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or many women, the postpartum period is an emo-
tionally difficult time. For women with bipolar or
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Background: The postpartum period is an
exceptionally high-risk time for recurrence of
depression, mania, or psychosis for women with
bipolar disorder. Puerperal prophylaxis with
mood stabilizers decreases this risk. To allow pa-
tients and clinicians to make informed decisions
about mood-stabilizer use during breastfeeding,
there is a need for a critical review and analysis
of the data.

Data Sources: A search of MEDLINE
(1966–1998) and the Lithium Database, Madison
Institute of Medicine, was conducted to obtain
articles about lithium, valproate, carbamazepine,
gabapentin, or lamotrigine use during lactation.
Search terms used were pregnancy, teratogenesis,
breastfeeding, lactation, breast milk levels and
lithium, anticonvulsants, mood stabilizers. No
other search restrictions were used. Unpublished
data on gabapentin and lamotrigine were provided
by the manufacturers.

Results: The search revealed 11 cases of lith-
ium use during breastfeeding, 8 of which reported
infant serum levels. Two cases reported symp-
toms consistent with lithium toxicity in the in-
fants. Thirty-nine cases of valproate use during
breastfeeding were found, 8 of which reported
infant serum levels. There was 1 report of throm-
bocytopenia and anemia in an infant. Fifty cases
of carbamazepine use during breastfeeding were
found, 10 of which reported infant serum levels.
Two infants experienced hepatic dysfunction. One
unpublished study of gabapentin in breast milk
was found. Three reports of lamotrigine use dur-
ing breastfeeding were found.

Discussion: Available information remains
limited to uncontrolled studies and case reports.
Carbamazepine and valproate, but not lithium,
have generally been considered compatible with
breastfeeding. The overall paucity of data, data
confounded by polypharmacy and infant age dif-
ferences, and adverse reactions reported with all
established mood stabilizers dictate a reassess-
ment of these recommendations. We propose that
a woman’s historical response to medication and
the clinical circumstances be the primary consid-
erations when choosing a mood stabilizer during
breastfeeding, rather than strict adherence to cat-
egorical assignments.

(J Clin Psychiatry 2000;61:79–90)

Received Dec. 21, 1998; accepted Sept. 13, 1999. From the William S.
Middleton Memorial Veterans Affairs Hospital and the University of
Wisconsin Medical School (Dr. Chaudron), and the Madison Institute of
Medicine (Dr. Jefferson), Madison, Wis. Dr. Chaudron is now with the
Department of Psychiatry, University of Rochester School of Medicine and
Dentistry, Rochester, N.Y.

Disclosure: Dr. Chaudron has received lecture honoraria from Pfizer
and SmithKline Beecham. Dr. Jefferson has received grant/research
support from Abbott, Bristol-Myers Squibb, Eisai, Forest, Glaxo Wellcome,
Eli Lilly, Organon, Janssen, Parke-Davis, Pfizer, SmithKline Beecham,
Solvay, and Warner-Lambert; consultant fees from Glaxo Wellcome,
Novartis, and Parke-Davis; lecture honoraria from Abbott, Bristol-Myers
Squibb, Forest, G. D. Searle, Glaxo Wellcome, Janssen, Eli Lilly, Novartis,
Parke-Davis, Pfizer, Pharmacia & Upjohn, Roche, SmithKline Beecham,
Solvay, and Wyeth-Ayerst; is a stock shareholder in Glaxo Wellcome and
Healthcare Technology Systems; and has received various other financial
or material support from time to time from the pharmaceutical companies
listed above.

We thank Bette Hartley, M.L.S., for technical support and data
collection.

Reprint requests to: Linda H. Chaudron, M.D., Department of
Psychiatry, University of Rochester School of Medicine and Dentistry, 300
Crittenden Blvd. Rochester, NY 14642.

F
other major mental illnesses, it is a time of exceptionally
high risk for an episode of depression, mania, or psycho-
sis. Between 5% and 20% of women will experience a
postpartum depression within the first 6 months,1–5 while
0.1% to 0.2% will experience a postpartum psychosis.3,6

Women with bipolar disorder have a 100-fold greater risk
than women with no previous psychiatric history for de-
veloping a postpartum psychosis.3,6 In addition, 40% of
women who have bipolar disorder experience postpartum
mania or depression. Each postpartum episode of mania
or depression increases the risk of a future postpartum
episode.6 Recent studies have shown that puerperal pro-
phylaxis with a mood stabilizer decreases the rate of re-
currence to 10%.7–9 Considering the risks associated with
a bipolar episode for both mother and newborn, the use of
prophylactic mood stabilizers is advised for women with
bipolar disorder during this high-risk time.

Because the negative effects of depressed mothers
on their infants are well documented,10–12 treating these
women prophylactically may seem to be the obvious solu-
tion. However, this issue is complicated by the fact that
many women would like to breast-feed. Many variables in
the risk-benefit analysis of breastfeeding while being
treated with a mood stabilizer are case-specific. These in-
clude factors such as the individual’s ability to engage in
consistent, closely monitored treatment; the relationship
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between the physician and the woman; the woman’s so-
cial supports; and her emotional commitment to breast-
feeding. There are also more global factors to consider
such as the benefits of breastfeeding to the mother and in-
fant and the risks of medication exposure via breast milk
to the infant.

While some articles have reviewed psychotropic medi-
cation use during breastfeeding (with mention of mood
stabilizers),13–16 none have focused on an in-depth evalua-
tion of the pros and cons of mood-stabilizer use during
this time. This article will provide a concise yet thorough
overview of publications that include milk levels and/or
infant serum levels of mood stabilizers. It will also review
the risks and benefits of breastfeeding while being treated
with lithium, carbamazepine, or valproate. It will cover
the limited information available on gabapentin and lamo-
trigine, 2 newer anticonvulsant mood stabilizers.

DATA SOURCES

An extensive unrestrictive search of MEDLINE
(1966–1998) and the Lithium Database (Madison Insti-
tute of Medicine, Madison, Wis.) was conducted to obtain
articles on lithium, valproate, carbamazepine, gabapentin,
and lamotrigine use during lactation. The search terms
used were pregnancy, teratogenesis, breastfeeding, lacta-
tion, breast milk levels and lithium, anticonvulsants, mood
stabilizers. Unpublished data were also obtained from the
manufacturers of gabapentin and lamotrigine.

