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ABSTRACT
We carried out a systematic review of published information on transfer of
antiseizure medications (ASMs) into breastmilk, ASM serum concentrations in
breastfed infants, and the wellbeing of infants breastfed by mothers on ASM
treatment. Information was extracted from 85 relevant articles. No data on
ASM levels in breastmilk or in breastfed infants was identified for cannabidiol,
cenobamate, clobazam, eslicarbazepine-acetate, everolimus, felbamate, fen-
fluramine, retigabine, rufinamide, stiripentol, tiagabine, and vigabatrin.
For ASMs, with available information on levels in breastfed infants, very low
concentrations (in the order of 10% or less of maternal serum concentrations)
were reported for carbamazepine, gabapentin, levetiracetam, oxcarbazepine,
phenytoin, valproate, and clonazepam. Slightly higher levels (up to approxi-
mately 30% of maternal serum concentrations) have been observed with
lamotrigine and topiramate, and in single case reports for brivaracetam,
lacosamide, and perampanel. High infant levels (30% up to 100% of maternal
serum concentrations) have been reported with ethosuximide, phenobarbital
and zonisamide. Adverse infant effects during breastfeeding by mothers on
ASMs appear to be rare regardless of the type of ASM, but systematic study is
limited. Prospective long-term follow-up studies of developmental outcomes
among children who have been breastfed by mothers taking ASMs are
sparse and have mainly involved children whose mothers were taking
carbamazepine, lamotrigine, levetiracetam, phenytoin or valproate as mono-
therapy while breastfeeding. Although these studies have not indicated poorer
outcome among breastfed children compared with those who were not
breastfed, further data on long-term outcomes are needed to draw firm
conclusions. It is concluded that breastfeeding should in general be
encouraged in women taking ASMs, given the well-established benefits of
breastfeeding with regard to both short- and long-term infant health in
the general population. Counselling needs to be individualized including
information on the current knowledge regarding the woman’s specific
ASM treatment.
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While breastfeeding is recommended for women in
the general population, women with epilepsy appear
to be less likely to breastfeed their infants compared
to women in the general population [1]. This is
unfortunate given the well-known benefits of breast-
feeding to the mother as well as to the infant (http://
www.who.int/topics/breastfeeding/en/) and is proba-
bly related to concerns among mothers and/or their
health providers that exposure to antiseizure medica-
tions (ASMs) through breastmilk might have a
negative impact on their infants [1].
A recent meticulous systematic review reported levels
of nine ASMs in breast milk of lactating women with
epilepsy and calculated theoretical doses and relative
infant dose through breast milk for these ASMs [2].
This information, and the fact that ASM concentra-
tions can be detected in breast milk as well as in
infants breastfed by mothers taking ASM, is of great
value for health care providers as well as for women
with epilepsy.
In line with the educational mission of the Seminar
series of this journal, we carried out a more pragmatic
systematic review as a basis for this paper’s ambition
to provide clinicians as well as women with epilepsy
practical recommendations regarding breastfeeding
while on ASMs. Our review covered 16 ASMs
including some of the most recently approved. Our
focuswas onASMconcentrations in breastmilk and in
plasma of breastfed infants. Unlike previous system-
atic reviews, we also reviewed information on reports
of adverse effects during breastfeeding as well
potential impact on more long-term development
of the child.

Methods

Review questions

The questions of the systematic review were the
following: (i) What are the concentrations of different
ASMs in breastmilk of mothers taking ASM? (ii) What

are the serum concentrations of different ASMs in
infants who are breastfed by mothers taking ASMs?
(iii) What is the infant/maternal serum concentration
ratio of different ASMs? (iv) Are there immediate or
long-term adverse effects on the child associated with
breastfeeding while on ASMs?

Types of studies and participants

We selected case reports, case series and other
clinical studies that included original data on ASM
concentrations in breastmilk, ASM serum concentra-
tions in breastfed infants, and/or clinical outcomes
such as adverse events or developmental outcomes in
infants breastfed by mothers on ASMs whether as
treatment for epilepsy or other indications or as
healthy subjects. Reviews and meta-analyses were
included only for the purpose of identifying original
publications.

