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IMPORTANCE Neonatal abstinence syndrome, which occurs as a result of in utero opioid
exposure, affects between 6.0 and 20 newborns per 1000 live US births. There is substantial
variability in how neonatal abstinence syndrome is diagnosed and managed.

OBJECTIVE To summarize key studies examining the diagnosis and management (both
pharmacologic and nonpharmacologic) of neonatal abstinence syndrome published during
the past 10 years.

EVIDENCE REVIEW PubMed, Web of Science, and CINAHL were searched for articles
published between July 1, 2007, and December 31, 2017. Abstracts were screened and
included in the review if they pertained to neonatal abstinence syndrome diagnosis or
management and were judged by the authors to be clinical trials, cohort studies,
or case series.

FINDINGS A total of 53 articles were included in the review, including 9 randomized clinical
trials, 35 cohort studies, 1 cross-sectional study, and 8 case series—representing a total of
11 905 unique opioid-exposed mother-infant dyads. Thirteen studies were identified that
evaluated established or novel neonatal abstinence syndrome assessment methods, such as
brief neonatal abstinence syndrome assessment scales or novel objective physiologic
measures to predict withdrawal. None of the new techniques that measure infant physiologic
parameters are routinely used in clinical practice. The most substantial number of studies of
neonatal abstinence syndrome management pertain to nonpharmacologic care—specifically,
interventions that promote breastfeeding or encourage parents to room-in with their
newborns. Although these nonpharmacologic interventions appear to decrease the need for
pharmacologic treatment and result in shorter hospitalizations, the interventions are
heterogeneous and there are no high-quality clinical trials to support them. Regarding
pharmacologic interventions, only 5 randomized clinical trials with prespecified sample size
calculations (4 infant, 1 maternal treatment) have been published. Each of these trials was
small (from 26 to 131 participants) and tested different therapies, limiting the extent to which
results can be aggregated. There is insufficient evidence to support an association between
any diagnostic or treatment approach and differential neurodevelopmental outcomes among
infants with neonatal abstinence syndrome.

CONCLUSIONS AND RELEVANCE Evidence pertaining to the optimal diagnosis and treatment
strategies for neonatal abstinence syndrome is based on small or low-quality studies that
focus on intermediate outcomes, such as need for pharmacologic treatment or length of
hospital stay. Clinical trials are needed to evaluate health and neurodevelopmental outcomes
associated with objective diagnostic approaches as well as pharmacologic and
nonpharmacologic treatment modalities.
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N eonatal abstinence syndrome (NAS), also referred to as
neonatal opioid withdrawal syndrome, is defined by
signs and symptoms of withdrawal that infants develop

after in utero exposure to opioids.1,2 Newborns typically experience
signs of withdrawal 2 to 3 days after birth, and infants whose symp-
toms are severe enough to require pharmacologic intervention are
typically treated with replacement opioids such as methadone or
morphine, and then weaned off over days to weeks.2 In 2012, the
mean length of hospitalization in the United States for all infants
with NAS was 16.0 days (95% CI, 16.0-17.7) and 23.0 days (95% CI,
22.2-23.8) for those requiring pharmacologic treatment, with sub-
stantial variability across centers.3-5

The incidence of NAS in 2012 was estimated to be 6.0 per
1000 live US births—a 5-fold increase since 2000.3,4 Since 2012,
the incidence has continued to increase, with data in 2016 from
23 hospitals in the US Pediatric Health Information System show-
ing an incidence of 20 per 1000 live births.6 There is wide varia-
tion in the care of opioid-exposed newborns, without current
consensus as to the best diagnostic or treatment strategies. There
are also increasing concerns from cohort studies comparing
opioid-exposed children with unexposed controls that in utero
exposure adversely influences neurodevelopmental status
among school-aged children.7-9

In this review, approaches to the diagnosis and treatment of
NAS published during the past 10 years are reviewed, including
assessment of NAS by clinicians, new diagnostic tools, and instru-
ments designed to predict infants’ subsequent need for pharma-
cologic treatment. The extent to which strategies for infant non-
pharmacologic and pharmacologic treatment—as well as maternal
pharmacologic treatment—have affected intermediate and health
outcomes for infants with NAS is also reviewed. Current knowl-
edge about the association of diagnostic or treatment approaches
with infants’ neurodevelopmental outcomes is summarized.
Key gaps in evidence are outlined.

