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Abstract The issue of prescribing anticonvulsant drugs during lactation is clinically

important, but also complex. Datafor some drugs are compl etely lacking and for
other drugs information is only available from single dose or short term studies
or case reports. Moreover, limited knowledge exists about the practical impact of
the drug concentrations found in breast milk and there are great methodol ogical
problems in the assessment of possible adverse drug reactionsin infants. Never-
theless, based on current knowledge, some recommendations can be suggested.
Treatment with carbamazepine, valproic acid (sodium valproate) and pheny-
toin is considered compatible with breastfeeding. Treatment with ethosuximide
or phenobarbital (phenobarbitone)/primidone should most probably be regarded
as potentially unsafe and close clinical monitoring of the infant is recommended
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if it isdecided to continue breastfeeding. Occasional or short term treatment with
benzodiazepines could be considered as compatible with breastfeeding, although
maternal diazepam treatment has caused sedation in suckling infants after short
term use. During long term use of benzodiazepines, infants should be observed
for signs of sedation and poor suckling. Only very limited clinical dataare avail-
able for the new generation anticonvulsant drugs and no clearcut recommenda-
tions can be made until further data are present. If it isdecided to continue breast
feeding during treatment with these drugs, the infant should be monitored for
possible adverse effects.

In general, the drug should be given in the lowest effective dose, guided by
maternal serum or plasma drug concentration monitoring. If breast feeding is
avoided at times of peak drug levels in milk, the exposure of the infant can be
reduced to some extent. Asbreast milk has considerable advantages over formula
milk, the benefits of continuing breast feeding should always be taken into con-

sideration in the risk-benefit analysis.

The positive effects of breast feeding are well
established. Breast milk has nutritional advantages
over formulamilk, and contains enzymes that pro-
mote digestion and absorption of nutrients. Breast
milk causes better protection against infectiousdis-
eases such as diarrhoea, otitis media and respira-
tory and urinary tract infections.[4 Breast feeding
has al so been linked to alower preval ence of atopic
eczemaand food allergy!® and to an enhanced anti-
body response to vaccination.[! Breast feeding is
inexpensive and has advantages of simplicity and
portability. For the nursing mother, suckling stimu-
lates postnatal uterine involution, and long duration
of breast feeding protects against breast cancer.[”]
Breast feeding is aso an important opportunity to
enhance the mother-child interaction quality. Taken
these advantages into account, it is essential that
possible risks to the infant during maternal drug
treatment are carefully weighted against the bene-
fits of continuing breast feeding, as the infant
should not unnecessarily be denied breast feeding.
In this risk-benefit analysis, knowledge about the
excretion of drugs into breast milk is of vital im-
portance.

It is a concern that much of the information on
the excretion of anticonvulsantsinto breast milk is
based on single dose or short term studies, and for
many drugs, only 1 or afew case reports have been
published. Moreover, although very low drug con-
centrations can be measured in breast milk with mod-
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ern anaytical techniques, there is also generaly a
lack of knowledge about the practical importance
of theselow drug concentrations. Another method-
ological concernisthat great problemsarisein the
assessment of adverse drug reactions in neonates
and infants. It is often not possible to separate po-
tential drug effects, which on the basis of the dose
in milk often are presumed as subtle and unspe-
cific, from the normal state of the infant, or from
concurrent disease. Moreover, no studies have ad-
dressed the possible long term effects of anticon-
vulsant exposure through breast milk. However, a
recent review articlel® on possible cognitive and
behavioura effects when the infants and children
themselves were treated with anticonvul sants sug-
gests that most individuals do not experience clin-
ically relevant behavioural effects. Given all these
limitations, it is not surprisingly that conclusive
dataand, thereby, unambiguous recommendations,
are lacking for many drugs.

Pharmacokinetic principles related to the pas-
sage of anticonvulsants are presented in thefirst part
of thisreview. In the second part, the present know-
ledge about the excretion of anticonvulsants in
breast milk is summarised and its clinical implica-
tions are discussed.

1. Literature Search

A literature search of the databases Medlineand
Embase using theterms‘ milk’ and ‘lactation’ for pa-

Drug Safety 2000 Jun; 22 (6)
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pers written in all languages was executed for all
compounds included in this review. Moreover,
original research articles, previously published re-
view articles and textbooks were scrutinised in or-
der to identify publications not picked up by the
original database searches.

2. Factors Influencing Drug Excretion
info Breast Milk

The most important singlefactor accounting for
the great interindividual pharmacokinetic variabil-
ity that existsfor many drugsisthe oxidative liver
enzyme capacity, which is predominantly geneti-
cally determined. Phenytoin and diazepam are
mainly metabolised by the cytochrome P450 (CY P)
enzymes CYP2C9 and CYP2C19, respectively.
The activities of these enzymes are bimodally dis-
tributed in the popul ation. Thus, an individual can
be classified as an extensive metaboliser or a poor
metaboliser for each of these enzyme activities.
The prevalence of CYP2C9 poor metabolisersis
lessthan 1%,!9 whereasthe prevalence of CY P2C19
poor metabolisers varies from 3 to 21% according
to race.l1% If the mother or the infant, or both, are
poor metabolisers, a standard dose to the mother
will result in higher than average drug concentra-
tionin the nursed infant with an assumed increased
risk for adverse effects.

As only the unbound (free) fraction of a drug
diffuses through biological membranes, the degree
of protein and lipid binding in plasma and breast
milk influences the total drug concentration in
breast milk. For example, for drugs that are bound
to plasmaproteinsto arelatively high degree, such
as phenytoin, valproic acid (sodium val proate) and
clobazam, the excretion into milk tends to berela-
tively low. In contrast the excretion into milk for
drugs that are bound to plasma proteins to a low
degree, such as ethosuximide tendsto berelatively
high.

