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Buprenorphine and Naloxone Compared
With Methadone Treatment in Pregnancy

Samantha L. Wiegand, MD, Elizabeth M. Stringer, MD, Alison M. Stuebe, MD, Hendree Jones, PhD,
Carl Seashore, MD, and John Thorp, MD

OBJECTIVE: To compare neonatal abstinence syndrome

prevalence and characteristics among neonates born to

women prescribed buprenorphine and naloxone com-

pared with methadone during pregnancy.

METHODS: Retrospective cohort analysis of mother–

neonate dyads treated with either buprenorphine and

naloxone or methadone during pregnancy. Primary neo-

natal outcomes included diagnosis of neonatal absti-

nence syndrome, neonatal abstinence syndrome peak

scores, total amount of morphine used to treat neonatal

abstinence syndrome (mg), and duration of treatment for

neonatal abstinence syndrome (days). Secondary out-

comes included head circumference, birth weight,

length, preterm birth, neonatal intensive care unit admis-

sion, Apgar scores, and overall length of hospitalization.

RESULTS: From January 1, 2011, to November 30, 2013,

we identified 62 mother–neonate dyads, 31 treated with

methadone and 31 treated with buprenorphine and nal-

oxone. Sixteen neonates (51.6%) in the methadone group

were diagnosed with neonatal abstinence syndrome

compared with eight (25.1%) in the buprenorphine and

naloxone group (adjusted odds ratio 2.55, 95% confi-

dence interval [CI] 1.31–4.98, P5.01). The buprenorphine

and naloxone-exposed neonates had lower peak neona-

tal abstinence syndrome scores (9.064.4 compared with

10.763.7, multivariate-adjusted mean difference522.77,

95% CI 24.99 to 20.56, P5.02) and shorter overall hos-

pitalization (5.665.0 compared with 9.867.4 days,

multivariate-adjusted mean difference523.90, 95% CI,

27.13 to 20.67, P5.02). We found no other differences

in primary or secondary outcomes.

CONCLUSION: In a cohort of pregnant patients treated

with either methadone or buprenorphine and naloxone

in pregnancy, newborns exposed to maternal buprenor-

phine and naloxone had less frequent neonatal absti-

nence syndrome. Additionally, neonates exposed to

buprenorphine and naloxone had shorter overall hospi-

talization lengths.

(Obstet Gynecol 2015;125:363–8)

DOI: 10.1097/AOG.0000000000000640

LEVEL OF EVIDENCE: II

In pregnancy, untreated opioid addiction is associ-
ated with adverse maternal and perinatal complica-

tions.1 The principle treatment strategy for opioid
addiction is a combination of medication-assisted
treatment and counseling, which has led to improved
obstetric outcomes.2,3 However, medication-assisted
treatment during pregnancy may cause neonatal absti-
nence syndrome, a condition characterized by a con-
stellation of physiologic changes, behaviors, and
a poor adaptation process.4

Methadone has been used for medication-assisted
treatment in pregnancy since the 1970s.5 Distribution
of methadone for medication-assisted treatment of
opioid use disorders is tightly controlled through fed-
erally regulated clinics in which daily visits are
required. Buprenorphine was approved for
medication-assisted treatment in the United States in
2002. Benefits of buprenorphine over methadone
include its availability through an office prescription,
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less overdose potential, fewer drug interactions, and
a milder neonatal abstinence syndrome.6–9 Buprenor-
phine is also available in combination with the opioid
antagonist naloxone, which has poor oral bioavailabil-
ity but when injected will precipitate withdrawal.10

In nonpregnant individuals, the buprenorphine
and naloxone combination product is preferred for
medication-assisted treatment because of the reduced
diversion potential compared with buprenorphine
monotherapy.11 The literature is limited on pregnancy
outcomes among women taking the combination ther-
apy with two publications reporting on a total of 10
patients.12,13

The aim of this study is to report on the outcomes
of neonates whose mothers were treated prenatally
with buprenorphine and naloxone compared with
outcomes of neonates born to mothers treated with
methadone with emphasis on measures of neonatal
abstinence syndrome.