Methods
We reviewed PubMed, Web of Science, and CINAHL electronic
databases for peer-reviewed studies published between July 1,
2007, and December 31, 2017. Search terms included neonatal
abstinence syndrome, substance-exposed newborn, neonatal drug
withdrawal, opioid dependency, pregnancy, perinatal sub-
stance use, treatment, and outcomes, among others (eFigure 1 in
the Supplement). The search was limited to English-language
studies and included clinical trials, cohort studies, and case series.
Commentaries, opinion pieces, epidemiologic studies, review
articles, meta-analyses, and case studies were excluded. In addi-
tion to searching the current published literature, we reviewed
ClinicalTrials.gov for ongoing trials related to NAS (eTable 1 in the
Supplement).

The studies were categorized into 4 groups based on their
evaluation of NAS assessment and diagnosis, infant nonpharma-
cologic treatment, infant pharmacologic treatment, and maternal
pharmacologic treatment. Regarding assessment and diagnosis,
we included studies that compared novel assessment methods
with existing tools (the Finnegan scale)10 and studies that
reported the extent to which novel assessment methods or new

scoring algorithms of existing scales predicted, or affected, infant
pharmacologic treatment rates. Studies were defined as infant
nonpharmacologic treatment if they evaluated factors concerning
the location of care, supportive care, and type of weaning proto-
col used to guide infant pharmacologic management. Studies
were defined as pharmacologic treatment if they compared 2 or
more medication regimens. Maternal and infant treatment stud-
ies were included if they evaluated either short-term NAS out-
comes (Finnegan scores, need for pharmacologic treatment, total
opioid treatment days, or length of hospital stay) or neurodevel-
opmental outcomes (as assessed with a standardized neurode-
velopmental scale). Because the focus of this review was to evalu-
ate the association between NAS assessment or treatment
modalities and infant outcomes, studies on neurodevelopmental
outcomes were included only if they compared outcomes across
2 or more treatment modalities.

Within each category, if high-quality studies existed, as
defined by the existence of both randomized clinical trials (RCTs)
with prespecified sample size calculations and corroborating
meta-analyses, lower-quality studies were not reviewed individu-
ally. An exception was made for cohort studies that specifically
assessed neurodevelopmental outcomes, since such studies are
uncommon and particularly salient to the field. Thus, for maternal
treatment studies (the only main category to which this rule
applied) that reported NAS hospitalization outcomes only, the
scope was limited to clinical trials. However, for maternal treat-
ment studies that examined infant neurodevelopmental out-
comes, cohort studies were included as well.

Two reviewers (E.M.W. and D.M.S.) reviewed abstracts, met to
review the full text of articles, and determined studies that met in-
clusion criteria for the review. Reference lists for 3 recently pub-
lished systematic reviews were evaluated to ensure that no rel-
evant articles had been excluded (these reviews focused on the
clinical presentation and epidemiology of NAS and the treatment of
pregnant women with opioid use disorders).11-13 Articles were graded
using the quality rating scheme adapted from the Oxford Centre
for Evidence-based Medicine’s level of evidence and grades of

Key Points
Question What are the recent advances in the diagnosis and
treatment of neonatal abstinence syndrome?

Findings Novel methods are being developed to assess and
diagnose neonatal abstinence syndrome objectively, but
none are routinely used in clinical practice. Nonpharmacologic
interventions may decrease the need for pharmacologic
treatment; however, there are no high-quality randomized
clinical trials to support these nonpharmacologic interventions,
and there are few randomized studies with prespecified
sample size calculations to support pharmacologic treatment
regimens. Data concerning neurodevelopmental outcomes
are limited.

Meaning Nonpharmacologic interventions represent the
most substantial changes in the treatment of neonatal
abstinence syndrome. High-quality randomized studies
are necessary to demonstrate the effectiveness of
new diagnostic approaches and pharmacologic and
nonpharmacologic interventions.
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recommendations.14 Because of the relatively small sample sizes
of the included randomized trials and concerns about the misinter-
pretation of pilot study data,15 the highest level (grade “1”) rating was
given to randomized trials only if authors provided prespecified
sample size calculations.15

