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harmacokinetics of midazolam, propofol,
nd fentanyl transfer to human breast milk

Background and objectives: Lactating women undergoing operations requiring general anesthesia are advised
to pump and discard their milk for 24 hours after the procedure. Data on anesthetic drug transfer into breast
milk are limited. This study determined the pharmacokinetics of midazolam, propofol, and fentanyl transfer
into milk to provide caregivers with data regarding the safety of breast milk after administration of these
drugs.
Methods: Five lactating women participated in this study after providing institutionally approved written
informed consent. Patients underwent premedication with midazolam before induction of anesthesia with
propofol and fentanyl. Anesthesia was maintained with a potent volatile anesthetic. Milk and blood were
collected before drug administration. Milk was collected 5, 7, 9, 11, and 24 hours after drug administration.
Venous blood was collected at intervals up to 7 hours. Plasma and milk midazolam, propofol, and fentanyl
concentrations were measured by HPLC with tandem mass spectrometric or fluorescence detection. The
pharmacokinetics of drug transfer into milk was modeled with plasma pharmacokinetics.
Results: Plasma midazolam, propofol, and fentanyl pharmacokinetics were consistent with reports of others. In
24 hours of milk collection, averages of 0.005% (range, 0.002%-0.013%) of the maternal midazolam dose, 0.027%
(0.004%-0.082%) of the propofol dose, and 0.033% (0.006%-0.073%) of the fentanyl dose were collected in milk,
representing averages of 0.009%, 0.025%, and 0.039% of the respective elimination clearances.
Conclusion: The amount of midazolam, propofol, and fentanyl excreted into milk within 24 hours of
induction of anesthesia provides insufficient justification for interrupting breast-feeding. (Clin Pharmacol
Ther 2006;79:549-57.)
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Despite the recognized social and medical benefits of
reast-feeding, the safety of breast milk after the ad-
inistration of most drugs remains poorly understood.
lthough there are numerous drugs for which careful

isk assessment is recognized as necessary,1 there are
eldom adequate data to provide the basis of a recom-
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endation regarding the safety of breast milk after
aternal drug administration. Too often, safety recom-
endations are made on the basis of theoretical risks,

ase reports, or case studies.2 Because dangerous
mounts of many drugs are assumed to be transferred
nto breast milk, breast-feeding mothers either avoid
edication or do not breast-feed their infants while

aking medications for fear of harming them through
nnecessary drug exposure, often on the overly cau-
ious recommendation of their health caregiver.2 De-
pite the numerous obstacles to studying drug disposi-
ion in breast-feeding women, such studies must be
onducted to provide health care providers with data on
he safety of breast milk after drug administration so
hey can provide their patients with informed advice on
reast-feeding after drug exposure.3

Drugs used commonly for outpatient anesthesia or
onscious sedation include benzodiazepines, hypnotics,
nd opioids. Breast-feeding women must sometimes

ndergo surgery requiring anesthesia or conscious se-

549
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ation with these drugs and want to know when they
ay resume breast-feeding safely. Although the trans-

er of diazepam, methohexital, and meperidine into
reast milk has been estimated,4 there are few data
egarding how much of their modern equivalents mi-
azolam, propofol, and fentanyl is transferred to milk,
nd the information that is available is from studies in
he immediate postpartum period when colostrum is
roduced rather than mature milk,5-7 which differs from
olostrum in both volume and composition.8 Therefore,
hysicians err on the side of caution and advise mothers
o pump and discard their breast milk for 24 hours after
n operative procedure rather than risk giving their
nfant an unsafe amount of drug by way of their breast
ilk. We studied midazolam, propofol, and fentanyl

ransfer into mature human breast milk to provide sur-
ical and anesthesia caregivers with data regarding the
afety of breast milk after administration of these drugs.

ETHODS
Subjects and study design. Five lactating women

ith a preoperative hemoglobin level of more than 10
/dL who had scheduled operative procedures necessi-
ating general anesthesia participated in this study after
roviding institutionally approved, written informed
onsent. Exclusion criteria include patients with Amer-
can Society of Anesthesiologists Physical Status score
reater than II, gastroesophageal reflux disease, peptic
lcer disease, hiatal hernia, body mass index greater
han 28 kg/m2, and allergies to midazolam, fentanyl, or
ropofol. Each patient was instructed not to ingest
nything by mouth after midnight the night before the
lanned procedure. Intravenous access was established
or drug administration. After local anesthesia, a 16- or
8-gauge catheter, attached to a stopcock, was placed in
vein to facilitate blood sampling in the arm opposite