Systematic review for evidence

� PubMed database search
The search terms “breastfeeding”, “breastmilk”, and
“lactation” were linked to the terms “antiepileptic
drugs” and “epilepsy”, as well as search terms of the
individual ASMs. We restricted the search to human
studies and to articles providing data in English.
The panel searched the OVID MEDLINE databases up
to November 2019 and then updated the search in July
2021 for relevant peer-reviewed articles that met our
inclusion criteria.
We searched the “grey literature” in the form of
LactMED and validated our results via the lists of
references in LactMed. For the same purpose, we also
cross-checked our search results against the articles
included in the recently published systematic review
by Shawahna and Zaid [2].
Two review panel members independently reviewed
the article titles and abstracts for potential relevance.
If there were any initial disagreements for final
inclusion after the full-text review, consensus was
achieved by discussion between the two panelists.
Data extraction from the selected publications was
made on a standardized Excel form.

Results

The MEDLINE search identified 235 publications of
which 106 potentially relevant articles were selected
for screening of abstracts. Of the reviewed abstracts, a
total of 85 articles were included in the final review of
the full-text articles.Of these, 72 articles were found to
include information relevant to the review questions
(figure 1).

ILAE Curriculum: Competences and
learning objectives

� 2. Counseling
� 2.6.3 Provide guidance regarding post-partum
and child care (L2)

� 3. Pharmacological treatment
� 3.3.1 Define treatment strategies considering
issues specific to pre-menopausal women (L2)

� 3.2 Demonstrate up-to-date knowledge about
special aspects of pharmacological treatment
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In the following, we summarize the retrieved infor-
mation on different ASMs in alphabetical order. For
each ASM, we report maternal milk/serum concen-
tration ratios, infant/maternal serum concentration
ratios, and information on clinical outcomes. Many of
the cited publications did not report individual data.
Hence, we have not been able to conduct a meta-
analysis based on individual data. Instead, many of the
ratios presented below are estimated averages of
published aggregate ratios.

Brivaracetam

Information on concentrations in breastmilk or serum
concentrations in breastfed infants is limited to two
mother-child pairs [3]. In those, milk/maternal serum
concentration ratios ranged from 0.61 to 0.75 on five

days to five weeks postpartum. Serum concentrations
in breastfed infants were below the level of quantifi-
cation at five days to three weeks postpartum in one
infant, whereas the infant/maternal serum concentra-
tion ratio was 0.18 to 0.20 in the other [3]. We have not
identified any publications based on systematic
follow-up of the wellbeing or later neurodevelop-
mental outcome of infants breastfed by mothers
taking this medication.

Carbamazepine

Available information on maternal serum and milk
concentrations as well as on serum concentrations
in breastfed infants is extensive. Based on 72
published cases, the carbamazepine milk/maternal
serum concentration ratios have ranged from 0.13 to

Records identified from* :

Databases (n = 236)
References in LactMed and
other reviewed publications (n
= 26) 

Records removed before
screening : 

Records removed due to
ineligibility based on manual
review (n = 156)

Abstracts screened
(n = 106) 

Abstracts excluded**
(n = 22)

Reports sought for retrieval
(n = 84) 

Reports not retrieved
(n = 0) 

Reports assessed for eligibility
(n = 84) Reports excluded: 

Reason: not meeting inclusion
criteria (relevant data not
included) (n = 11)

Studies included in review
(n = 73)  

Identification of studies via databases and registers 
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& Figure 1. Prisma flow diagram.
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1.5, with the vast majority being below 0.5 [4–10].
Infant/maternal serum concentration ratios were
reported in 66 mother-child pairs, and ranged from
0.04 to 0.7, with a reported average in individual
studies in most cases below 0.1 [4, 5, 8, 10–14].
Adverse events with possible association with breast
feeding have rarely been published. However, one
case of hepatic dysfunction [8], one case of vomiting
and regurgitation at 40 days of age [13], and one case
of cholestatic hepatitis have been reported [12], but
the role of carbamazepine exposure through breast-
feeding for these events is unclear.
The prospective, observational, multi-center study,
Neurodevelopmental Effects of Anti-epileptic Drugs
(NEAD), assessed children of mothers on carbamaze-
pine during pregnancy and lactation at 3 (n=58) and 6
(n=47) years of age [15, 16]. Almost half of the children
were breastfed. There was no indication of poorer
outcome among breastfed children compared with
those who were not breastfed [16]. In fact, IQ was
higher and verbal abilities were enhanced at six years
old among previously breastfed children across all
included ASMs (carbamazepine, lamotrigine, phenyt-
oin, and valproate), and after correction for key
covariates such as maternal IQ [16]. In a prospective,
Norwegian cohort study comprising 223 children
exposed to ASMs during pregnancy, continuous
breastfeeding in children of women using ASMs
was associated with less impaired development at
ages six and 18 months compared with those with no
breastfeeding [17]. Although these outcomes in
relation to breastfeeding were not reported relative
to individual ASMs, the most frequently used were
lamotrigine, carbamazepine and valproate.