Each study was reviewed by 2 investigators; if they disagreed
on an evidence rating, a third investigator (M.S.) reviewed the
study and all reviewers discussed the study design and grade until
consensus was reached. Seventeen articles required review by all
investigators. Discrepancies were most common around desig-
nating a study a case series vs retrospective cohort. In this case,
the framework established by Dekkers and colleagues was used
to guide the assessment.16

Results
Search Results
The search yielded 1177 unique results. Ninety full-text articles
met the inclusion criteria based on the abstracts and were
reviewed; 53 original research articles were included in the final
review (eFigure 1 in the Supplement). We evaluated 9 RCTs (of
which 4 infant treatment studies and 1 maternal treatment study
provided prespecified sample size calculations), 35 cohort stud-
ies, 8 case series, and 1 cross-sectional study—which included a
total of 11 905 unique opioid-exposed mother-infant dyads. Thir-
teen original research reports on infant diagnosis and assess-
ment, 25 on infant nonpharmacologic treatment, 11 on infant
pharmacologic treatment, and 4 on maternal pharmacologic
treatment were reviewed.

Studies Examining Diagnosis and Assessment
Comparing Novel Assessment Methods With Existing Tools
One retrospective cohort study (Table 1) compared a novel 7-item
“short form” with the original Finnegan scale (a 21-item scale,
which is the most widely used tool to assess NAS symptoms)10

and found that the short-form score correlated highly (r = 0.92,
P < .001) with total Finnegan scores.17 Jones et al found that the
original Finnegan scale and an alternative scale—the MOTHER
NAS scale, developed for use in an RCT and based in part on the
Finnegan scale—had poor internal consistency (Cronbach α<0.62)
when infants were assessed at time of first score, time of peak
score, and time of first medication administration.19,30 Nagiub
et al18 found that neonatal heart rate measurements on days 1, 2,
and 3 of life correlated with Finnegan assessments performed at
those same time points (r = 0.235, P = .001).

Comparing Novel Methods With Pharmacologic Treatment Rates
There were 5 cohort studies that examined the association
between new NAS assessment scales and the need for pharmaco-
logic treatment. Chisamore et al22 examined different Finnegan
score thresholds for the initiation of treatment and found that
73% of infants met criteria for pharmacologic treatment when a
single score of 9 or higher was used, as opposed to 26% when a
threshold of 3 scores higher than 8 or 2 scores higher than 11 were
used (adjusted odds ratio, 7.0; 95% CI, 3.4-14.5). Jones et al23

found in a secondary analysis that a 5-item “short form” of the
MOTHER NAS scale was able to discriminate infants who pro-

ceeded to need pharmacologic treatment from those who did not
(area under the curve = 0.87, SE, 0.03; P < .001). In a retrospec-
tive cohort study, Isemann et al26 developed 2 prediction tools
from modified Finnegan scores. One was a symptom-based pre-
diction tool (score range 0-5) assessing muscle tone, tremors, and
skin excoriations, which had a positive predictive value (PPV) of
100% for pharmacologic treatment using a cut-point score of 4 or
higher. A symptom plus exposure tool (taking into account mater-
nal opioid; score range 0-7) had a PPV of 86% for pharmacologic
treatment using a cut-point of 5 or higher. Grossman et al,25 within
the context of a multi-intervention quality improvement study,
developed a novel approach that in lieu of a numerical score used
regular assessments of the infant’s ability to eat, sleep, and be con-
soled to determine need for pharmacologic treatment. Infants
assessed with this method, which occurred in combination with
other nonpharmacologic interventions, had a 45% reduction (73%
vs 28%) in initiation of pharmacologic treatment.25 Grossman et al
also performed a secondary analysis of 50 infants who were
assessed with both the Eat, Sleep, Console approach and the
Finnegan score; they found that fewer infants met criteria to initi-
ate pharmacologic treatment with the Eat, Sleep, Console
approach (12% vs 62%).29

There have been 4 prospective cohort studies and 1 case
series all with limited sample sizes (range 12-104 participants) that
examined the association between novel physiologic tools and
pharmacologic treatment rates.20,21,24,27,28 Jansson et al20 found
that an increase in maternal vagal tone after methadone dosing,
as measured by electrocardiogram monitoring at 36 weeks’ ges-
tation, was associated with a 2.9-fold (P < .05) increase in rates of
infant pharmacologic treatment. Leeman et al21 found that intra-
partum fetal heart rate tracings did not reliably predict the need
for pharmacotherapy. Two studies by Oji-Mmuo et al24,27 found
that higher levels of infant skin conductance, representing higher
sympathetic tone, was associated with the need for subsequent
pharmacologic treatment. Subedi et al28 measured brain-derived
neurotropic factor levels in the first 48 hours after admission to
the neonatal intensive care unit (NICU) among infants receiving
pharmacologic treatment and found no association with length of
hospital stay or number of medications needed to treat NAS. To
our knowledge, none of these physiologic assessment modalities
are used routinely in clinical practice.5

