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Abstract

Background and Objectives: Breastfeeding, a public health priority, improves outcomes for infants. Methadone
is dispensed as a racemic mixture; R-methadone is the active enantiomer. Pharmacologic data for R-methadone
in breastmilk could improve risk-benefit decision-making for treatment of lactating women. This study esti-
mated infant exposure to R- and S-methadone via breastmilk by theoretic infant dose (TID) and relative infant
dose (RID) and reported the milk-to-maternal plasma (M/P) ratio.

Methods: Women treated with methadone doses of 40-200mg/day (mean, 102mg/day) provided concomi-
tantly collected plasma and breastmilk samples 1-6 days after delivery. Most (16 of 20) samples were taken at the
time of peak maternal plasma levels; thus infant exposure estimates are for maximum possible exposure.
Concentrations of R- and S-methadone were measured in maternal plasma and breastmilk; M/P ratio, TID, and
RID were calculated for each enantiomer and total methadone.

Results: The 20 participants were 18-38 years old and publicly insured; a quarter did not complete high school,
and only one was not white. R-Methadone concentration was 1.3-3.0 times that of S-methadone in all breastmilk
samples. The mean (SD) R-, S-, and total methadone M/P ratios were 0.52 (0.28), 0.28 (0.15), and 0.40 (0.21),
respectively. Mean (range) R-, 5-, and total methadone TID were 0.02mg/kg/day (0.004-0.099), 0.013mg/kg/
day (0.002-0.071), and 0.033mg/kg/day (0.006-0.170), respectively. Mean (range) RID of R-, S-, and total
methadone were 2.7% (0.7-10.1%), 1.6% (0.3-7.2%), and 2.1% (0.52-8.8%), respectively.

Conclusions: R-Methadone is found in higher concentrations than S-methadone in breastmilk. Even at high meth-
adone doses, breastmilk methadone concentrations were relatively low and support American Academy of Pediatrics
recommendations that dose should not be a factor in determining whether women on methadone breastfeed.

Introduction titted “Maternal medications usually compatible with

breastfeeding.”* Data to support this AAP policy change came

B REASTMILK IS THE MOST COMPLETE form of nutrition for
infants, with a range of benefits for health, growth, im-
munity, and development.l’2 Maternal illicit substance use is
one of a short list of contraindications to breastfeeding due to
the potential risks of passing drugs to the infant.” The 1994
American Academy of Pediatrics (AAP) statement, “The
Transfer of Drugs and Other Chemicals into Human Milk,”*
included methadone doses above 20mg/day as a contrain-
dication to breastfeeding. The updated 2001 statement re-
moved the dose restriction and placed methadone in the table

from five case series published from 1975 to 2000, which to-
gether included fewer than 30 breastmilk samples.” Pub-
lications after 2000 provided additional support for the AAP
statement change.'"""?

Recent epidemiologic studies demonstrated that breastfed
infants of mothers on methadone have decreased severity of
neonatal abstinence syndrome (NAS) and shorter hospital
lengths of stay compared to formula-fed infants.'**> The
AAP and Academy of Breastfeeding Medicine statements
indicate that breastfeeding is not contraindicated for women
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who are in a comprehensive methadone treatment program
for their opiate addiction and demonstrate program adher-
ence that includes no use of illicit or non-prescribed drugs.**®

Despite medical society guidelines, women and their
doctors worry about infant medication exposure during lac-
tation."”2° A wide variety of drug-, maternal-, and infant-
specific factors impact infant exposure to medication via
breastmilk, which makes conceptualization and actual mea-
surement of infant exposure complex. Major factors include
drug dissociation factor and fat solubility, maternal drug
metabolism, plasma free (unbound) drug level, timing of
medication dose relative to breastfeeding, drug bioavailabil-
ity from the infant gut, and infant’s drug metabolism. Pre-
vious studies suggest that on average the relative infant dose
(RID) for methadone in breastmilk is 3%, but there is signifi-
cant individual variability (range, 0.5-5%). %1112 Methadone
metabolism rates differ greatly between individuals due to
genetic variability in the activity of metabolizing cytochrome
P-450 (CYP) isoforms.?'