MATERIALS AND METHODS

We performed a retrospective, cohort analysis on
mother–neonate dyads treated for maternal opioid
dependence with either buprenorphine and naloxone
or methadone during pregnancy. All patients were
delivered at the University of North Carolina at
Chapel Hill Hospitals between January 1, 2011,
and November 30, 2013. Most women in our
sample received care through the University of North
Carolina at Chapel Hill Horizons Program, a gender-
specific treatment program for women with substance
use disorders; the timeframe for the study reflects the
introduction of buprenorphine and naloxone as
a treatment option for these patients. A team involv-
ing social workers, counselors, physicians, and a nurse
practitioner work together with the aim of assisting
women through treatment and recovery. Both residen-
tial and outpatient treatment are available. Daycare
and transportation are provided. Goals at Horizons
include helping women remain with their children
and become independent and self-supportive. Opioid-
dependent women are cotreated with local methadone
clinics or treated on-site with buprenorphine and nal-
oxone whether pregnant or nonpregnant.

We identified patients in an electronic database
using the North Carolina Translational and Clinical
Sciences Institute Data Warehouse. Patient lists were
generated by searching International Classification of
Disease, 9th Revision (ICD-9) codes for pregnancy
cross-referenced with pharmacies dispensing for
either methadone or buprenorphine and naloxone
and by cross-referencing International Classification
of Disease, 9th Revision codes for pregnancy with

those for opioid dependence. Additional patients were
found through the Horizons Clinic database at the
University of North Carolina at Chapel Hill. Patient
charts were then reviewed for inclusion and exclusion
criteria.

We excluded patients with methadone or bupre-
norphine and naloxone treatment less than 30 days
before delivery, delivery at an outside hospital,
multiple gestations, intrauterine fetal demise or still-
birth, or an anomalous fetus or newborn. Patients
were included if there was documentation of maternal
methadone or buprenorphine and naloxone treatment
for 30 or more days before and including up to
delivery, delivery at the University of North Carolina
at Chapel Hill, and a live singleton nonanomalous
neonate. After eligible patients were identified, mater-
nal and neonate data were extracted from charts
utilizing a standardized data collection form. Primary
neonatal outcomes included diagnosis of neonatal
abstinence syndrome, neonatal abstinence syndrome
peak scores, total amount of morphine used to treat
neonatal abstinence syndrome in milligrams, and
duration of treatment for neonatal abstinence syn-
drome (days). A standardized 13-item Modified Fin-
negan opioid weaning score (total score possible
1–25) based on objective neonatal data was utilized
by clinical nursing staff to assess neonatal abstinence
syndrome.14 Neonates were assessed every 2–4 hours.
Higher scores indicate a more severe withdrawal state.
We diagnosed neonatal abstinence syndrome with
three consecutive scores of 8 or more or any two
scores of 12 or more. Neonatal abstinence syndrome
scores were assessed as part of routine clinical care;
therefore, assessors were not blinded to maternal opi-
oid treatment. Secondary neonatal outcomes and data
of interest were: head circumference, birth weight,
body length, total length of hospitalization, prematu-
rity (less than 37 0/7 weeks of gestation at delivery),
Apgar scores at 1 and 5 minutes, and neonatal inten-
sive care unit admission. At our hospital, neonates
with neonatal abstinence syndrome are not routinely
admitted to the neonatal intensive care unit; thus,
these admissions occurred for nonopiate-related indi-
cations. Standard treatment for neonatal abstinence
syndrome at the University of North Carolina at
Chapel Hill is through oral morphine titrated to
achieve normal neonatal abstinence syndrome scores
followed by a taper. Additional data collected
included maternal race and age, marital status, educa-
tion (years), parity, smoking status, gestational age at
delivery (weeks), dose of opioid medication at deliv-
ery (mg), use of other illicit substances at delivery
(determined through urine drug screen), psychiatric
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diagnoses, indication for maternal opioid use, selec-
tive serotonin reuptake inhibitor use, and use of ben-
zodiazepines at delivery. Maternal outcome data
collected included: mode of delivery, type of analge-
sia during labor, total weight gain as determined from
initial and final clinic appointment recordings, and the
number of prenatal care visits.