Studies Examining Infant Nonpharmacologic Treatment
Nonpharmacologic interventions that have been studied
(Table 2) include rooming-in (keeping the mother-infant dyad
together for as much of the infant’s hospital course as possible;
n = 7), breastfeeding or infant feeding (n = 9), acupuncture
(n = 1), the location of opioid weans (n = 5), and protocols gov-
erning opioid weans (n = 3).

Rooming-In, Breastfeeding, and Infant Feeding Practices
All 7 studies that examined rooming-in were performed retro-
spectively using preexisting clinical data not collected specifically
for the purpose of intervention evaluation. Despite this limitation,
these studies demonstrated an association between rooming-in
models of care and reduced need for pharmacologic treatment
(range, 20%-60% reduction), decrease in total opioid treatment
days (mean, 8- to 13-day reduction), shortened length of hospital
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stay (mean, 3- to 17-day reduction), and improved breastfeeding
initiation (2-fold increase).25,31-37,55

Studies of breastfeeding have similarly demonstrated an
association between any amount of breastfeeding and shorter
length of hospital stay (mean, 3- to 7-day reduction) and de-
creased need for pharmacologic treatment (range, 7%-44%
reduction). However, all but 1 of these breastfeeding studies were
performed retrospectively, and none controlled for whether par-
ents roomed-in.38-40,44,45 None of the rooming-in or breastfeed-
ing studies were randomized; 10 were single-site studies and 2
were quality improvement initiatives that did not use a formal
comparison group.31,32,34-45 Only 1 of the rooming-in studies37

attempted to identify the mechanism (for example, swaddling,
skin-to-skin contact, breastfeeding, parental presence, reduction
of noise levels) by which rooming-in appeared to be associated
with the outcomes of interest. The investigators of this study
measured the time parents were present at the bedside and
found that parental presence for the entirety of the hospitaliza-
tion was associated with a shorter hospitalization by 9 days
(P < .01), with 8 fewer days of required opioid therapy (P < .001)
in comparison to no parental presence.37

With regard to infant feeding practices, in an RCT (n = 49; no
prespecified sample size) of high-calorie (24 kcal/oz) vs standard-
calorie (20 kcal/oz) formula, Bogen et al46 found no significant dif-
ferences in maximum percentage weight loss, days to regain birth
weight, NAS pharmacologic treatment rates, or length of hospital
stay between groups. Infants in the higher-calorie group had a higher
mean percentage weight gain per day over the first 21 days of life
(P < .001).

Acupuncture
A small RCT (n = 28; no prespecified sample size calculations) of
laser acupuncture among infants with NAS concurrently re-
ceiving pharmacologic treatment found a statistically significant
11-day reduction in opioid treatment days (P = .019) in the acu-
puncture group.47

Location and Nature of Opioid Weans
An additional area of recent focus (n = 5) has been the location of
pharmacologic treatment, specifically comparing inpatient vs out-
patient settings.48-51 These retrospective analyses found that out-
patient weaning protocols were associated with a shorter length of
hospitalization, but reported mixed findings regarding total length
of opioid treatment.48-51 One of the studies compared length of
stay in a NICU, a dedicated low-stimulation inpatient NAS unit
(without the capacity for rooming-in), and an outpatient neonatal
withdrawal center. Although this study found no differences in
median length of stay, it found significantly lower hospitalization
charges in the outpatient group.52

All of the location of care studies tracked readmission rates and
found no differences in readmission rates or reported adverse
events with outpatient care models.48-51 Two additional retrospec-
tive cohort studies found that strict standardization of treatment
and weaning protocols, using pharmacokinetic data, was associ-
ated with shorter treatment duration.53,54 One cohort study found
that using a weight-based morphine weaning protocol was associ-
ated with shorter length of hospitalization than a symptom-based
morphine weaning protocol.22

Studies Examining Infant Pharmacologic Treatment
Eleven studies (Table 3), including 4 RCTs with prespecified sample
size calculations, were identified that compared neonatal pharma-
cologic treatment regimens. These studies measured total opioid
treatment days and length of stay as primary outcomes.