In the United States, methadone is given as a racemic
mixture of equal parts of R- and S-methadone. The two enan-
tiomers are metabolized at different rates and by different CYP
isoforms. Older studies suggested that CYP3A4 was primarily
responsible for methadone metabolism,?® but more recent
studies suggest that CYP2B6 preferentially metabolizes
S-methadone in humans and that CYP2C19 is partially re-
sponsible for R-methadone metabolism as well*** There is
significant heterogeneity in these cytochromes.® CYP2B6 is
interesting because only five drugs are known to be metabo-
lized by it, and the known genotypes can be grouped into high
and low activity. Thus, variation in CYP2B6 activity may ex-
plain some of the observed variability in effective methadone
dosing and the variability of breastmilk levels of methadone.
R-Methadone is 10 times more potent as a p-opioid receptor
antagonist than S-methadone.?®* Therefore, the R-methadone
concentration in milk is an important consideration. En-
antiomer-specific methadone concentrations in breastmilk
were reported in a single study of eight cases.'’ Begg et al.'’
found that R-methadone concentrations were nearly twice that
of S-methadone in breastmilk. Characterization of infant ex-
posure to methadone via breastmilk ideally includes assay of
the more potent R-enantiomer. It is not known if the low con-
centrations of methadone in breastmilk are responsible for the
improved NAS outcomes for breastfed infants. If it is, it is likely
to be the R-methadone that has the effect. To date, this has only
been studied in eight women at doses up to 100 mg/day. Given
the wide individual variability in methadone metabolism, it is
important to evaluate more women to determine the range of
R-methadone specifically in breastmilk.

Most published data on breastmilk levels were generated
when daily methadone doses were limited to 80 mg. How-
ever, federal regulations®® regarding methadone dosing have
been liberalized based upon evidence that higher doses im-
proved adherence to therapy and other outcomes®* and that
individual variability in methadone metabolism is likely re-
sponsible for the large range of doses needed for therapeutic
responses.’’ This change in prescribing practices is reflected in
current maternal dosing patterns. Studies to date have not
found a consistent correlation between maternal methadone
dose and methadone concentrations in breastmilk.”'"%%2
Only one explored levels in women on high methadone doses
(mean, 100 mg; range, 25-180 mg/day)."*
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In this study, we estimated infant exposure to R- and S-
methadone via breastmilk when mothers receive higher, more
clinically effective doses of racemic methadone. Infant exposure
was estimated by theoretic infant dose (TID) and RID. In addi-
tion, enantiomer-specific milk-to-maternal plasma (M/P) ratios
were determined. We then evaluated the 2001 AAP statement
based upon our findings with higher maternal methadone doses
and R-methadone-specific concentrations in breastmilk.

Subjects and Methods
Study population

Pregnant women in a comprehensive methadone treatment
program were invited to participate in a longitudinal study of
methadone pharmacokinetics. Women were eligible if they were
1845 years old, had a singleton pregnancy, were human im-
munodeficiency virus negative, and spoke English. Twenty
women provided concomitant plasma and breastmilk samples
within 6 days after delivery. All were on daily methadone for at
least a month prior to delivery, and most for longer. The meth-
adone dose was not changed for at least 2 weeks prior to sample
collection. Four women were taking another psychotropic
medication (one each on sertraline, haloperidol, escitalopram,
and clonazepam), and 85% were smoking cigarettes. Although
other medications and smoking can impact drug metabolism,
we were not able to control for this in the study.