RESULTS

Advantages of Breastfeeding
There are many advantages to breastfeeding for both

the mother and infant. In 1997, the American Academy of
Pediatrics published its policy statement in support of
breastfeeding.17 It noted the recent advancements in sci-
entific research including the benefits of breastfeeding in
developed countries such as the United States.

For the mother, the medical benefits from lactation in-
clude faster postpartum weight loss,18 lactation amenor-
rhea,19 decreased risk of epithelial ovarian cancer, de-
creased risk of obesity, decreased risk of osteoporosis,
and protection against premenopausal breast cancer.20,21

At least one study suggests that the relative risk of breast
cancer in breastfeeding women is almost half that of non-
breastfeeding women.22 Lactation amenorrhea decreases
menstrual blood loss and contributes to a delay in ovula-
tion resumption. Hence, for the first 6 months postpartum,
breastfeeding may have the added benefit of being a form
of contraception.19

Psychologically, women who breast-feed have been
found to have feelings of increased intimacy with their in-
fants23 and to develop increased self-esteem and assertive-
ness.20 Furthermore, the psychological impact of breast-

feeding may be one of empowerment, since this special
nourishment is something that only the mother can pro-
vide for her infant. Another benefit to breastfeeding is fi-
nancial. The American Academy of Pediatrics estimates
that the savings is approximately $400 per child for the
first year.17 For a mother on a limited budget, this savings
may be considerable.

For the infant, breast milk is the ultimate nutrition be-
cause of its species-specific nutritive value. It has unique
protein and fat compositions, growth factors that promote
development of the gastrointestinal tract, enzymes that
facilitate digestion, immunoprotective components, and
bioactive substances such as hormones, enzymes, and live
cells.24 Breast milk also contains all of the vitamins, es-
sential minerals, and trace elements required by a normal-
term infant.25

Breastfed infants have been shown to have lower mor-
tality rates from sudden infant death syndrome and necro-
tizing enterocolitis.21 They have decreased risks for respi-
ratory infections, gastroenteritis, otitis media, allergies,
type I diabetes, Crohn disease,17,21,26 and childhood lym-
phoma.27 One study suggests that children who were
breastfed for more than 6 months were significantly less
likely to develop cancer than bottle-fed infants or infants
breastfed for less than 6 months.27 This study also showed
that non-breastfed infants had almost double the risk of
developing cancer (odds ratio [OR] = 1.75) and, more spe-
cifically, 5 times greater risk of developing lymphoma
(OR = 5.62) than infants breastfed for more than 6 months.
With regard to more common illness such as diarrhea,
coughs or wheezes, and ear infections, one study found
that fully breastfed infants had significantly fewer illnesses
and sick-baby medical visits than non-breastfed infants
(OR = 0.78).28 More specifically, these infants had less di-
arrhea (OR = 0.54), coughs or wheezes (OR = 0.83), vom-
iting (OR = 0.71), ear infections (OR = 0.49), colds
(OR = 0.67), and fevers (OR = 0.71) than non-breastfed
infants. Furthermore, infants who were partially breastfed
also experienced a protective effect from breastfeeding for
diarrhea, coughs or wheezes, and ear infections.28 These
findings did not differ among income groups, thus chal-
lenging the argument that breastfeeding is not beneficial
in developed, affluent communities. Another study29 simi-
larly found that non-breastfed infants have an 80% in-
creased risk of developing diarrhea and a 70% increased
risk of developing ear infections when compared with ex-
clusively breastfed infants.

Research has also pointed to possible benefits of
breastfeeding on neurodevelopment, especially in preterm
infants.30 Similarly, studies have shown benefits to full-
term infants including benefits to the central nervous sys-
tems as evidenced by the more rapid development of vi-
sual acuity in breastfed infants.31 Breastfed infants have
also been found to be in a “more stable state” as evidenced
by longer periods of quiet sleep and slower heart rate in
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active sleep than bottle-fed infants.32 This study found that
the “total mother-infant interaction during breastfeeding”
rather than the individual components (for example, breast
milk, holding time, sucking time) positively affected the
infants. This finding reinforces the importance of the in-
teraction between mother and infant that has been found
to affect bonding.33 While it is difficult to quantify this ef-
fect, it intuitively makes sense that breastfeeding enhances
the interaction because of the physical closeness, the total
dependence of the infant on the mother, and the limita-
tions on distraction that the mother can incur and continue
to nurse the infant.

Disadvantages of Breastfeeding
The total reliance by the infant on the mother to pro-

vide 24-hour-a-day nutrition may be a disadvantage of
breastfeeding. In women with bipolar illness, this need for
nursing at all hours may increase their susceptibility to
mood destabilization due to increased sleep disruption.
However, depending on the situation, some women may
experience less sleep disruption because of the immediate
nature and availability of breast milk rather than prepar-
ing bottles of formula.

The most obvious disadvantage to breastfeeding while
being treated with a mood stabilizer is the excretion of
medication into the breast milk and the exposure of the
infant to medication.

Medications in Breast Milk
Psychotropic medications are excreted in breast milk.

Factors that affect the passage of drugs into breast milk
include route of administration, absorption rate, half-life
and peak serum time, dissociation constant, volume of
distribution, molecular size, degree of ionization, pH of
plasma (7.4) and milk (6.8), solubility of the drug in water
and in lipids, and greater binding to plasma protein than to
milk protein.34,35

The amount of drug received by the infant depends on
multiple factors as well. These include milk yield, compo-
sition of the milk (i.e., colostrum versus mature milk),
concentration of the drug in the milk, which breast is be-
ing suckled (the yield is not equal from each breast), and
how well the breast was emptied during the previous
feeding.35 The mammary alveolar epithelium is most per-
meable during the colostral phase (first week postpar-
tum), and, thus, the concentration of the drug is typically
highest during this time.34 However, the mean volume of
milk transferred to the infant is lower during the first 2
days after delivery and increases rapidly on days 3 and 4.
It then increases more slowly to a maximum of approxi-
mately 800 mL/day at 6 months of age.36 To calculate the
amount of drug transferred to an infant, the following for-
mula is used: dose/24 hours = concentration of drug in
milk × weight in kg of the baby × volume of milk per kg
ingested in 24 hours. Clinically, this calculation may be

difficult to employ, but it can be used to approximate the
amount of drug the infant is receiving.34

An infant’s ability to absorb, detoxify, and excrete the
drug are important factors.34 Less mature infants are less
able to clear drugs because of their immature renal and liver
functions.35 The age of the infant also affects the amount
of milk consumed, since older infants have their nourish-
ment supplemented with cereal, solids, and other liquids.
Other factors that may affect drug concentrations include
any medical problems that the infant may experience and
any other medications that the infant may be receiving.