Clonazepam

In a single published case, the clonazepam milk/
maternal serum concentration ratio was 0.35, and
the infant/maternal serum concentration ratio 0.2
[18]. Serum concentrations of clonazepam were
detectable in only 1/11 infants breastfed by mothers
treated with clonazepam [19]. There are no reports of
adverse effects or longer-term neurodevelopmental
outcomes.

Ethosuximide

Based on 16 published cases, the ethosuximide milk/
maternal serum concentration ratios have ranged
from 0.8 to 1.0, with an average of 0.9 [20–24]. Infant/
maternal serum concentration ratios were reported in
12 mother-child pairs, and ranged from 0.3 to 0.75 [20–
22, 24]. There is one report of an infant with sedation,
poor suckling and poorweight gainwhile breastfed by
a mother taking ethosuximide in combination with

primidone and valproate [21]. Otherwise, there are no
reports of adverse events in relation to breastfeeding.
No data was identified to inform on the longer-term
health or neurodevelopmental outcomes of children
breastfed while the mother was taking ethosuximide.

Gabapentin

Based on seven published cases, the gabapentin milk/
maternal serum concentration ratios have ranged
from 0.7 to 1.3, with an average of 1.0 [25, 26]. Infant/
maternal serum concentration ratios were reported in
seven mother-child pairs, with an average of 0.1 [26].
There were no reports of adverse events in relation to
breastfeeding. No data was identified to inform on the
longer-term health or neurodevelopmental outcomes
of children breastfed on gabapentin.

Lacosamide

Lacosamide milk/maternal serum concentration ratio
was 0.1, and infant/maternal serum concentration
ratio 0.05 in one reported case [27]. In a second
reported case, milk/maternal serum concentration
ratio was 0.80-0.86 and the infant/maternal serum
concentration ratio 0.27-0.28 [3]. The three breastfed
infants were noted to havemet normal developmental
milestones at 18, 24, and 36 months, respectively [28].

Lamotrigine

Available information on maternal serum and milk
concentrations as well as on serum concentrations in
breastfed infants is extensive. Based on 92 published
cases, the lamotrigine milk/maternal serum concen-
tration ratios have ranged from 0.18 to 1.4, with
averages in most studies in the order of 0.6 to 0.7 [29–
34]. Infant/maternal serum concentration ratios were
reported in 166 mother-child pairs, and ranged from
0.2 to 0.9, with a reported average in individual studies
in most cases at around 0.3 [29–32, 34–39]. Adverse
effects of breastfeeding have rarely been reported.
However, there is one case report of episodes of
apnea in a breastfed infant [38] and one case of anemia
at 40 days after birth, which normalized after stopping
breastfeeding [39].
The prospective NEAD study included 61 children of
mothers on lamotrigine during pregnancy, 44% of
whom were breastfed with testing at six years of age
[16]. As above, the breastfed group for all ASMs
demonstrated higher IQ and verbal abilities at six
years compared to those who were not breastfed [16].
The prospective Norwegian cohort study included
children exposed to lamotrigine with the finding that
continuous breastfeeding in children of women using
ASMs was associated with less impaired development
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at ages six and 18 months compared with those
with no breastfeeding or breastfeeding for less
than six months [17]. A retrospective study found
no difference in health outcomes over one month
after birth in 20 infants of mothers breastfeeding
while on treatment with lamotrigine compared to
outcomes in 20 breastfed infants of healthy mothers
[40]. Other studies including altogether 35 breastfed
infants found no adverse events at different ages
[31, 35, 37, 41].

