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Abstract
Rationale—Limited pharmacological data are available to guide methadone treatment during
pregnancy and postpartum.

Objectives—Study goals were to: 1) Characterize changes in methadone dose across
childbearing, 2) Determine enantiomer-specific methadone withdrawal kinetics from steady-state
during late pregnancy, 3) Assess enantiomer-specific changes in methadone level/dose (L/D)
ratios across childbearing, and 4) Explore relationships between CYP2B6, CYP2C19 and
CYP3A4 single nucleotide polymorphisms and maternal dose, plasma concentration and L/D.

Methods—Methadone dose changes and timed plasma samples were obtained for women on
methadone (n=25) followed prospectively from third trimester of pregnancy to three months
postpartum.

Results—Participants were primarily white, Medicaid insured and multiparous. All women
increased their dose from first to end of second trimester (mean peak increase=23 mg/day); 71%
of women increased from second trimester to delivery (mean peak increase=19 mg/day). Half took
a higher dose 3 months postpartum than at delivery despite significantly larger clearance during
late pregnancy. Third trimester enantiomer-specific methadone half-lives (range R-methadone
14.7-24.9 hours; S-methadone 8.02-18.9 hours) were about half of those reported in non-pregnant
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populations. In 3 women with weekly 24-hour methadone levels after delivery, L/D increased
within 1-2 weeks after delivery. Women with the CYP2B6 Q172 variant GT genotype have
consistently higher L/D values for S-methadone across both pregnancy and postpartum.

Conclusions—Most women require increases in methadone dose across pregnancy. Given the
shorter half-life and larger clearances during pregnancy, many pregnant women may benefit from
split methadone dosing. L/D increases quickly after delivery and doses should be lowered rapidly
after delivery.

Keywords
rac-methadone; R-methadone; S-methadone; pregnancy; postpartum; pharmacokinetics; half-life;
CYP3A4; CYP2B6; CYP2C19

RATIONALE
Medication dosing across pregnancy is challenging due to the physiological adaptations that
occur. Methadone has a complicated pharmacologic profile and significant metabolic
heterogeneity among individuals. It has a wide therapeutic dosing range and plasma drug
concentrations do not correlate with drug dose(Eap, Bertschy et al. 1998; Foster, Somogyi et
al. 2004). Although its use in pregnancy is well established(NIH Consensus Statement
1997), limited data are available to inform methadone dosing through childbearing.
Methadone dose during pregnancy is titrated against clinical signs and symptoms of opioid
withdrawal and many women report the need to increase dosing during pregnancy.
Elucidation of the impact of pregnancy on methadone pharmacokinetics is needed to
optimize clinical efficacy.

In the US, methadone is dispensed as racemic (rac) methadone, a mixture of equal
components of R and S-stereoisomers. The R enantiomer is ten times more
pharmacologically and clinically active(Kristensen, Christensen et al. 1995; Crettol, Déglon
et al. 2005), the S enantiomer is responsible for some of the drug’s side effects, and has an
augmenting effect on R enantiomer’s actions(Eap, Buclin et al. 2002). The stereoisomers are
predominantly metabolized through separate cytochromes and have different half-lives and
protein binding properties.

Physiological adaptations of pregnancy provide an explanation for the observed pattern of
higher doses across pregnancy. Methadone undergoes hepatic metabolism although
controversy remains as to which cytochrome P450 (CYP) isoform(s) are the primary
pathways, with CP3A4 and CYP2B6 the main contenders with involvement of CYP2C19
(followed by Phase II glucuronidation)(Gerber, Rhodes et al. 2004; Totah, Sheffels et al.
2008; Kharasch, Hoffer et al. 2009). CYP3A4 activity is increased during
pregnancy(Anderson 2005; Tracy, Venkataramanan et al. 2005) which supports the need to
increase doses while CYP2C19 activity is decreased(van Heeswijk, Khaliq et al. 2004;
Anderson 2005) or unchanged(Hirt, Treluyer et al. 2006), which implies no need to increase
the dose. Changes in CYP2B6 in pregnancy have not been described but CYP2B6 is
associated more with S- than R-enantiomer metabolism(Gerber, Rhodes et al. 2004;
Kharasch, Hoffer et al. 2004; Totah, Sheffels et al. 2008). Increased volume of distribution
and renal clearance also support increased dose requirements. Stereospecific differences
have been reported in the plasma binding of methadone, with greater free fractions of R-
than S-methadone(Eap, Cuendet et al. 1990). During pregnancy, concentrations of key
plasma binding proteins (primarily alpha-1-acid glycoprotein and secondarily albumin)
decrease, which increase availability of the more biologically active R-enantiomer. This
would suggest less need for dose increases during pregnancy. Alternatively, less protein
binding could also increase clearance of both enantiomers, resulting in the need for higher
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doses in pregnancy. The relative importance of each adaptation on overall methadone
bioavailability across pregnancy is unknown and additional studies are needed. The
postpartum time course of return to pre-pregnancy metabolic characteristics is unknown;
therefore, no protocol for adjusting methadone dosage after birth is available.