Breastmilk

Breastmilk samples were collected from women regardless
of their breastfeeding status. At sample collection, two wo-
men were fully breastfeeding, 13 were combining breast-
feeding and formula feeding, and five were only formula
feeding. Milk samples were collected when plasma metha-
done levels were in the range of peak levels (2—4 hours after
dosing) in 16 of 20 samples and were obtained within 6 days
of delivery based on the mother’s availability. Women who
were formula feeding or were only feeding their baby ex-
pressed breastmilk were asked to express milk using an
electric breast pump from both breasts simultaneously for at
least 10 minutes in order to obtain both foremilk and hind-
milk. Samples from the two breasts were combined for anal-
ysis. Women who were breastfeeding were asked to express
milk from only one breast for at least 10 minutes so that they
could feed their infant from the nonexpressed side. Two wo-
men who preferred to use a manual pump expressed milk
from a single breast for at least 10 minutes. A 10-15-mL ali-
quot of well-mixed breastmilk was retained for analysis; the
remainder was fed to the infant. Milk samples were frozen to
—80°C within 60 minutes of collection.

Maternal plasma methadone sample collection

Plasma and breastmilk samples were collected within a
15-minute time period. Maternal blood was collected by ve-
nipuncture into EDTA-containing tubes and was centrifuged
in the cold within 60 minutes. Plasma was removed using
polyethylene Pasteur pipettes into leak-proof polypropylene
vials and frozen at —80°C.

Chiral methadone analysis

The plasma samples were analyzed for R- and S-methadone
by the application of a modified chiral high-performance liquid
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chromatographic/ultraviolet detection method.>* The extrac-
tion procedure was done with 1-mL patient plasma samples or
controls—the latter contain 0.4 ug of internal standard (racemic
norfluoxetine) solution. After the pH of the samples was made
alkaline, an extraction was done with 3:7 (vol/vol) methyl tert-
butyl ether/n-hexane followed by re-extraction with hydro-
chloric acid and evaporation to dryness in a Savant Speed-Vac
centrifuge evaporator (Thermo Fisher Scientific, Waltham,
MA). The residues were reconstituted with 100 uL. of mobile
phase from which 80uL was injected via an autoanalyzer.
High-performance liquid chromatographic/ultraviolet detec-
tion conditions are as follows: column, Astec Cyclobond™ I
2000 RSP (Sigma-Aldrich, Atlanta, GA), film thickness 5 um,
25ecmx4.6mm id.; guard column, Astec Cyclobond I, film
thickness 5um, 5cmx4.6mm id.; mobile phase, 9:11:80
(by volume) methanol:acetonitrile:pH 5.7 triethylamine phos-
phate buffer; detection, ultraviolet absorbance, 210nm; cal-
culation, weighted linear regression of peak height ratio
versus concentration for each compound; and retention
times (in minutes), R-methadone 10.1, S-methadone 11.8, S-
norfluoxetine 41.3 (internal standard I), and R-norfluoxetine
45.5 (internal standard II). The limit of quantitative detect-
ability is 0.005mg/mL, and the mean percentage coeffi-
cients of variation range from 8.6 (high controls) to 12.7 (low
controls).

For milk samples, the “Method of Standard Addition” was
adapted in which milk samples are the actual matrices for the
preparation of a standard curve. One-milliliter aliquots of
milk were spiked with methadone standard to create seven to
nine standards and controls of chiral methadone. After initial
acidification followed by an n-heptane wash, with the latter
being discarded, the samples were processed similarly as with
plasma samples. A plot of added chiral methadone concen-
trations versus peak height ratios was constructed, and
concentrations of chiral methadones were obtained from the
x-axis intercepts.***

M/P ratio

The M/P ratio was calculated by dividing the breastmilk
methadone concentration by maternal plasma methadone
concentration for concomitantly collected samples. In general,
the concentration of unbound drug in maternal plasma is an
important determinant of the medication concentration in
breastmilk. However, we did not measure plasma protein
binding for these samples.

