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Summary
There has been an increase in breast-feeding supported by the recommen-
dations of the American Academy of Pediatrics and the World Health Orga-
nization. An anesthesiologist may be presented with a well-motivated
breast-feeding mother who wishes to breast-feed her infant in the periopera-
tive period. Administration of anesthesia entails acute administration of
drugs with potential for sedation and respiratory effects on the nursing infant.
The short-term use of these drugs minimizes the possibility of these effects.
The aim should be to minimize the use of narcotics and benzodiazepines, use
shorter acting agents, use regional anesthesia where possible and avoid agents
with active metabolites. Frequent clinical assessments of the nursing infant
are important. Available literature does suggest that although the currently
available anesthetic and analgesic drugs are transferred in the breast milk, the
amounts transferred are almost always clinically insignificant and pose little
or no risk to the nursing infant.

Introduction

Human milk is the ideal source of nutrition in neo-
nates and infants (1–4). It is been the recommendation
of both the World Health Organization (WHO) and
the American Academy of Pediatrics (AAP) that
infants be exclusively breast-fed up to 6 months of age
and continue to receive only human milk as the source
of milk until 1 year of age (1,4). As a result, there has
been an upward trend toward the practice of breast-
feeding. In fact, up to 90% of women worldwide,
breast-feed their infants (5). There are several advanta-
ges of breast-feeding for the baby–maternal and infant
bonding, development of immunity of the neonate/
infant, and optimal nutrition to the baby (1,6–9).
Advantages for the mother include–postpartum involu-
tion of the uterine size, reduced risk of ovarian and
breast cancer, protection from developing type 2 dia-
betes, and contraception during the period of exclusive
breast-feeding (6,7,10,11).

Concerns may be raised that because the anesthetic
agents and perioperative medications are secreted in
breast milk, these may have harmful effects on the baby.

The decision to permit breast-feeding after maternal
treatment with any drug must balance safety and benefit
to the infant. An important question is how long a
mother should wait after receiving anesthesia and/or
analgesia before the baby can be safely breast-fed. Few
studies have addressed this issue (12–15). The surgeon,
pediatrician and anesthesiologist may be faced with the
management of the baby and its nursing mother who
needs anesthesia and/or analgesia postpartum or for a
surgical procedure. Concerns that may arise include:
safety of general anesthesia and perioperative medica-
tion use, postoperative analgesia, pumping and discard-
ing the breast milk, impact on breast milk production,
extent of monitoring of the infant and special circum-
stances involving the infant, for example, prematurity,
twin baby, and the presence of neonatal clinical situa-
tions including congenital syndromes. With the increase
in breast-feeding of infants, a review regarding anesthe-
sia and breast-feeding, the transfer of anesthetic drugs
into the human breast milk and their effects on the
infant would be useful, especially with the use of newer
agents. The aim of this article is to review the currently
available literature regarding safety of anesthesia and
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related drugs in lactating women and their potential
effects on the breast-fed infant.

Physiology and Pharmacology of breast milk

Human milk is secreted by alveolar tissue in the breast
and is regulated by prolactin and oxytocin, hormones
that are secreted by the anterior and posterior lobes of
the pituitary gland, respectively (16). During pregnancy,
there is an increase in the level of prolactin, estrogens,
and progesterone, which cause the lobuloalveolar devel-
opment of the breast. Following placental delivery, there
is a sudden decline in the levels of estrogen and proges-
terone, which initiates lactation. Suckling by the baby
evokes reflex release of oxytocin and ejection of milk.
Suckling also stimulates release of prolactin, which
maintains and augments milk secretion. Following the
birth of the baby when the mother starts breast-feeding,
the early milk secreted for the first 48–72 h is high in
protein (rich in antibodies) and low in fat and is called
‘colostrum’. Once normal milk secretion is established,
upon initiation of breast-feeding, the infant receives ini-
tial watery milk called ‘foremilk’ followed by thicker
high lipid content milk called the ‘hind milk’. The ability
or inability to breast-feed the infant or extract milk by
pumping of the breast depends on several factors that
include: the ability of the baby to suck, occurrence of ill-
ness in either mother or infant, maternal stress, dehydra-
tion, use of medications, and the timing and frequency
of nursing or pumping of the breast milk (4). The stress
of anesthesia, surgery, and the associated illness may
influence the mother’s ability to produce milk. Addition-
ally, oral contraceptives used in the postpartum period,
especially those containing estrogen, may decrease milk
supply. Substances called galactogogues to increase milk
production include herbal preparations as well as
domperidone and metoclopramide (17,18). However,
controlled studies to demonstrate both safety and effi-
cacy of these compounds are lacking. In the United
States, herbal preparations are excluded from regulation
by the United States Food and Drug Administration
(FDA) unless a significant safety issue arises. Thus, they
are not recommended for use by either the pregnant or
the nursing mother. When the mother is not able to
breast-feed the baby, maternal milk can be pumped
manually or with a breast pump. The pumped milk may
be stored and administered to the infant via a feeding
bottle or feeding tube depending on the situation. The
mechanism of transfer of drugs in the breast milk has
been extensively reviewed in the past (19,20). Drugs
administered to the mother usually pass from the mater-
nal plasma to the breast milk by passive diffusion where
a column of milk remains in contact with lactocytes

