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ABSTRACT

BACKGROUND

Methadone, a full mu-opioid agonist, is the recommended treatment for opioid
dependence during pregnancy. However, prenatal exposure to methadone is associ-
ated with a neonatal abstinence syndrome (NAS) characterized by central nervous
system hyperirritability and autonomic nervous system dysfunction, which often re-
quires medication and extended hospitalization. Buprenorphine, a partial mu-opioid
agonist, is an alternative treatment for opioid dependence but has not been exten-
sively studied in pregnancy.

METHODS

We conducted a double-blind, double-dummy, flexible-dosing, randomized, controlled
study in which buprenorphine and methadone were compared for use in the com-
prehensive care of 175 pregnant women with opioid dependency at eight interna-
tional sites. Primary outcomes were the number of neonates requiring treatment for
NAS, the peak NAS score, the total amount of morphine needed to treat NAS, the
length of the hospital stay for neonates, and neonatal head circumference.

RESULTS

Treatment was discontinued by 16 of the 89 women in the methadone group (18%)
and 28 of the 86 women in the buprenorphine group (33%). A comparison of the
131 neonates whose mothers were followed to the end of pregnancy according to
treatment group (with 58 exposed to buprenorphine and 73 exposed to methadone)
showed that the former group required significantly less morphine (mean dose, 1.1 mg
vs. 10.4 mg; P<0.0091), had a significantly shorter hospital stay (10.0 days vs. 17.5 days,
P<0.0091), and had a significantly shorter duration of treatment for the neonatal
abstinence syndrome (4.1 days vs. 9.9 days, P<0.003125) (P values calculated in ac-
cordance with prespecified thresholds for significance). There were no significant
differences between groups in other primary or secondary outcomes or in the rates
of maternal or neonatal adverse events.

CONCLUSIONS
These results are consistent with the use of buprenorphine as an acceptable treat-
ment for opioid dependence in pregnant women. (Funded by the National Institute
on Drug Abuse; ClinicalTrials.gov number, NCT00271219.)
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METHADONE, BUPRENORPHINE, AND NEONATAL ABSTINENCE SYNDROME

PIOID DEPENDENCE DURING PREGNAN-

cy is compounded by multiple risk factors

contributing to adverse maternal, neo-
natal, and long-term developmental consequenc-
es.1"¢ Improved treatment options should reduce
the public health and medical costs associated
with the treatment of neonates exposed to opioids,
which in 2009 was estimated at $70.6 million to
$112.6 million in the United States alone.” Just as
the use of methadone in nonpregnant patients
with opioid dependence improves patient out-
comes,® its use as part of a comprehensive ap-
proach to the care of pregnant women improves
maternal and neonatal outcomes, as compared
with no treatment and with medication-assisted
withdrawal.#*1° However, exposure to methadone
in utero can result in a neonatal abstinence syn-
drome (NAS) characterized by hyperirritability of
the central nervous system and dysfunction in the
autonomic nervous system, gastrointestinal tract,
and respiratory system.'* When left untreated,
NAS can result in serious illness (e.g., diarrhea,
feeding difficulties, weight loss, and seizures)
and death.’* Methadone-associated NAS often re-
quires prolonged hospitalization, pharmacologic
intervention, and monitoring.

Buprenorphine, a partial mu-opioid agonist
and kappa-opioid antagonist, effectively treats
opioid dependence.'? Its low intrinsic receptor
efficacy results in a less-than-maximal opioid
effect’3 and a diminished risk of overdose, as com-
pared with methadone. In nonpregnant adults,
the effects of abrupt withdrawal of buprenor-
phine are minimal relative to the effects of
withdrawal of full mu-opioid agonists.'**> Bu-
prenorphine’s pharmacologic advantages led to
prospective open-label and controlled studies of
its use in prenatal treatment,'®*° and the results
of some of these studies suggested that neonates
exposed to buprenorphine might be less likely to
require treatment for NAS than those exposed to
methadone.?® Recent studies of methadone and
buprenorphine have had inconsistent results with
respect to NAS outcomes.?2¢ Given the calls to
increase representation of pregnant women in
medication research,?” we conducted the Maternal
Opioid Treatment: Human Experimental Research
(MOTHER) project, a multicenter, randomized,
controlled trial comparing buprenorphine with
methadone for the treatment of opioid-depen-
dent pregnant patients.?®

METHODS

STUDY SITES AND PARTICIPANTS

Between May 4, 2005, and October 31, 2008,
opioid-dependent women between the ages of 18
and 41 years with a singleton pregnancy between
6 and 30 weeks of gestation (calculated on the
basis of the last menstrual period and confirmed
by ultrasonographic results) were screened and
recruited at eight international sites — six in the
United States and one each in Austria and Cana-
da. Seven sites contributed randomized data; one
site screened participants but did not complete
randomization.

