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Abstract
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This study evaluates concentrations of methadone in breast milk and plasma among a sample of
methadone-maintained women in the immediate perinatal period. Twelve methadone-maintained,
lactating women provided blood and breast milk specimens 1, 2, 3, and 4 days after delivery.
Specimens were collected at the time of trough (just before methadone dose) and peak (3 hours after
dosing) maternal methadone levels. Paired specimens of foremilk (prefeed) and hindmilk (postfeed)
were obtained at each sampling time. Although there was a significant increase in methadone
concentration in breast milk over time for the peak postfeed sampling time, t(22) = 2.40, P = .0255,
methadone concentrations in breast milk were small, ranging from 21 to 314 ng/mL, and were
unrelated to maternal methadone dose. Results obtained from this study contribute to the
recommendation of breastfeeding for methadone-maintained women regardless of methadone dose.
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Methadone maintenance has been recognized as the optimal treatment for opiate dependency
during pregnancy and in the postpartum period.1 In appropriate doses, methadone therapy
confers major advantages for pregnant women, including diminished illicit opioid use,2-4 the
provision of an avenue for substance abuse treatment,5 improved attention to outstanding
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maternal medical care needs and nutrition,6 and the creation of a more stable environment for
the infant.6,7 In addition, methadone maintenance provides the infrastructure for receiving
parenting training, which has been found to improve parenting knowledge and skills among
this population.8,9 Although its use has proven benefits for mothers, methadone-exposed
infants are at risk for multiple difficulties in the neonatal period, most notably neonatal
abstinence syndrome (NAS), manifested in more than 60% of these infants.10 Compared to
their non-drug-exposed cohorts, methadone-exposed infants are smaller in size,11 more
frequently display sleeping disorders,12 and are at higher risk for decreased maternal
attachment.13
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It is well established that breastfeeding is the optimal way to nourish an infant.14-17 Breast
milk confers a number of known advantages to the mother and infant18 and could be most
beneficial for the vulnerable group of methadone-exposed infants who are at risk for morbidity
in the perinatal period. The American Academy of Pediatrics classifies methadone as a drug
usually compatible with breastfeeding and reports no adverse signs or symptoms in breastfed
infants of methadone-maintained mothers.19 Yet multiple barriers exist that frequently prevent
this group of women from breastfeeding, including those imposed by health care providers due
to lack of clear guidelines, by feeding problems exhibited by drug-exposed infants experiencing
acute or subacute NAS, and by the opioid-dependent women themselves due to poor selfesteem, lack of knowledge, or feelings of guilt.20 Recommendations regarding breastfeeding
among methadone-maintained women have ranged from avoidance of breastfeeding for all
such women21 to using breast milk of methadone-maintained women to treat NAS,22 with most
authors recommending breastfeeding for methadone-maintained women, if desired, under
certain circumstances.23-29 Guidelines for methadone-maintained women desiring to
breastfeed their infants vary by region, hospital, and provider. Not uncommonly, methadonemaintained women wishing to breastfeed their infants after delivery are given conflicting
advice by different treatment providers during the course of a single hospitalization.
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There is a paucity of information regarding breast milk and methadone maintenance to date,
with only a handful of studies published over the past 30 years. Despite small sample sizes
(numbers of participants ranging from 1 to 12) and widely variable sample collection protocols
and analysis techniques, in general, the mean concentration of methadone in human milk has
been reported as ranging from 50 to 270 ng/mL; methadone exposure for the infant ranges from
0.01 to 0.09 mg/day.23-29 Postfeed breast milk methadone concentrations are approximately
33% higher than prefeed concentrations; this is most likely due to the increase in lipid content
in breast milk that occurs during the course of a feeding.28 This study evaluates methadone
content in breast milk in the immediate postnatal period, its relationship to maternal dose and
plasma concentrations, and the variability in breast milk methadone concentrations in foreand hindmilk.