Our study goal was to define enantiomer-specific methadone pharmacokinetics in late
pregnancy and postpartum to provide an evidence-base upon which to make dosing
decisions during and after pregnancy. The specific aims of this longitudinal study of
pregnant women enrolled in a community-based methadone maintenance treatment program
(MMTP) were to: 1. Characterize changes in methadone dose during pregnancy and
postpartum based on titration to withdrawal symptoms.

2. Determine enantiomer-specific methadone withdrawal kinetics from steady-state during
the third trimester of pregnancy.

3. Assess the enantiomer-specific changes in methadone level/dose (L/D) ratios from third
trimester of pregnancy to the postpartum period.

4. Explore the relationships between CYP2B6, CYP2C19 and CYP3A4 single nucleotide
polymorphisms (SNPs) and maternal dose, plasma concentration and L/D.

METHODS
This longitudinal study included pregnant women with opioid dependency who were being
treated with methadone at a single community-based MMTP (Narcotics Addiction
Treatment Program) and its sister behavioral support program (Perinatal Addiction Center).
Most women were recruited into the L/D protocol and, if they met additional criteria, into
the pharmacokinetics (PK) protocol which included formal studies with timed serial blood
sampling during pregnancy. We recruited a minority of women into the PK arm of the study
to minimize participant burden and minimize risk to the fetus. The PK arm required mothers
to take their second day methadone dose more than 4 hours late and there were little data in
the literature to support this during pregnancy. Since, we planned to estimate PK parameters
from the L/D data for all women, this approach allowed us to balance the needs of the study
with the needs of the participants.

Inclusion Criteria
Women in both study arms were eligible if they were 18-45 years old, were enrolled in the
MMTP, planned to deliver at Magee-Women’s Hospital of UPMC (Magee), did not intend
to place their baby for adoption and were at least 20 weeks pregnant at enrollment. There
were no limitations on length of time since starting on methadone, concurrent medical and
psychiatric conditions or use of other medications.

Exclusion Criteria
Women with HIV/AIDS, inability to provide informed consent or to speak English were
excluded. Women were excluded from the PK arm, but not L/D arm, if they were prescribed
split methadone dosing (dose more than once daily).

Third Trimester Study Visits for L/D Arm
Women in the L/D arm had two visits during the third trimester (27-39 weeks gestation)
from one to 15 days apart. For each visit, women went to the MMTP at their usual dosing
time and an investigator (DLB) drew 5 ml of blood for 24-hour methadone concentration
just prior to taking their usual dose. After being observed taking their methadone, women
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went to the Magee Clinical and Translational Research Center (CTRC) where they
completed questionnaires (health, dietary and mental health), had anthropometric
measurements and had blood drawn for pharmacogenetics and nutritional biomarkers.
Dietary and nutritional biomarker data were previously published.(Tomedi, Bogen et al.
2012) For the second visit, women again had 24-hour methadone sampling at their MMTP
with follow-up at the CTRC for repeat anthropometric measurements and questionnaire
completion. To achieve steady state PK, women were required to have been on the same
methadone dose for at least one week before each study visit.