Statistical analysis was performed utilizing
descriptive statistics and unadjusted and adjusted
bivariate analysis. A formal power calculation was
not performed because this was a retrospective study
with a fixed number of patients. The study period was
conceived as the start of our facility’s treatment of
patients with the medication being examined (bupre-
norphine and naloxone) and therefore there is an
inability to increase the sample size. The differences
between the methadone and buprenorphine and nal-
oxone groups were assessed for all categorical varia-
bles and outcomes using two-sided Fisher’s exact tests
of association, whereas exact Wilcoxon rank-sum tests
were used for all continuous variables and outcomes.
Primary and secondary neonatal outcomes were ana-
lyzed utilizing log-binomial regression for categorical
variables and multiple linear regression for continuous
variables. Normality of residuals in the linear regres-
sion models was tested to assure validity of the adjusted
b-coefficients. All outcomes were adjusted for gesta-
tional age at delivery and maternal indication for
opioids. Additional regression models were performed,
including variables that are thought to affect the diag-
nosis and severity of neonatal abstinence syndrome,
such as maternal smoking, benzodiazepine use, and
illicit drug use at delivery. These covariates were re-
tained in the model if they altered the parameter esti-
mate for the b-coefficient or odds ratio (OR) by more
than 10%. All data were analyzed utilizing SAS 9.3.

This study was approved by the institutional
review board at the University of North Carolina at
Chapel Hill.

RESULTS

From January 1, 2011, to November 30, 2013, we
identified 64 women who were treated with either
methadone or buprenorphine and naloxone and
delivered a liveborn neonate at the University of
North Carolina at Chapel Hill. A total of 62 women
were included in this analysis; one woman was
excluded because she gave birth to twins, and one
was excluded because her fetus had a myelomeningo-
cele and in utero repair.

The maternal baseline characteristics of patients
from each medication group were similar except for
indication for opioid treatment (Table 1). Women in

the buprenorphine and naloxone group were treated
almost exclusively for addiction (93.6%) compared
with pain (0%) or pain and addiction combined
(6.5%). Nearly two-thirds of the women in the meth-
adone group were treated for addiction (61.3%) com-
pared with pain (16.1%) or both (22.6%).

The mean maternal dose of methadone at deliv-
ery was 77.1636.4 mg (range 5.0–180.0 mg), and the
mean maternal dose of buprenorphine at delivery was
14.166.5 mg (range 2.0–24.0 mg). Neonates in the
methadone-exposed group were born at an earlier
gestational age compared with women in the bupre-
norphine and naloxone group (38.162.9 weeks

Table 1. Maternal and Neonatal Characteristics

Variable
Methadone

(n531)

Buprenorphine
and Naloxone

(n531) P

Maternal
Race .31

African American 4 (12.9) 1 (3.2)
Asian 0 (0.0) 2 (6.5)
Caucasian 26 (83.9) 25 (80.7)
Other 0 (0.0) 1 (3.2)
Unknown 1 (3.1) 2 (6.5)

Age (y) 28.766.1 26.964.0 .45
Marital status .36

Divorced 2 (6.5) 1 (3.2)
Married 7 (22.6) 3 (9.7)
Single 22 (71.0) 27 (87.1)

Education (y)* 12.162.0 12.462.0 .58
Nulliparity 10 (32.3) 8 (25.8) .78
Smoking 24 (77.4) 18 (58.1) .17
Psychiatric diagnoses 25 (80.7) 23 (74.2) .76
SSRI use 5 (16.1) 6 (19.4) .75
Indication for opioids .005

Addiction 19 (61.3) 29 (93.5)
Pain 5 (16.1) 0 (0.0)
Both 7 (22.6) 2 (6.5)

Benzodiazepine use† 6 (19.4) 4 (12.9) .73
Illicit drug use† 9 (29.0) 6 (20.0) .55
Neonatal
Gestational age at

delivery (wk)
38.162.9 39.761.8 .01

Sex .80
Female 16 (51.6) 18 (58.1)
Male 15 (48.4) 13 (41.9)

Feeding method .84
Breast 12 (38.7) 14 (45.2)
Bottle 13 (41.9) 13 (41.9)
Both 6 (19.4) 4 (12.9)

SSRI, selective serotonin reuptake inhibitor.
Data are n (%) or mean6standard deviation unless otherwise

specified.
* Missing data for groups: methadone: 14 (n517 for analysis), bu-

prenorphine and naloxone: 8 (n523 for analysis).
† Determined by urine drug screen at admission for delivery.
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compared with 39.761.8 weeks, P5.01). Neonatal sex
and feeding method were not different.