Women were eligible for participation in the
study if they had no medical or other conditions
contraindicating participation, were not subject
to pending legal action that might prevent their
participation, had no disorders related to the use
of benzodiazepines or alcohol, and did not plan
to give birth outside the hospital at the study site
(Fig. 1). Study referral sources included commu-
nity providers, self-referral, and the site’s treat-
ment program.2#3°

Screening for eligibility consisted of a compre-
hensive battery of tests (see Fig. 1 in the Supple-
mentary Appendix, available with the full text of
this article at NEJM.org). The screening tests
were performed either at the time of treatment
initiation (in the case of patients who were new
to treatment) or after a patient’s request for a
change in her established treatment (e.g., in the
case of patients who were already being treated
with a mu-opioid agonist and who agreed to
randomization). Patients who were not eligible
for participation in the study were so informed
and transferred to standard care available at the
site’s clinic or at a local community clinic.

Each site’s local institutional review board ap-
proved the study. All participants provided writ-
ten informed consent at the time of screening.
Buprenorphine tablets and the associated pla-
cebo were supplied by Reckitt Benckiser Health-
care, Hull, United Kingdom. These tablets were
distributed to U.S. study investigators by the Na-
tional Institute on Drug Abuse. Schering-Plough
distributed buprenorphine tablets and placebo to
Austrian investigators. Neither Reckitt Benckiser
Healthcare nor Schering-Plough had involvement
in the study design; data collection, analysis, or
interpretation; or manuscript preparation.
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1074 Patients were screened for eligibility

243 Did not provide consent
656 Were excluded
557 Failed to meet inclusion criteria
149 Had estimated gestational age outside
range
124 Were taking a benzodiazepine
105 Had medical reason
57 Were using alcohol

42 Had impending legal issue
19 Did not provide consent
17 Had psychological or psychiatric reason
12 Had multiple-fetus pregnancy
11 Were outside age range
10 Were undergoing detoxification
9 Were not opioid-dependent
2 Did not speak English or German
99 Were excluded for other reasons

175 Underwent randomization

86 Were assigned to receive
buprenorphine

28 Discontinued study
26 Had voluntary reasons
20 Were dissatisfied with
medication
5 Missed 5 consecutive
dosing days
1 Withdrew
2 Had involuntary reasons
2 Were discharged for
administrative reason

58 Completed the study

89 Were assigned to receive
methadone

16 Discontinued study
10 Had voluntary reasons
2 Were dissatisfied with
medication
4 Missed 5 consecutive
dosing days
2 Withdrew
2 Had other reason
6 Had involuntary reasons
2 Were discharged for
administrative reason
2 Lost pregnancy
1 Had medical issues
1 Was incarcerated

73 Completed the study

Figure 1. Screening, Randomization, and Rate of Treatment Completion, According to Study Group.

STUDY MEDICATIONS AND PATIENT CARE

Before randomization, all participants received
rapid-release morphine sulfate as inpatients to
achieve medical stabilization and to ease the tran-
sition to the double-blind medication.?%2931 Qual-
ifying participants underwent randomization and
started the assigned study medication as inpa-
tients.

A blinded, individualized dosing schedule was
used for the study medications, and a double-

blind method was used to implement dose-unit
increases or decreases (with dose adjustments
of 2 mg for buprenorphine and 5 or 10 mg for
methadone). Dose adjustments entailed clinical
decisions based on medication adherence, the
participant’s request, urine toxicologic results,
and self-reported symptoms of withdrawal or
craving.?® Tablets of buprenorphine (Subutex,
Reckitt Benckiser) were used to avoid prenatal
exposure to naloxone. (Neither buprenorphine

N ENGLJ MED 363;24 NEJM.ORG DECEMBER 9, 2010

The New England Journal of Medicine

Downloaded from nejm.org by Vance Shaw on May 11, 2012. For personal use only. No other uses without permission.

Copyright © 2010 Massachusetts Medical Society. All rights reserved.



METHADONE, BUPRENORPHINE, AND NEONATAL ABSTINENCE SYNDROME

nor naloxone has been approved by the Food and
Drug Administration or the European Medicines
Agency for use during pregnancy.) A flexible
dose range of 2 to 32 mg of buprenorphine in
sublingual tablets was estimated to be equivalent
to 20 to 140 mg of methadone on the basis of
previously published data from clinical trials.3234

Participants were required to receive daily
medications under observation in the study clin-
ic. They always received seven tablets (three in
the size of an 8-mg tablet and four in the size of
a 2-mg tablet) to place under the tongue for 5 min-
utes, or until the tablets dissolved. Each tablet
contained buprenorphine or placebo. After receiv-
ing these tablets, participants received liquid
containing methadone or placebo. Oral metha-
done and flavor-masking concentrates were di-
luted to provide the dose in a fixed volume (e.g.,
40 ml at U.S. sites and 50 ml in Vienna). Metha-
done placebo was given in the same fixed volume
and included the same flavor-masking concen-
trates as the active drug concentrate. All medica-
tions were dispensed through regulated hospital
pharmacies or methadone clinics.