TID

TID estimates the quantity of drug delivered to an infant via
breastmilk in a given day. The major assumption is that the
methadone concentrations measured in our single samples of
maternal plasma and breastmilk reflect the concentration across
the entire day. Because most of the samples were obtained at
peak maternal plasma concentration, and for methadone this
correlates with peak breastmilk concentrations,'! our estimate is
the maximum possible infant exposure to methadone via
breastmilk. Also, the calculation assumes a standard volume of
milk (0.15L/kg/day):* TID (mg/kg/day) = (maximum mg/L
concentration of methadone)x(0.15L/kg/day). No adjustment
was made for partial or non-breastfeeding. For example, if the
peak methadone concentration in the breastmilk is 0.5 mg/L, the
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TID is calculated as follows: (0.5mg/Lx0.15L/kg/day)=
0.075mg/kg/day.

RID

RID is a method of relating the potential dose of the drug
delivered to the infant to that of the mother. The calculation
adjusts for both maternal and infant weight. The calculation is
completed as follows: RID (%)=TID/(maternal daily mg/
day methadone dose/maternal kg weight). For example,
using the same example from above, if a mother’s daily
methadone dose is 100mg/day and she weighs 70kg, her
weight-adjusted dose is 1.43 mg/kg/day. In general, the RID
would be calculated as follows: (0.075 mg/kg/day/1.43 mg/
kg/day)x100=>5.2%. An RID of <10% is often considered
acceptable with lactation.’**” Women’s measured third tri-
mester weight was used in our calculations because a weight
at delivery was not obtained. In order to see what the impact
of alower weight would be on RID, we recalculated RID using
maternal third trimester weight minus 5kg, the average
weight loss at the time of delivery from delivery of the baby,
placenta, and amniotic fluid.>?

Analysis

The M/P ratio, TID, and RID were calculated for each
participant for each enantiomer and total methadone, and
means and ranges were determined. The ratio of R- to S-
methadone was calculated for breastmilk and maternal
plasma. We assessed the relationships between (1) maternal
methadone dose and R-, S-, and total methadone concen-
trations in breastmilk and (2) concentrations of R-, S-, and
total methadone concentrations in breastmilk and infant age
in days when breastmilk samples were collected. We cate-
gorized maternal dose into four groups of nearly equal size
(40-70, 75-90, 100-125, and 170-200mg/day). The inter-
vals postpartum when breastmilk samples were collected
were also grouped into four categories of nearly equal
size (<1 day, 2 days, 3 days, and 4-6 days). The concentra-
tions of methadone in breastmilk were compared across ca-
tegories with analyses of variance. Associations between
mothers” R-, S-, and total plasma concentrations of metha-
done and breastmilk concentrations of R-, S-, and total
methadone were computed with Pearson correlations. In
post hoc analyses, breastmilk concentrations of methadone
were compared between samples collected at peak and
trough.

This study was approved by the University of Pittsburgh
Institutional Review Board. All women provided signed in-
formed consent.

Results
Sample characteristics

The characteristics of the 20 women who provided con-
comitant breastmilk and plasma samples are summarized in
Table 1. Most of these women were single, white, high school-
educated, and multiparous. Women received a mean daily
methadone dose of 102 mg (SD 46 mg) at delivery with a range
from 40 to 200 mg/day. Most infants were born at term (85%
at least 37 weeks’ gestation; mean gestational age, 38.5 weeks
[SD 1.7 weeks]) and with appropriate for gestational age an-
thropometric measurements: mean birth weight, 2,9785¢g
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TaBLE 1. DEMoOGRAPHIC CHARACTERISTICS OF STUDY
ParTICIPANTS (N=20)

Characteristic n (%)
Maternal
Age (<30 years) 15 (75)
Race (white) 19 (95)
Education
Less than high school 5 (25)
High school/GED 9 (45)
More than high school 6 (30)
Married or living as married 7 (35)
Medicaid 20 (100)
Primigravida 5 (25)
Primiparous 7 (35)
Hepatitis C 10 (50)
Vaginal delivery 17 (85)
Infant
Male 15 (75)
Preterm (<37 weeks of gestation) 3 (15)
Birth weight <2,500 g 3 (15)
Breastfed
Ever 15 (75)
At hospital discharge (n=19) 11 (58)

(SD 542.7 g); mean length, 49.4cm (SD 1.9cm); and head
circumference, 32.7 cm (SD 1.8 cm). Of the three (15%) infants
who weighed less than 2,500 ¢ at birth, only one was born
preterm.