Third Trimester Study Visits for PK Arm
Women in the PK study arm had their two third trimester appointments scheduled on
consecutive days. For the first visit, women went to their MMTP at their usual dosing time
and had 5 ml of blood drawn for 24-hour methadone concentration just prior to their
morning dose. After being observed taking their methadone, women went to Magee’s CTRC
where blood was taken for methadone concentrations at ½, 1½, 3, 4½, and 6 hours post-
dose. Women returned to the CTRC the next morning before obtaining their methadone dose
and had blood samples obtained at 24, 26, and 28 hours. Women received their usual
methadone dose after the final blood sample. Because of the 4 to 6 hour delay past their
usual dosing interval on the second day, women completed the Clinical Opiate Withdrawal
Scale (COWS)(Wesson and Ling 2003) on arrival to the CTRC both mornings. One woman
had a higher second day score which suggests withdrawal symptoms due to delayed dosing.

Postpartum Visit
Subjects were asked to return 3 to 6 months after delivery to obtain data during a non-gravid
state for comparison to pregnancy. They went to their MMTP and the same procedures as
described for the third trimester were implemented.

Late in the study, a protocol modification was made (with Institutional Review Board
approval) to assess the timing of normalization of post-delivery plasma methadone
concentrations. This modification was inspired by the observation that postpartum women
appeared sedated. We hypothesized that the accelerated clearance of pregnancy rapidly
dissipated and mothers developed sedation due to higher post-birth plasma levels. Three
women had 24-hour plasma samples obtained prior to their dose in the first few weeks after
delivery.

Methadone Concentration Samples
All methadone samples were collected by venipuncture into EDTA tubes and cold
centrifuged within 60 minutes. Plasma was removed using polyethylene Pasteur pipettes into
polypropylene vials and frozen at −80C.

Chiral Methadone Analysis
The plasma samples were analyzed for R- and S-methadone by the application of a modified
Chiral High Performance Liquid Chromatographic/Ultraviolet Detection Method (HPLC/
UV)(Foster, Somogyi et al. 2000). The modifications used 4.0 ml of 3:7 Methyl tertButyl
ether : n-hexane as the extraction solvent, rac-norfluoxetine as Internal Standard instead of
3-Methoxymorphinan, a mobile HPLC phase of Methanol/Acetonitrile/pH 5.7
Triethylamine phosphate buffer (9/11/80) and evaporation of the re-extracted 5mM
Hydrochloric acid phase to dryness with a Savant Speed-Vac centrifuge evaporator,
followed by reconstitution with 100 microliters of the mobile phase from which 80
microliters were injected via an Autoanalyzer Calculation, weighted linear regression of
peak height ratio versus concentration for each compound; and Retention times (min), R-
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Methadone 10.1, S-Methadone 11.8, S-Norfluoxetine 41.3 (Internal standard I), R-
Norfluoxetine 45.5 (Internal Standard II ). The limit of detectability was 5 ng/ml, mean %
Coefficients of Variation ranged (CV) from 8.6 (high controls) to 12.7 (low controls).

Methadone dosing
Methadone was administered at the licensed MMTP, with multiple safety measures in place
to confirm patient identity and verify dose (using Methasoft Version 4) as required under
local, state and federal regulations. Study staff were not involved in dosing decisions.
Methadone dose adjustments were made per the MMTP’s standard protocol. Dose
adjustments were usually patient initiated. Patients complete an opioid withdrawal scale and
provide the reason(s) for dose change to staff, who add input before the physician reviews
the information and makes a decision. Dose changes ranged from 1 to 10 mg, with the total
increase usually split over 2 days. Urine screens for illicit drug were obtained at least
monthly according to the MMTP routine and by obstetrical care providers, but not
specifically for this study.

Methadone 24-Hour L/D
For all 24-hour methadone concentrations obtained, the ratio of the measured plasma R, S
and rac-methadone concentration to dose at time of sampling was calculated. For R and S-
methadone, half of the mother’s rac-methadone dose was used in the calculation.