The study sites provided participants with
comprehensive care. To promote drug abstinence,
patients were given monetary vouchers in ex-
change for providing urine samples that were
negative for opioids (other than buprenorphine
and methadone), other illicit drugs, and misuse
of prescription medications.2® On completion of
the study, participants could receive locally avail-
able treatment.

EVALUATION FOR NAS
NAS assessment was performed for a minimum
period of 10 days after birth. Hospitalized neo-
nates were examined every 4 hours by trained
staff. Neonates discharged from the hospital be-
fore postnatal day 10 were expected to reside
with the mother in a residential setting, where
the evaluation was continued. NAS scores were
obtained twice daily, at least 8 hours apart, with
the use of a modified Finnegan scale (called the
MOTHER NAS scale), which includes 28 items'?;
19 items were used for scoring and medication
decisions. Scores on the modified scale range
from 0 to 42, with higher scores indicating
more severe withdrawal. Original NAS-item defi-
nitions,3> as well as the morphine medication
protocol,2%3° were refined before data collec-
tion (Fig. 2 in the Supplementary Appendix);

the study was conducted in accordance with the
protocol.

An expert rater trained a highly experienced
rater at each site; by the end of training, the site
raters were required to obtain scores that were
within 2 points of the expert rater’s scores. To
maintain consistency in the reliability of the rat-
ings at each site, every 6 months the expert rater
provided a video of an infant undergoing NAS
assessment. An intraclass correlation coefficient
(ICC[2,2]) for the degree of agreement?” between
the expert rater and the site rater was estimated;
the lowest coefficient exceeded 0.94, indicating
excellent agreement between the raters.

STUDY OUTCOMES AND ADVERSE EVENTS
The five primary neonatal outcome measures
were the number of neonates requiring treatment
for NAS, peak NAS score, total amount of mor-
phine needed for treatment of NAS, length of
hospital stay, and head circumference. The seven
secondary neonatal outcomes were the number
of days during which medication was given for
NAS, weight and length at birth, preterm birth
(defined as birth at <37 weeks of gestation), gesta-
tional age at delivery, and 1-minute and 5-minute
Apgar scores. The nine secondary maternal out-
comes were cesarean section, weight gain, abnor-
mal fetal presentation during delivery, anesthesia
during delivery, the results of drug screening at
delivery, medical complications at delivery, study
discontinuation, amount of voucher money earned
for drug-negative tests, and number of prenatal ob-
stetrical visits. Adverse events for all participants
were categorized on the basis of the Medical Diction-
ary for Regulatory Activities (version 10.0) system of
organ classes and predefined categories of events.

STATISTICAL ANALYSIS
Bonferroni’s principle was used to set the family-
wise alpha level at 0.01 (nominal alpha level,
0.05+5) for each of the five primary outcome
measures at the time of the initial study design;
an interim analysis requested by the data safety
and monitoring board resulted in a recalculation
of the alpha level on the basis of the O’Brien—
Fleming spending function, such that the end-of-
trial alpha level was 0.0091 for each primary out-
come measure. Bonferroni’s principle was also
used to set the family-wise alpha level at 0.003125
(nominal alpha level, 0.05 +16) for the secondary
outcome measures.
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There were two fixed-effect factors in all analy-
ses: medication (buprenorphine vs. methadone)
and site (U.S. urban [Baltimore; Philadelphia; De-
troit; Providence, RI] vs. U.S. rural [Burlington,
VT; Nashville] vs. European [Vienna]). Pooling the
sites minimized the possibility that site heteroge-
neity would adversely effect the analyses.3° Pois-
son regression analyses were conducted for the
total amount of morphine needed to treat NAS,
neonatal length of stay in the hospital, number
of days of treatment for NAS, estimated gesta-
tional age at delivery, amount of money earned
for drug-negative tests, number of prenatal ob-
stetrical visits, and Apgar scores at 1 minute and
5 minutes. Ordinary least-squares regression
analyses were conducted for the peak score on the
NAS scale during the assessment period, infant
head circumference, and infant weight and length
at birth. Logistic-regression analyses were con-
ducted for the remaining dichotomous variables.