Methods
Participants
Participants were pregnant women enrolled in a comprehensive substance abuse treatment
program (described elsewhere30), enrolled from a larger, longitudinal study evaluating the
effects of methadone in breast milk on infant neurobehavior. For the parent study, 2257 women
were screened over a 5-year period for the following criteria: opiate dependence, meeting
federal guidelines for methadone maintenance, expressing a desire at routine obstetric care
visits to breastfeed their infants, once-daily methadone dose, and uncomplicated singleton
pregnancy (ie, HIV-negative status, fetal measurements appropriate for gestational age,
absence of fetal malformations, and without significant pregnancy complications such as
gestational diabetes and hypertension). Participants were then selected for participation based
on recommendation from their counselors for compliance to program standards, absence of
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evidence of licit or illicit drug use in the prior month of treatment (defined as a positive
breathalyzer, positive urine toxicology, or presumed positive [appearing under the influence
of licit or illicit substances] toxicology), and staff confidence in their ability to maintain their
abstinence in the postpartum period. Fifty-eight women met enrollment criteria and were
enrolled in the parent study at 36 weeks gestation. Women completing days 1 through 4 of data
collection composed the study population presented. Gestational dating was determined by a
prenatal ultrasound around the 20th week of gestation as per program standards. The
breastfeeding methadone-maintained women were generally not different demographically
(parity, age) or by substance use history from program participant means for women meeting
criteria for methadone maintenance. However, there was a greater preponderance of Caucasian
women in the sample, which may reflect cultural preferences for breastfeeding.31,32 Women
were excluded from study participation for relapse to licit or illicit substances consequent to
enrollment at 36 weeks gestation, premature birth (less than 37 weeks estimated gestational
age at delivery), delivery by cesarean section (which typically involves medications for pain),
or formula supplementation for breastfeeders during the study period. Twelve women over the
5-year project period were able to participate in the study in the immediate postpartum period
(days 1 though 4). All study participants were placed on a morning (10:00 AM to 11:00 AM)
methadone-dosing schedule 1 month prior to delivery and monitored per program standards
for licit and illicit drug use. Monitoring included a minimum of weekly random urine
toxicology tests for opiates, cocaine, benzodiazepines, alcohol, cannabinoids, phencyclidine,
and methadone. Women appearing under the influence of any substance or who had a positive
urine toxicology test were excluded from study participation. Additionally, standard care
required urine toxicology tests for all participants and their infants at birth. The research was
approved by the governing institutional review board (Johns Hopkins Medicine IRB 1), and
written informed consent was obtained from all participants.
Study Procedures
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Breastfeeding women submitted 4 (paired pre- and postfeed) specimens of breast milk 1, 2, 3,
and 4 days after delivery. Breast milk pre- and postfeed samples were obtained from a single
breast at each sampling time, identified as the breast not used last in the prior feeding. The
infant was fed from this breast between the pre- and postfeed samples, with an effort made to
empty the breast as completely as possible. Days of life were determined by the 24-hour
daytime period nearest the delivery time, keeping the determined day of life as close as possible
to the infant's actual day of life. Further manipulation of the designated days of life was not
possible due to methadone dosing restrictions; women continued to be medicated at 10:00 AM
throughout the study period. Specimens were collected at times of trough (just prior to single
daily oral methadone dose) and at peak (3 hours after single daily methadone dose) maternal
methadone levels. Peak plasma methadone levels in individuals chronically treated with oral
methadone occur between 2 and 4 hours after an oral daily dose.33 Paired specimens consisted
of breast milk expressed (by hand or electric pump) just prior to breastfeeding (foremilk) and
breast milk expressed after the infant had ceased breastfeeding (hindmilk) from the same breast.
All women gave blood specimens at trough and peak maternal methadone levels. Participants'
perceived symptomatology indicative of opiate withdrawal was surveyed at each trough and
peak test session, using the Subjective Opiate Withdrawal Scale (SOWS).34 Methadone
administration was confirmed by pupil-lometer photograph, using a modified Polaroid OneStep camera (Polaroid, Waltham, MA), which revealed pupillary constriction at peak (vs
trough) in all cases.
Laboratory Analysis of Breast Milk and Plasma
Breast milk was collected in polypropylene storage vials and stored at −20°C until time of
analysis. Specimens were analyzed using a validated liquid chromatography atmospheric
pressure chemical ionization tandem mass spectrometry method. Briefly, 0.5 mL of breast milk
J Hum Lact. Author manuscript; available in PMC 2009 July 29.
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was analyzed utilizing an LCQ Deca XP Ion Trap Mass Spectrometer (ThermoFinnigan, San
Jose, CA), following protein participation and solid phase extraction (SPE). Identification and
quantification of methadone was based on selected reaction monitoring. The limit of
quantification (LOQ) was 10 ng/mL, with a linear dynamic range of 10 to 500 ng/mL.
Extraction efficiency was greater than 97%, with inter- and intraday imprecision < 20%.
Blood was collected in vacutainer green-top vials containing heparin. After centrifugation,
plasma was separated from red blood cells and stored at −20°C in polypropylene tubes until
time of analysis. Plasma specimens were analyzed by gas chromatograph mass spectrometry
(Agilent, Dover, DE) following SPE, using modifications of the methods of Galloway (1999)
35 and Alburges (1996).36 The LOQ for methadone was 5.0 ng/mL, and the range of linearity
was 5 to 2000 ng/mL. Imprecision was < 20% for the method.
Calculation of Mean Infant Dose Ingestible
Mean infant methadone exposure was calculated from the average of pre- and postfeed breast
milk methadone concentrations per day and extrapolated to the total methadone dose ingestible
per day. Average breast milk yield volumes per day of life were obtained from previously
published research.37
Analysis
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Basic descriptive statistics (mean, standard deviation, range) were calculated to describe the
study sample in terms of maternal demographic characteristics, birth outcomes, concentrations
of methadone in breast milk and plasma, and ratios of breast milk methadone to plasma
methadone (BM/P). Due to the small sample size, Spearman correlation coefficients were used
to assess the strength of association between methadone concentrations in breast milk and
plasma, and between maternal methadone dose and BM/P, at times relative to methadone dose
(peak and trough, days 1 through 4). Repeated measures linear regression was used to determine
whether there was a significant change over time in breast milk methadone concentrations for
each sampling time (trough prefeed, trough postfeed, peak prefeed, peak postfeed). All analyses
were done using SAS statistical software (version 9, SAS Institute, Cary, NC). Statistical
significance was set at P < .05 for all analyses.