Neonatal outcomes are presented in Table 2. The
percentage of neonates treated for neonatal abstinence
syndrome in the methadone group was 51.6%, and
within the buprenorphine and naloxone group, it
was 25.1% adjusted (gestational age and maternal indi-
cation for opiates; OR 2.55, 95% confidence interval
[CI] 1.31–4.98). Peak neonatal abstinence syndrome
scores were lower within the buprenorphine and nal-
oxone group; however, the amount of morphine used
to treat the neonates for neonatal abstinence syn-
drome and duration of treatment for neonatal absti-
nence syndrome between groups was not statistically
different. Sixteen percent of the neonates from the
methadone group were born prematurely compared
with 3% in the buprenorphine and naloxone group,
(OR 5.0, 95% CI 0.62–40.36, P5.20).

Neonatal head circumference, birth weight, and
length measured less within the methadone group, but

these differences were nonsignificant after adjustment
for gestational age and maternal indication for
opiates. Overall hospitalization was shorter for the
buprenorphine and naloxone group, 5.665.0 days
compared with 9.867.4 days, remaining significant
after adjustment for gestational age and maternal indi-
cation for opiates (multivariate-adjusted mean differ-
ence523.90 days, 95% CI 27.13 to 20.67, P5.02).
Treatment group was not associated with neonatal
intensive care unit admission or Apgar scores at 1
and 5 minutes. Inclusion of maternal smoking, ben-
zodiazepine use, and illicit drug use at delivery in
multivariable-adjusted models changed parameter es-
timates by less 10%, so these covariates were not
included.

Table 3 shows maternal outcomes according to
treatment group; no significant differences were noted
with regard to mode of delivery, analgesia during
labor, gestational weight gain, or number of prenatal
care visits.

Table 2. Neonatal Outcomes

Variable
Methadone

(n531)

Buprenorphine
and Naloxone

(n531)
Adjusted OR
(95% CI)* b (95% CI)† P

Primary outcomes
Treated for NAS 16 (51.6) 8 (25.1) 2.55 (1.31–4.98) .01

Morphine used (mg) 5.063.3‡ 3.461.2 21.81 (24.54 to 0.91) .18
Duration of NAS

treatment (d)
11.463.4§ 10.663.1 20.24 (23.45 to 2.97) .88

Peak NAS scorek 10.763.7 9.064.4 22.77 (24.99 to 20.56) .02
Secondary outcomes

Head circumference (cm) 32.962.5 34.461.4 0.43 (20.25 to 1.11) .21
Birth weight (gm) 2,885.96691.2 3,174.66532.8 13.69 (2242.68 to 270.06) .92
Length (cm) 47.964.0 50.162.5¶ 0.34 (20.86 to 1.55) .57
Preterm 5 (16.1) 1 (3.2) 5.00 (0.62–40.36)# .20
NICU admission 11 (35.5) 6 (19.4) 1.06 (0.75–1.50) .74
Length of hospitalization (d)** 9.867.4 5.665.0 23.90 (27.13 to 20.67) .02
Apgar score

1 min 8 (3–9) 8 (2–9) .50
5 min 9 (7–10) 9 (7–9) .71

OR, odds ratio; CI, confidence interval; NAS, neonatal abstinence syndrome; NICU, neonatal intensive care unit.
Data are n (%), median (range), or mean6standard deviation unless otherwise specified.
* Adjusted OR from log binomial regression adjusted for gestational age at delivery and maternal indication for opioids for methadone with

buprenorphine and naloxone as the referent.
† b, regression coefficient from multiple linear regression; difference in means for methadone and buprenorphine and naloxone users

(buprenorphine and naloxone—methadone) adjusted for gestational age at delivery and maternal indication for opioids normality of
residuals in the linear regression models was tested to assure validity of the adjusted b-coefficients.

‡ One neonate in the methadone group was treated with methadone and was not included in the analysis; one was transferred to an outside
facility at 21 days of life and was not included in the analysis as a result of incomplete data (n514 for analysis).