(21–23). Several factors affect transfer of drugs in the
human milk: maternal plasma concentration of the
drug, maternal plasma protein binding, drug ionization,
drug lipid solubility, and drug molecular weight (19,24).
Drugs highly bound to maternal plasma proteins are less
likely to be transferred to breast milk (22,25). The lipid
content in milk is variable not only from foremilk to
hind milk but also during the day and even from breast
to breast (23,26). Very few studies report separate drug
concentrations in hind milk from foremilk (26). Because
there is a delay in the occurrence of the side effect of a
drug in an exposed infant (based on the pharmacokinet-
ics in the exposed infant), differential concentration of
the drug in foremilk and hind milk during a single feed-
ing may perhaps not be an influential factor dictating
the occurrence of side effects in the exposed infant.
The susceptibility of the baby to a drug that is

secreted in human milk depends on the maternal dose,
frequency of feeding, volume of milk ingested, the
potential duration of action of the drug in the infant,
and the maturity of the baby (19,24,25). The ideal drug
would be one with high maternal protein binding, high
degree of ionization, short half-life, poor oral bioavail-
ability, and low lipid solubility. The magnitude of risk
of exposure of the breast-fed infant to drugs in the
maternal plasma has been described using various indi-
ces such as the milk-to-maternal plasma drug concentra-
tion (M : P ratio) and the ‘exposure index’ (24,25,27).

Method

A search of available literature was conducted using the
PubMed database from the National Library of Medi-
cine. The keywords used were anesthesia, breast-feeding,
and the corresponding drug in question. The drugs
included intravenous anesthetic agents–(propofol,
thiopentone, etomidate, and ketamine); inhalational
agents–(sevoflurane, isoflurane, halothane, desflurane,
and nitrous oxide); opioid analgesics–(fentanyl,
morphine, hydromorphone, hydrocodone, oxycodone,
remifentanil, meperidine, and codeine); benzodiaze-
pines–(diazepam, lorazepam, and midazolam); and non-
steroidal anti-inflammatory drugs (ibuprofen, ketorolac,
and diclofenac); neuromuscular blocking agents; anti-
cholinergic drugs (atropine and glycopyrrolate); antich-
olinesterases (neostigmine); antiemetics and local
anesthetic agents. An additional literature search was
also made via the LactMed website: http://toxnet.nlm.
nih.gov/cgi-bin/sis/htmlgen?LACT
The reviewed articles were graded based on the Levels

of Evidence (LOE) and the strength of recommendation
(SOR) grading followed by the Oxford Center for Evi-
dence based Medicine (28; LOE Level 1 = randomized
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control trials, Level 2 = controlled nonrandomized tri-
als, Level 3 = case control studies, Level 4 = case series
and grade 5 for consensus or expert opinion; SOR level
A = good evidence, B = moderate evidence, C = poor
evidence, D = inconclusive studies). Please refer to the
website: http://www.cebm.net/.

Drugs use in the perioperative period

The pharmacological effects of the various anesthetic
and nonanesthetic drugs are described below.

Anesthetic drugs

Intravenous anesthetic agents
These include propofol, thiopentone, ketamine, and
etomidate (29). The comparison of these drugs with
regard to transfer into breast milk is shown in Table 1.

Propofol There is a case report of a 33-year-old woman
who was administered propofol as a part of general
anesthesia for laparoscopic removal of ectopic preg-
nancy. The woman reported bluish green breast milk
pumped 8 h after surgery. The green color lasted for
48 h although there is no comment on the effect on the
baby in that report (30). A study investigated the levels
of propofol in breast milk and plasma of five lactating
women who were administered propofol for general
anesthesia. The study revealed that on an average
0.025% of the maternal propofol dose was detected in
the breast milk (31). In that study, a 24-h breast milk
collection was used for the study; none returned to the
infant, hence possible clinical effects on the infant were
not measured (31). A similar study also revealed very
low concentration of propofol in the breast milk of
women administered propofol for general anesthesia for
cesarean section (32). The authors report no neurologi-
cal signs of drug depression in the neonates (32).

Thiopentone Negligible concentrations of thiopentone
were found in the breast milk (0.9 mcg!ml"1 in mature
milk and 0.034 mcg!ml"1 in the colostrum respectively,

milk/plasma ratio <1, [LOE 2]; 33). The authors con-
cluded that these concentrations would be nontoxic to
the nursing infant. In another study (LOE 2), in women
undergoing cesarean section under general anesthesia,
colostrum/plasma ratios of thiopentone at 4 and 9 h
were 0.67 and 0.68, respectively (34). The mean concen-
trations of thiopentone in colostrum were 1.98 mg!ml"1

at 30 min, 0.91 mg!ml"1 at 4 h, and 0.59 mg!ml"1 at
9 h, respectively (34). They concluded that thiopentone
may be administered in the lactating women (SOR B).
This drug is not currently available in the United
States because of the controversy over its use in capital
punishment.

Etomidate There are limited data available regarding
etomidate in the setting of breast-feeding and anesthesia.
In the study described above, the authors used either thi-
opentone (5 mg!kg"1) or etomidate (0.3 mg!kg"1) for
induction of anesthesia for elective cesarean section (34).
The colostrum/plasma etomidate ratio was 1.2 at
30 min. Etomidate was not detected in any of the 2-h
maternal plasma samples but was still detectable in nine
of 20 colostrum samples, with a mean value of
16.2 ng!ml"1 at 2 h. The authors concluded that a rapid
decline in etomidate concentrations in colostrum would
permit early feeding of the newborn after cesarean sec-
tion (34). Based on this, the etomidate may be used in
lactating women (LOE 2, SOR B).

Ketamine There are no published human studies
regarding the transfer of ketamine to human milk. There
is one study suggesting that ketamine administration
may affect the motivation for breast-feeding in lactating
rats (35). No conclusions can be drawn on the use of
ketamine in lactating women and the effects on the
infant.

