenatal valproate 
exposure and risk of autism spectrum disorders 
and childhood autism. JAMA 309, 1696–1703 
(2013).

86.	 Banach, R., Boskovic, R., Einarson, T. & Koren, G. 
Long-term developmental outcome of children of 
women with epilepsy, unexposed or exposed 
prenatally to antiepileptic drugs: a meta-analysis 
of cohort studies. Drug Saf. 33, 73–79 (2010).

87.	 European Medicines Agency. CMDh agrees to 
strengthen warnings on the use of valproate 
medicines in women and girls. European 
Medicines Agency news and press release archive 
[online], http://www.ema.europa.eu/docs/ 
en_GB/document_library/Referrals_document/
Valproate_and_related_substances_31/Position_
provided_by_CMDh/WC500177637.pdf (2014).

REVIEWS

© 2015 Macmillan Publishers Limited. All rights reserved

http://www.merckpregnancyregistries.com/maxalt.html
http://www.merckpregnancyregistries.com/maxalt.html
http://www.ema.europa.eu/docs/en_GB/document_library/Referrals_document/Valproate_and_related_substances_31/Position_provided_by_CMDh/WC500177637.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Referrals_document/Valproate_and_related_substances_31/Position_provided_by_CMDh/WC500177637.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Referrals_document/Valproate_and_related_substances_31/Position_provided_by_CMDh/WC500177637.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Referrals_document/Valproate_and_related_substances_31/Position_provided_by_CMDh/WC500177637.pdf


NATURE REVIEWS | NEUROLOGY 	 VOLUME 11  |  APRIL 2015  |  219

88.	 Mines, D. et al. Topiramate use in pregnancy 
and the birth prevalence of oral clefts. 
Pharmacoepidemiol. Drug Saf. 23, 1017–1025 
(2014).

89.	 Margulis, A. V. et al. Use of topiramate in 
pregnancy and risk of oral clefts. Am. J. Obstet. 
Gynecol. 207, 405.e1–405.e7 (2012).

90.	 Hernandez-Diaz, S. et al. Association between 
topiramate and zonisamide use during 
pregnancy and low birth weight. Obstet. Gynecol. 
123, 21–28 (2014).

91.	 Palmsten, K. et al. Antidepressant use and risk 
for preeclampsia. Epidemiology 24, 682–691 
(2013).

92.	 Källén, B. Neonate characteristics after 
maternal use of antidepressants in late 
pregnancy. Arch. Pediatr. Adolesc. Med. 158, 
312–316 (2004).

93.	 Pringsheim, T. et al. Canadian Headache Society 
guideline for migraine prophylaxis. Can. J. Neurol. 
Sci. 39 (Suppl. 2), S1–S59 (2012).

94.	 [No authors listed] ACE inhibitors, angiotensin II 
receptor blockers and pregnancy: fetal renal 
impairment. Prescrire Int. 22, 243 (2013).

95.	 Bullo, M., Tschumi, S., Bucher, B. S., 
Bianchetti, M. G. & Simonetti, G. D. Pregnancy 
outcome following exposure to angiotensin-
converting enzyme inhibitors or angiotensin 
receptor antagonists: a systematic review. 
Hypertension 60, 444–450 (2012).

96.	 Cooper, W. O. et al. Major congenital 
malformations after first-trimester exposure to 
ACE inhibitors. N. Engl. J. Med. 354, 2443–2451 
(2006).

97.	 Tan, M., Kim, E., Koren, G. & Bozzo, P. Botulinum 
toxin type A in pregnancy. Can. Fam. Physician 
59, 1183–1184 (2013).

98.	 Robinson, A. Y. & Grogan, P. M. 
OnabotulinumtoxinA successfully used as 
migraine prophylaxis during pregnancy: a case 
report. Mil. Med. 179, e703–e704 (2014).

99.	 Doyle, L. W., Anderson, P. J., Haslam, R., 
Lee, K. J. & Crowther, C. School-age outcomes 

of very preterm infants after antenatal treatment 
with magnesium sulfate vs placebo. JAMA 312, 
1105–1113 (2014).

100.	Gartner, L. M. et al. Breastfeeding and the use of 
human milk. Pediatrics 115, 496–506 (2005).

101.	Hale, T. W. (ed.) Medications and Mothers’ Milk: 
A Manual of Lactational Pharmacology 16th edn 
(Hale Publishing, 2014).

102.	Bitzen, P. O., Gustafsson, B., Jostell, K. G., 
Melander, A. & Wahlin-Boll, E. Excretion of 
paracetamol in human breast milk. Eur. J. Clin. 
Pharmacol. 20, 123–125 (1981).

103.	Spigset, O. & Hägg, S. Analgesics and breast-
feeding: safety considerations. Paediatr. Drugs 
2, 223–238 (2000).

104.	Matheson, I., Lunde, P. K. & Notarianni, L. Infant 
rash caused by paracetamol in breast milk? 
Pediatrics 76, 651–652 (1985).