Results
Mothers
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The mean (± SD) maternal age was 27.2 ± 4.3 years; 9 women were Caucasian and 3 African
American; 4 were primiparous. Four required psychotropic medications during pregnancy
(sertraline [2], fluoxetine [2], and olanzapine [1]; 1 woman required 2 medications). Mean (±
SD) methadone dose at delivery was 75.8 ± 22.1 mg (range 40-110 mg). Mean SOWS scores
at trough and peak maternal methadone levels averaged 4.0 to 5.6, and all were 16 or below,
reflecting no or little subjective reporting of withdrawal symptoms.34
Infants
All infants (5 males, 7 females) were term at delivery, with birth parameters appropriate for
gestational age (birth weight mean [± SD] 3061.3 gm ± 437.2 gm, length 50.0 cm ± 2.7 cm,
head circumference 32.8 cm ± 1.8 cm). Mean 1- and 5- minute Apgar scores were 8.3 and 8.9.
Only 1 infant required pharmacologic treatment of mild to moderate NAS, with a total
hospitalization of 10 days (6 for NAS treatment).
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Breast milk yield was expectedly variable on days 1 and 2, as amounts of colostrum able to be
expressed are typically small.38 Minimum, maximum, and mean concentrations of methadone
in breast milk by day are presented in Table 1.
The calculated average dose of methadone ingestible by the infant from breast milk each day
was 0.006 mg on day 1, 0.018 mg on day 2, 0.039 mg on day 3, and 0.084 mg on day 4. Repeated
measures linear regression showed a significant increase in breast milk methadone
concentrations over time for the peak postfeed sampling time, t(22) = 2.40, P = .0255. Changes
in breast milk methadone concentrations over time did not attain statistical significance for the
other 3 sampling times.
Plasma
Minimum, maximum, and mean concentrations of methadone in maternal plasma by day are
presented in Table 2. Spearman correlations between breast milk and plasma methadone
concentrations ranged from .09 (day 2 trough) and .47 (day 4 peak); no correlations differed
significantly from zero. Mean concentrations of plasma and breast milk methadone are
presented in Figure 1.
Breast Milk/Plasma Methadone Ratios
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Breast milk methadone to plasma methadone (BM/P) concentration ratios for all 8 sampling
times (trough and peak, days 1-4) are presented in Table 3. BM/P ratios at trough maternal
methadone levels ranged from 0.1 to 2.7; BM/P ratios at peak maternal methadone levels ranged
from 0.1 to 1.2.