Volatile anesthetic agents
There are no data related to actual levels measured in
the human milk of women administered a volatile anes-
thetic agent. Desflurane or sevoflurane levels in milk
most likely have no clinical importance 24 h after anes-
thesia due to rapid washout. There have been potential
safety issues for occupational exposure to inhaled anes-
thetic gases (primarily nitrous oxide). The National
Institute for Occupational Safety and Health Adminis-
tration (NIOSH, Centers for Disease Control and Pre-
vention, USA) recommends no worker be exposed to
>2 ppm (ceiling concentrations) of the halogenated
vapors over a period of 1 h (http://www.cdc.gov/niosh/
docs/1970/77-140.html). The use of scavenging systems
and minimizing the leaks and spills can help reduce
potential risks.

Table 1 Transfer of commonly used intravenous anesthetic agents

in breast milk, NA, not available

Drug

Dose

(mg kg"1)

Percentage

transferred

in breast milk

Milk or colostrum:

plasma

concentration ratio

Propofol (29–32) 1.5–2.5 0.025% <1
Thiopentone

(29,33,34)

3–5 NA 0.6

Etomidate (29,34) 0.2–0.4 NA 1.2 at 30 min

Ketamine (29) 1–2 NA NA
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Use of xenon as an inhalational anesthetic gas has
been described in recent years. Its advantage is its rapid
onset and offset of action and its characteristics being
close to an ideal anesthetic gas. However, its cost has
been its limiting factor. This drug is not available for use
in anesthesia in the USA. In a report describing the use
of general anesthesia with propofol, remifentanil and
xenon in four breast-feeding women, the xenon levels in
the maternal milk were found to be zero immediately
postextubation (36). Perhaps, in the future, use of xenon
as a general anesthetic inhalational agent may prove
beneficial to the breast-feeding mother with early return
to breast-feeding as well as no effect on the breast-fed
infant (36; LOE 3).

The ambient concentrations of nitrous oxide, sevoflu-
rane, and desflurane in the operating room, recovery
area, and the intensive care unit (ICU) areas have been
reported in one study (37). Although, the concentration
of all three agents was below the minimum working
place concentrations (especially for nitrous oxide,
100 ppm, time weighted average 8 h, Prevention of
Occupational Risks in Health services, Germany), it was
above the threshold of 0.1 MAC for maternal protection
(Maternal Protection Law, Germany) in the recovery
area. The authors concluded that pregnant and breast-
feeding women should not work in the recovery room
area because of increased concentrations in these areas
(37; LOE 2). In another report (LOE 4), the authors
measured the concentration of halothane from a breast
milk specimen from a lactating, practicing anesthesiolo-
gist (38). There was no scavenging system used for elimi-
nation of anesthetic gases from the operating room
environment at that time. The concentration measured
in milk was 2 ppm, which was consistent with the level
in the operating room environment. The milk/gas parti-
tion coefficient varied between 2.3 and 1.4. The authors
attributed this to the changing fat content in the breast
milk and also whether or not halothane was measured
in foremilk or hind milk (38). Based on the available
evidence and the fact that the inhalational agents are
rapidly excreted and have poor oral bioavailability, and

with the use of scavenging systems in the operating
rooms, volatile anesthetic agents may be safely used in
lactating women (SOR C, D).

Opioid analgesics
The commonly used opioids and their transfer in breast
milk are discussed below (Table 2).

Fentanyl The concentration of fentanyl in human milk
has been studied (31). Following administration of
100 mcg of fentanyl, intravenously, at anesthetic induc-
tion, fentanyl concentrations were measured along with
propofol and midazolam concentrations (LOE 2). The
authors report that in a 24 h collection of milk, follow-
ing administration of general anesthesia, 0.033% of the
maternal fentanyl dose was noted in the breast milk.
Breast-feeding is considered acceptable following single
doses to the mother; however, there is no information
available after multiple intravenous injections. In a
study of 50 patients who were administered, single bolus
doses of fentanyl (100 mcg) or sufentanil (10–50 mcg)
epidurally for cesarean section under epidural anesthe-
sia, the authors did not find any detectable level of the
drug in the breast milk (39; LOE 1, SOR A). Based on
available evidence, single doses of fentanyl during
anesthesia or epidural fentanyl may be administered in
lactating women.

Fentanyl for management of chronic pain Transdermal
patch, transmucosal lozenge, buccal tablet (Fentora!),
and buccal film (OnsolisTM) are not recommended per
manufacturer instructions in nursing women due to
potential for infant sedation and/or respiratory depres-
sion. The use of transdermal fentanyl patch 100 mcg!h"1

in a pregnant woman throughout her pregnancy for
treatment of chronic pain has been reported in the litera-
ture (40). The mother’s milk fentanyl level was
6.4 ng!ml"1 and the infant’s blood fentanyl level was
undetectable suggesting use of the fentanyl patch may
be an option in a nursing woman for treatment of
chronic pain (40). Symptoms of opioid withdrawal may

Table 2 Transfer of perioperatively use opioids into human breast milk (15); NA, data not available

Drug Maternal dose M : P ratio

% of maternally administered

dose found in colostrums or breast milk Oral bioavailability

Morphine

(15,41–46,49)

15 mg iv 1.1–3.6 0.8–12% 26%

Meperidine

(15,49–56)

50–150 mg 0.82–1.59 NA <50%

Fentanyl

(15,39,40,49)

50–400 mcg iv NA 0.033% NA

Alfentanil

(15,49)

50 mcg!kg"1 iv NA NA NA
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occur in any infant whose mother has received chronic
treatment with fentanyl. These symptoms may occur fol-
lowing the cessation of breast-feeding.

Morphine Morphine secretion in breast milk has been
extensively studied in the literature. Morphine is trans-
ferred to human milk in small amounts. Morphine has
an oral bioavailability of 30%; its active metabolite,
morphine-6-glucuronide, has a bioavailability of 4%. It
is important to note that morphine-6-glucuronide is
also more potent and requires renal elimination. Plasma
morphine concentration of 125 ng!ml"1 has been
reported for adequate sedation in 50% of the neonates
compared with a far lower concentration of 12 ng!ml"1

for cardiac surgery in older children (41,42; LOE 2b,
SOR B).