BOGEN ET AL.

M/P ratio, RID, and TID results

The concentrations of R- and S-methadone in breastmilk
and maternal plasma are provided for each participant in
Table 2 (ordered by maternal dose). The relative concentra-
tions of R- and S-methadone in maternal plasma were vari-
able. Some women had higher concentrations of R- than
S-methadone, and vice versa. In contrast, the relative con-
centrations of R- and S-methadone in breastmilk were con-
sistent; all had higher concentrations of R- than S-methadone
regardless of the relative concentration of R- to S-methadone
in maternal plasma.

The means of the M /P ratios, TIDs and RIDs for R-, S-, and
total methadone are provided in Table 3. The M/P ratio for R-
methadone is higher than for S-methadone with wide indi-
vidual variability. In one sample obtained at peak (3.6 hours
after the mother’s dose), the M/P ratio for R-methadone ex-
ceeded 1. Like the M /P ratio, TID for both R- and S-methadone
ranged widely. Among the 20 study participants, 19 had an
R-methadone RID between 0.7 and 4.7%; one woman had an
R-methadone RID of 10%. Her daily methadone dose was in
the mid-range for the sample.

Associations between maternal methadone dose
and breastmilk methadone concentrations (Fig. 1)

As seen in Table 2, there is one breastmilk sample (ID #15)
with methadone concentrations much higher than the other
samples. Because this outlier significantly impacted the
analysis of the correlation between maternal methadone dose

TABLE 2. ENANTIOMER-SPECIFIC METHADONE CONCENTRATIONS (MG/L)
IN BREASTMILK AND MATERNAL PLASMA

Breastmilk Maternal plasma

Dose  Peak or R- S- Total R/S- R- S- Total R/S-
Sample (mg/day) trough Methadone Methadone methadone Methadone Methadone Methadone methadone Methadone
1 40  Peak 0.0606 0.0413 0.1019 1.47 0.1220 0.150 0.272 0.81
2 50  Peak 0.0302 0.0174 0.0476 1.74 0.0876 0.0974 0.185 0.89
3 60  Peak 0.0866 0.0549 0.1415 1.58 0.1840 0.274 0.458 0.67
4 60  Peak 0.0720 0.0340 0.1060 2.12 0.0938 0.102 0.1958 0.92
5 70 Peak 0.0252 0.0146 0.0398 1.73 0.4720 0.644 1.116 0.73
6 75  Trough  0.0367 0.0119 0.0486 3.08 0.0787 0.0363 0.115 217
7 75  Peak 0.0714 0.0529 0.1243 1.35 0.1630 0.198 0.361 0.82
8 77  Peak 0.1430 0.0970 0.2400 1.47 0.2700 0.343 0.613 0.79
9 80  Trough  0.0617 0.0328 0.0945 1.88 0.1660 0.170 0.336 0.98
10 90  Trough  0.0342 0.0152 0.0494 2.25 0.1890 0.160 0.349 1.18
11 90  Peak 0.0661 0.0438 0.1099 151 0.256 0.284 0.540 0.90
12 100 Peak 0.2210 0.0998 0.3208 2.21 0.1740 0.1470 0.321 1.18
13 100  Peak 0.1080 0.0668 0.1748 1.61 0.2530 0.2740 0.527 0.92
14 110  Peak 0.1830 0.1160 0.2990 1.58 0.2790 0.2710 0.550 1.03
15 115  Peak 0.6590 0.4710 1.1300 1.40 0.7200 1.0450 1.765 0.69
16 123 Trough  0.0670 0.0310 0.0980 2.16 0.1740 0.1650 0.339 1.05
17 170  Peak 0.1700 0.0995 0.2695 171 0.1880 0.1980 0.386 0.95
18 177  Peak 0.0970 0.0381 0.1351 2.55 0.2480 0.1770 0.425 1.40
19 180  Peak 0.1670 0.0826 0.2496 2.02 0.4420 0.3590 0.801 1.23
20 200  Peak 0.3590 0.2530 0.6120 1.42 0.5480 0.6410 1.189 0.85
Mean 102.1 — 0.1359 0.0837 0.2196 1.84 0.2554 0.2868 0.5422 1.01
SD 46.2 — 0.1473 0.1063 0.2531 0.45 0.1672 0.2384 0.4017 0.33
Range 40-200 —  0.025-0.659 0.012-0.471 0.040-1.13 1.35-3.08 0.079-0.720 0.036-1.045 0.115-1.765 0.67-2.17