Levetiracetam

Available information on maternal serum and milk
concentrations as well as on serum concentrations in
breastfed infants is extensive. Based on 82 published
cases, the levetiracetam milk/maternal serum concen-
tration ratios have ranged from 0.58 to 1.79, with
averages in most studies in the order of 1.0 [27, 42–45].
Infant/maternal serum concentration ratios were
reported in 121 mother-child pairs, and ranged from
below the level of quantification in infant serum to a
ratio of 0.71, with a reported average in individual
studies in most cases at around 0.1 [14, 27, 42–45].
Adverse effects of breastfeeding have rarely been
reported. However, there is a case report of hypotonia
in one of eight breastfed infants [42]. Three cases of
sedation were reported among 16 children breastfed
by mothers taking levetiracetam, which resolved
shortly after switching to partial breastfeeding [45].
A large prospective study, of which 84 breastfeeding
women were on levetiracetam, did not show overall
adverse effects at age two years across all ASMs [46].

Oxcarbazepine

In three reported cases, the breastmilk/maternal
serum concentration ratio of the 10-hydroxy-oxcar-
bazepine metabolite was 0.5-0.8 [47–49]. Infant/
maternal serum concentration ratios in a series of
six mother-child pairs ranged from 0.002 to 0.009
(median: 0.003) [13]. In two case reports, serum
concentration in the breastfed infant was below the
level of quantification [47, 48]. Adverse effects have
not been attributed to breastfeeding [50, 51]. No data
was identified to inform on the longer-term health or
neurodevelopmental outcomes of children breastfed
on oxcarbazepine.

Perampanel

Information on concentrations in breastmilk or serum
concentrations in breastfed infants is limited to one
mother-child pair [3]. In this case, milk/maternal
serum concentration ratios ranged from 0.10 to 0.17
at five days and five weeks postpartum, respectively.

The infant/maternal serum concentration ratio was
0.16 to 0.27, five days and five weeks postpartum [3].
We have not identified any publications based on
systematic follow-up of the wellbeing and longer-
term neurodevelopment of infants breastfed by
mothers taking this medication.

Phenobarbital

Based on data from 37 women, the milk/maternal
serum concentration ratio ranged from 0.16 to 0.70
with most ratios in the order of 0.40 [5, 52–54]. Infant/
maternal serum concentration ratios ranged in the
largest series of 24 women from 0.8 to 0.9, five days
after delivery [52]. In one case report, the ratio was 1.9.
The high ratio was obtained two and a half hours after
intake of phenobarbital, 19 days after birth. The
breastfed infant showed signs of adverse effects in the
form of lethargy [54]. No data was identified to inform
on the longer-term health or neurodevelopmental
outcomes of children breastfed on phenobarbital.

Phenytoin

Based on data from 15 women, the milk/maternal
serum concentration ratio ranged from 0.13 to 0.18
[5, 55]. Serum concentrations of phenytoin were
measurable in only two of six breastfed infants; the
infant/maternal serum concentration ratio was 0.01 in
these two pairs [55]. The prospective NEAD study
included 77 children of mothers on phenytoin during
pregnancy, 46% of whom were breastfed with testing
at six years of age [16]. As above, the breastfed group
for all ASMs demonstrated higher IQ and verbal
abilities at six years compared to those who were not
breastfed [16].

Pregabalin

Information on pregabalin is limited to data obtained
from 10 healthy lactating women who were adminis-
tered pregabalin for three days. The average milk/
maternal serum concentration ratio was 0.76 [56].
There are no data on pregabalin concentration in
breastfed infants or on the longer-term child health
and neurodevelopmental outcomes.

Primidone

Based on 36 women, the milk/maternal primidone
serum concentration ratio ranged from 0.48 to 1.1,
with the majority being between 0.7 and 0.8
[5, 6, 57, 58]. The ratio of primidone-derived pheno-
barbital was 0.41 in four women [57]. Information on
infant serum levels and outcomes in infants breastfed
by mothers on treatment with primidone is very

T. Tomson, et al.
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limited. Two infants with prolonged feeding difficul-
ties have been reported [59]. One of the mothers was
on treatment with primidone in combination with
phenytoin, phenobarbital and sulthiame. The highest
serum concentrations of phenobarbital were mea-
sured at 12.7 mg/L at one month, but primidone levels
were not reported. The second mother was on
combination treatment with primidone and phenyto-
in, but infant drug levels were not reported. There are
some additional case reports of sedation attributed to
breast-feeding while on primidone treatment [60]. No
data was identified to inform on the longer-term
health or neurodevelopmental outcomes of children
breastfed on primidone.