hat in which intravenous drugs were being adminis-
ered. The patient was then brought to the operating
oom where monitors were applied according to the
merican Society of Anesthesiologists Standards for
asic Intraoperative Monitoring. A standard dose of
idazolam, 2 mg over 30 seconds, was administered

ntravenously to provide preoperative anxiolysis. The
atient was given oxygen for 5 minutes before induc-
ion of anesthesia with standard doses of fentanyl, 100
g over 30 seconds, and propofol, 2.5 mg/kg over 30

econds. When ease of mask ventilation was confirmed,
standard dose of a neuromuscular blocking agent was

dministered to facilitate tracheal intubation. Anesthe-
ia was maintained with an inhaled potent volatile
nesthetic agent. At the conclusion of the procedure,

euromuscular blockade was antagonized with stan- m
ard reversal agents, the trachea was extubated when
sual criteria were met, and the patient was brought to
he postanesthesia care unit. The patient was discharged
o the hospital room from the postanesthesia care unit
fter the usual discharge criteria had been met.

Ten milliliters of blood to provide plasma for drug
oncentration measurement was withdrawn through the
arge-bore intravenous catheter before drug administra-
ion and at 2, 5, 10, 15, 20, 30, 45, 60, 90, 120, 180,
00, and 420 minutes after drug administration. Blood
ampling after propofol and fentanyl administration
as timed to coincide with blood sampling after mida-

olam whenever possible. All samples obtained were
entrifuged, and the plasma was collected and frozen
ntil assayed for propofol, midazolam, and fentanyl
oncentrations.

Patients were asked to pump breast milk before drug
dministration to be used as a blank and to empty the
reasts before operation. All milk produced within 24
ours of drug administration was collected from both
reasts and used solely for purposes of the study, as
ecommended for optimal study design9; none was
eturned to the mother for administration to her infant.
ive hours after drug administration and again at 7, 9,
1, and 24 hours after drug administration, the patient
umped the breasts with a standard electric breast
ump, the most efficacious method of milk expres-
ion.10 The milk expressed from both breasts at each
ollection time was combined into 1 sample, the vol-
me was measured and recorded, and the entire volume
as frozen until assayed for propofol, midazolam, and

entanyl concentrations.
Analytic methods. Plasma and milk midazolam con-

entrations were determined by liquid chromatogra-
hy–tandem mass spectrometry after sample prepara-
ion by solid-phase extraction. In brief, 10 �L of 0.1-
g/mL flurazepam dihydrochloride (internal standard)

olution and 0.2 mL of a plasma or milk sample were
dded to a 1.5-mL polypropylene tube and acidified by
he addition of 20 �L of 85% phosphoric acid. The
orbent of each well of the Oasis MCX 30 mg Extrac-
ion Plate (Waters Chromatography, Milford, Mass)
as conditioned with 1 mL methanol and 1 mL water,

he prepared sample was applied to the conditioned
orbent, and the sorbent was washed with 1 mL of
.1-mol/L hydrochloric acid and 1 mL methanol. Sam-
les were eluted into a 96-well plate with 500 �L of 2%
mmonium hydroxide in methanol, dried under vac-
um, and reconstituted with 200 �L of mobile phase
described later). Twenty microliters of the reconsti-
uted eluant was analyzed by an API 3000 liquid chro-

atography–tandem mass spectrometry system (Ap-
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lied Biosystems, Foster City, Calif) equipped with an
gilent 1100 series HPLC system (Agilent Technolo-
ies, Wilmington, Del). Samples were eluted isocrati-
ally from a Synergi 4-�m Hydro-RP 80A column (50

2.0 mm; Phenomenex, Torrance, Calif) with a mo-
ile phase consisting of water and methanol (47.5:52.5
vol/vol]) containing 0.1% formic acid at a flow rate of
.15 mL/min. The tandem mass spectrometer was op-
rated with its electrospray source in the positive ion-
zation mode. The mass-to-charge ratios of the
recursor-to-product ion reactions monitored were
26¡291 for midazolam and 388¡ 315 for fluraz-
pam. The retention time of midazolam was 2.8 min-
tes, and that of flurazepam was 2.6 minutes. Both the
lasma and the milk midazolam standard curves were
inear from 0.018 to 36.9 ng base/mL with coefficients
f variation of less than 7.5% throughout the entire
oncentration range.