Peak indicates that the sample was obtained between 2 to 4 hours after the mother took her daily methadone dose. Trough indicates that
the sample was obtained at least 20 hours after the mother took her last methadone dose.
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TABLE 3. MEASURES OF INFANT EXPOSURE TO ENANTIOMER-SPECIFIC METHADONE
VIA BREASTMILK AND MILK-TO-MATERNAL PLASMA RATIO

R-Methadone
Mean (SD) TID (mg/kg/day) 0.020 (0.022)
Range 0.004-0.099
Mean (SD) RID (%) 2.7 (2.1)
Range 0.66-10.1
Mean (SD) M/P ratio 0.52 (0.28)
Range 0.05-1.27

S-Methadone Total methadone
0.013 (0.016) 0.033 (0.038)
0.002-0.071 0.006-0.170
1.6 (L.5) 2.1 (1.8)
0.33-7.2 0.52-8.7
0.28 (0.15) 0.40 (0.21)
0.02-0.68 0.04-1.0

M/P, milk-to-maternal plasma ratio; RID, relative infant dose; TID, theoretic infant dose.

and breastmilk concentration of methadone, the analyses
were completed with and without this sample.

Without the outlier, analysis of variance demonstrated a
significant trend of increased methadone concentrations in
breastmilk across the dose categories (coefficient for dose
category: R-methadone dose =0.05 [95% confidence interval
0.02, 0.08], S-methadone dose = 0.03 [95% confidence interval
0.01, 0.05], total methadone dose =0.08 [95% confidence in-
terval 0.03, 0.13]). Coefficients obtained when the outlier was
included remained significant for R-methadone dose and total
methadone dose but not S-methadone dose.

Associations between breastmilk methadone
concentrations and breastmilk sampling day (Fig. 2)

The outlier did not impact the results of the analysis of
breastmilk methadone concentration and postpartum sam-
pling day. Analysis of variance demonstrated no significant
association between breastmilk methadone concentration and
days of breastmilk sampling.

Associations between breastmilk concentration
and maternal plasma methadone concentrations

There were significant correlations between breastmilk
concentrations and maternal plasma concentrations of R-, S-,
and total methadone. Correlations ranged from 0.89 to 0.98
for maternal plasma and breastmilk concentrations (p < 0.001
for all) and from 0.51 to 0.59 for maternal plasma and
breastmilk concentrations with the outlier sample removed
(p ranges from 0.04 to 0.01).

Peak versus trough sampling

Four samples were obtained at trough rather than peak
plasma levels. Therefore, we compared the R-, S-, and total

methadone concentrations as well as M /P ratio, TID, and RID
between peak and trough samples. As expected, samples ta-
ken at trough predicted less exposure to methadone via
breastmilk, but the values for trough samples were all within
the range for peak samples and not significantly different
between groups (p=0.11 for all without the outlier, p =0.2
with the outlier included). For example, the M/P ratio range
for peak samples was 0.05-1.27, and the trough M/P ratio
range was 0.18-0.47, which falls within the range for peak
samples.