Topiramate

Based on data from 31 women, the milk/maternal
serum concentration ratios of topiramate ranged from
0.62 to 2.43 with an average of 1.0 [61, 62]. Infant/
maternal serum concentrations have been reported in
28 mother-child pairs and ranged from undetectable
infant topiramate concentrations to a ratio of 0.7, with
an average in the order of 0.25 [14, 61, 62]. There is one
case report of diarrhea in an infant during breastfeed-
ing from a mother on topiramate treatment [63], while
no adverse effects were observed among six breastfed
infants [61, 64]. No data was identified to inform on
the longer-term health or neurodevelopmental out-
comes of children exposed to topiramate through
breastmilk.

Valproate

Based on data from 56 women, the milk/maternal
serum concentration ratios of valproate ranged from
0.01 to 0.10, with most on average in the range of 0.025
[65–71]. Infant/maternal serum concentration ratios
were reported in 34 mother-child pairs and ranged
from infant levels below the level of quantification to
0.25, with the majority being in the range of 0.1
[6, 14, 67, 68, 70, 72]. The prospective NEAD study
included 36 children of mothers on valproate during
pregnancy, with only 31% of whom were breastfed,
with testing at six years of age [16]. For the valproate
group alone, the breastfed group demonstrated
higher IQ and verbal abilities at six years compared
to those who were not breastfed [16]. This is in
addition to the finding for all ASMs combined.
Additionally, valproate was one of themost frequently
used ASMs in the Norwegian cohort study, which
reported that continuous breastfeeding in children of
women using ASMs was associated with less impaired
development at ages six and 18 months compared
with those with no breastfeeding or breastfeeding for
less than six months [17].

Zonisamide

Based on three mothers taking zonisamide, the milk/
maternal serum concentration ratio ranged from 0.70
to 1.03 [73, 74]. The infant/maternal serum concentra-
tion ratio was determined in five infant-mother pairs
during breastfeeding while on zonisamide and was on
average 0.44, ranging from 0.17 to 1.25 [14, 75]. No data
was identified to inform on the longer-term health or
neurodevelopmental outcomes of children breastfed
on zonisamide.

Summary and general comments on
reported data in relation to previous
publications

The recently published systematic review by Sha-
wahna and Zaid [2] is characterized by methodolog-
ical rigor and a focus on studies enabling
calculations of relative infant dose (RID) but also
providing data on ASM levels in breastmilk and
ratios between concentrations in breastmilk and
maternal plasma. Their main findings were detect-
able concentrations in breastmilk of all investigated
ASMs (carbamazepine, ethosuximide, gabapentin,
lamotrigine, levetiracetam, phenobarbital, primi-
done, topiramate, and valproate) and comparatively
high RIDs with ethosuximide and lamotrigine. They
also recommended vigilance regarding signs of
adverse effects of breastfeeding in infants exposed
to ethosuximide, phenobarbital and primidone [2].
Our current review used a more pragmatic approach
and a broader scope with an educational mission
aiming at practical clinical recommendations. Thus,
we accepted articles (including case reports) even if
the reported data did not permit calculations of
RIDs, as long as information was provided on ASM
levels in breastmilk, ASM serum concentrations in
breastfed infants, and/or clinical outcomes such as
adverse events or developmental outcomes in
infants breastfed by mothers on ASMs. Instead of
calculating RIDs, we gave priority to reporting infant/
maternal plasma concentration ratios. All 15 studies
included in the previous systematic review [2] were
included among the 73 publications in current
review and we report on seven ASMs not included
in that review.
Our approachhas certain limitations in addition to the
less strict search article selection criteria. These
include no consideration of timing of sampling in
relation to maternal intake of medication, or in
relation to time after birth. Nor did we systematically
considermaternal ASMdose or whether the ASMwas
administered as monotherapy or taken in combina-
tionwith other ASMs. For the reasons explained in the

Epilepsy and breastfeeding

Epileptic Disord, Vol. 24, No. 6, December 2022 • 1025

 19506945, 2022, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1684/epd.2022.1492 by C

ochraneA
rgentina, W

iley O
nline L

ibrary on [08/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Methods section, our analysis was qualitative rather
than quantitative. We believe, however, that our
inclusive methodology provides complementary in-
formation to that of the previous more strict
systematic review [2], and that this is useful for health
care providers as well as for women taking ASMs.