As the triglyceride content is higher in breast
milk than in plasma, drugs with a high lipid solu-
bility, such as clonazepam and other benzodiaze-
pines, tend to concentratein milk. Moreover, asthe
triglyceride content is higher in mature milk than

0 Adis International Limited. All rights reserved.

in colostrum and higher in hind-milk than in fore-
milk, the concentration of lipid-soluble drugs will
generally be higher in mature milk than in colos-
trum, and higher in postfeed milk than in prefeed
milk.[11:12 n addition, the total lipid content also
varies considerably between feeds and between in-
dividuals.!1

Milk hasalower pH than plasma, with variations
from 6.6 to 7.0.14 Asonly the nonionised fraction
of any molecule is transferred readily across the
milk/plasma membrane, milk concentrations of
weak acids, such as valproic acid, phenytoin and
phenobarbital (phenobarbitone), tend to be lower
than the concentrations of weak bases.

3. Calculation of Drug Dose to the Infant

The milk/plasma drug concentration ratio is a
frequently used quantitative measure of the trans-
lactal passage of adrug. The milk/plasmaratio for
a given drug may, however, vary with regard to
milk pH, milk triglyceride and milk protein con-
tent.[15] Moreover, it may vary with the time inter-
val between drug intake and sampling time, asthe
milk concentration time curve usually lags behind
the plasma concentration time curve.[’3 |deally,
milk/plasma ratios should therefore be based on
area under the curve calculations, or at least on
multiple pairs of samples, obtained at the equilib-
rium of distribution.

Theingestion of milk by a suckling infant gener-
ally amounts to about 150ml per kg per 24 hours.[*4]
In the present review, this volume is used in the
caculations of the drug amounts ingested by the
infant. However, considerable variations exist. For
example, in8to 13 day old maleinfants, variations
in milk intake from 122 to 208ml per kg per 24
hours have been observed.[16]

When the maternal plasma drug concentration
and themilk/plasmaratio areknown, thedaily dose
to asuckling infant can be estimated as the product
of the maternal drug concentration in plasma, the
milk/plasma ratio of the drug, and the total daily
milk volumeingested. The estimated relative daily
dose to the suckling infant can then be expressed

Drug Safety 2000 Jun; 22 (6)
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per kg bodyweight as a percentage of the maternal
dose per kg bodyweight.

The presence of active metabolitesin milk, such
as carbamazepine-10,11-epoxide, 10-hydroxyox-
carbazepine, desmethylclobazam, desmethyldia-
zepam and oxazepam should be considered when
evaluating the possible risk of pharmacological ef-
fects in the infant, and should aso be included in
the calculations of infant dose.

4. Principles of Drug Disposition in
the Infant

Drug exposure to a suckling infant is not only
related to the dose ingested, but is also dependent
on the infant’s absorption, distribution, metabo-
lism and excretion of the drug.[17:18] |n preterm and
full term neonates and infants, these parameters may
differ markedly from the corresponding values in

children and adults. Thus, athough in genera in-
fants are exposed to a higher dose of a drug when
they are in utero than when they are breastfed, the
immature systems for metabolism and excretion of
drugsin an infant could cause relatively high con-
centrations postnatally. Available data on the elim-
ination of anticonvulsants in neonates in compari-
son with adults are presented in table 1.

For most drug-metabolising enzymes, the meta-
bolic activity seems to approach that in adults ap-
proximately 2 to 3 months postnatally. Thereafter,
the metabolic rate continues to gradually increase
up to the order of magnitude of 2 to 6 timesthat in
adults. For drugswith enzyme-inducing properties,
such as carbamazepine and phenobarbital, the me-
tabolic ratein the neonate may beintheadult range
if the mother has been treated with the same drug
during pregnancy. The ability to perform glucuron-

Table I. Elimination half-lives of anticonvulsants in adults and neonates(8-22

Drug Half-life in adults (hours)

Half-life in neonates (hours)

Classical anticonvulsants

Carbamazepine 15 + 53bc (5.2gbcd) 8-37%¢
Oxcarbazepine 1-3d 22
10-hydroxyoxcarbazepine” 8-15¢ 17
Phenobarbital (phenobarbitone) 99 +182P 148 + 552€ (100-500%¢)
Phenytoin 6-60' 2-1409ef
Valproic acid (sodium valproate) 14 + 32.Ci 9-49¢di
Benzodiazepines

Clonazepam 23452 1401 (22-43%9)
Diazepam 20-65¢ 400f
DesmethyldiazepamX 50-100¢ 8-140¢
OxazepamK 4-10¢ 22

Midazolam 2 7 (23

New generation anticonvulsants

Vigabatrin 5-7d 5-119

Mean + SD.

Induces its own metabolism.
Value given is after multiple doses.
Range.

Maximum occurs in the first days post partum.
In older infants.
Active metabolite of oxcarbazepine.

Varies according to the actual concentration due to nonlinear kinetics.

Inhibits its own metabolism.
k Active metabolite of diazepam.

a

b

c

d

e May be in the adult range if the mother has been treated with the same drug during pregnancy.
f

g

h

i

J

0 Adis International Limited. All rights reserved.
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ide conjugation reactions in neonates is impaired
to an even greater extent than the oxidative meta-
bolic capacity.[2324 Thisfact might have someim-
pact on the metabolism of drugs that are extensively
glucuronidated intheliver, such aslamotrigineand
vaproic acid.