For medication effects, model-derived least-
squares means are reported for normally distrib-
uted outcome variables, model-derived exponen-

tiated estimated means for Poisson-distributed
outcome variables, and odds ratios for the logis-
tic regressions. To minimize the possibility that
the effects attributed to the assigned medication
might be due to differences in participant char-
acteristics, the analyses were repeated with the
inclusion of covariates selected on the basis of
their potential associations with the outcome
variables. (For details on covariates, see Table 1
in the Supplementary Appendix.)

RESULTS

CHARACTERISTICS OF THE STUDY PARTICIPANTS
A total of 16 of the 89 women in the methadone
group (18%) and 28 of the 86 women in the bu-
prenorphine group (33%) discontinued treatment
before delivery (P=0.02 with an alpha level of
0.003125 for other secondary maternal outcome
measures). The baseline characteristics of par-
ticipants in the two medication groups, includ-
ing those who did not complete the study, are
shown in Table 1. There were no significant

Table 1. Baseline Characteristics of Women in the Methadone and Buprenorphine Groups, According to Whether They Completed
Treatment.*
Characteristic Completed Treatment Did Not Complete Treatment
Methadone Buprenorphine Methadone Buprenorphine
(N=73) (N=58) P Value (N=16) (N=28) P Value

Age (yr) 27.7+0.7 25.3+0.7 0.014 29.7+1.6 29.11.7 0.75
Race (%)t 0.26 0.26

White 85 91 69 71

Black 14 3 31 29

Other 1 5
Estimated gestational age of fetus (wk) 18.7+0.8 18.7+0.7 0.94 16.4+1.7 19.7+1.3 0.13
Education (yr) 11.3+0.3 11.3+0.2 0.91 11.6+0.4 11.3+0.3 0.47
Employed (%) 14 19 0.41 6 4 0.47
Legal status, criminally unencumbered (%) 80 88 0.20 69 71 0.26
Married (%) 15 9 0.26 13 18 0.31
Treatment during the previous 30 days (%)

Maintenance therapy with methadone 47 41 0.56 50 35 0.16

or buprenorphine

Detoxification 4 5 0.76 0 4 0.64

Neither maintenance therapy nor detoxification 52 54 0.80 47 70 0.17
Current cigarette smoker (%) 99 95 0.21 88 89 0.36
Composite score on Addiction Severity Index§

Drugs 0.30+0.01 0.28+0.01 0.16 0.29+0.03 0.34+0.02 0.15

Alcohol 0+0.01 0.01+0.01 0.40 0+0.01 0.02+0.01 0.11
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Table 1. (Continued.)

Characteristic Completed Treatment Did Not Complete Treatment

Methadone Buprenorphine Methadone Buprenorphine

(N=73) (N=58) P Value (N=16) (N=28) P Value
Substance use
Cumulative lifetime (mo)
Heroin 45.7+£5.4 25.4+6.0 0.01 60.2+13.5 50.7+10.4 0.58
Cocaine 34.1+5.9 22.5+6.6 0.19 40.6+13.6 39.3+10.5 0.94
Any alcohol 23.5+4.3 13.4+4.8 0.13 26.6x11.5 17.6+8.8 0.54
Benzodiazepines 7.2+2.2 7.9+2.5 0.83 10.4+3.4 6.6+2.6 0.38
Previous 30 days (days)
Heroin 8.7£1.5 8.7+1.7 0.99 11.6+3.4 16.6+2.6 0.25
Cocaine 3.9+1.0 3.6£1.1 0.85 8.1+2.9 7.6+2.3 0.93
Any alcohol 0.3+0.1 0.2+0.2 0.40 0.3+0.5 1.1+0.4 0.23
Benzodiazepines 0.8+0.3 0.9+0.3 0.86 0.1+0.5 0.8+0.4 0.23
Score for extent to which patient was troubled or both- ~ 2.8+0.2 2.5£0.2 0.20 2.6+0.4 2.7£0.3 0.74

ered by drug problems in previous 30 days€|

* Plus—minus values are means +SE. Bonferroni’s principle was used to set the family-wise alpha level at 0.00227 for the between-group com-
parisons (nominal alpha level, 0.05 +22 for the number of variables for which inferential tests were conducted); there were no significant
medication-group differences in either the sample of participants who completed the study or the sample that did not complete the study.
Race was self-reported. The chi-square goodness-of-fit statistic is reported for a dichotomized variable of white race versus nonwhite race.
Percentages for current treatment do not sum to 100 because the first two categories are not mutually exclusive and because of missing data.
In the methadone group that completed treatment, the number of patients with missing data was 2 for maintenance therapy with methadone
or buprenorphine and for neither maintenance therapy nor detoxification, whereas in the buprenorphine group that completed treatment, the
number of patients with missing data was 1 for detoxification and for neither maintenance therapy nor detoxification. In the methadone group
that did not complete treatment, the number of patients with missing data was 1 for detoxification and for neither maintenance therapy nor de-
toxification, whereas in the buprenorphine group that did not complete treatment, the number of patients with missing data was 1 for mainte-
nance therapy with methadone or buprenorphine and detoxification, 2 for neither maintenance therapy nor detoxification, and 1 for both com-
posite scores on the Addiction Severity Index and for all items on substance use. Patients whose current treatment was characterized as main-
tenance included those who elected induction and stabilization with an opioid agonist when entering treatment (one or more days before study
screening) or who were already receiving maintenance treatment at the time of study screening.
§ Composite scores for the Addiction Severity Index range between 0 and 1, with higher scores indicating a more severe problem.
9§ The question regarding the extent to which a patient was troubled or bothered by drug problems was answered on a 5-point Likert-type
scale, with 0 indicating “not at all” and 4 indicating “extremely.”