Data on drug levels in breastmilk and infant serum

Data on breastmilk and infant ASM levels is extensive
(>50 mother-child pairs) for carbamazepine, lamotri-
gine, levetiracetam and valproic acid.
For ethosuximide, phenobarbital, phenytoin, and
topiramate, information has been published for more
than 10 mother-child pairs, while for gabapentin,
oxcarbazepine, pregabaline, primidone, and zonisa-
mide, breastmilk and infant serum concentration
data is limited to 2-10 mother-child pairs. The
corresponding information is restricted to 1-2 case
reports for brivaracetam, clonazepam, lacosamide,
and perampanel.
No relevant breastfeeding data was identified
for cannabidiol, cenobamate, clobazam, eslicarbaze-
pine-acetate, everolimus, felbamate, fenfluramine,
retigabine, rufinamide, stiripentol, tiagabine, and
vigabatrin.

Serum concentrations in breastfed infants

Information on ASM serum concentrations in
breastfed infants provides the best estimate of drug
exposure and thus the potential for pharmacological
(adverse) effects. It is a function of the passage of the
ASM into breastmilk, the amount ingested and
absorbed by the nursed infant, and the infant’s
capacity to eliminate the ingested drug.
Very low concentrations (in the order of 10% or less
of maternal serum concentrations) have consistently
been reported for carbamazepine, gabapentin,
levetiracetam, oxcarbazepine, phenytoin, valproate,
and clonazepam. Slightly higher levels (up to
approximately 30% of maternal serum concentra-
tions) have been seen with lamotrigine and topir-
amate, and in single case reports for brivaracetam,
lacosamide, and perampanel. High infant levels (30%
up to 100% of maternal serum concentrations) have
been reported with ethosuximide, phenobarbital,
and zonisamide. It should, however, be noted that
there are individual cases in which infant serum
levels may be considerably higher than the averages
given above.

Adverse events during breastfeeding

Information on adverse events during breastfeeding
is mainly based on case reports in which the causal

relationship between exposure to ASMs through
breastmilk and symptoms in the infant are difficult
to determine. Additionally, even when such relation-
ship appears plausible, a bias towards reporting
adverse outcomes rather than uneventful breast-
feeding cases makes it impossible to estimate the
true frequency of such adverse effects of breastfeed-
ing. Keeping these limitations in mind, the available
reports indicate that adverse effects such as sedation
and poor suckling may occasionally occur during
breastfeeding with ethosuximide, phenobarbital, and
primidone. Nevertheless, it seems very likely that, in
the majority of cases, women also on these medica-
tions can breastfeed their infants without adverse
effects.

Systematic long-term follow-up
of neurodevelopment

Prospective long-term follow-up studies of develop-
mental outcomes among children that have been
breastfed by mothers taking ASMs are sparse [15–
17, 46], and have mainly involved children whose
mothers were taking carbamazepine, lamotrigine,
levetiracetam, phenytoin or valproate while breast-
feeding. None of these studies indicated poorer
outcome among breastfed children compared with
those who were not breastfed [15–17, 46]. In fact,
among children of mothers treated with valproate, IQ
at six years of age was higher in those who had been
breastfed compared to those who had not [16]. Similar
data on long-term developmental outcomes are
lacking for other ASMs. It should also be noted that
the prospective studies have been restricted to
follow-up of children who have been exposed to
ASMs already in utero, whereas there are no data on
children exposed through breastfeeding de novo
postpartum by mothers starting on ASMs after
delivery.

Recommendations

Given the well-established benefits of breastfeeding
with regards to both short- and long-term neonatal
health in the general population and the data from
studies showing no adverse neurodevelopmental
effects in children of mothers taking ASMs, breast-
feeding should in general be encouraged in women
taking ASMs. However, women should be coun-
selled regarding the scarcity of information on ASM
levels in breastfed infants for a large number of
ASMs, and the fact that studies have not investigated
any impact on longer-term health or neurodevelop-
ment for an even larger number ASMs. Counselling
needs to be individualized including information on
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the current knowledge regarding the woman’s
specific ASM treatment. The LactMed database is
a useful resource for physicians to check for
updated information on individual ASMs and other
medications.