Discussion
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This study evaluated the concentration of methadone in maternal plasma and breast milk at
trough and peak maternal methadone levels on consecutive days in the immediate postnatal
period. Consistent with previously published reports,23-29 the concentration of methadone in
breast milk was small, ranging from 20.6 to 314.2 ng/mL. Methadone concentrations in breast
milk were unrelated to maternal dose. Concentrations increased from pre- to postfeed in all
cases aside from the first collection (trough, day 1) by a mean of 10.5%, which is at the lower
end of the range (10%-56%, mean 33%) previously reported by Wojnar-Horton28 using breast
milk from 12 women with older infants (age range 3-26 days). This is likely due to the
increasing fat content in milk over the course of a feeding; hindmilk, or the final two thirds of
the volume of milk excreted during a feed is higher in fat content than foremilk, the first onethird of the volume excreted.39 Another important factor is the lipophilic nature of methadone.
28 Similarly, fat content in human milk increases over the first 28 days of lactation,40 which
may explain the lower mean increase in methadone concentration in breast milk in the first 4
days as compared to breast milk of women with older infants. A comparison of average (preand postfeed) trough to average (preand postfeed) peak methadone concentrations in breast
milk yielded increasing concentrations of methadone in breast milk: by 50.6% on day 2, 48.6%
on day 3, and 68.8% on day 4. Calculations of methadone available for ingestion by the infant
in this period are difficult, due to the variable nature of colostrum intake among newborns.
However, using mean breast milk volumes calculated from previous research,37 and averages
of breast milk methadone concentrations across all 4 sampling periods per day, the calculated
average dose of methadone ingestible by the infant ranged from 0.006 mg on day 1 to 0.084
mg on day 4. This range is consistent with previously published reports.23-29
Maternal plasma methadone concentrations expectedly increased from trough to peak sampling
times. There were no significant correlations between maternal methadone dose and peak or
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trough maternal plasma methadone concentrations at any sampling time (P > .05). This is
contrary to published reports in men and nonpregnant women41 but consistent with other
reports in pregnant subjects24 and may be due to the changing pharmacokinetics of methadone
metabolism during gestation.26,42 There were also no significant correlations between maternal
methadone dose and trough or peak breast milk methadone concentrations at any sampling
time (P > .05). Maternal plasma methadone concentrations were similarly unrelated to maternal
breast milk methadone concentrations at any of the 4 sampling times (P > .05).
Breast milk to plasma ratios were lower at peak (mean 0.44) than at trough (mean 0.74). These
ratios were not dependent on maternal methadone dose, nor were they dependent on maternal
plasma methadone concentrations. Although there was no relationship between BM/P and
maternal breast milk concentration on days 1 and 2, there was a significant relationship between
BM/P and maternal breast milk trough and peak methadone concentrations on days 3 and 4.
This may be due to the relatively small numbers of participants with both complete plasma and
breast milk methadone concentration data on the first 2 days of life, in addition to the onset of
the true induction of lactation that generally occurs after day 2.43
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Only 1 infant in this study had NAS symptomatology severe enough to require pharmacologic
therapy, which is lower than published reports44 and program norms.30 The mother of this
infant was on a moderate dose of methadone (60 mg), did not take psychotropic medications,
and did not smoke. This finding is not readily explainable. The pathophysiology of NAS is not
well understood, and the numbers of participants in this study small. Methadone concentrations
in breast milk are small and normally insufficient to prevent NAS.20 A hypothesis for the
finding of a lower rate of treatable NAS in this sample may be that the physiological
requirements of breastfeeding, such as skin-to-skin contact, small frequent feedings, and the
mother's constant presence, may be beneficial enough for the infant who has mild NAS
symptomatology to avoid pharmacologic therapy for NAS.
Limitations of this study include the small numbers of participants and inconsistent sampling
in the first day of life due to the difficult nature of expressing and collecting colostrum. Only
breast milk in the immediate neonatal period was studied, which may not be generalizable to
older breastfeeding infants of methadone-maintained mothers. A further limitation of this study
is the designations of days of life after birth, due to varying birth times and constrictions on
prescribing methadone in this period.
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This research demonstrated that concentrations of methadone in breast milk, even at peak
maternal plasma methadone levels, are low in the perinatal period. These data support the
recommendation of breastfeeding for methadone-maintained women. Furthermore, the
findings that maternal methadone dose was unrelated to plasma and breast milk methadone
concentrations support the recommendation that methadone-maintained women should not be
denied breastfeeding their infants based on their required dose of methadone. The finding that
methadone concentration increased over the first 4 days of life for the peak postfeed specimens
warrants consideration. More research is needed to determine if methadone concentration
increases over longer periods of time for infants of methadone-maintained, lactating mothers
and to evaluate the effects of small amounts of methadone on the developing infant.
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Figure 1.