Plasma and milk propofol concentrations were de-
ermined by modification of the method of Plummer,11

ith liquid chromatography–fluorescence spectroscopy
s described by Knibbe et al12 after sample preparation
y liquid-liquid extraction as described by Ibrahim et
l.13 In brief, 10 �L of 150-�g/mL thymol (internal
tandard) solution, 0.5 mL of a plasma or milk sample,
nd 0.125 mL of 1.0N sodium hydroxide were added to
conical glass centrifuge tube and the contents were
ixed. One and one half milliliters of ethyl acetate/

eptane (1:1 [vol/vol]) was added to each tube, and the
ontents were mixed thoroughly on a vortex mixer for
0 seconds and centrifuged for 3 minutes at 1400g. The
upernatant was transferred to a polypropylene tube,
vaporated to dryness at ambient temperature under a
tream of nitrogen, and reconstituted with 200 �L of
obile phase. One hundred microliters of the reconsti-

uted eluant was analyzed by an HPLC system consist-
ng of a Waters 510 pump (Waters Chromatography), a

aters 717 autosampler (Waters Chromatography),
nd a Varian 2070 spectrofluorometric detector (Var-
an, Palo Alto, Calif). Samples were eluted isocratically
rom a LiChrospher 5-�m 100 RP-18 column (125 �
.0 mm; Merck KGaA, Darmstadt, Germany) with a
iChrospher 5-�m (4 � 4 mm; Merck KGaA) guard
olumn with a mobile phase consisting of acetonitrile
nd water (60:40 [vol/vol]) containing 0.1% trifluoro-
cetic acid at a flow rate of 1.5 mL/min. Fluorescence
etection was accomplished with excitation at 276 nm
nd emission at 310 nm. Both the plasma and the milk
ropofol standard curves were linear from 0.01 to 10
g/mL with coefficients of variation of 12% or less

hroughout the entire concentration range. c
Plasma and milk fentanyl concentrations were deter-
ined by liquid chromatography–tandem mass spec-

rometry after sample preparation by solid-phase ex-
raction. In brief, 10 �L of 0.1-�g/mL alfentanil
ydrochloride monohydrate (internal standard) solution
nd 0.2 mL of a plasma or milk sample were added to
1.5 mL polypropylene tube. The sorbent of each well
f the Oasis HLB 30 mg Extraction Plate (Waters
hromatography) was conditioned with 1 mL methanol
nd 1 mL water, the prepared sample was applied to the
onditioned sorbent, and the sorbent was washed with 1
L of 5% methanol in water. Samples were eluted into
96-well plate with 500 �L of 2% acetic acid in
ethanol, dried under vacuum, and reconstituted with

00 �L of mobile phase (described later). Twenty
icroliters of the reconstituted eluant was analyzed by

n API 3000 liquid chromatography–tandem mass
pectrometry system (Applied Biosystems) equipped
ith an Agilent 1100 series HPLC system (Agilent
echnologies). Samples were eluted isocratically from
Synergi 4-�m Max-RP 80A column (50 � 2.0 mm;
henomenex) with a mobile phase consisting of water
nd methanol (62.5:37.5 [vol/vol]) containing 0.1%
ormic acid at a flow rate of 0.25 mL/min. The tandem
ass spectrometer was operated with its electrospray

ource in the positive ionization mode. The mass-to-
harge ratios of the precursor-to-product ion reactions
onitored were 337¡188 for fentanyl and 417¡197

or alfentanil. The retention time of fentanyl was 2.1
inutes and that of alfentanil was 2.6 minutes. Both the

lasma and the milk fentanyl standard curves were
inear from 0.0064 to 31.8 ng/mL with coefficients of
ariation of 8% or less throughout the entire concen-
ration range.

The pharmacokinetic model. Venous plasma drug
oncentration-versus-time data were fit with 3-com-
artment pharmacokinetic models by the SAAM II
oftware system (SAAM Institute, Seattle, Wash) im-
lemented on a Pentium-based (Intel, Santa Clara,
alif) personal computer. Drug transfer into breast milk
as modeled both as excretion in the series of individ-
al milk samples and as the cumulative excretion si-
ultaneously with the plasma data (Fig 1). The fraction

f drug elimination clearance by transfer into milk was
efined as fe · ClE, and drug elimination by all other
outes was (1 � fe) · ClE. The SAAM II objective
unction was the extended least-squares maximum like-
ihood function using data weighted with the inverse of
he model-based variance of the data at the various
imes.14 To model the transfer of drug into breast milk,
t was necessary to incorporate a delay element between