Most research on mood stabilizers revolves around the
ratio of milk to mother’s serum drug level. Lawrence,34 an
expert on breastfeeding, notes that the use of this ratio
as the reference point presumes that the relationship is
constant, which it is not. The ratio depends on many vari-
ables including dose strength, duration of dosing, maternal
variation in drug disposition, maternal diseases, drug in-
teractions, and racial variation. These variables are impor-
tant to keep in mind when reviewing the literature since
most studies do not address them when making recom-
mendations.

Lithium. In the past 10 years, the use of lithium
while breastfeeding has been generally discouraged. The
American Academy of Pediatrics Committee on Drugs
initially (1983) classified lithium as compatible with
breastfeeding,37 but revised its classification in 1989, with
lithium being contraindicated during breastfeeding.38 The
last set of recommendations, in 1994, continues to use this
classification.39 The primary concern about potential lith-
ium toxicity in infants is that lithium has been found con-
sistently in both breast milk and infants’ serum. Lithium
concentrations in breast milk have been reported to be ap-
proximately 40% (range, 24%–72%) of the mothers’ se-
rum concentrations40–45 (Table 1). In only one case, as the
mother’s serum lithium level increased, the milk lithium
level increased up to 1.5 times higher than the maternal
serum level.46 Generally, infants’ serum lithium concentra-
tions have been found to be approximately equal to or less
than that of the milk and 5% to 200% of the mother’s se-
rum concentration40–45 (see Table 1). There have been 2
case reports of nursing infants who experienced adverse
events that were attributed to lithium.42,45

The first report,42 in 1972, described a baby who devel-
oped cyanosis, hypothermia, hypotonia, and a heart mur-
mur within a few hours of birth.42 No lithium levels were
reported until day 5, when the baby experienced a cyanotic
episode. At that time, the baby’s serum and the breast milk
had lithium levels of 0.6 mEq/L, and the mother had
a serum lithium level of 1.5 mEq/L. The baby had been
breast-feeding since birth and continued to do so until the
cyanotic episode on day 5. On day 6, the infant showed
signs of lethargy. On day 7, the infant had a serum lithium
concentration of 0.21 mEq/L and T-wave changes on an
electrocardiogram (ECG). The baby improved and was
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“completely normal” by day 8. On the basis of this infant’s
experience, the authors discouraged breastfeeding.

Limited inferences can be made about lithium expo-
sure from breast milk from this case because the infant
had symptoms consistent with lithium toxicity at birth. In
utero, maternal serum and fetal plasma concentrations of
lithium are essentially equal. The mother had been main-
tained at lithium levels of 1.07 to 1.38 mEq/L during
pregnancy; thus, the newborn probably had similar levels
in utero. The decrease in symptoms over the first week is
consistent with reports that serum lithium levels decrease
over the first week postpartum in infants exposed in utero
as well as postpartum.43,44,47,48 The initial high lithium lev-
els could have been caused by the infant’s slow excretion
of the drug because of her immature kidney function. The
toxicity on days 5 through 7 could have been a combina-
tion of the high maternal serum concentration while
breastfeeding and the remaining lithium concentration
from birth. This case highlights the risk of neonatal lith-
ium toxicity due to the combination of lithium exposure
in utero and through breast milk.

The second often-cited report45 described a baby who
had been breast-feeding without problems for 2 months
and had maintained a lithium level approximately 50% of
the mother’s serum level. During an upper respiratory in-
fection at about 2 months of age, the baby developed
a lithium level of 1.4 mmol/L. The mother had a serum
level of 0.7 mmol/L. The infant showed signs of toxicity,
but recovered with the discontinuation of breastfeeding.
The specific signs of toxicity were not published in the
English abstract. This report supports an association be-
tween breastfeeding and lithium toxicity. However, the
infection and the probable dehydration most likely predis-
posed the infant to the toxicity. The presence of these in-

termediary variables would dictate extra caution and con-
cern for a nursing infant and may warrant either total or
partial discontinuation of breastfeeding during an infant’s
illness or infection.

In 1973, Schou and Amdisen43 reviewed 8 reports,
including 3 that had been previously published,40–42 of in-
fants breast-fed by women who were taking lithium. They
reported that infants’ serum lithium levels were approxi-
mately 50% that of the mothers’ during the first week post-
partum. During the following weeks, the infants’ serum
levels were about 33% of the mothers’ serum levels. Table
1 provides the details of this study. Schou and Amdisen43

recommended bottle-feeding despite their statement that a
child has already been exposed to higher lithium concen-
trations in utero and that it is unlikely that a few more
months of exposure will harm the infant.

Sykes et al.44 described an infant exposed to lithium in
utero who was mildly hypotonic during the first 2 days
postpartum. The baby began breastfeeding within 6 days
and over the course of 63 days showed no negative effects
from the lithium exposure. During that time, despite fluc-
tuations in the mother’s serum and breast milk lithium lev-
els, the baby’s serum level remained relatively constant
(see Table 1). Thus, the author purported that the benefits
from breastfeeding “appeared to outweigh any possible
risk from lithium in the neonatal period.”

