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Abstract
Background—The recommended standard of care calls for treating opioid-dependent pregnant
women with methadone and observing neonates exposed in utero for five to seven postnatal days
to see if treatment for neonatal abstinence syndrome (NAS) is needed. Data from a large multisite
randomized clinical trial comparing buprenorphine vs. methadone for the treatment of opioid
dependence during pregnancy suggest buprenorphine-exposed neonates had less severe NAS, but
may require pharmacologic treatment for NAS later than methadone-exposed neonates. The
present study examined whether time to pharmacologic treatment initiation differed in a relatively
large non-blinded clinical sample of buprenorphine- vs. methadone-exposed neonates treated for
NAS.

Methods—Medical records for 75 neonates exposed to buprenorphine (n = 47) or methadone (n
= 28) in utero who required treatment for NAS were examined. Time elapsed between birth and
initiation of pharmacologic treatment was calculated for each neonate and time to treatment
initiation compared between groups.
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Results—Median time to treatment initiation (hours:minutes, IQR) was significantly later in
buprenorphine- vs. methadone-exposed neonates (71:02, 44:21-96:27 vs. 34:12, 21:00-55:41,
respectively, p<.001). Estimates of mean time to treatment initiation from parametric analyses that
adjusted for maternal and neonatal characteristics were very similar (73:10 (95% CI: 61:00 to
87:18) vs. 42:36 (95% CI: 33:06 to 53:30), respectively, p = .0005). This difference was not
dependent on maternal age or neonatal sex, gestational age, or birth weight.

Conclusions—These findings confirm results from randomized clinical trials, adding generality
to the observation that buprenorphine-exposed neonates require treatment significantly later than
methadone-exposed neonates.
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1. INTRODUCTION
Methadone is the recommended standard of care for the treatment of opioid dependence
during pregnancy (National Consensus Development Panel on Effective Medical Treatment
of Opiate Addiction, 1998). While maintenance treatment with methadone, a full mu
agonist, improves maternal and neonatal outcomes compared to no treatment or medication-
assisted withdrawal (Jones et al., 2008; Kaltenbach et al., 1998), in utero exposure can result
in a neonatal abstinence syndrome (NAS) characterized by hyperirritability of the central
nervous system and dysfunction in the autonomic nervous system, gastrointestinal tract and
respiratory system (Finnegan and Kaltenbach, 1992). Left untreated, NAS can result in
serious complications (e.g., diarrhea, feeding difficulties, weight loss, seizures) and
mortality (Finnegan and Kaltenbach, 1992).

Buprenorphine, a partial mu agonist and kappa antagonist, was approved for the treatment of
opioid dependence in non-pregnant adults in 2002 in the U.S. In addition to demonstrating
its efficacy as a maintenance medication, studies testing the clinical utility of buprenorphine
in non-pregnant adults also reported that abrupt discontinuation of this medication results in
a milder withdrawal syndrome that also may have a delayed onset relative to withdrawal
from a full opioid agonist (Johnson et al., 2003; Walsh et al., 2003). The promising
observations of a milder withdrawal with buprenorphine in adults prompted a number of
studies comparing the NAS of neonates exposed in utero to methadone vs. buprenorphine.
The largest and most rigorous comparison to date was the MOTHER (Maternal Opioid
Treatment: Human Experimental Research) study, a double-blind randomized clinical trial
that reported outcomes for 131 neonates, 68 of whom required treatment for NAS (Jones et
al., 2010). Primary and secondary analyses of the MOTHER study data indicated that the
NAS of buprenorphine-exposed neonates was milder, with less severe central nervous
system signs, and that these neonates required significantly less morphine to treat their NAS
and had a significantly shorter duration of hospitalization compared to methadone-exposed
neonates (Gaalema et al., 2012; Jones et al., 2010). Also consistent with the adult literature,
the 27 buprenorphine-exposed neonates who required pharmacologic treatment started that
treatment significantly later than the 41 methadone-exposed neonates who required
pharmacologic treatment (59 vs. 36 hours, respectively). In summary, while the NAS
associated with buprenorphine appears less severe in several respects, these findings do not
suggest that buprenorphine-exposed neonates can be monitored for a shorter period of time
than methadone-exposed neonates