between-group differences in these characteris-
tics, including measures of substance use. Among
the women who did not complete treatment, the
mean (+SD) number of days in the study was
35.1+35.2 (range, 4 to 155) for those in the meth-
adone group and 8.6+17.2 (range, 0 to 80) for
those in the buprenorphine group; 8 participants
in the buprenorphine group left the study on the
first day. “Dissatisfaction” with the study medica-
tion was reported as the reason for discontinua-
tion by 71% of participants in the buprenorphine
group, as compared with only 13% of those in
the methadone group (Fig. 1). The mean doses of
methadone and buprenorphine at the time the
participants left the study were 87.3+21.8 mg
(range, 41.3 to 133.2) and 14.3%5.9 mg (range, 3.0
to 30.0), respectively.

Among the 131 participants who completed
the study (i.e., gave birth while receiving double-
blind study medication), there were no signifi-
cant differences between the buprenorphine and
methadone groups with respect to any of the
baseline characteristics, including substance-use
measures (P>0.01 for all comparisons, with an
alpha level of 0.00227) (Table 1). Analyses of neo-
natal outcomes are based only on this sample of
participants.

PRIMARY OUTCOMES
The percentage of neonates requiring NAS treat-
ment did not differ significantly between groups
(P=0.26), nor did the groups differ significantly
with respect to the peak NAS score (P=0.04) or
head circumference (P=0.04). There were signif-
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icant differences between groups for the other
two primary outcome measures: the total amount
of morphine needed for the treatment of NAS
and the length of the hospital stay for neonates
(Table 2 and Fig. 2, and Table 1 in the Supplemen-
tary Appendix). On average, neonates exposed to
buprenorphine required 89% less morphine than

did neonates exposed to methadone (mean total
doses of 1.1 mg and 10.4 mg, respectively;
P<0.0091 in accordance with prespecified thresh-
olds for significance), and spent, on average, 43%
less time in the hospital (10.0 vs. 17.5 days, re-
spectively; P<0.0091). Both these outcome mea-
sures also differed significantly between the treat-

Table 2. Primary and Secondary Outcomes in the Methadone and Buprenorphine Groups.*
Methadone Buprenorphine Odds Ratio

Outcome (N=73) (N=58) (95% Cl) P Value
Primary outcomes
Treated for NAS — no. (%) 41 (57) 27 (47) 0.7 (0.2-1.8) 0.26
NAS peak score 12.8+0.6 11.0+0.6 0.04
Total amount of morphine for NAS — mg 10.4+2.6 1.1+0.7 <0.0091}
Duration of infant’s hospital stay — days 17.5£1.5 10.0+1.2 <0.0091}
Infant’s head circumference — cm 33.0+0.3 33.8+0.3 0.03
Secondary neonatal outcomes
Duration of treatment for NAS — days 9.9+1.6 4.1+1.0 <0.0031257
Weight at birth — g 2878.5+66.3 3093.7+72.6 0.03
Length at birth—cm 47.8+£0.5 49.8+0.5 0.005
Preterm, <37 wk — no. (%) 14 (19) 4(7) 03 (0.1-2.0)  0.07
Gestational age at delivery — wk 37.9+0.3 39.1+0.3 0.007
Apgar score

1 min 8.0+0.2 8.1+0.2 0.87

5 min 9.0+0.1 9.0+0.1 0.69
Secondary maternal outcomes
Cesarean section — no. (%) 27 (37) 17 (29) 0.6 (0.2-2.0) 0.23
Maternal weight gain — kg 8.6+1.0 8.3x0.9 0.80
Abnormal fetal presentation during delivery 10 (14) 3 (5) 0.3 (0.0-2.4) 0.09