Lithium is eliminated via renal excretion with an elimi-
nation half-life in adults of about 24 hours (longer in the
elderly). Owing to infants’ immature excretory systems,
there is concern about the increased possibility of adverse
reactions to lithium. These reactions include increased sen-
sitivity to alterations in fluid and electrolyte balance, car-
diac arrhythmia, hypothyroidism, goiter, tremor, muscle
weakness, sedation, gastrointestinal problems, and neph-

Table 1. Lithium Use in Women Who Breast-Feed
Maternal Infant Infant Serum/

Number Serum Level Milk Level Milk/Maternal Serum Level Maternal Infant
Study of Cases (mEq/L) (mEq/L) Serum Level, % (mEq/L) Serum Level, % Infant Age Complications

Weinstein and 1 0.84 … … 0.04 5 Day 17 No
Goldfield40 0.5 0.12 24 … … 10 weeks No
(1969)

Fries41 (1970) 1 … 0.3 … 0.3 … 1 week No
Tunnessen and 1 1.5 0.6 40 0.6 40 Day 5 Cyanotic episode

Hertz42 (1972) … … … 0.21 … Day 7 T-wave inversion;
lethargy

Schou and 5 total
Amdisen43 1 0.34 0.16 47 0.22 65 1 week No
(1973) 1 0.9 0.3 33 0.3 33 2 weeks No

1 0.84 0.56 66 0.15 18 2 weeks No
1a 0.57 0.24 42 … … 3 weeks No
1 … 0.5 … 0.1 … 4 weeks No

Sykes et al44 1 0.35 0.2 57 0.03 9 Day 6 No
(1976)b 0.9 0.6 72 0.1 11 Day 28 No

1.0 0.3 30 0.1 10 Day 42 No
Skausig and 1 0.7 … … 1.4 200 2 months Signs of “lithium

Schou45 (1977) toxicity”
aMeans of determinations on 5 consecutive days.
bApproximate values from graph in Sykes et al.44
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rotoxicity.49 Further concern is based on animal studies.
Rats have shown alterations in renal function with post-
natal lithium exposure; however, the effects lessened with
age.50,51 Similarly, there is less concern as an infant grows
because glomerular filtration and tubular secretory pro-
cesses mature over the first month of life.35 A final reason
for recommendations against breastfeeding while taking
lithium is the possibility of lithium accumulation in devel-
oping bone of the infant.52–54 Lithium accumulation is of
concern because it is accompanied by a decrease in bone
calcium.55 Research with mice has shown that the amount
of lithium taken up in bone is dose dependent.56 Neither
animal nor adult human studies have demonstrated any
long-term effects on bone mass,55,57 and the risk to nursing
infants is unknown.

Because of possible lithium toxicity in infants, limited
information about its effect on the developing infant,
and the lack of sufficient data to support a clear recom-
mendation, the experts’ recommendations vary with re-
gard to breastfeeding. They range from strong statements
against breastfeeding while taking lithium to supporting a
mother’s informed choice.

Most physicians are conservative and follow the rec-
ommendations against breastfeeding. However, given the
paucity of information about the actual negative effects of
lithium on the breastfed infant and the increasing litera-
ture on the benefits to both mother and infant from breast-
feeding, this strong contraindication should be more fully
evaluated. The mother and doctor must fully understand
the limitations of the current recommendations.
Valproate. Valproic acid and divalproex sodium, here-

after referred to as valproate, are excreted into human
breast milk.58–67 As of 1994, valproate was classified by
the American Academy of Pediatrics Committee on Drugs
as compatible with breastfeeding.39 The recommendation
is based almost exclusively on case reports and studies of
epileptic women. There are only 2 case reports of breast-
feeding women who used valproate solely for psychiatric
purposes.63

Valproate has been considered compatible with
breastfeeding because of its consistently low concentra-
tion in milk. Breast milk contains concentrations that are
between less than 1% and 10% of the mothers’ serum val-
proate level59–62,65,67 (Table 2). While this may seem reas-
suring, it is important to note that the studies that gener-
ated these data were of very small sample size (the largest
involved 16 women). Furthermore, many of the women
were receiving combinations of anticonvulsants.

The data on nursing infants’ serum valproate levels are
even sparser, with only 10 reported cases, one of which
does not provide the mother’s levels for comparison.60–64

The data show that the infants’ serum levels ranged from
undetectable to 40% of the maternal serum level. Five of
the 8 infants’ serum levels were between 4% and 12% of
the mother’s serum levels (see Table 2).

The half-life of valproate in infants less than 2 months
old and neonates is significantly longer than in adults. The
mean half-life in newborns receiving valproate trans-
placentally is 47 hours, while in infants 10 days to 2
months old, the half-life ranges from 9 to 22 hours, com-
pared with a half-life in adults of 7 to 12 hours.68 Thus, de-
pending on the age and ability to metabolize valproate, the
amount of valproate in breast milk would not necessarily
reflect the amount in the infants’ sera. This may be espe-
cially true during the first postpartum week because of
possible exposure to valproate in utero as well as from
breastfeeding.

Table 2 displays data from the most detailed studies.
One study that did not list specific case information de-
scribes 4 epileptic women on valproate monotherapy.60

The concentrations of valproate in milk were found to be
5% to 10% of the maternal serum concentrations. In one
woman, during 1 day, the amount of valproate in the milk
fluctuated from 1.5% to 7.6% of her serum concentration.
On the same day, the woman’s 3-month-old infant’s se-
rum level was 7.6% of the maternal serum concentration.

A review article not listed in Table 2 referenced valpro-
ate levels in breast milk that were equal to or greater than
maternal plasma levels.69 This report was not available
in English for critical review. It appears to be in contrast
to other reports, and the results have not been replicated
to date.

We found only one published report of an adverse event
in a nursing infant of a mother treated with valproate.70

The 3-month old developed thrombocytopenia and anemia
while the mother received sodium valproate monotherapy.
The infant’s serum valproate level was 46 µmol/L or 6.6
µg/mL. The maternal serum and milk concentrations were
not reported. The hematologic abnormalities resolved be-
tween 12 and 35 days after discontinuation of breastfeed-
ing. Despite extensive investigation, no other etiology for
the abnormalities was discovered.

The 2 most extensive studies warrant further examina-
tion.59,62 Von Unruh et al.62 studied 16 patients treated with
valproate, 7 of whom were on monotherapy. Fourteen
women and 5 infants gave blood samples; maternal serum
levels were reported for 11 of the women (see Table 2). The
authors analyzed a total of 36 breast milk samples and
found valproate levels to range from 0.4 to 3.9 µg/mL with
a mean of 1.9 µg/mL. The mean valproate concentration
in milk was 5.1% of the maternal serum concentration on
days 3 to 6 postpartum, with a range of 1.3% to 9.6%. The
infants’ serum samples showed a range from less than 1 to
13.4 µg/mL. In all but one case, the infants’ serum con-
centrations were higher than the milk concentrations. The
difference between milk and infant serum concentrations
may reflect in utero valproate exposure or decreased abil-
ity of the infant to metabolize and excrete the drug.