Administration of a single dose of morphine to the
mother is not expected to cause detrimental effects in
nursing infants. However, there is considerable concern
regarding the use of repeated doses of both morphine
and codeine in breast-feeding mothers. In a study of five
lactating women who were administered morphine, epi-
durally (4 mg) or parentally (intramuscularly or intrave-
nously; 5–15 mg every 4–6 hourly), the peak morphine
concentration in milk was found to be 82 mcg!l"1 at
30 min (82 ng!ml"1) after epidural administration and
500 ng!ml"1 (500 mcg!l"1) following parenteral admin-
istration (10-mg intravenous and 5-mg intramuscular;
43). The half-life of morphine in human breast milk was
found to be 3 h. The authors suggest based on their
findings that an exclusively breast-fed infant would
receive 75 mcg!kg!day"1 of morphine; <6% of the
weight-adjusted maternal dose of morphine (43; LOE 2,
SOR B). In fact, higher morphine concentrations in
breast milk (100 ng!ml"1 in foremilk and 10 ng!ml"1 in
hind milk) have been reported in case of a woman,
21 days postpartum, who received oral morphine, sug-
gesting that the amount that an infant may receive is
variable and may be much higher: that is, 0.8–12% of
the maternal oral dose (44; LOE 4).

Morphine and morphine-6-glucuronide levels have
been studied in the colostrum of seven postcesarean sec-
tion women who were administered intravenous patient-
controlled analgesia with morphine (45). The study
reported milk (colostrum) morphine concentration rang-
ing from <1 to 48 ng!ml"1 and of morphine-6-glucuronide
from <5 to 1084 ng!ml"1. The safety of breast-feeding
for infants whose mothers are on morphine patient-con-
trolled analgesia is questionable (45; LOE 2).

Morphine for the management of chronic pain The
administration of intrathecal morphine via a pump to
the mother for chronic pain management resulted in

minimal maternal serum and breast milk levels. In that
case, the maternal milk concentrations were either unde-
tectable or below the quantification sensitivity of the
assay (46). Chronic use of morphine by a nursing
mother may lead to higher levels of morphine in the
infant especially in neonates or in infants with hepatic or
renal dysfunction. Morphine should be used with cau-
tion in case of breast-feeding women. The very young
infant is especially at risk for both acute and chronic
opioid exposure.

Hydromorphone This analgesic is transferred to breast
milk. In a study evaluating the pharmacokinetics of
intranasally administered hydromorphone, the
observed milk/plasma ratio was found to be 2.57 (47).
The half-life of hydromorphone in maternal plasma
was 11 h, and in milk, the half-life was 10.5 h. The
authors estimated that the breast-fed infant would
receive approximately 0.67% of the maternal dose of
hydromorphone (adjusted for body weight; 47; LOE
2). The authors conclude that both passive diffusion
and active transport are potential mechanisms of hy-
dromorphone transfer into milk (47). There was no
mention of any possible effect on the infant, but the
long half-life in both maternal plasma and milk sug-
gests that caution should be used especially with
repeated maternal doses.

Hydrocodone In a pharmacokinetic study evaluating
the excretion and effect of hydrocodone and hydromor-
phone in breast milk of 30 women, breast-fed neonates
received ~1.6% (range was 0.2–9%) of the maternal
weight-adjusted hydrocodone bitartrate dosage. When
combined with hydromorphone, the total median opiate
dosage from breast milk is 0.7% of a therapeutic dosage
for older infants (48). The study also found that little to
almost no hydromorphone was secreted into breast milk
(48; LOE 2). In a case report by Anderson et al. two
infants whose mothers who received hydrocodone along
with acetaminophen received an estimated 3.1% and
3.7% of the maternal weight-adjusted dosage (48). The
authors concluded that neonates and preterm infants
may be more susceptible than older infants to adverse
effects of hydrocodone and its metabolites in breast milk
(LOE 4, SOR C; 48).

Remifentanil There are no published data on mater-
nally administered remifentanil use and its effect on the
breast-fed infant. However, it has a ‘brief context sensi-
tive’ half-life of <10 min and hence may be considered
safe for mothers of breast-fed infants (49). However,
because of its short duration of action, it is not suitable
for acute postoperative pain. Its use has been recently
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described for patient-controlled analgesia in labor (LOE
2, SOR B; 50).

Meperidine Meperidine has been a popular analgesic
in obstetric practice. It has an active metabolite norme-
peridine (49). Analgesic blood levels of 100–150
mcg!ml"1 have been reported when used intramuscu-
larly in cancer patients (51; LOE 1).When administered
to the woman in labor, it can cause neonatal respiratory
depression (15). The neonatal half-lives for meperidine
and normeperidine are 13 and 63 h, respectively (52).
Meperidine may be secreted in small amounts in breast
milk. A wide range of levels of meperidine (36.2–
314 ng!ml"1) and its metabolite normeperidine
(0–333 ng!ml"1) in breast milk have been reported,
when administered to women for postpartum analgesia
(53). A higher incidence of neurobehavioral depression
has been observed in neonates whose mothers received
patient-controlled analgesia with meperidine in compar-
ison with morphine (54; LOE 2). In that study, the
authors also reported a normeperidine/meperidine ratio
of 3 : 1 in the breast milk at 48 h (54). In a report of 20
women who were administered epidural meperidine via
patient-controlled epidural analgesia, the combined
absolute infant dose of meperidine and normeperidine
was found to be 1.8% of the neonatal therapeutic dose
(55; LOE 2). The authors concluded that infants who
are breast-fed are at a low risk of exposure when moth-
ers are administered meperidine epidurally than via
patient-controlled epidural analgesia (55). In another
study, investigators report a milk concentration of
176 ng!ml"1 in eight women who received 25 mg of
meperidine intravenously for cesarean section with a
milk/plasma ratio of 2.3 (range, 1.5–4.2; 56). In the same
study, in another woman who received 50 mg of meperi-
dine during anesthesia and 25 mg of meperidine 2 h
later, the milk concentration was 571 ng!ml"1 after 4 h
and 224 ng!ml"1 after 8 h (56; LOE 2). Available litera-
ture suggests that meperidine may not be a drug of
choice in lactating women as there is a higher risk of
respiratory depression in the breast-fed infant although
epidural meperidine carries lower risk of infant side
effects (SOR B).