entral volume (VC) and the interval milk amounts and
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he cumulative milk amounts. The delay element is
epresented generically by a rectangle surrounding 3
ompartments although the number of compartments
eeded in the delay was typically 5. A time delay
ccounts for the noninstantaneous appearance of drugs
n milk after being transferred from VC, a common
bservation in studies of drug transfer to breast milk.15

ossible systematic deviations of the observed data
rom the calculated values were sought by use of the
-tailed 1-sample runs test, with P � .05, corrected for
ultiple applications of the runs test, as the criterion for

ejection of the null hypothesis. Possible model mis-
pecification was sought by visual inspection of the
easured and predicted marker concentrations versus

ime relationships.
Statistical analysis. Data are expressed as mean �

D or median and range.

ESULTS
The 5 women participating in this study underwent

ubal ligation (n � 3) or laparoscopic cholecystectomy
n � 2) while they were under general anesthesia at a
edian of 12 weeks (range, 6-15 weeks) after they
ere delivered of a healthy term infant. Patient char-

VF

VS

VC

ClF

ClS
(1 – fe)•ClE

Dose
Interval

Milk

fe•ClE

Delay (d)

Cumul.
Milk

ig 1. General model for analysis of pharmacokinetics of
rug distribution and elimination by transfer into milk (fe ·
lE), as well as by all other routes ([1 � fe] · ClE). For the

ake of simplicity, the amount of drug collected in each of the
imed milk collections (Interval Milk) and the cumulative
mount in collected milk (Cumul. Milk) are represented as
eing modeled with the same fractional elimination clearance
fe · ClE) and delay element (d) when, in fact, they were
odeled simultaneously with separate fractional clearances

nd delays constrained to be equal. The delay element is
epresented generically by a rectangle surrounding 3 com-
artments, although the number of compartments needed in a
elay was typically 5.
cteristics are summarized in Table I. m
The median volume of milk collected within 24
ours was 250 mL (range, 125-490 mL) (Table I). The
edian amount of midazolam recovered within 24

ours was 0.08 �g, which is 0.004% of the maternal
ose of 2 mg. The median propofol recovery within 24
ours was 26 �g, which is 0.015% of the median
aternal dose of 180 mg. The median amount of fen-

anyl recovered within 24 hours was 0.024 �g, which
as 0.024% of the maternal dose of 100 �g. These data

re summarized in Table II.
The pharmacokinetic models characterized not only

he venous plasma drug concentration history but also
he amount of drug collected in each of the timed milk
ollections as well as the cumulative amount of drug
ollected for all 3 drugs accurately (Figs 2-4). The
lasma pharmacokinetics was well characterized with a
-compartment model, and the fractional elimination
learance and pharmacokinetic delay fully described
rug transfer to breast milk as it was collected over a
4-hour period (Table III). The average fractional mi-
azolam elimination clearance by transfer to milk was
.009%, that for propofol was 0.025%, and that for
entanyl was 0.039%. The pharmacokinetic delays for
rug transfer to breast milk were rather long, with
verage pharmacokinetic delays of 9.0 hours for mida-
olam, 5.3 hours for propofol, and 6.3 hours for fen-
anyl.

Although not a focus of this study, it was noted
hat drug concentrations in milk tended to parallel
he drug concentrations in the central, rapidly equil-
brating, and slowly equilibrating compartments of
he 3-compartment pharmacokinetic model, which
ad equilibrated by the time the first milk sample was
btained. This finding is illustrated for the drug
entanyl in Fig 5 but is similar for propofol and
idazolam.

ISCUSSION
This study is significant for several reasons. The

able I. Subject characteristics

No. of patients 5
Age (y) 30.2 � 5.6
Weight (kg) 75.8 � 5.0
Weeks post partum 11 � 4
Volume of milk (mL/24 h) 324 � 159
Operative procedures

Tubal ligations 3
Laparoscopic cholecystectomy 2

Data are mean � SD.
ost important is that it has demonstrated that the
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aximum exposure of the nursing infant to the com-
only used intravenous anesthetics midazolam, propo-

ol, and fentanyl within 24 hours after their adminis-
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Fig 2. Plasma midazolam concentration histor
in each timed milk collection, as well as cumu
11 hours after intravenous administration to
values, and lines represent values predicted b

Table II. Drug transfer to milk within 24 hours of ad

Drug

Dose
administered

(mg)