Nau et al.59 found that milk concentrations averaged
3% of the mothers’ serum concentrations in 6 subjects
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Table 2. Valproate Use in Women Who Breast-Feeda

Infant Serum/
Number Maternal Milk/Maternal Infant Maternal Infant

Study of Cases Serum Level Milk Level Serum Level, % Serum Level Serum Level, % Infant Age Complications

Alexander61 1 480 mmol/L 50 mmol/L 10.5 60 mmol/L 10.5 Day 2 No
(1979) 580 mmol/L 21 mmol/L 3.6 Undetectable  0 Day 29 No

Dickinson et al66 1  9.9 0.17 (r) 1.7 … … Day 3 No
(1979) 0.19 (l) 1.9

 34.3 0.47 (r) 1.4 … … Day 6 No
0.45 (l) 1.3

Froescher et al65 5 total
(1981) 1  38.9 1.9 4.9 … … … No

1b  30.5 0.4 1.3 … … … No
1b  43.8 1.2 2.8 … … … No
1c  55.3 3.9 7.1 … … … No
1d  31.3 0.5 1.6 … … … No

Nau et al59 6 total
(1981) 1  96.1 2.2 2.2 … … Day 4 No

 83.3 2.2 2.6 … … Day 12 No
102.2 5.4 5.2 … … Day 20 No

1  4.74 0.034 0.71 … … Day 5 No
 21.4 0.51 2.3 … … Day 15 No
 96.3 4.7 4.8 … … Day 29 No

1  24.2 0.45 1.8 … … Day 3 No
 10.2 0.13 1.2 … … Day 18 No
 32.8 0.72 2.1 … … Day 25 No

1  7.6 0.12 1.5 … … Day 38 No
 26.8 1.05 3.9 … … Day 47 No

1e  44.6 1.2 2.6 … … Day 4 No
 33.3 1.5 4.5 … … Day 12 No

1d  49.3 0.38 0.78 … … Day 7 No
 73.8 1.6 2.1 … … Day 58 No
 15.2 0.18 5.2 … … Day 82 No

Bardy et al64 1c

(1982) 8:00 am 103 mmol/L < 3.0 mmol/L 2.9 … … 2 months No
9:00 am 238 mmol/L 14 mmol/L 5.9 < 3.0 mmol/L  1.3

11:00 am 123 mmol/L < 3.0 mmol/L 2.4 14.0 mmol/L
(10:30 am) 11.4

12:00 pm … < 3.0 mmol/L … 7.0 mmol/L …
von Unruh 16 total

et al62 (1984) 1b  33.3 3.2 9.6 13.4 40 Day 4 No
1 … … … … … … No
1  27.9 1.1 3.9 … … Day 3 No
1 … … … … … … No
1 … … … … … … No
1b  18.6 1.4 7.5 2.3 (Day 3) 12.4 Day 4 No
1 … 2.1 … 8.0 … Day 4 No
1  29.5 2.2 7.5 … … Day 5 No
1f  25.3 1.7 6.7 < 1.0 < 4.0 Day 4 No
1f … … … … … … No
1  38.9 1.9 4.9 … … Day 5 No
1b  43.8 1.2 2.8 … … Day 3 No
1c  55.3 3.9 7.1 … … Day 6 No
1d  31.3 0.5 1.6 … … Day 3 No
1b  30.5 0.4 1.3 … … Day 4 No
1  66.5 1.8 2.7 4.0 6.0 Day 6 No

Tsuru et al67 1 … 3.0 … … … Day 6 No
(1988) … 2.3 … … … Day 7 No

… 1.4 … … … Day 17 No
1 … 2.0 … … … Day 1 No

… 1.4 … … … Day 3 No
… 3.5 … … … Day 15 No
… 2.3 … … … Day 29 No

108 2.8 2.6 … … Day 43 No
Stahl et al70 1 … … … 6.6 … 3 months Thrombocytopenia

(1997) and anemia
Wisner63 2 total

(1996) 1  67 … … 1 1.5 3 months No
1  65 … … 4 6.0 1 month No

aConcentrations reported in µg/mL unless otherwise noted. Abbreviations: l = left breast, r = right breast.
bValproate and carbamazepine. cValproate and phenytoin. dValproate and clonazepam. eValproate and primidone. fValproate and phenobarbital.
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(see Table 2). With one exception, the milk to maternal se-
rum concentration ratio increased over time.

Because metabolites are often implicated in cytotoxic-
ity, carcinogenicity, and mutagenicity, Nau et al.59 at-
tempted to quantify the valproate metabolites present in
breast milk. The only one consistently found was the 3-keto
metabolite. Its concentrations in milk averaged 7% of the
maternal 3-keto serum concentration. It is not clear what
risk, if any, this metabolite has for a breastfeeding infant.

In brief, studies of women treated with valproate who
are breast-feeding are few in number. Limitations of most
of these studies can be attributed to small sample size, in-
complete data collection, variable sample collection, and
lack of generalizability to all ages of breastfeeding infants.

Because of a paucity of adverse effects associated with
breastfeeding during treatment with valproate, valproate
has been considered compatible with breastfeeding. Some
authors, however, recommend against its use during breast-
feeding because of the increased risk of fatal hepatotoxic-
ity in children under 2 years of age who are treated with
valproate.71,72 While this remains a risk in breastfed infants,
the serum levels of valproate in nursing infants are consid-
erably lower than in infants treated directly with valpro-
ate. Whether these levels are low enough to create a no-
risk environment is open to question. The recent report of
thrombocytopenia and anemia in a breastfeeding infant
suggests that exposure to valproate via breast milk may be
problematic for some infants. Thus, while valproate ap-
pears relatively safe to use during breastfeeding, it is not
without risks that require consideration.
Carbamazepine. Although carbamazepine is excreted

into human breast milk, it is classified by the American
Academy of Pediatrics Committee on Drugs as compat-
ible with breastfeeding.39 The serum half-life of carba-
mazepine in infants is equal to or longer than in adults. In
adults, the half-life ranges from 12 to 30 hours. In one
study,73 the half-life ranged from 12.9 to 35.8 hours in
neonates exposed in utero but not through breast milk.
Another study74 found a range of 15 to 42 hours with a
mean half-life of 28 hours in both breastfed and in utero–
exposed neonates. As with valproate, the recommenda-
tions for breastfeeding while being treated with carba-
mazepine are derived almost exclusively from case
reports and studies in epileptic women. There are only 2
reports of breastfeeding women taking carbamazepine for
psychiatric purposes.63,75