Codeine Codeine is used for the treatment of moderate
pain postoperatively. Codeine is secreted in breast milk
because of its high lipophilicity and weak protein bind-
ing properties. Codeine is a prodrug, methyl morphine.
It is metabolized to morphine by the hepatic microsomal
enzyme system CYP2D6; an enzyme that catalyzes the
demethylation reaction of codeine to morphine. There is
a case report of a breast-fed neonate whose mother
was prescribed a combination of codeine with

acetaminophen for postepisiotomy pain (57; LOE 4).
The infant was found to be lethargic with difficulty with
breast-feeding on day 7 and died on day 13 after birth.
The blood concentration of morphine (the active metab-
olite of codeine) was found to be 70 ng!ml"1; much
higher than the levels of 0–2.2 ng!ml"1 typically found
in this situation. Genetic analysis of the mother revealed
the presence of CYP2D6*2A allele with CYP2D6*2 9 2
gene duplication, classified as ultra-rapid metabolizer
(57). Breast-fed infants of mothers with combined
genetic polymorphisms of the CYP2D6 and the
UGT2B7 (incidence of 1.4% in Western European pop-
ulations) appear to have an increased risk of severe neo-
natal depression upon maternal consumption of codeine
(58). Based on this and other reports, the administration
of codeine to the breast-feeding mother is best avoided
regardless of the infant’s age (58,59; LOE 3, SOR B).

Oxycodone A recent paper emphasizes the potential
danger of the use of opioids in the breast-feeding
mother. In that study, three groups of breast-feeding
mothers and their infants were studied. Mothers in the
three groups received oxycodone, codeine, or acetami-
nophen, respectively, for postpartum analgesia (60).
Central nervous system (CNS) depression was measured
by standardized questionnaires. Infant CNS depression
occurred in 20.1% of oxycodone group, 16.7% in the
codeine group, and 0.5% in the acetaminophen group.
The fact that the mothers in the oxycodone and codeine
groups whose infants were depressed took more medica-
tion than the mothers of the nondepressed infants in
each group is important. Oxycodone has an active
metabolite (oxymorphone), which is 14 times more
potent than oxycodone because of its higher affinity for
the mu-receptor (61). Oxycodone does not appear to be
safer than codeine (LOE 2).

Tramadol Tramadol and its active metabolite, 0-desm-
ethyltramadol, are excreted into breast milk. One study
of 75 mothers given tramadol for postpartum pain
showed average milk concentrations of 748 mcg!l"1 for
tramadol and 203 mcg!l"1 for o-desmethyltramadol 6 h
after the administration of 100 mg orally to the mothers.
This would expose an infant to an average daily dosage
of 112 mcg!kg"1 for tramadol and 30 mcg!kg"1 for the
o-desmethyltramadol metabolite (62). These 75 infants
were compared with another 75 infants whose mothers
did not take tramadol, but did take other opiates and/or
nonsteroidal anti-inflammatory drugs. No adverse clini-
cal effects in the infants were observed. There was no
difference between these two groups of infants with
respect to the Neurologic and Adaptive Capacity Score
(63). As with any infant whose mother is receiving an
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opioid, the infant should be observed for signs of respi-
ratory depression, sedation, and decreased alertness.

Other opioid analgesics Pharmacokinetics of nalbu-
phine, butorphanol, and pentazocine with regard to
breast milk has not been reported.

Benzodiazepines
Benzodiazepines are often used for sedation and anxi-
olysis (64). The most commonly used drugs are diaze-
pam, lorazepam, and midazolam (64). Diazepam is
longer acting compared with the other two drugs and
has an active metabolite, desmethyl diazepam, which
has a half-life of 30–100 h. Maternal use of diazepam
is not suitable in labor as it may cause lower APGAR
scores in the newborn infant. On the other hand,
lorazepam has a shorter half-life compared with diaze-
pam and does not have an active metabolite. Its effect
on neonatal behavior is minimal in comparison with
diazepam (65). Midazolam is 2–3 times more potent
than diazepam and has become popular with anesthe-
siologists because of its water solubility, titrability,
and rapid offset of action (Table 3).

Diazepam Diazepam is known to be transferred in
breast milk. The milk/plasma ratios for diazepam and
its active metabolite desmethyl diazepam have been
reported to vary between 0.1–0.11 and 0.08–0.13, respec-
tively (66,67). Undetectable levels of diazepam and its
metabolite in the breast milk have been reported in one
study (LOE 2; 56). In another study of nine women who
were administered diazepam during the peripartum per-
iod, the levels of diazepam in the infant plasma were
noted to persist for as long as 10 days (68; LOE 3). In a
case report of a woman whose breast milk was studied
during withdrawal from a combined diazepam and
oxazepam therapy, diazepam (milk/plasma ratio 0.2)
could not be detected in the infant’s plasma, but low lev-
els of N-desmethyl diazepam (milk/plasma ratio 0.13),
temazepam (milk/plasma ratio 0.14), and oxazepam
(milk/plasma ratio 0.1) were detected (69; LOE 4).