Methadone and Morphine
One single-center randomized study (n = 31) by Brown et al56

compared morphine and methadone and found methadone to be
associated with fewer opioid treatment days (median, 14 vs 21
days, P = .008). In contrast, in a small retrospective cohort
(n = 26), Young et al58 found that morphine was associated
with fewer opioid treatment days compared with methadone.
A cohort study by Burke et al59 (n = 36) found that infants treated
with morphine had better Bayley Scales of Infant and Toddler
Development scores at 2 months of age compared with infants
treated with methadone. Nayeri et al57 performed an RCT
(n = 60, prespecified sample size) comparing morphine vs phe-
nobarbital as first-line pharmacologic treatment and found no dif-
ference in mean treatment days.

Buprenorphine
One RCT with a prespecified sample size calculation (n = 63) found
that buprenorphine was associated with shorter hospitalization
(median 15 vs 28 days, P < .001) compared with morphine.63

A small prospective cohort study (n = 13) found that buprenor-
phine was associated with shorter hospitalization compared with
diluted tincture of opium.60

A 2016 multicenter retrospective cohort study (n = 201) by
Hall et al61 compared methadone (n = 163) with buprenorphine
(n = 38) among infants exposed to buprenorphine in utero and
found shorter length of treatment in the buprenorphine-treated
group (mean 9.4 [95% CI, 7.1-11.7] vs 14.0 [95% CI, 12.6-15.4] days,
P < .001). In another single-center retrospective cohort study
by Hall et al62 (n = 360) with in utero exposures that included
me thadone, buprenorphine, and shor t-ac t ing opioids,
buprenorphine-treated infants had a shorter duration of treat-
ment (mean 7.4 [95% CI, 6.3-8.5] vs 10.4 days [95% CI, 9.3 to
11.5], P < .001) compared with a historical cohort treated with
either methadone or morphine.

Clonidine
Four studies, including 2 RCTs with prespecified sample sizes, 1
prospective cohort study, and 1 retrospective cohort study,
focused on the use of clonidine as either first-line or adjunctive
therapy. The studies examined varying clonidine treatment regi-
mens and found conflicting results. The RCT by Agthe et al64

(n = 80), which compared adjunctive clonidine vs placebo in
infants who were all receiving diluted tincture of opium as first-
line treatment, found that the adjunctive clonidine group had
shorter diluted tincture of opium treatment days in comparison
with diluted tincture of opium alone (median 11 vs 15 days,
P = .02).

A second RCT (n = 68) by Surran et al65 found that adjunctive
clonidine was associated with more morphine treatment days in
comparison to adjunctive phenobarbital (18.2 vs 13.6 days, mean
difference −4.6 days; 95% CI, −0.3 to −8.9). Devlin et al67 per-
formed a retrospective cohort study (n = 190) comparing use of
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adjunctive clonidine with an every-3-hour morphine dosing
protocol with adjunctive phenobarbital with an every-4-hour
morphine protocol. They found that the group that received
adjunctive clonidine had shorter opioid treatment days (mean dif-
ference 8.5 days, 95% CI, 4.5 to 12).

A prospective cohort study (n = 31) by Bada et al66 compared
clonidine vs morphine as primary treatment and found shorter
treatment days in the clonidine group. This study also examined
neurodevelopmental outcomes and found higher mean lethargy
scores on the NICU Network Neurobehavioral Scale in the
clonidine group in the first 2 months of life; however, no differ-
ences in Bayley Scales of Infant and Toddler Development scores
were detected when the infants were reexamined at 1 year of age.

Studies Examining Maternal Pharmacologic Treatment
There was 1 RCT with a prespecified sample size calculation exam-
ining the effect of maternal treatment regimens on NAS severity.30

In this multicenter RCT (n = 131), entitled the MOTHER study, preg-
nant women were randomized to receive methadone or buprenor-
phine (Table 4). Investigators found that buprenorphine was asso-
ciated with fewer opioid treatment days (mean 4.1 vs 9.9 days,
P < .003).30 A second RCT by Binder and Vavrinková68 random-
ized 70 pregnant women to receive methadone or buprenorphine.
Infant Finnegan scores were averaged over time and found to be
lower among infants whose mothers were treated with buprenor-
phine (9.2 vs 17.8, P < .001).