Carbamazepine is found in breast milk in concen-
trations between 7% and 95% of the mothers’ sera63,65,73–81

(see Table 3). Very few women were studied and of those
who were, many were on anticonvulsant polytherapy.
Most reports are individual cases. There is even less infor-
mation on serum carbamazepine levels in nursing infants.
Data from the 8 reports show that infant serum carba-
mazepine levels ranged from 6% to 65% of maternal se-
rum levels (see Table 3).63,74,75,77–79,81

There have been 2 reports of carbamazepine-
associated hepatic toxicity in breastfeeding infants.79,82

The first described a 3-week-old boy with cholestatic hepa-
titis that was felt to be consistent with drug-induced hepa-
titis from carbamazepine exposure during pregnancy and
breastfeeding.82 The cholestasis resolved after discontinu-
ation of nursing. No carbamazepine levels were reported.

The second report79 described a newborn who showed
jaundice during the first day of life, transient hepatic
dysfunction with direct hyperbilirubinemia, and high con-
centrations of γ-glutamyltransferase. The mother breast-
fed exclusively for 9 days and then “occasionally” nursed.
The hepatic dysfunction resolved despite continued
breastfeeding. The milk to maternal serum ratio was 0.51
on day 2 and 0.34 on day 63. The infant serum to maternal
serum ratio was 0.33 on day 2 and 0.17 on day 63. In this
case, hepatic dysfunction cannot be clearly related to
breastfeeding because the infant’s problems began within
the first day of life. It is more likely that in utero exposure
to carbamazepine was the culprit, although breastfeeding
could have been a contributing factor. The definition of
“occasional” breastfeeding is unclear, and, consequently,
how much carbamazepine the infant received under such
circumstances is unknown.

Brent and Wisner75 reported seizure-like activity in a
3-week-old infant exposed to carbamazepine, fluoxetine,
and buspirone during pregnancy and postpartum until 21
days of age. All neurologic evaluations of the infant were
normal at that time. The mother reported additional epi-
sodes at 4 months and 51/2 months of age. It is unclear if
the mother resumed breastfeeding. None of these epi-
sodes were observed by medical personnel, and all neuro-
logic evaluations remained normal. The infant was devel-
oping normally without further symptoms at 1 year of
age. Due to lack of supporting medical documentation of
the episodes, the multiple medications involved, and the
uncertainty of exposure via breast milk after 21 days of
age, conclusions about the contribution of carbamazepine
to these episodes cannot be made.

Drowsiness, irritability, refusal to feed, and a high-
pitched cry occurred in a breastfed 10-week-old infant
whose mother was being treated with the antihistamine
clemastine, carbamazepine, and phenytoin.81 The infant
had been healthy and fully breast-fed without problems
until 12 hours after clemastine was added to the regimen
of carbamazepine and phenytoin. One day after discon-
tinuation of clemastine, despite continued nursing, the
infant’s symptoms resolved. Thus, the symptoms seen in
this case were most likely due to either clemastine alone
or to an interaction of clemastine with the anticonvulsants.

Froescher et al.65 studied 10 women taking either car-
bamazepine alone or carbamazepine and valproate (see Table
3). The median concentration of carbamazepine in breast
milk for both groups was 35.2% of the maternal blood con-
centration, with a range of 24.1% to 45.7%. In this study,
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Table 3. Carbamazepine Use in Women Who Breast-Feeda

Infant Serum/
Number Maternal Milk/Maternal Infant Maternal Infant

Study of Cases Serum Level Milk Level Serum Level, % Serum Level Serum Level, % Infant Age Complications

Pynnonen and 1b 13.5 µmol/L 7.5 µmol/L 56 4.5 µmol/L 33 Day 2 No
Sillanpaa78 8.5 µmol/L 5.5 µmol/L 65 5.5 µmol/L 65 Day 3 No
(1975) 13.0 µmol/L 7.5 µmol/L 58 7.5 µmol/L 58 Day 30 No

Pynnonen 3 total
et al77 (1977) 1b  3.2 1.8 56 1.1 34 Day 2 No

 2.0 1.3 65 1.3 65 Day 3 No
 3.1 1.8 58 1.8 58 Week 4 No

1b  2.6 1.5 58 … … Week 3 No
 2.6 1.8 69 0.5 19 Week 5 No

1b  2.4 1.5 63 … … Week 3 No
Niebyl et al76 1c  5.8 2.3 40 … … Week 5 No

(1979) (skim fraction)
5.8 1.4 24

(lipid fraction)
Froescher et al65 10 total

(1981) 1  4.6 2.1 45.7 … … … No
1  5.9 2.5 42.4 … … … No
1d  5.9 2.0 33.9 … … … No
1  6.3 2.1 33.3 … … … No
1  6.9 2.6 37.7 … … … No
1  7.4 2.7 36.5 … … … No
1  8.7 2.1 24.1 … … … No
1  8.9 3.6 40.4 … … … No
1d 10.0 2.7 27 … … … No
1 11.0 2.9 24.6 … … … No

Kok et al81 1e 4.0 1.0 25 < 1.0 < 25 10 weeks Drowsiness, irritability, refusal
(1982) to feed, high-pitched cry

Kaneko et al73 25 total … 1.1 mean … … … Days 1–5 No
(1982) 4.1 ± 1.6 1.8 ± 0.9 41.0 ± 16.8 … … …

(range of (range of
0.2–7.3) 0.5–3.8)

1f … 0.3 Day 30 Drowsiness, poor sucking,
poor weight gain

Kuhnz et al74 5 total
(1983) 1 6.9 1.4 20 … … Day 3 Hyperexcitability

2nd, 3rd week
8.8 3.0 34 0.5 6 Day 5

1 9.7 2.3 24 … … Day 5 Poor feeding/partially breastfed;
sedation 1st, 2nd week

6.7 2.5 37 … … Day 6
5.3 3.0 57 … … Day 15
… … … 1.0 … Day 28

1g … … … 4.7 … Day 28 Feeding modality not indicated;
hyperexcitability
3rd day–4 weeks