Discussion

We found that breastmilk concentrations of total methadone
were highly variable and ranged from 0.04 to 1.10mg/L. R-
Methadone, the active enantiomer, was found in higher con-
centrations in breastmilk than the less active S-methadone en-
antiomer, regardless of M/P ratio of R- to S-methadone. Drug
transfer from maternal plasma to breastmilk depends signifi-
cantly on the concentration of unbound drug in maternal
plasma. R-Methadone is less protein bound than S-methadone,
thus explaining the paradox of R-/S-methadone ratios in
plasma and breastmilk.*® In all but one woman, the maximum
RID of R-methadone was less than 4.7%; one woman had an R-
methadone RID of 10.1%. Total methadone RID ranged from
0.5% to 8.6%. These values should be interpreted as the maxi-
mum possible daily infant exposure from breastmilk. Most of
the single samples were taken at peak methadone levels; this
level was assumed to be present in all feedings throughout the
day. In reality, breastmilk methadone concentrations vary
across the day as methadone is metabolized and excreted.
Jansson et al.'' demonstrated a doubling of the methadone
concentration in breastmilk from trough to peak.

Lower S-methadone levels in breastmilk are interesting in
light of recent study findings that suggest that S-methadone

FIG. 1. Maternal methadone dose and breastmilk
methadone concentrations. Boxes represent inter-
quartile range (IQR) of observed values with the me-
dian value represented with a contrasting line within
the box. The whiskers represent adjacent values, de-
fined as the value closest to (75% value + 3/2[IQR])
and whose absolute value is less than the cut-point for
the adjacent value. Markers outside the whiskers rep-
resent any values outside of the adjacent values.®®
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FIG. 2. Breastmilk methadone concentrations
and age in days of sample collection. Boxes rep-
resent IQR of observed values with the median
value represented with a contrasting line within
the box. The whiskers represent adjacent values,
defined as the value closest to (75% value+3/
2[IQR]) and whose absolute value is less than the
cut-point for the adjacent value. Markers outside
the whiskers represent any values outside of the
adjacent values.38
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may be responsible for the QT prolongation, especially in
CYP2B6 slow metabolizers.*”*! There have not been any re-
ported cases of prolonged QT among infants exposed to
methadone via breastmilk. The large variation in methadone
concentrations in maternal plasma and breastmilk may be
explained in part by difference in cytochrome activity. For
example, it is plausible that the outlier sample came from a
woman who is a slow metabolizer of methadone, emphasiz-
ing the point made by Begg et al."” for individualizing man-
agement as much as possible.

Women in our study were taking much higher methadone
doses than reported in most of the previous studies. The mean
methadone dose in our study was over 100 mg/day. Unlike
others, we did find significant correlations between the
mother’s dose and methadone concentrations in breastmilk or
maternal plasma.”""'?

Breastfeeding is associated with lower treatment rates,
lower medication doses required for pharmacological treat-
ment of NAS, and shorter hospital lengths of stay for infants
with NAS.">'° Breastfeeding could reduce NAS severity
through a variety of mechanisms. For example, breastmilk
constituents might improve digestibility and reduce gastro-
intestinal symptoms associated with NAS. Breastmilk is
emptied more quickly from the stomach and small intestines
than formula, which results in smaller volume and more fre-
quent feedings than for formula-fed infants. Breastfeeding
and the associated skin-to-skin contact between mother and
infant modify the maternal and infant hormonal milieu.
Women who breastfeed have higher oxytocin and prolactin
levels than women who formula feed.**** Skin-to-skin ma-
ternal infant contact improves infant temperature regulation
and maternal-infant attachment for preterm infants***> and
decreases maternal cortisol levels and stress.* Breastfeeding
may modify the detrimental effects of smoking on infants.*”**
Finally, small quantities of methadone in breastmilk could
slow the rate of decline of methadone in infant plasma and
reduce symptoms of NAS.