Between 28 and 34 weeks of gestational age, the
glomerular filtration rate is approximately 25% of
that in adults. Thereafter, it gradually increases un-
til adult values are reached by 2.5 to 5 months of
age.[17.24 Tubular function is even more impaired
in neonates, and reduced tubular function may per-
sist up to 6 to 9 months of age.[*”:24 However, the
capacity for renal excretion isof minor importance
for the elimination of anticonvulsants with the ex-
ception of 10-hydroxyoxcarbazepine, gabapentin
and vigabatrin.

5. Excretion of Classical
Anticonvulsants

5.1. Carbamazepine

The excretion of carbamazepine and its active
metabolite carbamazepine-10,11-epoxide hasbeen
investigated in several studies. Milk/plasma ratios
and relative doses for carbamazepine and its active
metabolite are presented in table I1. The eimination
half-life of carbamazepine is moderately longer in
neonates than in adults (table 1). However, in in-
fants whose mothers have been treated with carba-
mazepine during the pregnancy, half-lives in the
adult range have been found.!]

Carbamazepine concentrations have been mea-
suredinthe plasmaof afew sucklinginfants. These
concentrations generally amount to approximately
1.0 pg/ml, but concentrations up to 4.8 pg/ml have
been reported (table I11). All mothers described in
these reports received treatment with carbamaze-
pine during pregnancy and some of the positive
assays may therefore, at least in part, be caused by
transplacental passage of the drug. The dose of
carbamazepine ingested by the neonate is never-
theless less than 6% of the recommended initial
therapeutic paediatric dosage of 10 to 20 mg/kg/day
and the infant serum concentrations found are in

0 Adis International Limited. All rights reserved.

general less than 20% of the recommended thera-
peutic concentrations in adults.

Adverse effects in suckling infants have been
described, but thereis only 1 report!26! of such an
effect exclusively related to carbamazepine expo-
sure via breast milk. Poor suckling was observed in
1 of aseriesof 15 breast fed infants whose mothers
were receiving carbamazepine monotherapy.[2 In
other reports, the adverse effects described may be
related both to translactal and transplacental pas-
sage of the drug. Transient cholestatic hepatitis, a
well known complication of carbamazepine treat-
ment, was observed in a3-week-old infant exposed
to the drug both during pregnancy and breast feed-
ing.[56] Hepatic dysfunction, characterised by hyper-
bilirubinaemiaand high concentrations of y-glut-
amyl transferase, was observed the first day of life
in an infant whose mother was treated with carba-
mazepine during pregnancy and during breast feed-
ing.l5] The symptoms resolved after the frequency
of breast feeding was decreased at 9 days postpar-
tum, despite continued maternal carbamazepine
treatment. In a4-week old infant exposed concom-
itantly for carbamazepine, phenytoin, primidone
and phenobarbital, poor suckling, bodyweight gain
and drowsi nesswere observed.[3! Drowsinesswas
also noticed in a 10-week-old fully breast fed infant
whose mother was treated with clemastine, pheny-
toin and carbamazepine.[33 The infant’s drowsi-
ness was, however, ascribed the clemastine treat-
ment dueto the closetimerel ationship between the
maternal treatment and the symptom duration.

The American Academy of Pediatricg>® con-
siders carbamazepine to be compatible with breast
feeding and similarly the World Health Organiza-
tion Working Group on Drugs and Human Lacta-
tionl4 concludes that the use of carbamazepine is
‘probably safe’ . Based on the relatively low infant
plasma concentrations, the risk that drug exposure
through breast milk should cause detrimental ef-
fects seems small. No information is available for
the closely related compound oxcarbazepine.

Drug Safety 2000 Jun; 22 (6)
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Table Il. Milk/plasma concentration ratios and relative doses to the suckling infant for conventional anticonvulsants

Milk/plasma concentration ratio

Relative dose to the suckling infant?(%)

Reference No. of cases
Carbamazepine

Kuhnz et al.l2%] 4
Froescher et al.[20] 16
Pynnonen et al.[?”] 3
Pynnonen & Sillanpaal?®! 1
Niebyl et al.[29] 1
Kaneko et al.l3% 3e
Kaneko et al.l3! 25¢
Kok et al.l?d 1
Brent & Wisner[33 1
Wisner & Perell34 1

Ethosuximide

Koup et al.l3%! 1
Kaneko et al.l% 4
Rane & Tunell(36] 1
Kuhnz et al.B7] 5
Soderman et al.l%8] 4

Phenobarbital (phenobarbitone)
Kaneko et al.[3% 8¢

Kaneko et al.l3! 59¢
Kuhnz et al.?9 13
Westerink & Glerum[4%] 8
Primidone

Niebyl et al.[29] 1
Kaneko et al.l% 128
Kaneko et al.l3!] 51¢
Nau et al.[*] 4
Soderman et al.42 2
Kuhnz et al.3 7
Phenytoin

Steen et al.[*3] 6
Kaneko et al.l% ge
Kaneko et al.l3! 59¢
Rane et al.*4 1
Shimoyama et al.[%] 5
Mirkin et al.[4é] 2

Valproic acid (sodium valproate)
Froescher et al.l?] 5

Von Unruh et al.[47] 1
Dickinson et al.[48] 1
Alexandert9] 1
Nau et al.[5%! 6
Nau et al.[> 13
Bardy et al.’ 1
Philbert et al.[>%! 1
Tsuru et al.[>4 2