Amount recovered
milk
(mg)

Midazolam 2.0 0.00008
(0.00003-0.0002

Propofol 180 0.026
(180-200) (0.008-0.148)

Fentanyl 0.10 0.000024
(0.000006-0.0000

Data are presented as median and range (N � 5).
*Calculated with assumption that infants weighed 5 kg and that they consu

Table III. Pharmacokinetic parameters

Drug

Volumes (L/kg)*

VC VF VS VSS

Midazolam 0.14 � 0.07 0.29 � 0.13 0.72 � 0.18 1.15 �
Propofol 0.23 � 0.11 0.57 � 0.42 1.77 � 0.26 2.57 �
Fentanyl 0.27 � 0.07 0.46 � 0.16 2.02 � 0.45 2.75 �

Data are presented as mean � SD (N � 5).
*The volumes (V) of the central (C), rapidly (fast) equilibrating (F), and slo

which is the sum of all volumes.
†The clearances (CL) of the rapidly (fast) equilibrating (F) and slowly equ
‡Delay time for transfer into breast milk.
§That portion of the elimination clearance represented by transfer to breast
ration was less than 0.1 % of the maternal dose (Table s
I). The comprehensive study design that includes a full
escription of both maternal drug disposition and 24-
our breast milk drug excretion demonstrates the fea-

8 12

M
ilk M

idazolam
 A

m
ount (

g)

10-3

10-2

10-1

100

101

102nt Collected in Interval
lative Amount Collected 
a Concentration

t 7 hours and amount of midazolam collected
ount of midazolam collected in milk for first
the 5 subjects. Symbols represent observed

odel.

tion

Fraction of maternal
dose transferred to

milk

Weight-normalized infant
dose*

(mg/kg)

0.00004 0.000016
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0.00015 0.0052
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tire volume of milk collected by pumping over a 24-hour period.
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t1/2�

(min) d‡ (min) fe§ (�10�3)LF CLS CLE

� 12 6 � 4 5 � 1 213 � 33 537 � 220 0.09 � 0.05
� 20 21 � 9 22 � 6 146 � 54 321 � 56 0.25 � 0.30
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omen despite numerous obstacles. Finally, the phar-
acokinetic model used in our study should be gener-

lly applicable to describing the maternal disposition
nd excretion in milk of other drugs.

Although it is desirable to avoid unnecessary drug
xposure, it has been suggested that a clinically
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Fig 3. Plasma propofol concentration history
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hours after intravenous administration to one
and lines represent values predicted by the m
nsignificant exposure of a healthy term infant to w
rug by way of breast milk is less than 10% of the
eight-normalized adult dose.1,16 The most impor-

ant finding of the current study is that the maximum
xposure of the nursing infant to the commonly used
ntravenous anesthetics midazolam, propofol, and
entanyl within 24 hours after their administration
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ernal dose. This calculation was made with the
ssumption that the infants weighed 5 kg and that
hey consumed the entire volume of milk collected
y pumping over a 24-hour period. Infant exposure
y breast-feeding to the benzodiazepine, hypnotic,
nd opioid commonly used in contemporary outpa-
ient anesthesia and surgery, namely, midazolam,
ropofol, and fentanyl, would therefore be less than
he estimated exposure to an earlier generation of the
ame class of drug, namely, diazepam, methohexital,
nd meperidine (INN, pethidine), as predicted by
orgatta et al.4 Thus our data are supportive of the
urrent opinion that breast-feeding may be resumed
s soon after surgery and anesthesia with these 3
rugs as the mother is physically and mentally
ble.17

To estimate exposure of the breast-feeding infant to
aternal medications, it is frequently necessary to de-

end on reported milk-to-maternal plasma drug concen-
ration ratios, maternal plasma drug concentration esti-
ates, and an estimate of the volume of milk consumed

ver a given time.15 For example, the milk-to-maternal
lasma drug concentration ratio method was used to
stimate infant exposure to methohexital, meperidine,
nd diazepam in breast milk.4 The optimal way to
stimate infant exposure to drug by way of breast milk
s to collect the entire volume of milk from both breasts
ver 24 hours and measure both the volume of milk and
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Fig 5. Model-predicted compartmental fent
administration to one of the 5 subjects and m
of collection periods.
he drug concentration in each of the samples collected p
ver that time.9 Although such complete collections
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okinetic models of drug transport to breast milk that
ave been proposed or used by others are either im-
ractical or not generalizable. Wilson et al,15 for exam-
le, proposed a 3-compartment catenary model with a
ate constant for milk excretion in the distal compart-
ent that is zero order during feeding and off when the