— no. (%)
Analgesia during delivery — no. (%) 60 (82) 49 (85) 1.1 (0.3-4.8) 0.85
Positive drug screen at delivery — no. (%) 11 (15) 5(9) 0.5 (0.1-2.7) 0.27
Medical complications at delivery — no. (%) 37 (51) 18 (31) 0.5 (0.2-0.9) 0.03
Did not complete study — no. (%) 16 (18) 28 (33) 2.6 (1.3-5.6) 0.02
Amount of voucher money earned for drug- 1,570.00+121.72  1,391.39+123.59 0.31
negative tests — U.S. $

No. of prenatal obstetrical visits 8.8+0.5 8.7+0.4 0.86

* Plus—minus values are means +SE. In accordance with the alpha level chosen for the tests of significance, 99.09% confi-
dence intervals (Cls) were used for the primary outcome measures, and 99.6825% Cls were used for the neonatal and
maternal secondary outcome measures. The number of patients who underwent randomization was 175, the number who
did not complete the study was 44, and the number who did complete the study was 131. A small percentage of data
was missing. For four of the five primary outcomes, the number of patients with missing data was 1 in each medication
group except for the outcome on length of hospital stay for neonates, for which no data were missing. For two of the
seven secondary neonatal outcomes, the number of patients with missing data was 1 in each medication group for days
treated for NAS and 1 in the methadone group for infant length at birth. For four of the nine secondary maternal out-
comes, the number of patients with missing data in the methadone group was 2 for maternal weight gain, 2 for abnor-
mal fetal presentation during delivery, 1 for positive drug screen at delivery, and 3 for amount of voucher money earned;
the number of patients with missing data in the buprenorphine group was 4 for maternal weight gain, 1 for positive drug

screen at delivery, and 1 for voucher money earned.

T These P values were calculated in accordance with prespecified thresholds for significance.
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Figure 2. Mean Neonatal Morphine Dose, Length of Neonatal Hospital Stay, and Duration of Treatment for Neonatal
Abstinence Syndrome.

ment groups when the analyses were adjusted for
selected covariates (Table 1 in the Supplementary
Appendix).

SECONDARY OUTCOMES
One of the seven neonatal secondary outcome
measures differed significantly between groups:
neonates exposed to buprenorphine spent, on av-
erage, 58% less time in the hospital receiving
medication for NAS than did those exposed to
methadone (4.1 days vs. 9.9 days, P<0.003125 in
accordance with prespecified thresholds for sig-
nificance). This difference remained significant
in analyses adjusted for selected covariates (Ta-
ble 1 in the Supplementary Appendix). There were
no significant between-group differences in any
of the nine maternal secondary outcomes (Table
2, and Table 1 in the Supplementary Appendix).

SUBGROUP ANALYSES
To address the possibility that differences in neo-
natal outcomes between the two groups might
be explained by higher average levels of opioid
dependence in women who completed metha-
done treatment than in those who completed bu-
prenorphine treatment, we performed post hoc
analyses that excluded the 25 participants whose
methadone dose at delivery exceeded 100 mg.
The between-group differences in the amount of
morphine required for the treatment of NAS and
the length of the hospital stay remained signifi-
cant (P<0.001 and P=0.003, respectively). The
difference in the secondary outcome of duration

of hospitalization while infants were receiving
medication was no longer significant (P=0.01).

ADVERSE EVENTS
Assuming an alpha level of 0.05 (to maximize the
detection of differences between medications
with respect to adverse events), the methadone
group had higher rates of nonserious maternal
events overall (P=0.003) and of nonserious matetr-
nal cardiovascular events in particular (P=0.01).
The two medication groups did not differ signifi-
cantly with respect to any serious maternal or
neonatal adverse events or any nonserious neona-
tal adverse events (Table 3).

DISCUSSION

In this randomized, double-blind trial, infants
who had prenatal exposure to buprenorphine re-
quired significantly less morphine for the treat-
ment of NAS, a significantly shorter period of
NAS treatment, and a significantly shorter hospi-
tal stay than did infants with prenatal exposure
to methadone. The superiority of buprenorphine
over methadone did not extend to differences in
the number of neonates requiring NAS treatment,
peak NAS score, head circumference, any other
neonatal outcome, or any maternal outcome.
Although buprenorphine was superior for two
of the five primary outcomes among women
who completed treatment, women who were tak-
ing buprenorphine were more likely to discon-
tinue treatment. If patients with more severe
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opioid dependence were more likely to leave the the absence of significant between-group differ-
buprenorphine group than the methadone group, ences in baseline characteristics and in previous
this factor could have accounted for better out- and current substance-use characteristics, both
comes in the buprenorphine group. However, for women who completed treatment and for