Genotyping samples and analysis
CYP2B6, 2C19 and 3A4 have been implicated in the metabolism of rac-methadone with
increasing evidence that CYP2B6 is largely responsible for S-methadone metabolism and
less for R-methadone(Crettol, Déglon et al. 2005; Totah, Sheffels et al. 2008). One ml of
whole blood was obtained for CYP2B6, CYP2C19 and CYP3A4 genotyping during the third
trimester of pregnancy. DNA and whole blood samples were stored at −80 F. Genomic DNA
from the whole blood samples was extracted and purified using the manufacturer’s protocol
(Gentra Puregene Blood Kit (Qiagen). We selected SNPs for each of the CYPs that were at
the time (2005-2006) identified as demonstrating phenotypic differences. For CYP2B6, the
following SNPs were evaluated: rs8015382, rs11083595, rs7254579, rs4803419, rs3745274
and rs3211371. Two showed no heterogeneity (rs8015382 and rs3211371) and were not
evaluated further. For CYP2C19, two SNPs were evaluated (rs4244285 and rs4986893) but
one showed no heterogeneity (rs4986893) and was not evaluated. For CYP3A4, only
rs2740574 was evaluated.

All genotyping analyses were performed using TaqMan® allele discrimination based assays
(Applied Biosystems, Foster City, CA). Positive and negative PCR controls were included
with each amplification reaction. For both genotyping analyses, previously sequenced
genomic DNA samples were used as positive controls for the homozygous wild-type,
heterozygous and homozygous variant genotypes with every PCR analysis to verify
reproducibility of the assay and to confirm accuracy of genotype classifications.
Approximately 10% of randomly selected samples were repeated blindly for verification of
genotyping assays. All results were interpreted independently by two laboratory personnel
and no discordant genotype classifications were identified.

IRB Approval was obtained from the University of Pittsburgh. Study participants provided
written, informed consent for themselves and their infants. Consent included permission to
review the Magee medical records (mother and infant). Women signed releases of
information for the results of urine drug screens, methadone dose changes and psychiatric
diagnoses from their MMTP.
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Data Analysis by Specific Aim
Subject Characteristics—Women who underwent screening but did not participate or
who consented but did not complete the two pregnancy study visits were compared on
demographic and health related variables to women who completed the two pregnancy study
visits. Chi-square statistics were used for categorical variables and t-tests for continuous
variables. For variables with small cell frequencies, Fishers exact tests were used.

Aim 1: Characterize changes in methadone dose during pregnancy—Changes
in dosages across pregnancy were compared with a series of paired t-tests because women
converted to methadone in different trimesters of pregnancy. Dose comparisons were made
between groups for women who were taking methadone in two trimesters (compared 1st and
2nd trimester peak doses and 2nd and 3rd trimester peak doses). For women with
postpartum data, peak doses in 3rd trimester and dose at postpartum follow-up visit were
compared.

Aim2: Determine maternal enantiomer-specific methadone withdrawal kinetics
from steady-state during late pregnancy—For the 5 women in the PK study arm,
area under the curve (AUC) was calculated from t=0 to t= using the WinNonlin in
Noncompartmental Analysis Program (v0.3,1A), core version October 29, 1999 (Pharsight
Corp) and by application of the trapezoidal rule. Withdrawal rates are first-order kinetics
and the final three data points serve to accurately establish PK parameters with statistically
valid Akai Criteria of Concordances. Comparisons of the R and S parameters were carried
out with a random effects regression using the R and S levels of the PK parameters as
dependent measures within each subject. This statistical procedure allows each woman to be
compared to her own withdrawal kinetics rather than a fixed level established by the mean
across all observations.

For women in both the PK and L/D arms, clearance was estimated from the L/D data using
the following formula: Cl x f = Dose/(CSS x T). In this calculation, f was assumed to equal
to one, CSS is concentration at steady state and T is time of dosing interval (24 hours). The 3
women taking split methadone dosing were not included in this analysis.

Aim3: Assess the enantiomer-specific changes in methadone L/D ratios from
third trimester of pregnancy to postpartum period—Two third trimester samples
and one postpartum sample of maternal R, S and rac-methadone L/D values were compared
using mixed effect regression. The primary effects of interest were the separate comparisons
of R, S and rac-methadone levels across assessment times.

Aim 4: Examine the associations between CYP2B6, CYP2C19 and CYP3A4
SNPs and maternal dose, plasma concentration and L/D—The primary interest
was main effects for different genetic variants and the interactions of genetic variants and
pregnancy state. These significance of effects were tested with the chi-square statistics for
changes in log-likelihood when the interaction terms were removed from models with the
interactions.