nfant is not feeding, leading to the accumulation of
ilk and drug in the third compartment. Although they

ited the delay between the time to peak plasma drug
oncentrations and the time to peak milk concentration
s supporting their model, in our study it was found that
he time course of drug concentrations in milk approx-
mately paralleled model-predicted concentrations in
ll 3 compartments of the open mammary model by the
ime milk was collected (Fig 5). Stec et al19 described
heophylline transfer into breast milk with a multicom-
artmental model that included cumulative drug elim-
nation as part of overall drug elimination clearance.
hus our model is similar to that of Stec et al except

hat ours includes a delay because we observed a delay
n drug elimination, whereas that of Stec et al did not
ecause they observed no such delay. In our study drug
limination clearance by transfer of midazolam, propo-
ol, and fentanyl into breast milk (ie, fe · ClE, Fig 1)
as never more than 0.1% of the overall drug elimina-

ion clearance (ie, ClE) for each of these drugs in all 5
f the subjects studied (Table III). The model-estimated
limination clearance in breast milk is consistent with
he fraction of the dose recovered in milk collected over

24-hour period expressed as a percentage of the
dministered maternal dose (Table II), as discussed
arlier.

The pharmacokinetic model used in this study (Fig 1)
haracterized both the plasma drug concentration and
rug transfer into breast milk well (Figs 2-4). The
lasma pharmacokinetic parameters (Table III) were
onsistent with those reported by others. The pharma-
okinetics of midazolam in the current study is virtually
dentical to that reported for young adults by Smith et
l,20 as well as those we reported in young women.21

he propofol pharmacokinetics in this study is consis-
ent with that in the large series of Shafer et al22 and
hat used to design a validated target-controlled drug
nfusion by Tackley et al.23 The current fentanyl kinet-
cs is nearly identical to that reported in volunteers by

cClain and Hug24 and in surgical patients by Koska et
l.25 The pharmacokinetic results suggest that the small
mount of these drugs that appears in breast milk is
ue, at least in part, to the extensive distribution of a
ose throughout the tissues of the body, as well as the
elatively efficient elimination of the drugs from the

ody by hepatic metabolism. c
Delays in the time of peak milk drug concentrations
elative to the time to peak maternal plasma drug con-
entrations have been reported for a number of drugs.15

o model the transfer of drug into breast milk, it was
ecessary to incorporate a delay element in the phar-
acokinetic model (Fig 1). The average delays ob-

erved for the drugs in our study (Table III), 9.0 hours
or midazolam, 5.3 hours for propofol, and 6.3 hours
or fentanyl, are longer than were expected from the
elays reported for other drugs. The prolonged delays
n this study may reflect in part the timing of the
ollection of the first milk sample, which was 5 hours
fter drug administration to allow for the duration of
nesthesia and surgery and the time to recover from the
ffects of anesthesia. Another factor contributing to the
rolonged delay may have been reduced milk produc-
ion seen after surgery because of perioperative fluid
estriction and volume losses, as well as stress-induced
nhibition of milk production.26 The reduced postoper-
tive milk production may be especially reflected in the
rst (ie, 5-hour) sample, the median volume of which
as 10 mL (range, 3-80 mL), and, to a lesser extent, in

he total volume collected in 24 hours, the median
olume of which was 270 mL (range, 125-490 mL),
hich is less than half of the typical mature milk
roduction by well-nourished women in the first 6
onths post partum.27

A potential limitation of this study is our failure to
easure the metabolites of midazolam, propofol, and

entanyl. However, the metabolites were not measured
ecause they are either pharmacologically inactive or
ontribute minimally to the pharmacologic activity of
he parent drug because they are present in such low
oncentrations after intravenous administration.28-30

The amount of midazolam, propofol, and fentanyl
ppearing in breast milk over a 24-hour period after a
ingle dose of each of these agents is administered as
art of a general anesthetic is very small and therefore
nlikely to affect a healthy term infant. This study
herefore provides data to support the recommendation
hat breast-feeding not be interrupted after postopera-
ive recovery from anesthesia.
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eer for this study. We also thank Arthur J. Atkinson, Jr, MD, for
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D, for editorial recommendations and encouragement, and Judy
’Leary, Larry Wallace, RRT, and Alva Maddox, CRTT, for assis-

ance in the conduct of these studies.
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