1 1.1 1.05 95 … … Day 19 Poor feeding/partially breastfed;
sedation 1st, 2nd week

1.9 1.05 55 … … Day 28
1 6.6 1.6 24 … … Day 5 Feeding modality not indicated;

normal neonatal behavior
5.9 1.5 25 … … Day 14
2.9 0.85 29 … … Day 20
4.9 1.4 29 … … Day 27

Frey et al82 (1990) 1 … … … … … Week 3 Cholestatic hepatitis
Merlob et al79 1 5.5 2.8 51 1.8 33 Day 2 Direct hyperbilirubinemia;

(1992) increased GGT
6.5 2.2 34 1.1 17 Day 63 No

Wisner63 (1996) 1 4.7 (total CBZ) … … 0.7 15 3 months No
1.15 (free CBZ) … … 0.22 20

Brent and Wisner75 1h 6.3 ng/mL < 0.5 < 8 0.5 8 Day 13 No
(1998) 7.1 0.5  7 < 0.5 < 7 Day 21 At 3 weeks and 4 months

seizure-like episodes reported;
all evaluations were normal

aAbbreviation:  CBZ = carbamazepine, GGT = γ-glutamyltransferase. Concentrations are reported as µg/mL unless otherwise noted.
bCBZ and phenytoin. fCBZ, phenytoin, phenobarbital, and primidone.
cCBZ and primidone. gCBZ and clonazepam.
dCBZ and valproate. hCBZ, fluoxetine, and buspirone.
eCBZ, phenytoin, and clemastine (antihistamine).
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as the maternal serum levels increased, the percentage of
carbamazepine in the breast milk decreased. Thus, the con-
centrations of carbamazepine in the milk remained relatively
constant despite increasing maternal serum concentrations.
The range in the milk was 2.0 to 3.6 µg/mL, whereas the
maternal serum range was 4.6 to 11.0 µg/mL.

Pynnonen et al.77 obtained breast milk and colostrum
from 3 women on chronic carbamazepine and phenytoin
therapy. The mean concentration ratio of milk to mothers’
sera was 0.6, with ranges reported from 0.24 to 0.69 (see
Table 3). Kuhnz et al.74 obtained 11 breast milk samples
from 4 women and found a mean concentration ratio of
milk to mothers’ sera of 0.39 ± 0.22 (see Table 3).

Because of concerns that some intermediates have mu-
tagenic, cytotoxic, and carcinogenic properties, Pynonnen
et al.77 and Kuhnz et al.74 measured the carbamazepine
epoxide intermediate as well. Pynonnen and colleagues77

found the milk to maternal serum ratio for carbamazepine
10,11-epoxide to be 1.05. Kuhnz et al.74 found the
mean ± SD ratio to be 0.49 ± 2.8 in 6 breast milk samples
of 3 women. The clinical implications of these findings are
unclear.

Kaneko et al.73 studied the “clinical characteristics of
possible side effects related to maternal antiepileptic drug
use and drug disposition, including the level of antiepilep-
tic drugs in breast milk.”(p343) With regard to carbamaze-
pine, they analyzed 25 breast milk samples. In addition to
the findings in Table 3, the authors reported that the initial
mean milk to maternal serum ratio was 0.616, but
decreased over the next 3 days to a mean of 0.382. De-
spite the use of a control group of 50 infants of healthy
women, results from this study are inconclusive because
the authors did not distinguish between women on car-
bamazepine monotherapy and those on anticonvulsant
polytherapy.

The generalizability of the data to all carbamazepine-
exposed nursing infants is very limited owing to the small
number of cases and because the information does not ad-
equately address infants’ serum levels. Furthermore, most
of the levels that were obtained were taken within the first
few days of life and quite likely reflect a combination of
the residual exposure during pregnancy and exposure
from breast milk. Previously, no adverse effects had been
attributed to breastfeeding during treatment with carba-
mazepine, but in view of the 4 reports of poor feed-
ing73,74,81 and the 2 recent reports of hepatic dysfunction in
breastfeeding infants,79,82 its safety needs to be reassessed.
Gabapentin. No reports of breastfeeding infants ex-

posed to gabapentin or of the amount of gabapentin in
breast milk have been published. An unpublished research
report conducted by the manufacturer analyzed the blood,
urine, and breast milk of 6 healthy women treated with
400 mg of gabapentin (data on file, Parke-Davis). One
woman was unable to produce breast milk. In the other 5
women, the amount of gabapentin in breast milk was

about equal to that in the women’s plasma. The manufac-
turer had no spontaneous reports of gabapentin levels in
breast milk and no reports of levels in nursing infants.
Lamotrigine. There are 3 reports of lamotrigine con-

centrations in breastfeeding infants.83–85 The manufacturer
had no further unpublished data (E.P. Goodale, Pharm.D.,
written communication, Nov. 1999). The milk to maternal
serum ratio was approximately 0.6 in all of the cases, with
a range of 0.35 to 0.65 in the first. The first infant, fol-
lowed for 5 months postpartum, had an estimated daily
intake of 2 to 5 mg of lamotrigine, with serum levels rang-
ing from 2.8 µg/mL (at 2 days after birth and exclusively
breastfed) to less than 0.2 µg/mL (when feedings were
supplemented with formula in a 3:1 ratio).83 The second
case described a 2-week-old infant whose serum levels
were 25% of the mother’s levels.84 The third report mea-
sured serum lamotrigine levels in 3 women and their
infants. The infants’ serum levels were 23% to 33% of
the maternal serum concentrations.85 None of the infants
experienced adverse effects. Nonetheless, exposure of
breastfeeding infants to lamotrigine is of some potential
concern because of the increased risk of severe life-
threatening rashes in children with epilepsy who are
treated with the drug.