Two cohort studies examined differences in neurodevelop-
mental outcomes as a function of maternal treatment regimens.
A retrospective study by Bier et al69 compared infants whose
mothers received buprenorphine vs methadone (n = 220) and
found no differences in BSID scores at 4 months of age. The sec-
ond cohort study prospectively examined the association
between in utero opioid exposure and changes in visual out-
comes, finding no differences in visual evoked potentials at 36
months of age between infants whose mothers were treated with
methadone vs buprenorphine.70

Discussion
Fifty-three articles pertaining to the diagnosis and management
of infants with NAS published in the last decade were selected for
review. Regarding assessment and diagnosis, there have been a
number of studies of novel diagnostic modalities that attempt to
correlate physiologic parameters such as heart rate and skin con-
ductance with subsequent symptomatic withdrawal; however,
none of these modalities has been studied in large samples, and
none has significantly affected clinical practice.5 The Finnegan
tool was used most commonly in the studies reviewed, but it
lacks internal consistency, and there have been few studies of
interrater reliability. A newer assessment method25,29 that uses
the infant’s ability to eat, sleep, and be consoled requires further
standardization and validation and has yet to be correlated with
long-term outcomes.

The most clinically meaningful interventions in NAS manage-
ment pertain to nonpharmacologic care—specifically, interven-
tions that promote parental rooming-in and breastfeeding. These
nonpharmacologic interventions are heterogeneous and theyTa
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have largely been studied either retrospectively with a compari-
son group, or prospectively without one. The retrospective analy-
ses have tended to use data that were not collected specifically
for the purpose of intervention evaluation. Despite this, data
from these studies suggest that nonpharmacologic interventions
may decrease the need for opioid replacement treatment and
result in shorter hospitalizations. Because rooming-in interven-
tions typically reflect a change in a hospital’s overall care model,
studies pertaining to them tend only to exclude infants who are
preterm or who have other acute medical issues, without exclu-
sions having been made for maternal characteristics such as con-
tinued illicit drug use. The results of individual rooming-in studies
summarized in this review are consistent with a recently pub-
lished meta-analysis by MacMillan and colleagues.71 The meta-
analysis, which included 6 studies of rooming-in, 5 of which are
included in this review, found a risk ratio for pharmacologic treat-
ment of 0.37 (95% CI, 0.19 to 0.71) for rooming-in models of care
and nonpharmacologic care approaches, when compared with
standard approaches to care.71

Regarding infant pharmacologic interventions, only 4 clinical
trials with prespecified sample sizes have been published; each
uses length of hospital stay as the primary outcome. There is cur-
rently inconclusive evidence to recommend one pharmacologic
treatment regimen over another, although buprenorphine
was consistently associated with shorter length of stay across 4
studies (1 RCT and 3 cohort studies) including a total of 258
buprenorphine-treated infants.60-63 Methadone, morphine, and
buprenorphine are the most commonly studied first-line pharma-
cologic agents, with current available evidence not definitively
favoring one agent over another; clinical trials comparing these
agents are ongoing (eTable 1 in the Supplement). For second-line
therapy, phenobarbital or clonidine are the most commonly stud-
ied agents, with conflicting evidence as to which medication
results in fewer opioid-treatment days. There is minimal evidence
regarding the differential effects of the various infant treatment
modalities on infant neurodevelopmental outcomes.

Studies of maternal treatment regimens have found that
buprenorphine treatment for the mother results in less pharma-
cologic treatment and shorter hospitalizations for the infant, yet
women receiving buprenorphine in one study were almost twice
as likely to drop out of treatment compared with those receiving
methadone.30 These findings are consistent with a 2014 meta-
analysis by Brogly et al72 (which included the RCT by Jones
et al30) that concluded that maternal buprenorphine treatment is
associated with less NAS medication treatment and shorter
length of hospital stay compared with maternal treatment with
methadone. Data concerning the effects of maternal treatment
modalities on infant neurodevelopmental outcomes remain
inconclusive.