A few relatively smaller studies have also examined time to treatment initiation in
methadone vs. buprenorphine-exposed neonates. Consistent with the MOTHER study
results, one small double-blind randomized clinical trial (n = 14) reported earlier time to
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treatment initiation in methadone- vs. buprenorphine-exposed neonates who required
treatment (n = 3 and 5, respectively; Fischer et al., 2006). In contrast, a non-randomized
study (n = 36) by this same group reported later time to treatment initiation in methadone-
vs. buprenorphine-exposed neonates who required treatment (n = 15 and 3, respectively;
Ebner et al., 2007). More data from larger samples are needed to determine whether the
observations made in blinded randomized trials generalize to everyday clinical practice. In
addition, clarifying the range for time to treatment initiation has important implications for
the clinical assessment and timely treatment of opioid-exposed neonates. The American
Academy of Pediatrics (AAP) currently recommends that neonates exposed to long-acting
opioids like methadone and buprenorphine be monitored for a minimum of 5-7 days
(120-168 hours) after delivery, although it is not clear what data this recommendation is
based on (Hudak et al., 2012). The present study, a retrospective chart review, examined
time to treatment initiation in a non-blinded clinical sample (n = 75) of buprenorphine- vs.
methadone-exposed neonates treated for NAS. Based on previous findings from research
samples (Gaalema et al., 2012; Fischer et al., 2006) it was hypothesized that time to
treatment initiation would occur later in buprenorphine- vs. methadone-exposed neonates.

2. METHODS
All neonates exposed to opioids in utero and delivered at our academic medical center,
Fletcher Allen Health Care in Burlington, VT, are hospitalized for a minimum of four days
for assessment of NAS. NAS assessments are conducted every 3-4 hours using a 19-item
modified Finnegan Scale (Jansson et al., 2009). The clinical protocol calls for initiation of
pharmacologic treatment for two consecutive total scores of 9-12 or one score of 13 or
higher.

For the present retrospective chart review approval for the examination of electronic medical
records was obtained from the University of Vermont Institutional Review Board. Electronic
medical records were instituted on the neonatology service in April 2009 and the subsequent
three years were searched to find records of neonates exposed prenatally to buprenorphine or
methadone who required pharmacologic treatment for NAS. Seventy-five neonates were
identified, 47 buprenorphine-exposed and 28 methadone-exposed. Maternal and neonatal
characteristics were extracted from the electronic medical records and time of birth and time
of treatment initiation were recorded to the nearest minute. Time of pharmacologic treatment
initiation was defined as the first time after delivery that the neonate was administered any
opioid. It is likely that many, if not all, neonates also received non-pharmacologic treatment
(e.g., swaddling, skin-to-skin contact, low light and sound environment) prior to the need for
pharmacologic treatment. Pharmacologic treatment was most often initiated with methadone
(85%) and in other cases, morphine (8%) or fentanyl (7%), although the vast majority (96%)
of the neonates were subsequently stabilized on methadone. Time elapsed between birth and
initiation of pharmacologic treatment was calculated for each neonate.

Potential differences in characteristics of mother/neonate pairs maintained on methadone
versus buprenorphine were examined using t-tests for continuous variables and Fisher’s
exact tests for categorical variables. Median time to treatment initiation between the two
groups was compared using a Wilcoxon rank sum test. A generalized linear model based on
a gamma distribution utilizing a log-link function was used to evaluate drug differences in
mean time to treatment initiation after adjusting for selected neonatal and maternal
characteristics. The gamma model, which has been extensively used to model time to event
data (Nelson, 1982; Lawless, 2003), had superior fit to other distributions based on goodness
of fit criteria (i.e., AIC and BIC). Means presented based on the gamma modeling represent
geometric means and associated confidence intervals due to the use of a log link function.
Neonatal sex, gestational age, and birth weight were included as covariates as data suggests
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they may play a role in the development of NAS (Brown et al., 1998; Doberczak et al.,
1991; Dysart et al., 2007; Jansson et al., 2007; O’Connor et al., 2013). Because gestational
age and birth weight are very highly correlated, size for gestational age z-score (Olsen et al.,
2010) was computed for inclusion in the models rather than birth weight to avoid issues
relating to multicollinearity. Maternal age was also included as a covariate because it
differed between medication conditions. Additional models were run to determine if drug
differences were moderated by any of these characteristics.