CBZ =0.20-0.95; CBZ-E = 0.13-0.80

CBZ =0.25-0.58; CBZ-E (n = 4) = 0.34-0.63

CBZ = 0.63; CBZ-E = 0.9
CBZ = 0.6; CBZ-E = 0.6-1.0
CBZ =0.24-0.39

CBZ =0.39 +0.19¢
CBZ=0.41+0.17¢

CBz<1

CBZ =0.07

CBZ=0.15

0.94 + 0.069
0.79 +0.33¢
0.80 + 0.06¢
0.77-1.0
0.79-1.03

0.46 + 0.259
0.36 + 0.20
0.36 + 0.09¢
0.11-0.29

PD = 0.48-0.59; PB = 0.28-0.29
0.81+0.18¢

0.70 + 0.18¢

PD = 0.40-0.86; PB = 0.32-0.60;
PEMA = 0.50-0.94

PD = 0.67-0.96; PB = 0.33-0.46
0.72 +0.20¢

0.06-0.18
0.18 + 0.06¢
0.19 +0.16¢
0.45
0.13-0.52
0.15-0.69

0.01-0.07
0.01-0.10
0.01-0.02
0.05-0.10
0.03

0.025 + 0.01¢
<0.02-0.06
0.02-0.10
0.02-0.03

2.1-8.0

CBZ=1.6-4.7,CBZ + CBZ-E

(n=5)=3357

CBZ +CBZ-E=4.1-7.2

CBZ +CBZ-E=3.3

CBzZ=24°
b

b

CBz=24°

CBz=0.4
b

54
b

115
32-74

3509
3509
b

37

PD +PB =13
b

b

PD + PB + PEMA = 38

PD =18

3.8
0.4
2
7.0
b

35
b

2.6-3.1

Infant dose per kg bodyweight expressed as a percentage of maternal dose per kg bodyweight. Based on worst case analysis.

Maternal dose not reported.

The active metabolite carbamazepine-10,11-epoxide not included in the calculations.

Mean + standard deviation.

Milk concentrations not reported.

Calculations based on the maternal dose reported during pregnancy.

a
b
c
d
e Number of samples or number of cases not stated.
f
g
C

BZ = carbamazepine; CBZ-E = carbamazepine-10,11-epoxide; PB = phenobarbital; PD = primidone; PEMA = phenylethylmalonamide.

0 Adis International Limited. All rights reserved.
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5.2 Ethosuximide

Ethosuximide appearsin breast milk at concen-
trations nearly equal to those in maternal plasma
and the calculated relative doses to the suckling
infant are high (table Il). The daily dose received
by the infant is estimated to be between 4 and 11
mg/kg, whichisabout 10 to 60% of the recommen-
ded therapeutic dose for younger children of 20 to
30 mg/kg. Plasma ethosuximide concentrations in
suckling infants have ranged between 15 and 40
png/ml, which is close to the therapeutic range of
40 to 100 pg/ml recommended for adults.

Hyperexcitability was observed during the first
2 weeksin anewborn who was nursed for 10 days
and whose mother was receiving ethosuximide
monotherapy.[37 In addition, sedation, poor suck-
ling and hyperexcitability was described in 4 out
of 6 infants nursed by mothers treated with etho-
suximide.l3”] However, 3 of these mothers were aso
treated with other anti convul sants such as carbam-
azepine, clonazepam, primidone, phenobarbital and
valproic acid, which were suspected to have con-
tributed to the symptoms.

Whereas ethosuximide is considered compati-
ble with breast feeding by the American Academy
of Pediatrics,[%8 the World Health Organization
Working Group on Human Lactationl?4 regards
the use of the drug during lactation as unsafe.
Based on the high plasma concentrations found in
suckling infants and the reports of adverse effects,
breast feeding should most probably be regarded
as potentially unsafe. Close clinical monitoring of
the infant, supported by monitoring of maternal se-
rum concentrations, is recommended if it is de-
cided to continue breast feeding during maternal
ethosuximide treatment.

5.3 Phenobarbital (Phenobarbitone)
and Primidone

Milk/plasma ratios and relative doses for phe-
nobarbital and primidone, which is partly metabo-
lisedto phenobarbital, are presentedintablell. The
ingested absolute dosage of phenobarbital may
reach 2to 5 mg/day which correspondsto arelative

0 Adis International Limited. All rights reserved.

bodyweight-adjusted dose of at least 13% of the
maternal dose. Phenobarbital isslowly excreted by
infants, and thereforeinfant plasmaconcentrations
may reach or even exceed the maternal concentra-
tions (table 111).

Adverse effects in infants whose mothers re-
ceived treatment with phenobarbital have been
known at least since 1926.159 In another early study,
sedation was observed in 2 out of 41 infantswhose
mothers received treatment with phenobarbital .[6%
Poor sucking and a high incidence of vomiting
have also been observed in breast fed newborns
whose mothersreceived primidone, phenobarbital or
other anticonvulsant treatment.[3! |n addition,
drowsiness, poor suckling and bodyweight gain
were observed in an infant exposed to carbamaze-
pine, phenytoin, primidone and phenobarbital .[31
Drug-induced sedation was suspected to be a con-
tributory cause to the death of ainfant nursed by a
mother who was treated with phenobarbital and
primidone.[61 The blood concentration of pheno-
barbital found in the infant postmortem was 8.3
pg/ml. In another case, methaemoglobinaemia,
anaemia, haemorrhages, drowsiness and poor suck-
ling was observed in suckling newborn whose
mother wasreceiving treatment with phenobarbital
and phenytoin.[62 Intense drowsiness was again
observed in the infant when breastfeeding was re-
started. Moreover, aseries of infantile spasmswas
observed in a breast fed infant whose mother was
treated with phenobarbital, primidone and carbam-
azepine after abrupt weaning.[®® No further sei-
zureswereobserved in theinfant during 6-months’
treatment with phenobarbital or a5-year follow-up
period.