This review identified important limitations in the available
NAS literature. First, the preponderance of evidence is based
on low-quality studies that are uncontrolled, use single-center or
retrospective data, have small sample sizes, or use quality
improvement methodologies not designed for generalizability.
Second, the nonrandomized studies inadequately account for the
myriad maternal exposures, including polypharmacy exposure,
which has become increasingly common and is associated with
both short-term and long-term outcomes.73,74 Third, analyses of

pharmacologic interventions tend not to account for concurrent
nonpharmacologic care measures which, as suggested in the
rooming-in and breastfeeding studies, may exert substantial
effects. Although in the context of a randomized study such non-
pharmacologic factors as rooming-in and breastfeeding should be
evenly distributed across randomization groups, these factors can
instill external validity or modify the effect of medication therapy.

Fourth, the variability in length of opioid treatment and hospi-
tal stay, seen even across the studies of common opioid compara-
tors, suggests substantial center effects and raises the possibility
that single-center studies may be inadequate to produce generaliz-
able results concerning NAS treatment. Fifth, nearly all treatment
studies used the Finnegan scale or some modified version of it,
which has been shown to have poor internal consistency.19 Sixth,
almost all studies only included late preterm and term infants,
which is a limitation given that 21% to 29% of infants with in utero
opioid exposure are born preterm.68

Seventh, almost all studies examined intermediate outcomes
such as hospital length of stay, length of opioid therapy, or need
for pharmacologic treatment. Although length of stay is an impor-
tant measure, and it is likely better that infants be cared for at
home, there is currently no evidence that links such intermediate
outcomes with true health outcomes such as neurodevelopment,
and there is a theoretical risk that discharging families at high
social risk too early may be associated with increased harm.
Eighth, existing studies assessing neurodevelopmental outcomes
often lack details of NAS treatment and do not adequately
account for important maternal sociodemographic factors, addic-
tion severity, and psychiatric comorbidities.

In addition to the above limitations, there remains a lack of
clarity in how to best characterize infants with opioid exposure;
and there is a lack of standardization on whether to give opioid-
exposed infants who do not require pharmacologic treatment

Box. Current Research Gaps in Neonatal Abstinence Syndrome

Diagnosis
• Development of a valid assessment tool for determining the

need for pharmacologic treatment
• Further development of physiologic markers to determine

the need for pharmacologic treatment

Nonpharmacologic Care
• Need for well-designed prospective studies of the efficacy of

various nonpharmacologic approaches, including examining
of the various elements of rooming-in

• Need for intervention studies examining ways to improve
aspects of nonpharmacologic care such as breastfeeding

Pharmacologic Care
• Further study of the use of buprenorphine as first-line pharmacologic

treatment for infants with varied prenatal exposures
• Further study of the use of clonidine as a primary or adjunctive agent
• Further study of the safety of outpatient management

of opioid weans

Long-term Outcomes
• Need for prospective studies that adequately control for prenatal

exposures, neonatal abstinence syndrome management,
and parental sociodemographic factors
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a diagnosis of NAS. With current efforts promoting nonpharmaco-
logic care reducing the number of infants who require pharmaco-
logic treatment, this has important implications for epidemiologic
research and public health surveillance.

What appears to be clear is that when safe and feasible, infants
with NAS should be cared for outside of an intensive care unit; they
should room-in with their parents; and they should be breastfed if
there are no contraindications. Areas of uncertainty, however,
include how best to assess when to begin medication therapy;
what the optimal medication treatment regimen is (type and dos-
ing frequency); what is the best location is to wean medications
(outpatient vs inpatient); and whether any of these management
trade-offs is associated with long-term neurodevelopmental or
family outcomes (Box).

Given the national opioid crisis, there is a need for more
research on the opioid-exposed mother-infant dyad. This research
needs to augment quality improvement work that has been pub-
lished over the past 5 years with RCTs and longitudinal analyses

that measure individual and family-level outcomes and go beyond
process measures such as length of hospital stay. Additionally, the
individual components of nonpharmacologic interventions need to
be understood, so that the research and clinical communities can
understand their mechanisms of action and tailor such interven-
tions to local contexts without sacrificing impact.

Conclusions
The management of NAS has evolved over the past 10 years, with
new focus on nonpharmacologic management strategies. How-
ever, available evidence is based on small or low-quality studies
that focus on intermediate hospital outcomes. Clinical trials and
longitudinal studies are needed to evaluate health and neurode-
velopmental outcomes associated with objective diagnostic
approaches and pharmacologic and nonpharmacologic treat-
ment modalities.
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