CONCLUSIONS

After detailed review of the literature on breastfeeding
while the mother is being treated with lithium, valproate,
carbamazepine, gabapentin, or lamotrigine, we reached
the following general conclusions. The recommendations
of physicians and the American Academy of Pediatrics
Committee on Drugs are based on very limited data,
most derived from case reports. The recommendations for
valproate and carbamazepine are based primarily on
women treated for epilepsy, many of whom also received
other anticonvulsants, thus limiting the generalizability to
women treated with those medications for psychiatric pur-
poses. Most of the reports of infants’ serum levels were
based on newborn data, thus limiting generalizability to
older infants who may metabolize and excrete the medi-
cations more easily. Similarly, we are unable to reach con-
clusions about possible effects on premature infants since
there are no reports describing this cohort. Furthermore,
in newborns, the relationship between the amount of
medication in milk and in infant serum is confounded by
medication exposure in utero. In at least 2 cases, the com-
bination of breastfeeding and in utero exposure may have
contributed to adverse events.

In summary, nursing infants exposed to valproate
receive the lowest concentration of medication with a
mean infant serum to maternal serum ratio of 0.09. The
mean infant serum to maternal serum ratios of carbamaze-
pine and lithium are 0.31 and 0.43, respectively. At least
one adverse event in a breastfed infant has been reported
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with lithium, valproate, and carbamazepine. In each case
the infant recovered without sequelae.

Recommendations regarding the compatibility of each
of the medications with breastfeeding should be reevalu-
ated, as these drugs may be more similar than different in
their potential risks than is currently indicated. Lithium
may not have as much propensity for toxicity as was once
thought. Valproate and carbamazepine may not be as be-
nign as they appeared initially. Insufficient information
exists to suggest recommendations for gabapentin or la-
motrigine except to reinforce the concern about exposing
infants to lamotrigine given the increased risk of life-
threatening rashes in children under 16. Finally, more data
must be collected and reported on psychiatric patients who
breast-feed while taking mood stabilizers so that more in-
formed decisions can be made about the use of these medi-
cations in this population.

RECOMMENDATIONS

Given the paucity of information on all mood stabiliz-
ers and the reports of adverse events with lithium, valpro-
ate, and carbamazepine, our recommendations are as fol-
lows. If a woman requires pharmacologic treatment during
the postpartum period, the choice of mood stabilizer should
be based on the clinical status of the patient and the
patient’s historical response to medication regardless of
breastfeeding status. All new mothers should be given the
available information about the risks of nursing while tak-
ing medication. This discussion should include the known
risks of potential toxicity and adverse events, as well as
unknown hypothetical risks including behavioral teratoge-
nicity and future psychiatric disorders in the child. Further-
more, mothers should be made aware of the risks and ben-
efits of breastfeeding and the risks of not taking medication.

If a mother has received medication during the final
weeks of her pregnancy, we recommend a 1- or 2-day
washout period for the infant. During these first few days,
the mother may “pump and dump” to assure the beginning
of her milk supply while avoiding the potential additive
exposure of medication via colostrum to the transplacental
load. While this is a reasonable approach, some babies
may have difficulty accepting the breast after having been
exposed to a bottle nipple. However, with the assistance of
lactation consultants and/or a supportive pediatrician, this
obstacle can usually be overcome.

The psychiatrist should inform the mother of potential
signs of toxicity so that she can monitor the infant care-
fully. In the case of lithium, symptoms of toxicity should
be described and a detailed explanation provided of the
risks of infant dehydration and its effect on lithium levels.
We recommend using formula supplements either partially
or totally during episodes of an infant’s illness or dehydra-
tion to limit the lithium exposure and risk for toxicity. If, at
any time, toxicity is suspected, infant and maternal serum

levels should be obtained, and breastfeeding should be
suspended, at least temporarily.

For valproate, the mother should be informed of signs
of hepatic dysfunction or hematologic abnormalities. If an
adverse reaction is suspected, nursing should be discon-
tinued, at least temporarily, and infant serum and maternal
serum should be obtained to measure valproate and 3-keto
metabolite levels.

For carbamazepine, the mother should be informed of
signs of hepatic dysfunction and central nervous system
effects such as sedation and poor feeding. If the infant de-
velops any of these signs or symptoms, carbamazepine
and carbamazepine 10,11-epoxide levels in the infant se-
rum and maternal serum should be obtained and breast-
feeding should be discontinued, at least temporarily.

For data collection and research, it is important to ob-
tain periodic milk and maternal and infant serum concen-
trations. However, for clinical purposes, periodic collec-
tion of milk and infant serum levels is not indicated in the
absence of clinical manifestations. The psychiatrist should
try to avoid polypharmacy and should keep the mother on
the lowest effective dose to minimize infant exposure.

Further research would be welcome in this area. Be-
cause of the small sample size that would occur at any one
institution, it is essential that collaboration occurs between
treatment sites. A protocol could be instituted at each site
to obtain consistent data regarding medication levels in
the milk, maternal serum, and infant serum as well as
evaluations of infant behavior and development. In this
way, the variability of the data, such as the age of the in-
fant or the time of the serum sample relative to medication
dosing, would be controlled and more informed judg-
ments regarding these medications could be made. In ad-
dition, long-term, prospective studies of breastfed infants
are needed to monitor the children’s neurodevelopment
following exposure. This type of information would help
address concerns about behavioral teratogenicity and risk
for future development of psychiatric disorders. For the
anticonvulsants, these studies need to include women with
psychiatric disorders.

Finally, a breastfeeding registry should be established
to allow reports of cases with both positive and negative
outcomes. In this way, a database could be established that
would allow patients and physicians to make more fully
informed decisions about breastfeeding.

Currently, the University of Rochester Medical Center’s
Lactation Study Center (phone: 716-275-0088) maintains
a database of more than 1000 medications and drugs and
provides free information to physicians regarding their use
and effects during breastfeeding. There is also a registry
for pregnant women who are using antiepileptic drugs: the
AED (Antiepileptic Drug) Pregnancy Registry, Genetics &
Teratology Unit, 149 CNY-MGH East - Room 5022A,
Charlestown, MA 02129-2000, 1-888-233-2334 or 1-888-
AED-AED4.
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Drug names: buspirone (BuSpar), carbamazepine (Tegretol and others),
clonazepam (Klonopin and others), divalproex sodium (Depakote), flu-
oxetine (Prozac), gabapentin (Neurontin), lamotrigine (Lamictal), phe-
nobarbital (Donnatal and others), phenytoin (Dilantin and others), pri-
midone (Mysoline), valproic acid (Depakene).
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