Thereisno consensus regarding the recommen-
dations for lactating mothers treated with pheno-
barbital and primidone. The American Academy of
Pediatricg®® recommends that phenobarbital and
primidone should be used with caution during lac-
tation whereas the World Health Organization
Working Group on Drugs and Human L actation{4
classifies the use of these drugs as unsafe during
breast feeding. One reviewer(®¥ has suggested al-
ternating breast feeding and bottlefeeding asapos-

Drug Safety 2000 Jun; 22 (6)
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Table Ill. Plasma concentrations of conventional anticonvulsants in suckling infants

Reference No. of Maternal dose Infant age Infant plasma concentration ~ Maternal plasma
cases (mg/day) (days) (ug/ml)ab concentration
(ng/ml)

Carbamazepine

Kuhnz et al.[?] 3 10-22 mg/kg/day 5-28 0.5-4.7 8.8(n=1);NR (n=2)°

Froescher et al.[?%] 3 15-18 mg/kg/day 4-7 0.1<15 7.1-8.5

Pynnonen et al.[?”] 2 NR 28-35 CBZ=05-18;CBZ-E=0 CBZ=26-3.1;

CBZ-E=0.5-1.1

Pynnoénen & Sillanpaal?® 1 8 mg/kg/day 30 1.8 CBZ=3.1;CBZ-E=1.0

Kok et al.l* 1 800 70 0.5-1.0 4

Brent & Wisner[33] 1 500 90 0.7 4.7

Ethosuximide

Rane et al.[*6] 1 500 7-140 9-30 44-66

Kuhnz et al.l"] 5 NR 4-30 15-40 28-84°

Soderman et al.[38] 4 1000-1050 NR 24-75% NR

Phenobarbital (phenobarbitone)

Kuhnz et al.% 1 275 10-30 7-9 20-25

Primidone

Kuhnz et al.?9 1 500 10-25 PD =0.7-0.9; PB = 2; PD = 7-12; PB = 6-8;
PEMA=0.4 PEMA = 2-4

Kuhnz et al.% 1 325-625 28-50 PD =0.7-2; PB = 7-9; PD = 4-10; PB = 20-28;
PEMA=1 PEMA=7-8

Nau et al.[5%! 2 7.6 mg/kg/day 14-21 PD =0.8-1.0; PB=1.5-3.0; PD=6.0-9.7; PB = 5.5-8.9;
PEMA = 0.5-0.6 PEMA = 2.7-3.2

Soderman et al.#?l 1 500-1000 NR PB = 2° PD = 11-28

Phenytoin

Kok et al.l* 1 300 70 <0.5 5

Valproic acid (sodium valproate)

Wisner & Perell*4 1 750 30 4 65

Nau et al.[5%! 2 27-31 mg/kg/day 1 0.50-0.55 NR

Bardy et al.[52 1 600 60 0.4-2.0 18-34

a Suggested therapeutic concentration ranges (adults): carbamazepine 5-10 pg/ml; ethosuximide 40-80 pg/ml; phenobarbital 10-30 pg/ml;
phenytoin 10-20 pg/ml; valproic acid 50-100 pg/ml.
b  Conversion factors from pg/ml to umol/l 4.2 for carbamazepine, 7.1 for ethosuximide. 4.3 for phenobarbital, 4.0 for phenytoin, 6.9 for

valproic acid.

¢ Adverse effects reported (see section 5).
d Percent of average maternal concentration.
CBZ = carbamazepine; CBZ-E = carbamazepine-10,11-epoxide; PB = phenobarbital; PD = primidone; PEMA = phenylethylmalonamide;

NR = not reported.

sible successful strategy to minimise the infant’s
drug exposure. Monitoring phenobarbital concen-
trations in exposed infants has also been recom-
mended.[6566] Based on the relative high exposure
to the breast fed infant and the reported adverse
effectsin exposed neonates, lactation should be re-
garded as potentially unsafe. Women who decide
to breast feed their infants should be instructed to

0 Adis International Limited. All rights reserved.

observetheinfant for possible drug effects, such as
sedation and poor suckling.

5.4 Phenytoin

Phenytoinisexcretedin breast milk inrelatively
small quantities. Milk/plasma ratios and the rela-
tive doses are presented in table 11, and drug con-
centrations in the infant are shown in table Il1.
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Available estimates indicate that the amount of
phenytoin that a suckling infant would ingest is
lessthan 11% of the bodyweight-adjusted maternal
daily dose. Moreover, the calculated infant dosage
(0.03 to 0.47 mg/kg/day) is less than 5% of atyp-
ical therapeutic infant dosage of 10 mg/kg/day.

In a suckling infant exposed for phenytoin and
phenaobarbital, drowsiness, poor suck swallow co-
ordination and methaemoglobinaemia was ob-
served,[%3] and in another suckling infant exposed to
carbamazepine, phenytoin, primidone and pheno-
barbital, sedation, poor suckling and bodyweight
loss was noted.[3] The authors considered the
treatment with phenytoin as the main cause of the
symptoms in these 2 cases, although it cannot be
excluded that the other drugs may have contrib-
uted.

The American Academy of Pediatricd®® regards
phenytoin as compatible with breast feeding and
the World Health Organization Working Group on
Human L actation!¥ concludes that the use of this
drug during lactation may be regarded as safe. A
significant risk to the breast fed infant seems un-
likely considering the low concentrationsfound in
breast milk.