Lorazepam In a report of four breast-feeding
women who received lorazepam 3.5 mg orally as a
premedication 2 h prior to surgery, the concentration of

lorazepam in breast milk was found to be 8–9 ng!ml"1

(70). This was found to be far less than the reported con-
centrations of 23–82 ng!ml"1 in the newborn as reported
in another study; levels insufficient to cause neonatal
neurobehavioral depression (65; LOE 4).

Midazolam In a study, five lactating women undergo-
ing general anesthesia were administered midazolam
premedication followed by general anesthesia with prop-
ofol and fentanyl (31). The investigators found that an
average of 0.005% of the maternal midazolam dose was
found in 24 h of milk collection, representing 0.009% of
the elimination clearance (31). The authors concluded
that the amount of midazolam (as well as propofol and
fentanyl) excreted in breast milk is not a sufficient justifi-
cation of interruption of breast-feeding (31; LOE 2). In
a randomized study, investigators found that women
who received 15 mg of oral midazolam, the milk/plasma
ratio was found to be 0.15. The authors concluded based
on their study, that very negligible midazolam is trans-
ferred via milk to the baby if the baby is nursed more
than 4 h after the oral dose of midazolam (71; LOE 1).
Based on available evidence, use of midazolam either

as premedication or intraoperatively under anesthesia
may be considered safe in lactating women (SOR A, B).
However, use of diazepam may be considered unsafe in
terms of effects on the breast-fed infant. Lorazepam
may be used, but with caution.

Nonsteroidal anti-inflammatory drugs (NSAIDS)
These groups of drugs have an opioid sparing effect and
hence are popular in the acute postoperative pain set-
ting. Ketorolac, administered intravenously, is fre-
quently used in the intraoperative and the postoperative
periods. The distribution of ketorolac in breast milk has
been studied in (n = 10) women who were 2–6 days
postpartum (72). Women were given ketorolac, orally,
10 mg, 4 times!day"1 for 2 days. Simultaneous breast
milk and maternal serum samples were drawn four times
over the dosing period and the following day (day 3).
Breast milk concentrations of ketorolac ranged from 5.2
to 7.9 ng!ml"1. The milk/plasma ratio ranged from
0.015 to 0.037. The authors estimated the exposure of
ketorolac to the breast-feeding infant to be 0.16% to
0.40% of the maternal dose (72; LOE 2). It is

Table 3 Transfer of perioperatively used benzodiazepines into human breast milk (15); NA, data not available

Drug

Maternal dose

mg!day"1

Adult half-life

hours Pediatric half-life Milk : Plasma ratio Oral bioavailability (%)

Diazepam (15,64,67,68) 30 43 20–50 0.10–0.58 99

Lorazepam (15,64,65,70) 5 14 NA 0.15–0.26 90

Midazolam (15,64,71) 15 1.9 6.5–23 0.15 27
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recommended that NSAIDS with short half-lives, for
example, propionic derivatives such as ibuprofen, may
be used in lactating women (73). The amount of drug
exposure to the infant may be minimized if the medica-
tion is taken by the mother at the time of breast-feeding
so that the next feed is administered after a period of
time that equals one half-life of the drug (73; LOE 4).
Based on the current available evidence, NSAIDs may
be used in lactating women (SOR B, C).

Neuromuscular blocking agents
These are quaternary ammonium compounds (74). They
have a poor lipid solubility and are largely distributed in
the extracellular fluid volume (74). They have poor oral
bioavailability; hence, their administration may be
considered safe for the breast-feeding infant. Suxame-
thonium has a rapid onset and offset of action. Based
on these facts, that is, poor oral absorption, and a rapid
elimination from maternal circulation, it is considered
to be safe with regard to breast-feeding. The nondepo-
larizing agents used currently in clinical practice include
atracurium, cisatracurium, rocuronium, and pancuroni-
um. To date, there are no data on the pharmacokinetics
of these drugs in breast milk. Based on poor oral
bioavailability and poor lipid solubility, they may be
considered safe for use in the breast-feeding mother
(LOE 4, SOR D). As with any drug for which no data
regarding pharmacokinetics in breast milk exists, close
observation of the infant is necessary.

Drugs used for reversal
Typical agents used for reversal are anticholinesterase
drugs, usually neostigmine in conjunction with an
antimuscarinic drug such as atropine or glycopyrrolate
to block the muscarinic effects of the anticholinesterase
(75,76).

Anticholinergic agents Those commonly used by most
anesthesiologists are atropine and glycopyrrolate (76).
Atropine is a tertiary amine, known to be rapidly
absorbed from the gastrointestinal tract and found in
trace concentrations in the breast milk. Glycopyrrolate
is a quaternary ammonium compound, which does not
cross the central nervous system membrane barriers,
hence not expected to be found in the breast milk.
Also, it is poorly absorbed through the gastrointestinal
tract (12). There are no human studies on the phar-
macokinetics of these drugs in the human breast
milk (12).

Anticholinesterases These include neostigmine, physo-
stigmine, pyridostigmine, and edrophonium (76). These
drugs are also used in the treatment of myasthenia

gravis as well as for reversal of neuromuscular blockade
for general anesthesia. Neostigmine is a quaternary
ammonium compound with a half-life of 15–30 min. In
a report of six breast-fed infants whose mothers were
administered neostigmine for the treatment of myasthe-
nia gravis, one newborn infant appeared to have abdom-
inal cramps after a breast-feeding episode; efforts to
detect neostigmine in breast milk failed (77; LOE 4). In
a report of two infants whose mothers received pyrido-
stigmine for the treatment of myasthenia gravis, the per
kilogram dose of pyridostigmine ingested by the nursing
infant was only 0.1% of that taken by the mother
(maternal oral doses 180–300 mg!day"1) and was there-
fore considered safe for the breast-feeding infant (78;
LOE 4, SOR D). There are no data on breast milk
pharmacokinetics related to physostigmine and
edrophonium.