105.	Davanzo, R., Bua, J., Paloni, G. & Facchina, G. 
Breastfeeding and migraine drugs. Eur. J. Clin. 
Pharmacol. 70, 1313–1324 (2014).

106.	Terragna, A. & Spirito, L. Thrombocytopenic 
purpura in an infant after administration of 
acetylsalicylic acid to the wet-nurse. Minerva 
Pediatr. 19, 613–616 (1967).

107.	Wojnar-Horton, R. E. et al. Distribution and 
excretion of sumatriptan in human milk.  
Br. J. Clin. Pharmacol. 41, 217–221 (1996).

108.	U. S. Food and Drug Administration. Label 
information Imitrex. Drugs @ FDA: FDA 
approved drug products [online], http:// 
www.accessdata.fda.gov/scripts/cder/
drugsatfda/ (2013).

109.	David, P., Kling, J. & Starling, A. Migraine in 
pregnancy and lactation. Curr. Neurol. Neurosci. 
Rep. 14, 1–6 (2014).

110.	Koren, G., Cairns, J., Chitayat, D., Gaedigk, A. 
& Leeder, S. J. Pharmacogenetics of morphine 
poisoning in a breastfed neonate of a codeine-
prescribed mother. Lancet 368, 704 (2006).

111.	Madadi, P. et al. Guidelines for maternal codeine 
use during breastfeeding. Can. Fam. Physician 
55, 1077–1078 (2009).

112.	Hendrickson, R. G. & McKeown, N. J. Is maternal 
opioid use hazardous to breast-fed infants? Clin. 
Toxicol. (Phila.) 50, 1–14 (2012).

113.	Kauppila, A. et al. Metoclopramide and breast 
feeding: transfer into milk and the newborn. 
Eur. J. Clin. Pharmacol. 25, 819–823 (1983).

114.	Bauer, J. H., Pape, B., Zajicek, J. & Groshong, T. 
Propranolol in human plasma and breast milk. 
Am. J. Cardiol. 43, 860–862 (1979).

115.	Sandström, B. & Regårdh, C. G. Metoprolol 
excretion into breast milk. Br. J. Clin. Pharmacol. 
9, 518–519 (1980).

116.	Kulas, J., Lunell, N. O., Rosing, U., Steen, B. & 
Rane, A. Atenolol and metoprolol. A comparison 
of their excretion into human breast milk. Acta 
Obstet. Gynecol. Scand. Suppl. 118, 65–69 
(1984).

117.	Shannon, M. E., Malecha, S. E. & Cha, A. J. Beta 
blockers and lactation: an update. J. Hum. Lact. 
16, 240–245 (2000).

118.	Hägg, S. & Spigset, O. Anticonvulsant use during 
lactation. Drug Saf. 22, 425–440 (2000).

119.	Öhman, I., Vitols, S., Luef, G., Söderfeldt, B. & 
Tomson, T. Topiramate kinetics during delivery, 
lactation, and in the neonate: preliminary 
observations. Epilepsia 43, 1157–1160 (2002).

120.	Spigset, O. & Hägg, S. Excretion of psychotropic 
drugs into breast milk. CNS Drugs 9, 111–134 
(1998).

121.	Cruikshank, D. P., Varner, M. W. & Pitkin, R. M. 
Breast milk magnesium and calcium 
concentrations following magnesium sulfate 
treatment. Am. J. Obstet. Gynecol. 143, 685–688 
(1982).

Author contributions
O.S., S.A., H.N. and K.N.-H. wrote the article. All 
authors researched data for the article, provided 
substantial contribution to discussion of content 
and reviewed/edited manuscript before submission.

Supplementary information is linked to the online 
version of the paper at www.nature.com/nrneurol.

REVIEWS

© 2015 Macmillan Publishers Limited. All rights reserved

http://www.accessdata.fda.gov/scripts/cder/drugsatfda/
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/
http://www.nature.com/nrneurol


NATURE REVIEWS | NEUROLOGY 	 VOLUME 11  |  APRIL 2015

ERRATUM

Pharmacological treatment of migraine during pregnancy 
and breastfeeding
Siri Amundsen, Hedvig Nordeng, Kateřina Nezvalová-Henriksen,  
Lars Jacob Stovner & Olav Spigset

Nat. Rev. Neurol advance online publication 17 March 2015; doi:10.1038/nrneurol.2015.29

In the section discussing treatment options during pregnancy, the last sentence under the 
subheading ‘Antidepressants’ should cite reference 83, not 84. The correction has been 
made to the print and online versions of the article.
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Nat. Rev. Neurol. advance online publication 17 March 2015; doi:10.1038/nrneurol.2015.29
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cite reference 24, not 21; subheading ‘Ergot alkaloids’ should cite reference 19, not 24. The 
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