5.5 Valproic Acid (Sodium Valproate)

Valproic acid is excreted in human milk in low
concentrations and the estimated maximum body-
weight-adjusted relative daily dose to a suckling
infant is4% (table I1). The elimination half-life of
valproic acid is clearly prolonged in neonates
(tablel). Infant plasma concentrations reported are
shown in table Il1. Based on available data, the
dose to the suckling infant can be estimated to be
lessthan 6% of the recommended initial paediatric
therapeutic dosage of 20 mg/kg/day. In a case re-
port,[49 the serum concentration of valproic acid at
delivery was about the samein the suckling infant
as in the mother, but fell to insignificant concen-
trations after 5 days and was undetectable (limit of
detection not stated) after 29 days, despite an ade-
guate maternal plasma concentration of 80 pg/ml.
In an additional study,53 the serum concentration
in a 3-month-old suckling infant was 7.6% of the

0 Adis International Limited. All rights reserved.

maternal serum concentration. In arecent report, a
breast fed infant whose mother was treated with
valproic acid developed thrombocytopenic pur-
pura and anaemia; recovery was complete after
withdrawal of the treatment.[”] The authors con-
sider it possible that the maternal valproic acid
treatment might have caused the haematological
adverse effectsin the infant.

The American Academy of Pediatricg®® and the
World Health Organization Working Group on
Human L actation!14 classify val proic acid as com-
patible with breast feeding, although others have
suggested that breast feeding should be avoided
because of the potential risk of severe hepatotox-
icity.[%8 However, no cases of liver toxicity in suck-
ling infants have been reported. Although, 1 report
of haematological abnormalities in an infant pos-
sibly related to transfer of valproic acid exposure
through breast milk warrants caution, the exposure
through breast milk isvery low compared with the
recommended dosage for the treatment of seizures
in infants and children. Thus, no dose-dependent
adverse effects should be expected in the infant.

6. Excretion of Benzodiazepines

6.1 Clobazam

After short term administration, clobazam and
its active metabolite desmethylclobazam are trans-
ferred into breast milk in small quantities (table 1V).
However, asthe elimination half-lives are approx-
imately 24 hours for the parent compound and 40
hours for the metabolite, infant exposure is ex-
pected to be slightly higher after multiple doses.
Theinfant would receive at most, 10% of the usual
therapeutic paediatric dosage of 0.5 mg/kg/day
(range 0.1 to 1 mg/kg/day) used in the treatment of
seizures.

The World Health Organi zation Working Group
on Human Lactation(4 considers clobazam to be
safe if the maternal doseislow and if the exposure
is short. However, during long term administration,
the infant should be monitored for possible detri-
mental effects, such as sedation and poor suckling.
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Table IV. Milk/plasma concentration ratios and relative doses to the suckling infant for benzodiazepines

Reference No. of cases Milk/plasma concentration ratio Relative dose to the
suckling infant (%)?

Clobazam

Bennett(' 6 CLO +DCLO = 0.13-0.36 CLO +DCLO = 11.5

Clonazepam

Séderman & Matheson!(®®! 1 0.13 5

Fischer et al.[’d 1 0.33 b

Diazepam

Erkkola & Kantol”!] 3 DIA = 0.10-0.13; DDIA = 0.08-0.11 DIA + DDIA = 4.5¢

Wesson et al.[’2 1 DIA = 0.13-0.21; DDIA = 0.10-0.52 DIA+DDIA= 2.9°

Brandt("3 4 DIA = 0.13-0.18; DDIA = 0.19-0.35 DIA+ DDIA = 13.4¢

Sundsbak et al.[™! 2 DIA = 0.11-0.58; DDIA = 0.08-0.34 DIA+DDIA = 2.6°

Dusci et al.[® 1 DIA=0.2; DDIA=0.13 c

Cole & Hailey!"6ld 9 DIA + DDIA 0.21-2.77 (Mean 0.5 DIA + DDIA) ¢

Lorazepam

Whitelaw et al.l’”] 1 NR 7.1¢

Summerfield et al.["8] 4 0.15-0.26 c

Midazolam

Matheson et al.[’®] 2 0.09-0.16 MID + HMID = 1

Nitrazepam

Matheson et al.[’®] 9 0.28 + 0.06f 2.6

Infant dose per kg body weight as a percentage of maternal dose per kg body weight. Based on worst case analysis.

Maternal dose not reported.

The active metabolites temazepam and oxazepam were not included in the calculation.

Assuming that all lorazepam glucoronide in milk is deconjugated (see section 4).

b
c
d Not studied under steady-state conditions.
e
f

Mean + standard deviation.

CLO = clobazam; DCLO = desmethylclobazam; DDIA = desmethyldiazepam; DIA = diazepam; HMID = a-hydroxymidazolam; MID =

midazolam; NR = not reported.

6.2 Clonazepam

Milk/plasmaratios and relative doses to thein-
fant for clonazepam are presented in table IV. In a
casereport, aserum concentration of 2.9 ng/ml was
measured in a7-day-old sucklinginfant (tableV).l70
However, sincethehalf-life of clonazepam isthought
to be prolonged in neonates, a significant part of
this concentration is most likely a consegquence of
exposure in utero. The infant experienced persist-
ent apnoeaspellsuntil 10 weeksof age. Theauthors
recommend that infants exposed to clonazepam
through breast milk should be monitored for CNS
depression and apnoea. As the relative dose of di-
azepam to the infant is in the same magnitude as
for that for which sedation has been reported (see

0 Adis International Limited. All rights reserved.

section 6.3), it seemspertinent to observetheinfant
closely.