§ One neonate in the methadone group was transferred out at 21 days of life and was not included in the analysis as a result of incomplete
data (n515 for analysis).

k Score range 1–25.
¶ Data missing for one neonate in the buprenorphine and naloxone group (n530 for analysis).
# This is not adjusted.
** Two neonates from the methadone group were transferred to an outside facility at 21 days of life and were not included in the analysis as

a result of incomplete data (n529 for analysis).
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DISCUSSION

In a population of pregnant women treated with either
methadone or buprenorphine and naloxone who
delivered at a large state teaching hospital, we found
that there was less frequent neonatal abstinence
syndrome, lower peak neonatal abstinence syndrome
scores, and a shorter overall hospitalization for the
newborns of mothers treated with buprenorphine and
naloxone.

Our studies confirm and extend earlier work on
outcomes after medication-assisted treatment in preg-
nancy; prior reports on 10 patients treated with
buprenorphine and naloxone demonstrated maternal
and neonatal outcomes consistent with historical data
regarding methadone and buprenorphine monother-
apy.12,13 Neonatal abstinence syndrome incidence
rates in neonates born to mothers treated with meth-
adone range from 45 to 65%15,16 and from 22 to 63%
with buprenorphine,11,16,17 consistent with the neona-
tal abstinence syndrome rates within our two treat-
ment groups. We hypothesized that the percentage
of neonates with the diagnosis of neonatal abstinence
syndrome would be the same between groups, but we
found that the adjusted OR within our methadone
group was more than twice that of the buprenorphine
and naloxone group.

Overall the methadone group was born earlier
and had correspondingly smaller head circumferen-
ces, birth weights, and body lengths but with means
appropriate for gestational age.18

The most notable difference between the two
groups was the length of newborn hospitalization.
Newborns in the methadone group spent a mean

hospital duration of 9.867.4 days compared with
5.665.0 days for those in the buprenorphine and nal-
oxone group. This is best explained by the number of
newborns who were treated for neonatal abstinence
syndrome combined with the number of premature
neonates. However, after adjusting for gestational
age at delivery and indication for maternal opioid
treatment, duration of hospitalization remained signif-
icantly longer for the methadone group.

Our findings must be interpreted within the
context of our study design. The primary limitation
is the observational and retrospective nature of the
study with the potential for uncontrolled confounding.
The groups differed in their indications for
medication-assisted treatment and these differences
may have influenced our results. All patients in our
study who were treated with buprenorphine and
naloxone received care through the Horizons Pro-
gram with a multidisciplinary care approach not
received by all of the patients within the methadone
group. Clinicians assigning neonatal abstinence syn-
drome scores were not blinded to maternal opiate
type and dose, which may have biased assessment.
However, neonatal abstinence syndrome scoring
among multiple observers has been validated in other
studies, making it less susceptible to bias.19,20

Data were missing for several important out-
comes. Two neonates diagnosed with neonatal absti-
nence syndrome within the methadone group did not
have morphine treatment doses calculated because
one was treated with methadone and one was trans-
ferred to another facility after 21 days of hospitali-
zation. Two neonates within the methadone group
were transferred to other facilities; therefore, their
days of hospitalization were not included in this
analysis; both were hospitalized for more than 21
days—one for treatment of neonatal abstinence syn-
drome and one for prematurity (no neonatal absti-
nence syndrome).

Our sample size was small, limiting our power to
detect differences in outcomes such as rate of preterm
birth. The additional reporting of larger number of
pregnancies exposed to the combination medication
buprenorphine and naloxone will further inform
practitioners of its acceptability as a treatment for
maternal opioid dependence, because these initial
reports are reassuring but limited. Additionally, it
would be helpful to explore maternal obstetric out-
comes including treatment acceptance and adherence.
This study helps to strengthen the suggestion that
buprenorphine and naloxone may be a reasonable
alternative to methadone for the treatment of opioid
dependence in pregnancy.

Table 3. Maternal Outcomes

Variable
Methadone

(n531)

Buprenorphine
and Naloxone

(n531) P

Mode of delivery 1.00
Vaginal (operative

included)
23 (74.2) 24 (77.4)

Cesarean 8 (25.8) 7 (22.6)
Analgesia 1.00

None 2 (6.5) 3 (9.7)
Regional 28 (90.3) 28 (90.3)
GETA 1 (3.2) 0 (0.0)

Weight gain (lb) 23.0620.7 23.9614.3 .45
Prenatal care visits 11 (3–18) 11 (3–20) .13
Medication

dosage (mg)
77.1637.0 14.166.5

GETA, general endotracheal anesthesia.
Data are n (%) or mean6standard deviation, or median (range)

unless otherwise specified.
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