For data presented on individual participants (eg clearance), participant number is internally
consistent across all tables and figures, meaning that data with the same identification
number represents the same woman.
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RESULTS
Of 51 women screened for study enrollment, 40 met eligibility criteria, 31 consented to
participate, 25 women came to the two third trimester pregnancy visits (study sample) and
18 completed the postpartum study visit. The 25 women included in the analysis did not
differ from the 15 women who were screened as eligible but did not participate with respect
to age, race, ethnicity, education, methadone dose or gestational age. The participants (Table
1) were on average 26.8 years (sd 6.06; range 18-40), primarily white, Medicaid insured,
multiparous and smokers. At study enrollment, 4 women reported use of other psychotropic
medications (sertraline, s-citalopram and clonazepam) and 6 reported taking non-psychiatric
medications other than prenatal vitamins. At delivery, according to medical record review, 9
were prescribed psychotropic medications (clonazepam, alprazolam, sertraline, citalopram,
escitalopram, bupropion and haloperidol) and 3 of 9 were taking two psychotropic
medications.

Aim 1: Methadone dose changes during pregnancy and postpartum
Most women (84%) converted to methadone before the third trimester of pregnancy (Table
2). Three women were prescribed split dosing during pregnancy and two postpartum.
Among 14 women who converted to methadone before or during the first trimester, all
increased their dose by the end of the second trimester. Their average dose increased by 23
mg/day (range 5-55 mg) or 46% (range to 4-183%). Similarly, among 21 women on
methadone during their second trimester, 15 (90%) increased their dose during the third
trimester. Their average dose increased by 19 mg/day (range 0-65 mg/day) or 61% (range
0-71%) (paired t (df20)=4.71, p<0.0001). Three months postpartum dose information was
available on 22 women. Compared to their dose at delivery, 7 (32%) were taking a lower
dose (mean change −32, range −10 to-91), 4 (18%) were taking the same dose and 11 (50%)
were taking a higher dose (mean change 21, range 5-70). Although the 3 women who
converted to methadone in the 3rd trimester all had increased doses postpartum, the
relationship between dose changes postpartum and trimester women converted to methadone
was not significant (Fisher exact=0.47).

Aim 2: Methadone Pharmacokinetics Data
Non-compartmental PK parameters for the 5 women who completed third trimester PK
protocol are provided in Table 3. R-methadone half-life ranged from 14.7-24.9 hours and S-
methadone half-life ranged from 8.02-18.9 hours. Although there was large individual
variability in half-life and 24-hour clearance rates, for each individual woman the more
biologically active R-enantiomer had a longer half-life (3 -7 hours longer) and smaller
clearance (.002-.15 L/(hr*kg) than the S-enantiomer and substantially shorter than reported
in non-gravid populations(Eap, Buclin et al. 2002). However, the VD/F was not significantly
different for R-, S- and rac-methadone. The average number of days between third trimester
visits was 4.3 (sd + 5.6, range 1-15). These second study visit occurred a mean of 34 days
before delivery (range: 2 to 101 days) and the postpartum visit occurred a mean of 153 days
following delivery (range 123-242 days). The stereoisomer 24-hour L/D was very stable
between the two third trimester visits for all participants (paired t-test for rac-methadone,
t=0.28, p=0.78, R-methadone t=-0.06, p=0.96, S-methadone t=-0.06, p=0.76), which
demonstrates the consistency of sampling techniques and assays. Using the formula provide
in the methods section, the R, S and rac-methadone clearances were estimated from L/D
data on 22 women during the third trimester of pregnancy who were not on split dosing
(Table 4). These data demonstrate the inter-individual variability of methadone clearance
and are consistent with the PK data that 3rd trimester R-methadone clearance is significantly
smaller than for S-methadone. Postpartum, this difference in stereoisomer clearance is not
evident.
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Aim 3: Comparison of Pregnancy to Postpartum L/D and clearance data
L/D and clearance data were compared for women with both pregnancy and postpartum
samples. For 12 of the 14 women not on split dosing with clearance data in pregnancy and
postpartum, clearances of R, S, and rac-methadone were significantly larger during
pregnancy than postpartum (p<=0.002, for each of the 3 tests). For one woman R-methadone
clearance was the same in pregnancy and postpartum but S and rac-methadone clearance
was larger in pregnancy. For one woman, R, S and rac-methadone clearance was smaller
postpartum than during pregnancy (Table 4 and Figure 1).