Mean concentrations of plasma and breast milk methadone.
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Concentrations of Methadone in Breast Milk*
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N

Range
(ng/mL)

Mean (ng/mL)
Concentration of
Methadone ± SD

Day 1

Mean Infant Dose
Ingestible
(mg/day ± SD)

0.006 ± 0.007
Trough
Prefeed

7

27.1-179.0

82.3 ± 50.5

Postfeed

4

31.5-130.5

64.8 ± 45.5

Prefeed

6

63.6-187.5

128.2 ± 51.1

Postfeed

5

51.7-261.8

144.3 ± 79.6

Peak

Day 2

0.018 ± 0.010
Trough
Prefeed

10

21.0-217.9

76.1 ± 66.0

Postfeed

8

20.6-225.1

80.2 ± 76.9

Prefeed

9

27.4-274.6

110.3 ± 80.3

Postfeed

8

31.6-274.0

125.2 ± 86.6

Peak

NIH-PA Author Manuscript

Day 3

0.039 ± 0.016
Trough
Prefeed

12

38.1-241.5

79.5 ± 57.8

Postfeed

12

42.1-169.5

80.1 ± 40.1

Prefeed

12

45.1-193.3

113.5 ± 46.8

Postfeed

10

52.3-182.8

123.4 ± 35.0

Peak

Day 4

0.084 ± 0.036
Trough
Prefeed

12

42.6-229.7

101.8 ± 55.9

Postfeed

12

49.4-314.2

114.7 ± 84.2

Prefeed

12

79.9-281.4

166.0 ± 67.8

Postfeed

12

101.5-301.6

199.5 ± 66.7

Peak

NIH-PA Author Manuscript

*

Concentration of methadone in breast milk increased over time for the peak postfeed sampling time (t(22) = 2.40, P = .0255).
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Table 2

Concentrations of Methadone in Maternal Plasma

NIH-PA Author Manuscript

N

Range
(ng/mL)

Mean (ng/mL)
Concentration of
Methadone ± SD

Day 1
Trough

12

47.0-409.0

149.4 ± 105.1

Peak

12

117.0-441.0

253.2 ± 101.0

Trough

12

45.0-247.0

120.4 ± 70.7

Peak

10

80.0-592.0

343.7 ± 162.6

Trough

12

71.0-352.0

140.9 ± 78.16

Peak

12

178.0-707.0

337.3 ± 146.6

Trough

12

111.0-384.0

188.2 ± 73.5

Peak

11

176.0-694.0

414.2 ± 163.3

Day 2

Day 3

Day 4
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Table 3

Mean Breast Milk to Plasma Methadone Concentration Ratios

NIH-PA Author Manuscript

N

Range

Mean Ratio ± SD

Trough

7

0.2-1.5

0.8 ± 0.5

Peak

6

0.3-1.2

0.6 ± 0.3

10

0.1-2.7

0.9 ± 0.8

8

0.1-0.7

0.4 ± 0.2

Trough

12

0.2-2.1

0.7 ± 0.5

Peak

12

0.2-0.8

0.4 ± 0.2

Trough

12

0.2-1.7

0.6 ± 0.4

Peak

11

0.2-0.9

0.4 ± 0.2

Day 1

Day 2
Trough
Peak
Day 3

Day 4
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