This hypothesis that small quantities of methadone in
breastmilk could decrease NAS severity deserves further
evaluation. We observed one woman with nearly double the
RID of R-methadone than all other women in the study. This
subject was treated within the mid-range dose of methadone
for the group (115 mg). It is possible that this subject is a slow
metabolizer of methadone and thus developed unusually
high plasma methadone concentrations. She breastfed her
infant briefly, and her infant did not receive pharmacological

<=1 (n=4) 2 (n=5) 3 (n=5)

Days Postpartum of Breastmilk Sample

4-6 (n=6)

treatment for NAS. If these study findings and the two pub-
lished case reports of acute onset of NAS after abrupt cessa-
tion of breastfeeding49 are combined, the notion that small
amounts of R-methadone in breastmilk reduce NAS appears
plausible in some mother-baby dyads.

The breastfeeding rate among women on methadone in the
United States was reported in two studies. McCarthy and
co-workers reported that among women in their California-
based methadone program with integrated obstetric, pediat-
ric, and substance abuse services, in 2005, 46% breastfed
compared with 32% in 2000.">*° Wachman et al.>' reported
that in their inner-city Boston hospital, among women eligible
to breastfeed, only 24% initiated breastfeeding. In our small
sample of women, 75% initiated breastfeeding, and 55% were
partially breastfeeding at the infant’s hospital discharge. The
high initiation rate may be due in part to study selection cri-
teria, which excluded human immunodeficiency virus—
infected women and women actively using illicit drugs.
Women in the study did receive breastfeeding encouragement
and support from the study staff, but that was not the aim of
this study. This high rate of any breastfeeding demonstrates
that women on methadone can be supported to breastfeed.
However, the low rate of exclusive breastfeeding is consistent
with the other published reports and indicates additional
need for support for this population.

There are several study limitations. First, women provided
a single breastmilk sample. Four of the samples were taken at
trough, rather than peak, which could result in underesti-
mation of the TID and RID. We repeated these calculations for
just the 16 peak samples, and the mean total methadone TID
increased minimally (from 0.0329 mg/kg/day to 0.0384 mg/
kg/day), and the mean total methadone RID increased from
2.1% to 2.4%. Samples were taken from women regardless of
breastfeeding status. Milk specimens from women who are
fully, partially, and not at all breastfeeding are highly variable
with respect to fat content, and methadone is a lipophilic
drug. Samples were collected across the first 6 days of life
when the fat content of breastmilk is highly variable. The in-
consistency in when postpartum samples were obtained and
how much women were breastfeeding could explain the wide
range of levels seen in the breastmilk samples. Furthermore,
women were instructed to express milk for at least 10 minutes,
which may not completely achieve hindmilk expression.
Hindmilk has relatively greater fat content; therefore, an in-
complete collection of breastmilk underestimates the metha-
done concentration. However, the methadone levels we
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report are consistent with previously reported study findings,
including our finding of higher concentrations of R- than S-
methadone in breastmilk.'” Finally, for the RID calculation,
maternal third trimester weight was used, which likely
overestimates maternal weight after birth. To determine the
potential impact of lower maternal weight on RID, the RID
calculations were rerun assuming a 5kg weight loss, an
estimate of the average weight loss at delivery.”> The mean R-,
S-, and total methadone RIDs increased by 0.1-0.2% using the
lower weight. These results do not change the study findings
or conclusions.

Conclusions

In conclusion, even at high maternal methadone doses the
R-methadone TID is very low; all infants are estimated to
receive less than 0.1 mg/kg/day methadone via breastmilk.
Our methodology overestimates the true amount of metha-
done exposure via breastmilk, and therefore our data support
the 2001 AAP statement that mothers on high methadone
doses should be supported to breastfeed if they remain in
and adherent to their comprehensive methadone treat-
ment program. Additional research is needed to evaluate
potential contribution of low concentrations of methadone
enantiomers in breastmilk to prevention or improved out-
comes of NAS.
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