Three women provided multiple 24-hour samples in first month following delivery as well
as a late postpartum sample. The findings (Figure 2) demonstrate that R, S and rac-
methadone L/D concentrations rise quickly within one to two weeks after delivery and
remain above the third trimester level postpartum. These limited data suggest that women
may tolerate a significant decline in methadone dose within one to two weeks after delivery.
Additional data are needed to determine how rapidly the L/D increases and the optimal
manner to individualize post-birth dosing.

Aim 4: Explore CYP2B6, 2C19 and 3A4 SNPs activity and both L/D and change in L/D
Main effects data—With one exception R, S, and rac-methadone L/D ratios were
significantly higher postpartum than in pregnancy. The analyses reported here focus on
different patterns observed for women with different genotype variants. Women with the
CYP2B6 Q172 variant GT genotype have higher L/D values for S and rac-methadone across
both pregnancy and postpartum time points than women with the variant GG genotype
(Figure 3A p=0.001, 0.006 respectively). Other notable differences that did not reach
significance were: 1) L/D-R-methadone in women with variant GT of CYP2B6 Q172
(Figure 3A, p=0.11) were higher and 2) L/D-S-methadone in women with the CG variant of
the CYP2B6 G-8207C SNP were higher than those with the GG variant (Figure 3B, p=0.10).
When variants of the CYP2B6 T-2320C (Figure 3C) were included in the modeling, the
main effect for pregnancy vs. postpartum L/D ratios were no longer significant (p=0.07,
0.09, 0.06 for R, S, and rac-methadone respectively).

Interactions between genetic SNPs and pregnancy/postpartum L/D ratios—
More intriguing differences related to the CYP allelic variants were seen in the interactions
of the variants and the time of L/D measurement. For women with the GG variant of the
CYP2B6 G-8207C, there was a larger increase between pregnancy and postpartum in the L/
D R-methadone ratio than for women with the CG variant (Figure 3B, p=0.001). For women
with the CT variant of the CYP2B6 T-2320C SNP, L/D R, S and rac-methadone were higher
postpartum than women with the CC or TT variants (Figure 3C, p= 0.01, 0.04, 0.004 for R,
S and rac-methadone respectively). This SNP did not affect the L/D ratios in pregnancy. For
women with the CT variant of CYP2B6 C15582T postpartum L/D R, S and rac-methadone
were higher than for women with the CC or TT variant (Figure 3D, p=0.07, 0.009, 0.018
respectively). This SNP did not affect levels in pregnancy.

DISCUSSION
This prospective study of pregnant women prescribed methadone for treatment of opioid
dependence confirms that increased doses across pregnancy in response to clinical
symptoms are required. The average increase in methadone dose was 23 mg from first to
second trimester and 19 mg from second to third trimester of pregnancy. This clinical
finding is strongly supported by the steady state PK data. For most women, R-, S- and rac-
methadone clearances during pregnancy were significantly larger than late postpartum (non-
pregnant state). Compared to previously published data on steady-state stereoselective
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methadone PK in non-pregnant pain clinic populations, we found the half-life in late
pregnancy to be approximately half for both enantiomers(Kristensen, Blemmer et al. 1996).
Compared to Eap and colleagues’ summary of published reports on rac-methadone half-life
(range 22 to 54 hours(Eap, Buclin et al. 2002)), we found a range in pregnancy of 11 to 21
hours. Given the shorter half-life in late pregnancy, twice daily dosing may be appropriate
for more pregnant women than currently are offered this option and could potentially
decrease the total dose requirement during pregnancy. Among 3 women with split
methadone dosing during pregnancy, two had no dose increase from second to third
trimester. The third had a 35 mg increase from early pregnancy until delivery, which was
lower than women on once daily dosing. Twice daily dosing during pregnancy may also
benefit the fetus. Jansson demonstrated less fetal neurobehavioral changes at peak versus
trough levels when women’s methadone dose was given twice daily compared to once
daily(Jansson, Dipietro et al. 2009).