Table 3. Serious and Nonserious Adverse Events Occurring during the Study.*

Adverse Event

Serious events

Abnormal fetal health
Abnormal laboratory values
Cardiovascular symptoms
Gastrointestinal symptoms
Genitourinary symptoms
Illicit drug use
Musculoskeletal symptoms
Neurologic symptoms
Obstetrical symptoms
Postsurgical problems
Psychological problems
Psychosocial problems
Respiratory symptoms
Sexually transmitted diseases
Skin conditions

Sleep disturbances

Other

Any serious adverse event
Nonserious events
Abnormal appetite
Abnormal fetal health
Abnormal laboratory values
Blood-borne disorders
Cardiovascular symptoms
Endocrinologic symptoms
Eye, ear, nose, or throat problems
Fever

Gastrointestinal symptoms
Genitourinary symptoms
Hematopoietic or lymphatic symptoms
Illicit drug use

Dental problems
Musculoskeletal symptoms

Neuromuscular symptoms

Maternal Neonatal
Methadone Buprenorphine Methadone Buprenorphine
(N=89) (N=86) (N=73) (N=58)
number (percent)
3(3) 0
0 0 0 0
1(1) 0 2 (3) 1(2)
1(1) 1(1) 0 1(2)
0 1(1) 0 1(2)
1(1) 1(1)
0 0 0 1(2)
0 0 1(2)
6 (7) 2(2) 1(1) 1(2)
0 0 0 1(2)
1(1) 0
1(1) 0
1(1) 0 2 (3) 0
1(1) 0
0 1(1)
0 1(1)
0 (0] 1(1) 1(2)
14 (16) 8 (9) 6 (8) 1(2)
2(2) 0 4 (6) 1(2)
6(7) 4(5)
10 (11) 8 (9) 0 0
5 (6) 1Q) 0 1)
29 (33) 14 (16) 8 (11) 4(7)
5 (6) 3 (4) 1(Q1) 1(2)
12 (14) 15 (17) 1Q) 1Q)
3(3) 2(2) 0 0
60 (67) 47 (55) 5(7) 4(7)
23 (26) 16 (19) 1Q) 0
14 (16) 15 (17) 17 (23) 14 (24)
10 (11) 3(9) 3 (4) 5 (9)
22 (25) 15 (17) 1(1) 2 (4)
38 (43) 28 (33) 3 (4) 1(2)
33 (37) 29 (34) 0 0
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Table 3. (Continued.)
Adverse Event Maternal Neonatal
Methadone Buprenorphine Methadone Buprenorphine
(N=89) (N=86) (N=73) (N=58)
number (percent)
Neurologic symptoms 16 (18) 12 (14) 0 0
Obstetrical problems 29 (33) 23 (27) 3(4) 4(7)
Postsurgical problems 16 (18) 8 (9) 3(4) 0
Psychological problems 24 (27) 21 (24)
Psychosocial problems 4 (5) 5 (6)
Respiratory symptoms 29 (33) 31 (36) 14 (19) 12 (21)
Sexually transmitted diseases 8 (9) 8 (9) 1(1) 1(2)
Skin conditions 16 (18) 12 (14) 7 (10) 2 (4)
Sleep disturbances 24 (27) 20 (23)
Somatic symptoms 19 (21) 9 (11)
Other 4(5) 3 (4) 2(3) 3 (5)
Any nonserious adverse event 83 (93) 66 (77) 34 (47) 29 (50)

* An alpha level of 0.05 was selected for each test of significance. Adverse events related to neonatal appetite included
weight loss, need for nutritional support, and feeding intolerance. Cardiovascular events included rapid or slow heart
rate and high or low blood pressure. Neonatal obstetrical events included asynclitic presentation and acrocyanosis.
Psychosocial events included any stressful life event (e.g., stress surrounding moving, eviction, or death of a family
member). A serious adverse event was defined as death or substantial risk of death of the mother or the infant or any
medical event that a study investigator or the data and safety monitoring board judged to be serious because it might
jeopardize the participant or might require intervention (e.g., hospitalization or extension of hospitalization). Two
women in the methadone group had multiple serious adverse events (1 had a positive serologic test for syphilis, over-
night hospitalization, and suspected premature rupture of fetal membrane; the other had lack of housing and depres-
sion), and 12 women in this group had a single serious adverse event (2 cases each of fetal-heart-rate deceleration, pre-
mature labor, and miscarriage and 1 case each of decreased blood flow to the fetus, pathological cardiotocographic de-
celeration, heroin and cocaine overdose, gastroenteritis requiring hospitalization, amniorrhexis, and pneumonia). Two
women in the buprenorphine group had multiple serious adverse events (1 had multicystic kidney and positive drug-
screening urinalysis leading to hospitalization; the other had vaginal bleeding and preterm labor), and 6 women in this
group had a single serious adverse event (2 cases of vaginal bleeding and 1 case each of methicillin-resistant Staphylo-
coccus aureus, gastric hemorrhage, hospitalization for removal of vaginal condyloma, and false labor). One neonate in
the methadone group had multiple serious adverse events (2 surgeries for dextrocardia), and 4 neonates in this group
had a single serious adverse event (1 case each of premature delivery [after which the neonate died], suspected apnea,
respiratory distress, and cyanosis). One neonate in the buprenorphine group had all 8 serious adverse events listed in
the table (e.g., multiple surgeries, renal failure, and hypoxic ischemic encephalopathy) and subsequently died.