6.3 Diazepam

Diazepam hasalong elimination half-life (table
1) and active metabolites (desmethyldiazepam, tem-
azepam and oxazepam). Milk/plasmaratios and rel-
ative doses to the infant for diazepam are shown in
table 1V and drug concentrations in the infant are
shown in table V. Diazepam and desmethyldia-
zepam are excreted into breast milk, producing
milk/plasmaratios typically of 0.1to 0.5. The cal-
culated relative dose ingested by an infant is less
than 14% of the maternal dose. Thus, the infant
would at most receive about 5% of the therapeutic
paediatric dosage of 0.5 mg/kg/day.
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Sedation, bodyweight loss, electroencephal o-
gram changes and mild jaundice were observed in
al-week-old baby, whose mother had been treated
for 3 days with diazepam 30 mg/day.l8% Milk and
infant concentrations of diazepam were not deter-
mined, but the metabolite oxazepam was detected
in the urine of the neonate. Based on this case, it
has been suggested that diazepam in daily doses of
30mg or above should be avoided in lactating
mothers, while daily doses of 10mg or less should
not pose a significant risk for the suckling infant.
However, in another case report,l’d sedation was
observed repeatedly when theinfant was breast fed
lessthan 8 hours after amaternal dose of diazepam
when the mother was treated with diazepam 6 to
10 mg/day.

In conclusion, detrimental effects in the suck-
ling infant may arise during maternal treatment
with diazepam, although very sparse data exist to
claim that infants exposed to diazepam via breast
milk only, without any additional exposure during
pregnancy or delivery, run a high risk of adverse
effects. On the other hand, available studies do not
adequately address the issue of long term treatment.
The American Academy of Pediatrics'®8 considers
the effects of benzodiazepines on the breast fed
infant to be unknown but possibly of concern.
Based on current knowledge breast feeding can be

regarded to be safe when 1 or afew single doses are
given for acute seizure control. However, if very
high doses are given, discarding milk during the
first 24 hours after treatment should be considered.
During prolonged treatment with diazepam, thein-
fant should be observed for signs of sedation and
poor suckling. If high doses have to be used, and
particularly if long term administrationisrequired,
breast feeding should probably be discontinued.

6.4 Lorazepam

The excretion of lorazepam in breast milk ap-
pearsto besmall (tablelV).l77:.78] Although apoten-
tial cause of feeding problems, maternal lorazepam
usewas not associated with asignificant declinein
the volume of milk consumed or duration of feed-
ing in exposed infants.[77]

The World Health Organi zation Working Group
on Human L actationl1¥ classifies short term use of
lorazepam as probably safe. Based on the low
amounts of lorazepam reaching the infant, treat-
ment with the drug seems to be compatible with
breast feeding. However, caution should be taken
if high doses have to be used or if long term treat-
ment is required.

Table V. Plasma concentrations of benzodiazepines in suckling infants

Reference No. of Maternal dose Infantage Infant plasma concentration Maternal plasma concentration
cases (mg/day) (days) (ng/ml) (ng/ml)

Clonazepam

Fischer et al.[""l 1 NR 5-14 1.0-2.9° 19°

Diazepam

Erkkola & Kantol™ 3 30 4 DIA=172 + 5%, DDIA = 243 + 82 DIA = 491 + 56%; DDIA = 340 + 592

Erkkola & Kanto™ 3 30 6 DIA =74+ 10% DDIA= 31+ 62 DIA = 601 + 22%; DDIA = 483 + 322

Wesson et al.[? 1 6-10 NR DIA=0.7; DDIA = 46 DIA = 100; DDIA = 200

Dusci et al.[’% 1 DIA = 25; 1 year DIA<5; DDIA=21; OXA=7.5, TEM =7 DIA=1000; DDIA = 1000;
OXA=15 OXA =300; TEM = 100

Dusci et al.[’% 1 DIA=35 1 year DIA <5; DDIA = 20; OXA=9.6; TEM =7 DIA = 1400; DDIA = 900;

OXA =300; TEM =100

a Mean + standard deviation.

b Adverse effects reported (see section 6).

c Sample obtained at delivery. Therapeutic range in adults 5-70 ng/ml.
DDIA = desmethyldiazepam; DIA = Diazepam; NR = not reported; OXA = oxazepam; TEM = temazepam.

0 Adis International Limited. All rights reserved.
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Table VI. Milk/plasma concentration ratios and relative doses to the suckling infant for new generation anticonvulsants

Reference No. of cases Milk/plasma concentration ratio Relative dose to the
suckling infant (%)
Gabapentin
Data on filel®! 5 0.7+0.1° c
Lamotrigine
Tomson et al.B4 1 0.6 10
Rambeck et al.l®! 1 0.35-0.68 21
Berryl8®] NR 0.4-0.8 c
Ohman et al.l8"] 9 0.47-0.77 c
Vigabatrine
Tran et al.l®8l 2 0.04-0.224 1.0
0.14-0.87¢ 3.6°
a Infant dose per kg bodyweight as a percentage of maternal dose per kg body weight. Based on worst case analysis.
b Mean * standard deviation.
¢ Maternal dose not reported.
d Calculated for the S enantiomer which is pharmacologically active.
e Calculated for the R enantiomer which is pharmacologically inactive.

NR = not reported.

6.5 Midazolam

Midazolam is excreted into breast milk in small
amounts (table 1V). During repeated once daily ad-
ministration with this short acting drug (elimina-
tion half-life 2 hours and 2-5 hours for its active
metabolite a-hydroxymidazolam) no day-to-day
increase in drug concentrations in milk was ob-
served and no measurable concentrations (limit of
detection 2 ng/ml) were found approximately 7
hours after intake of an oral 15mg dose.[!