Data from 3 women who provided multiple early postpartum trough samples suggests that
methadone doses could be reduced within the first one to two weeks postpartum. This
finding is consistent with the clinical observation made following delivery that prompted
this line of inquiry. This rapid increase in methadone concentration is particularly
concerning given the common use of benzodiazepine and SSRIs in this population. Some of
these medications inhibit methadone metabolizing enzymes which could increase the risk of
opioid toxicity and drug interactions. The time course should be studied in a larger sample
and 24-hour concentrations examined at closer intervals to determine the rapidity of
postpartum dose reduction. Other investigators have reported methadone dose changes in
pregnancy and shortly after delivery(Pond, Kreek et al. 1985),(Jones, Johnson et al. 2008).
Jones et al. recommended postpartum dose reductions due to mild signs and symptoms of
overmedication in one of eight patients stabilized on methadone three weeks before
delivery(Jones, Johnson et al. 2008). Blood concentrations of methadone were not reported.
Optimal adjustment of methadone dose postpartum is critical to maternal function. Higher
than necessary doses may lead to tolerance, over-sedation, increased risk for overdose and
may interact with medications that cause respiratory depression. Maternal sedation may put
infants at risk due to inattention or lack of coordination.

Dose changes are common during and after pregnancy for a variety of medications due to
changes in plasma volume, protein binding, clearance and CYP activity(Anderson 2005).
Pond suggested that the increased methadone doses during pregnancy were due to increased
metabolism and clearance(Pond, Kreek et al. 1985). Data as to when maternal blood volume
and metabolic changes return to the prepregnancy level are conflicting. Plasma volume
returns to the prepregnancy level from 2 to 12 weeks (Robson, Mutch et al. 1990;
Frederiksen 2001) while the cytochrome P450 system requires up to 6 weeks to return to
prepregnancy activity levels(Wisner, Perel et al. 1997). Even in our small sample, we found
that specific CYP2B6 variants relate to methadone L/D during pregnancy and postpartum.
Our data are consistent with recent publications that suggest that CYP2B6 plays a role in S-
methadone metabolism. Methadone induces the hepatic expression of multiple drug
metabolizing enzymes, including CYP2B6 and CYP3A4(Tolson, Li et al. 2009), but the
impact during pregnancy is unknown. Although a number of studies implicate
polymorphisms in CYP2D6 (Chang, Fang et al. 2011)in methadone metabolism, particularly
as it relates to its impact on multidrug metabolism, at the time we designed and implemented
the study, it was not considered a significant contributor and the cost of testing was
prohibitive.

Our study is limited by the small sample size and should be considered pilot data. However,
we were able to follow this pregnancy cohort across time and obtain unique data. We did not
measure methadone metabolites which also undergo changes during pregnancy. We focused
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on the third trimester of pregnancy for our L/D data and additional work is needed to
evaluate L/D changes earlier in pregnancy. We are not yet able to characterize changes in
methadone concentration at individual sites of action or how changes in individual sites
affect the constellation of observed side effects. Like most populations prescribed
methadone for treatment of opiate addiction, our subjects usually smoked cigarettes, took
other psychoactive medications and some intermittently used illicit drugs. We did not study
the impact of these other exposures on methadone pharmacokinetics although others have
studied these interactions in non-pregnant populations. Methadone plasma concentration is
not affected by nicotine, although it does impact subjective measures of opiate
withdrawal(Elkader, Brands et al. 2009). Cytochrome P450 metabolized benzodiazepines
(excluding oxazepam and lorazepam), and specifically CYP3A4 metabolized
benzodiazepines are associated with higher trough plasma R- and, to a greater extent, S-
methadone/dose(Hallinan, Crettol et al. 2009). Women who are adherent to their MMTP
should be supported to breastfeed(The Academy of Breastfeeding Medicine Protocol
Committee and Jansson 2009) due to very low levels in milk(Jansson, Choo et al. 2008;
Bogen, Perel et al. 2011) and increasing evidence that breastfeeding is associated with
improved neonatal outcomes(Ballard 2002; Arlettaz, Kashiwagi et al. 2005; Abdel-Latif,
Pinner et al. 2006); however, the effect of breastfeeding on maternal methadone plasma
concentrations has not been studied. In our study, a few of the women were partially
breastfeeding at the postpartum visit.