those who did not, suggests that differences in
the rates of treatment completion are unlikely to
explain the results. In addition, the significant
differences between groups in the amount of
morphine required for the treatment of NAS and
the duration of the hospital stay remained sig-
nificant in post hoc analyses that excluded par-
ticipants receiving 100 mg or more of metha-
done daily.

Methadone has been the recommended stan-
dard of care for opioid-dependent pregnant wom-
en, and our double-blind study provides critical
data on the outcomes of methadone treatment.
Our findings support the safety and usefulness
of methadone treatment for opioid dependence

during pregnancy, and they also show that the
treatment of opioid-dependent pregnant women
with buprenorphine results in a clinically mean-
ingful reduction in the severity of NAS in their
neonates, as compared with methadone. The
mechanisms responsible for this effect remain
elusive; variability in the MDR1 genotype may
influence the transport of methadone or bu-
prenorphine to the fetus and thus the combina-
tion of NAS symptoms exhibited.38-3°

Our finding that there was no significant dif-
ference between the treatment groups in rates of
opioid use during treatment is consistent with
observations in previous randomized trials involv-
ing nonpregnant patients that methadone and
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buprenorphine cause similar reductions in illicit
opioid use.?? Moreover, the low levels of con-
comitant use of alcohol and illicit drugs, in com-
bination with the nonsignificant differences in
other maternal outcomes between the methadone
and buprenorphine groups, suggest that these
two medications, in the context of comprehen-
sive care, do not differ markedly in terms of their
effect on maternal treatment outcomes at deliv-
ery. Thus, the less severe NAS in neonates ex-
posed to buprenorphine as compared with those
exposed to methadone cannot be attributed to
different effects of these agents on the outcomes
of maternal opioid treatment.

These results must be considered in light of
the markedly different rates of attrition, which
were largely due to greater patient dissatisfaction
with buprenorphine than with methadone. Al-
though this finding is similar to the results of
trials in nonpregnant patients receiving doses
within similar acceptable therapeutic ranges,'?
the reasons for the difference in attrition rates
are unknown. It is possible that withdrawal was
inadequate before the first dose of buprenor-
phine was administered or that buprenorphine
induction was too slow.*%#! In both cases, admin-
istering the initial induction dose in smaller in-
crements throughout the day might reduce the
dropout rate.** It is also possible that there is
individual variation in the absorption of sublin-
gual buprenorphine tablets. Another possible ex-
planation is that an abrupt cessation of treatment
may be more comfortable for patients taking bu-
prenorphine than for those taking methadone
because of the milder effects of withdrawal with
buprenorphine.** Buprenorphine may have less
potent agonistic effects than methadone in miti-
gating craving and other symptoms of with-
drawal, especially in patients who are highly
dependent on opioids. Whatever the reasons, the
fact that two primary outcomes remained sig-
nificant in post hoc analyses omitting partici-
pants whose methadone dose at delivery exceeded
100 mg lends support to our general conclusions,
particularly given the lost power associated with

removing 19% of our sample (25 of 131 partici-
pants).

The greater rate of satisfaction with metha-
done affirms the important role it plays in treat-
ing pregnant women who are dependent on
opioids. Moreover, given the partial agonistic
activity of buprenorphine and its ceiling effect at
maximal doses, it will not be the optimal treat-
ment for all pregnant patients with a depen-
dency on opioids. Further research is needed to
assess the effectiveness of methods intended to
reduce buprenorphine-specific attrition and to ex-
amine factors that may predict maternal and neo-
natal responses to each medication (e.g., phar-
macogenomics*4), making it feasible to identify
subpopulations of pregnant patients who are
more likely to have a response to one medication
than to the other.

In summary, our findings are consistent with
the use of buprenorphine as an alternative to
methadone for the treatment of opioid depen-
dency during pregnancy. Although there were no
significant differences in overall rates of NAS
among infants exposed to buprenorphine and
those exposed to methadone, the benefits of
buprenorphine in reducing the severity of NAS
among neonates with this complication suggest
that it should be considered a first-line treatment
option in pregnancy. In selecting a course of
treatment, however, clinicians should take into
account the possibility of reduced adherence and
the ceiling effect of this medication as compared

with methadone.
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