3. RESULTS
There were few differences between mother/neonate pairs in the two medication groups
(Table 1). Only age of the mother at delivery differed significantly (27.0 years
buprenorphine vs. 29.3 years methadone, t-test, t (73) = 2.27, p = .03). Median time to
treatment initiation, differed significantly between groups (Wilcoxon, W = 737, p < .001;
Figure 1) with neonates exposed to buprenorphine in utero requiring treatment 37 hours later
on average than those exposed to methadone (71:02, IQR: 44:21-96:27 vs. 34:12, IQR:
21:00-55:41, respectively). Results of the generalized linear model adjusting for maternal
and neonatal characteristics produced similar findings with estimated mean time to treatment
of 73:10 (95% CI: 61:00 to 87:18) vs. 42:36 (95% CI: 33:06 to 53:30) hours for
buprenorphine- and methadone- exposed neonates respectively (Wald X2 = 12.0, p = .0005).
There was no evidence that maternal age, neonatal sex, gestational age, or birth weight was
predictive of time to treatment (all p-values > .15). Separate models examining potential
interactions between groups and each of the above factors resulted in no evidence that group
differences were moderated by any of these factors (all interactions p values > .40).

4. DISCUSSION
The results from this retrospective chart review suggest that buprenorphine-exposed
neonates who require treatment for NAS have that treatment initiated significantly later than
methadone-exposed neonates. Notably, there was no evidence that maternal age, neonatal
sex, gestational age, or birth weight were predictive of time to treatment nor were there
significant interactions between medication group and any of these factors. This result is
consistent with the findings from two double-blind, randomized clinical trials (Fischer et al.,
2006; Gaalema et al., 2012) and adds generality to these prior observations, although it
should be noted that maternal use of other drugs has typically been low in these studies.

The results of the present study also provide further evidence that the NAS produced by in
utero exposure to buprenorphine vs. methadone differs. Not only are such differences of
theoretical interest, they also have practical implications for the assessment and treatment of
opioid-exposed neonates. While the data to date suggest that the NAS associated with
buprenorphine is less severe in several respects (e.g., less severe central nervous system
signs, less medication needed to treat NAS), they do not suggest that buprenorphine-exposed
neonates can be monitored for a shorter period of time. The results of the present study also
help clarify the range for time to treatment initiation among neonates exposed to long-acting
opioids like methadone and buprenorphine. The AAP currently recommends that these
neonates be monitored for a minimum of 5-7 days (120-168 hours) after delivery, although it
is not clear what data this recommendation is based on (Hudak et al., 2012). While the
majority of neonates in the present study (70/75, 93%) initiated treatment at less than 120
hours of age, the remaining five neonates (two methadone- and three buprenorphine-
exposed) initiated treatment between 120-168 hours, providing support for the AAP’s
recommendation.

While consistency is emerging in terms of the direction of the difference in time to
pharmacologic treatment initiation among neonates exposed in utero to these two
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medications (buprenorphine > methadone), there are still large discrepancies in the
magnitude of the difference. In the present retrospective chart review, the median time of
treatment initiation was 37 hours later in buprenorphine- vs. methadone-exposed neonates.
In the large multi-site randomized MOTHER trial, the difference in median time to
treatment initiation was 23 hours (Gaalema et al., 2012). Fischer et al. (2006) reported a
difference of 12 hours in their small randomized trial, but this is based on mean (vs. median)
time to treatment initiation and it was calculated from the time the mother received her last
maintenance dose (vs. from delivery). Differences in study design and how this outcome
was computed and analyzed undoubtedly contribute to the variability observed across
studies. Further complicating comparisons across studies is variability in the terminology
used to describe this outcome. For example, Fischer et al. (2006) and Ebner et al. (2007)
were both included in the Introduction because both clearly report time to treatment
initiation, although they sometimes also referred to this outcome as “onset of NAS” and
“onset of clinical NAS symptoms.” Two other studies (Lejeune et al., 2006; Binder and
Vavřinková, 2008) report “age of NAS onset,” “onset of NAS symptoms,” or when “NAS
was manifested.” It was unclear from the information provided in each paper whether these
outcomes were the same as those reported in the other studies cited and attempts to clarify
with the corresponding authors were unsuccessful; thus they were not included in the
Introduction.

The majority of studies indicate that time to treatment initiation is significantly later in
neonates exposed in utero to buprenorphine compared to methadone and provide support for
recommendations to observe neonates exposed to long-acting opioids for five to seven
postnatal days. Greater standardization of the definition and analysis of time to treatment as
an outcome variable are needed to improve the precision of estimates of time to treatment
initiation after in utero exposure to these two medications.
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Figure 1.
Time to initiation of pharmacological treatment in buprenorphine-and methadoneexposed
neonates who required treatment. Each individual neonate’s time of treatment initiation is
grouped in the 12-hour range when treatment initiation occurred and is represented by a
black dot. The horizontal black line represents the median for each group. Median time to
treatment differed significantly between groups (p < .001).
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