Antiemetics
The commonly used antiemetics in the perioperative
period include–metoclopramide, prochlorperazine, pro-
methazine, and ondansetron.
Metoclopramide is an antiemetic and has been used

as a galactogogue (17). In a report of five breast-fed
infants whose mothers were administered oral metoclo-
pramide, 10 mg, three times a day, for insufficient milk
supply, the serum metoclopramide levels were undetect-
able (<2 mcg!ml"1) in four infants. In the fifth infant,
the serum levels were 20.9 and 18.6 mcg!ml"1 at 4 and
14 days postpartum, averaging 8% of the mother’s
serum levels (LOE 2; 79). There are no reported data on
the use of the remaining drugs mentioned above with
regard to pharmacokinetics in breast milk or effects on
the infant. Metoclopramide and ondansetron (due to
absence of sedative side effects) may be safely used in
lactating women.

Local anesthetics
The most commonly used local anesthetics are lidocaine,
bupivacaine, and ropivacaine (80). These amino amide
compounds are lipid-soluble (80). They may be secreted
in small amounts in breast milk. The effect will depend
on the route and duration of administration. Previous
studies have shown a negative association of labor epi-
dural analgesia and early successful breast-feeding (81).
In a randomized controlled study on 30 parturients who
either received or did not receive epidural analgesia for
postoperative pain following cesarean section, the inves-
tigators found that the women in the epidural group had
improved breast-feeding and infant weight gain (LOE 1;
82). However, in that study, the authors used epidural
bupivacaine without narcotics and did not measure milk
production or bupivacaine levels in the breast milk
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(82,83). In a case report of a 33-year-old breast-feeding
mother who underwent cholecystectomy, the authors
administered a continuous intrapleural infusion of bupi-
vacaine 0.25% at the rate 0.13 ml!kg!h"1 (83). The
authors estimated that the infant received 0.1% of the
maternal dose of bupivacaine and concluded that it was
safe for the breast-fed infant (LOE 4; 83). Excretion of
bupivacaine and lidocaine in the breast milk has been
reported following epidural anesthesia for cesarean sec-
tion (84). Blood and milk samples were collected at 2, 6,
and 12 h. The study indicated that lidocaine, bupiva-
caine, and their metabolite 2,6-pipecoloxylidide were
excreted in breast milk (84). The authors reported milk/
serum ratio of 1.07 # 0.82, 0.34 # 0.24, and 1.37 #
0.61 (mean # SD) for lidocaine, bupivacaine, and pipe-
colylxylidide, respectively (84). The authors concluded
that the use of both lidocaine and bupivacaine was safe
with regard to breast-feeding (LOE 2, SOR B; 84).
A study by Giuliani et al. also suggested the safety of
use of lidocaine for local anesthesia for dental extrac-
tions in case of breast-feeding women (85; LOE 2).
Local anesthetics especially lidocaine, bupivacaine, and
ropivacaine may be safely used in lactating women.

Management of anesthesia in the breast-feeding
mother

Preoperative preparation

This is a unique situation where one has to consider two
patient entities in one–mother and the breast-fed baby
(Appendix 1). Hence, in addition to a thorough history,
clinical examination and investigations where appropri-
ate, in case of a breast-feeding mother, a history regard-
ing breast-feeding, intention to breast-feed in the
postoperative period, drug history as well as the infant’s
birth history and developmental history must be
obtained. The surgery may be scheduled such that the
infant may be breast-fed just prior to the procedure. A
prolonged period of preoperative fasting should be
avoided and an intravenous infusion of fluids may be
considered to avoid dehydration in the breast-feeding
patient who is awaiting surgery. During the preoperative
visit, it should be explained that although attempts will
be made to administer drugs with low transferability in
the breast milk, there will still be some amount of the
drug(s) transferred to the breast milk. The amounts are
thought to be clinically insignificant, but the mother
should be assured that the infant will be closely moni-
tored. The choice of the anesthetic technique, advanta-
ges of regional, or central neural blockade, and
strategies for postoperative pain management should
also be clarified and discussed.

Selection of Anesthetic Technique

This will also depend on the type and site of surgery as
well as the comfort level of the patient. Local anesthesia,
regional anesthesia, and central neural blockade may be
used as sole techniques or in combination with general
anesthesia. The advantages of nerve blocks or central
neural blockade (spinal or epidural anesthetic) include
faster recovery from anesthesia and return to baseline
status so that the mother is able to breast-feed sooner
albeit decreasing the need for intravenous narcotics,
benzodiazepines, and anesthetic induction agents. Also,
with these techniques, there is a lower incidence of post-
operative nausea and vomiting compared with general
anesthesia and extended pain relief, thereby minimizing
the narcotic analgesic requirement in the postoperative
period. Certainly, available literature although slightly
conflicting, largely suggests the early return to and
longer duration of breast-feeding in women who
received epidural anesthesia in comparison to general
anesthesia (86–88).