Based on the short elimination half-life, the
small quantities excreted into breast milk and the
absence of reported adverse effects in exposed in-
fants, the drug seems compatible with breast feed-
ing. The World Health Organization Working Group
on Drugs and Human Lactation!!¥ regards short
term use while breast feeding as probably safe.

6.6 Nitrazepam

Data from 9 lactating mothers indicate that small
amounts of nitrazepam are excreted in breast milk
(table 1V). During repeated administration milk
concentrations will gradually increase due to the
long elimination half-life of this compound (27 to
30 hours). The mean milk concentration in 5 moth-

0 Adis International Limited. All rights reserved.

ers receiving nitrazepam 5mg at night increased
from 8.4 ng/ml the first morning to 13.5 ng/ml the
fifth morning.[’¥ The plasma level of nitrazepam
in 1 exposed infant wasbelow thelimit of detection
(<3 ng/ml) on day 5 of drug administration.

The World Health Organization Working Group
on Drugs and Human L actation[4 concludes that
short term use of nitrazepam appears safe. However,
during long term treatment the nursed i nfant should
be monitored for signs of sedation and poor suckling.

7. Excretion of New
Generation Anticonvulsants

7.1 Felbamate

No studies have been published on the excretion
of felbamatein breast milk. According to the man-
ufacturer, the excretion of felbamate into breast
milk has been documented in 1 case.!8Y Dueto the
serious adverse effects that have been observed in
adults,82 such as aplastic anaemia and acute liver
failure and the lack of detailed information about the
quantities of the drug excreted into breast milk,
women treated with felbamate shoul d not breast feed.
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7.2 Gabapentin

The excretion of gabapentin has been studied in
healthy individuals, resulting in milk/plasmaratios
about 0.7 (table V1).183 Until more data is avail-
able, gabapentin should be used with great caution
in lactating mothers and the infant should be mon-
itored for possible adverse effects such as sedation
and poor suckling.

7.3 Lamotrigine

Milk/plasma ratios and relative doses to the
suckling infant for lamotrigine are presented in ta-
ble VI and infant concentrations are shownin table
VII. In a case report(®! in which a mother was
treated with lamotrigine during late pregnancy and
lactation, infant samples during the first 5 months
postpartum revealed therapeutic lamotrigine con-
centrations. The authors estimated that between 2
and 5mg lamotrigine per day was excreted in the
breast milk. In a second case report,[84 the infant
plasma concentration was approximately 25% of
the concentration in maternal plasma. The authors
estimated the daily dose ingested by the exposed
infant to be about 0.5 mg/kg/day. For comparison,
atypical paediatric maintenance dosage of lamotri-
gine for treatment of seizuresis 1 to 5 mg/kg/day.
No adverse effects were observed in either of the
exposed infants described above.

The limited data available indicate that infant
lamotrigine concentrations may reach levels at
which pharmacological effectsmay be expected. If
it is decided to continue breast feeding, the infant
should be monitored for possible adverse effects
such as sedation and poor suckling.

7.4 Vigabatrin

In 2 lactating mothers milk/plasmaratiosfor the
pharmacol ogically active S-enantiomer of vigaba-
trin were 0.04 to 0.2 (table V1)[88], Until more data
is available, treatment with vigabatrin should be
used with great caution in nursing mothers and in-
fant should observed for possible adverse effects
such as sedation and poor suckling.

7.5 Other New Generation Anticonvulsants

No data are available on the excretion of tigab-
ine, topiramate or zonisamidein human breast milk
or on possible effects on infants exposed for these
drugs via breast milk. Until data are available, no
specific recommendations can be made.

8. Conclusions

The issue of whether breast feeding should be
discouraged or not during treatment with anticon-
vulsantsisclinically important but, particularly for
the newer agents, also very complex, because of
lack of data and methodological limitations of the
published reports. Moreover, the incomplete know-
ledge about the concentrations at which there is
absolutely no pharmacological effect in the infant,
and about the generalisability of the findings from
afew case reports or studies to the population of
all infants complicatesthe risk analysiseven more.

In general, the drug should be given in the low-
est effective dose. Thematernal concentrationsand
if possible also infant concentrations should be
monitored, and the maternal drug concentrations
should be kept as low as advisable within the ther-
apeutic range. If breast feeding is avoided at times
of peak drug concentrations in milk, the exposure
to the nursed infant can be further reduced to some

Table VII. Plasma concentrations of new generation anticonvulsants in suckling infants

Drug No. of Maternal dose Infant age Infant plasma Maternal plasma
cases (mg/day) (days) concentration (ug/ml) concentration (pug/ml)

Lamotrigine

Tomson et al.[84 1 300 1.4 5.6

Rambeck et al.[5] 1 200-300 11-64 15-2.7 4.3-9.6

0 Adis International Limited. All rights reserved.
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extent, particularly for drugswith short elimination
half-lives.

It isimportant that the potential risksto thein-
fant during maternal treatment with anticonvul sants
are put into the right perspective. Specificaly,
breast milk clearly has nutritional, immunological
and other advantages over formula milk, but the
possible risks of not receiving breast milk are rarely
considered. Therefore, when currently available
data do not warrant absol ute recommendations, the
potential risks to the infant during maternal treat-
ment with anticonvulsants should be carefully
weighed against the benefits of continuing breast
feeding. The risk-benefit discussion could in such
cases preferably also be presented for the mother,
who based on her assessment of the importance of
the different compounds in the risk-benefit analy-
sis could contribute to the final decision.
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