Precautions regarding breastfeeding with selected
ASMs

In general, the exposure of the infant to ASMs
through breastfeeding, and the corresponding infant
drug levels, is considerably lower than exposure
during pregnancy. However, as presented in this
review, for some ASMs, notably ethosuximide and
phenobarbital, serum concentrations in the
breastfed infant can occasionally reach levels at
which pharmacological effects may occur. This does
not mean that women on these ASMs should be
advised against breastfeeding, but they should be
informed of potential adverse effects such as poor
suckling and weight gain, drowsiness and sedation. If
such effects are suspected, measuring ASM levels in
the infant should be considered regardless of which
ASM the mother is taking, and amounts may
potentially be reduced by combining with feeding
of formula.
Where resources are available, it is reasonable to
consider measuring serum concentrations in the
breastfed infant if the mother is treated with an
ASM for which no data on infant drug levels are
available. However, this should preferably be in the
context of an established research project.
ASM exposure of the infant through breastfeeding
can be minimized through simple measures:
1. If the ASM dose has been increased during
pregnancy to maintain stable serum concentrations,
it is important to consider dose reduction soon after
delivery.
2. Taking the medication immediately after breast-
feeding or immediately before the baby’s longest
sleep period will enable breastfeeding at the time of
the lowest maternal ASM levels. This is relevant
particularly if the mother is on a medication known to
be associated with high exposure.
3. If infant serum levels are high and felt to be
contributing to symptoms of sedation, then consider
potentially reducing amounts by combining with
some formula feeding.

General recommendations regarding safety
measures during breastfeeding in mothers
at risk of seizures

There are also infant and maternal safety issues
related to breastfeeding beyond infant exposure to
ASMs. Under unfortunate circumstances, maternal

seizures could potentially harm the infant, and stress
and sleep deprivation due to breastfeeding could
trigger seizures. Some suggestions for mitigating such
risks are given in table 1.

Case 1

Maud is 27 years old. She is on treatment with
lamotrigine for juvenile myoclonic epilepsy with a
history of tonic-clonic seizures until her lamotrigine
dose was increased to 200 mg/day three years ago.
During pregnancy, her lamotrigine dose has been
gradually increased to 450 mg/day in response to
declining drug levels. She has remained seizure-free
and delivered a healthy baby and is now considering
breastfeeding.
Comment:
The passage of lamotrigine into breastmilk is rather
extensive, and the newborn’s capacity to eliminate
lamotrigine is not fully developed. Hence, lamotrigine
concentrations in newborns breastfed by mothers on
high doses of lamotrigine can occasionally approach
levels considered to be pharmacologically active in
patients with epilepsy. However, reports of adverse
effects are rare and long-term developmental data are
reassuring, so there is no reason to advise against
breastfeeding. Nevertheless, a reduction in lamotri-
gine dose should be considered soon after delivery to
avoid exposure to unnecessarily high drug levels
whenmaternal pharmacokinetics are normalized after
pregnancy.

~Table 1. Actions to reduce the risk of maternal
seizures and risks associated with seizures.

Reducing the risk of maternal seizures
� Optimize ASM dose, taking into account post-
delivery related changes in pharmacokinetics as well
as the possible need for intensified treatment due to
sleep deprivation and other stressors
� Promote adherence to prescribed medication
� Reduce, as far as possible, sleep deprivation
and other seizure-provoking factors; consider
sharing the feeding, in particular, during night-time
by having someone else share responsibility for
feeding using a bottle of pumped breastmilk or
formula

Reducing risks to the infant associated with maternal
seizures
� Sit in a low position while breastfeeding (soft surface
on the floor or low bed)
� Engage a “feeding buddy” to observe while feeding,
in particular, during the first period after delivery until
the situation has become stable regarding seizure
control
� Do not bathe the infant alone

Epilepsy and breastfeeding
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Case 2
Vera has a focal epilepsy with a previous history of
focal unaware as well as focal to bilateral tonic-clonic
seizures. She has been seizure-free for two years
(including during pregnancy) on eslicarbazepine-
acetate at 800 mg/day. She has delivered and is now
considering breastfeeding.
Comment:
There is no information published on milk levels or
levels in infants breastfed by mothers while on
treatment with eslicarbazepine-acetate. However,
the active moiety of eslicarbazepine acetate is the
same as for oxcarbazepine for which available data
suggest low levels in breastfed infants. It is therefore
reasonable to support Vera’s wish to breastfeed. Since
eslicarbazepine-acetate is dosed once daily (in the
evening), Vera is recommended to take her medica-
tion immediately after the last feeding of her baby,
before night-time sleep.