General anesthesia plan

Midazolam or lorazepam should be the choice for seda-
tive premedication. Propofol, thiopentone, or etomidate
may be safely used; although there is no literature on the
impact of ketamine on the breast-feeding and its effects
on the infant. For maintenance of anesthesia, nitrous
oxide, sevoflurane, isoflurane, or desflurane may be con-
sidered safe. Neuromuscular blockade may be safely
facilitated with the currently used drugs including sux-
amethonium, rocuronium and atracurium, or cisatracu-
rium. Reversal agents may also be safely administered.
Antiemetics should be those with minimal sedative
effects such as ondansetron and dexamethasone
although routine antiemetics have not been found to
impact the breast-fed infant. During the entire proce-
dure, the mother should be well hydrated. The aim
should be to use short acting agents to facilitate smooth
early recovery of the breast-feeding mother and maxi-
mize use of nonnarcotic nonsedative analgesic and use
of local anesthetic agents where possible to facilitate
postoperative analgesia.

Options in case mother wants to temporarily suspend

breast-feeding

These include pumping and storing the milk prior to the
procedure; the baby can be bottle-fed with previously
stored breast milk or pumping and discarding breast
milk postanesthesia for 24 h (‘pump and dump’) and
then resuming to breast-feeding (22). Because the
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exposure of the infant over 24 h to most drugs trans-
ferred to breast milk is rarely >1–2% of the original
maternal dose (89), some anesthesiologists make the rec-
ommendation to resume breast-feeding when sufficiently
recovered from anesthesia. There are no scientific data
to support postoperative ‘dumping’ unless the mother is
not awake enough to breast-feed in which case she may
feel too weak to pump!

Discussion/conclusion

All the drugs administered to the mother are secreted
in breast milk thereby exposing the nursing infant to the
possible adverse effects of that particular drug. The
adverse effect of maternally administered drugs on
the breast-fed infant depends on a multitude of factors.
These factors include the type of drug, the amount of
milk ingested by the breast-fed infant, age and maturity
of the infant (15,20,90). Adverse drug reactions in
breast-fed infants following maternal drug exposure are
rare; most being minor incidents and notably in infants
<2 months of age (91,92). The aim should be to mini-
mize the exposure of the nursing infant to the drug. In
general, the characteristics of an ideal drug for a breast-
feeding woman are (1) the drug is minimally secreted or
transported in breast milk, (2) the drug has a short elimi-
nation half-life, and (3) the drug should have inactive
metabolites.

The anesthetic technique of choice depends on the
type of surgery (major or minor procedure), urgency of
surgery (emergency or elective), site of surgery, and the
experience of the anesthesiologist. The aim should be
to minimize the use of narcotics and benzodiazepines,
use shorter acting agents and avoid agents, which have
active metabolites. Often, the breast-feeding mother
undergoing a surgical procedure is advised to discon-
tinue breast-feeding in the postoperative period. How-
ever, with the advent of newer anesthetic agents and
the available literature, this practice seems unnecessary
and is in fact disadvantageous to the nursing infant
(12,15,90). Indeed, the current literature suggests that
although anesthetic drugs are transferred into the
breast milk, the amount transferred is clinically insig-
nificant and poses little or no risk to the nursing infant.
Administration of anesthesia entails acute administra-
tion of drugs with potential for sedation and

respiratory effects on the nursing infant. However, the
short-term use of these drugs minimizes the possibility
of these effects. Ideally, it would be appropriate for the
mother to breast-feed the baby as soon as she feels alert
and comfortable. Frequent clinical assessments of the
nursing infant are important to identify the occurrence
of any adverse effects on the baby. We suggest that
breast-fed infants of mothers in the postanesthesia per-
iod or those on treatment with respiratory depressant
drugs, be clinically monitored (especially in case of pre-
mature babies). Because there are no established stan-
dardized guidelines, each case may be judged on an
individual basis. Perhaps, the clinical monitoring of the
breast-fed infant, in extreme cases, may involve use of
a pulse oximeter or apnea monitor; although this will
also have implications on the utilization and combina-
tion of the adult and pediatric team resources. Further
research in this direction will be useful in helping clini-
cians manage the mother and the breast-fed baby in the
postoperative period. As the recent reports of adverse
effects on infants from maternal opioid use illustrate,
even single case reports must increase awareness of
potential significant effects on the nursing infant
regardless of drug class. A useful resource for the cur-
rent literature on the use of drugs during lactation is
LactMed (http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?
LACT). This database, sponsored by the USA National
Library of Medicine, is a peer-reviewed, continually
updated list of drugs and their levels in breast milk,
effects on the nursing infant (if any), and any effect on
lactation.
Finally, each case should be judged on its own merit

and a team approach with good communication
between the anesthesiologist, surgeon, and pediatrician
is important for safe management of the breast-fed
infant whose mother is administered anesthesia for
surgical procedures.
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Appendix 1 Management of the lactating mother in the perioperative period.

Lactating mother for
surgery

Major Surgery

Emergency
Elective

Minor surgery

Emergency Elective

• Patient education 

• Keep patient hydrated 

• Choose appropriate 
anesthetic technique 

• May consider 'pump and 
dump' for 24 hours 

• Resume  breast feed when 
awake and comfortable 

• Frequent Clinical 
monitoring of the baby 
when breast feeding 
resumed 

• Consult lactation specialist 
and Pediatrician 

• Patient education 

• Keep patient hydrated 

• Choose appropriate 
anesthetic technique 

• may breast feed baby when 
awake and comfortable  

Choice of anesthetic for all cases

Consider local anesthesia, regional anesthesia, and 
central neural blockade with or without general 
anesthesia where appropriate 

For general anesthesia consider short acting agents 
eg propofol,  fentanyl, remifentanil , midazolam,  
rocuronium etc 

Consider regional block catheters, epidural 
catheters, NSAIDS, short acting narcotics for post-
operative pain relief 

Post-operatively when breast feeding is resumed 
frequent clinical assessment of the baby is 
important at all times 

Mother wishes to continue 
breast feeding 

Mother does not wish to 
continue breast feeding  

Pump and dump, 
resume when mother 
awake, alert and 
comfortable
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