Our study findings suggest that serious consideration should be given to offering women
split methadone dosing in late pregnancy due to its significantly shorter half-life at this time.
Regulations related to take-home dosing for patients who only recently were started on
methadone make this practice challenging; diversion of methadone remains a serious
challenge in the US. Our limited data also suggest methadone doses should be reduced
within 1-2 weeks following delivery but this time frame requires confirmation through
further study.
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Abbreviation

AAP American Academy of Pediatrics

AUC Area under the curve

CTRC Clinical and Translational Research Center

CYP Cytochrome P450

HPLC/UV High performance liquid chromatographic/ultraviolet detection method

L/D Level/Dose

Magee Magee-Womens Hospital

MMTP Methadone maintenance treatment program
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NAS neonatal abstinence syndrome

PK Pharmacokinetic

PTSD Post traumatic stress disorder

Rac Racemic

SNPs single nucleotide polymorphisms
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Figure 1.
Comparison of L/D between third trimester of pregnancy and late postpartum
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Figure 2.
L/D for 3 women with multiple postpartum samples
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Figure 3.
Variation in L/ D ratios of R-, S- and rac-methadone across pregnancy and postpartum
related to CYP2B6 SNPs Boxes represent interquartile range (IQR) of observed values. The
median value is represented with a contrasting line within the box. The vertical lines above
and below the box (whiskers) are values that are 1.5 times the median but beyond the IQR.
Markers (dots) outside the whiskers represent any values outside of these values. (Tukey,
J.W. 1977 Exploratory Data Analysis. Reading MA: Addison-Wesley)
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Table 1

Study participant characteristics (n=25)

Participant Characteristic N %

Age

 18 – 25 12 48

 26 – 40 13 52

Race (% Caucasian) 22 88

High School Education or more 21 84

Insurance (% Medicaid) 25 100

Primiparous 9 36

Married or living with partner 9 36

Employed during pregnancy 5 20

Smoked during pregnancy 19 76

Timing of conversion to methadone

 Before Pregnancy 1 4

 1st Trimester 13 52

 2nd Trimester 7 28

 3rd Trimester 4 16

Taking psychotropic medication

 At enrollment (self report) 4 16

 At delivery (medical record review; n=22) 9 41

Hepatitis C positive 14 56

Hepatitis B positive 0 --

Drug Screen Positive for Illicit Drugs at Delivery
(positive for benzodiazepines and opiates)

1 4

Edinburgh Postnatal Depression Scale ≥ 10 (3rd tri) 20 80

aMood Disorder Questionnaire33 4 16

bPrimary Care PTSD Screen34 12 48

Methadone Dose (mg/day) Mean (sd) Range

At Delivery 102.6 (44.3) 22-200

Late Postpartum (n=22) 105.9 (42.1) 26-190

a
Positive if “yes” to seven or more of the 13 items in question number 1 and yes to question 2 and answers moderate or serious to question 3.

b
PTSD: post-traumatic stress disorder screen positive screen if patient answered “yes” to any two items or to item three (hyper-arousal).
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Table 2

Methadone dose by trimester of pregnancy and postpartum

Methadone Dose N Mean Median Range

Women who converted during or before the first trimester a

 Peak dose 1st trimester 14 70.4 57.5 30-145

 Peak dose 2nd trimester 14 93.4 89 50-155

 Peak dose 3rd trimester/delivery 14 111.7 114 50-180

Women who converted during the second trimester b

 Peak dose 2nd trimester 7 90 80 60-135

 Peak dose 3rd trimester/delivery 7 111.4 100 75-200

Women who converted during the third trimester

 Peak dose 3rd trimester/delivery 4 46.3 45 20-75

Dose 3 to 6 months postpartum c 22 106 97.5 26-190

a
Paired t-test for dose in 1st trimester to 2nd trimester, t(13)=5.45, p=0.0001.

Paired t-test for dose on 2nd trimester to 3rd trimester, t(13)=4.15, p=0.001.

b
Paired t-test for dose on 2nd trimester to 3rd trimester, t(6)=2.35, p=0.06

c
Paired t-test of 3rd trimester and postpartum dose levels, t(21)=0.05, p=0.96.
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