Conclusion

This systematic review has revealed important gaps in
knowledge regarding infant exposure to many ASMs
through breastfeeding, and in particular, long-term
neurodevelopmental outcomes in children who have
been breastfed by mothers taking ASMs. However,
the available information does not suggest an increase
in risk of adverse events that outweigh the well-
established benefits of breastfeeding in general.
Hence, although further research is indicated, in
particular, regarding the second and third-generation
ASMs, breastfeeding should in general be encouraged
also in women taking ASMs. Future research should
prioritize assessment of infant exposure through
breastfeeding by mothers under treatment with any
of the >15marketed ASMs for which no or very limited
information is available. Systematic observational
studies on long-term outcomes after breastfeeding
with most ASMs are also urgently needed. &

Key points
� No data on ASM levels in breastmilk or in
breastfed infants was found for cannabidiol,
cenobamate, clobazam, eslicarbazepine-acetate,
everolimus, felbamate, fenfluramine, retigabine,
rufinamide, stiripentol, tiagabine, and vigabatrin.

� Very low infant drug levels (in the order of 10%
or less of maternal serum concentrations)
are reported for carbamazepine, gabapentin,
levetiracetam, oxcarbazepine, phenytoin, valpro-
ate, and clonazepam.

� Slightly higher levels (up to approximately 30% of
maternal serum concentrations) have been
observed with lamotrigine and topiramate, and
in single case reports for brivaracetam, lacosa-
mide, and perampanel.

� High infant levels (30% up to 100% of maternal
serum concentrations) have been reported with
ethosuximide, phenobarbital and zonisamide.

� Adverse infant effects during breastfeeding by
mothers on ASMs appear to be rare regardless of
the type of ASM, but systematic study is limited.

� Prospective long-term follow-up studies have not
indicated poorer developmental outcomes
among breastfed children whose mothers were
taking carbamazepine, lamotrigine, levetirace-
tam, phenytoin or valproate.

� Long-term follow-up studies of development of
children of mothers using other ASMs during
breastfeeding are lacking.

� Despite incomplete information, breastfeeding
should in general be encouraged in women
taking ASMs, given the well-established benefits
of breastfeeding.

� Taking the medication immediately after breast-
feeding or immediately before the baby’s longest
sleep periodwill enable breastfeeding at the time
of the lowest maternal ASM levels.

� Precautions to reduce risks should seizures
occur during breastfeeding may include sitting
in a low position on a soft surface.

Supplementary material.
Supplementary data and summary slides accompanying the
manuscript are available at www.epilepticdisorders.com.
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TEST YOURSELF

(1) For which of the following newer generation ASMs have some data been published on drug levels in the breastfed
infant?

A. Lacosamide
B. Cenobamate
C. Fenfluramine
D. Cannabidiol

(2) For which of the following ASMs have infant/mother serum concentrations not been reported to exceed 30%?
A. Zonisamide
B. Carbamazepine
C. Phenobarbital
D. Ethosuximide
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(3) Reassuring data have been reported on IQ, at age six, of previously breastfed children of mothers taking which of
the following ASMs during lactation?
A. Carbamazepine
B. Lamotrigine
C. Valproate
D. Phenytoin
E. All of the above

(4) Which of the following statements regarding breastfeeding by mothers on ASMs is correct?
A. The benefits of breastfeeding generally outweigh the risks associated with ASM exposure
B. Adverse effects of breastfeeding have rarely been reported
C. ASM exposure to the infant can be reduced if the mother takes her medication immediately after
breastfeeding
D. All of the above

(5) Which of the following statements is correct?
A. Infant exposure to ASMs through breastfeeding is generally lower than that to the fetus in mothers
taking ASMs during pregnancy and lactation
B. Special precautions are rarely justified to reduce risks to the infant should the mother have a seizure
while breastfeeding
C. Women with epilepsy are as likely to breastfeed their infants as mothers in general

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com.
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