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Abstract
Objectives To improve Neonatal Abstinence Syndrome (NAS) inpatient outcomes through a comprehensive quality
improvement (QI) program.
Design Inclusion criteria were opioid-exposed infants ≥36 weeks. QI methodology including stakeholder interviews and
plan-do-study-act (PDSA) cycles were utilized. We compared pre- and post-intervention NAS outcomes after a QI initiative
that included: A non-pharmacologic care bundle, function-based assessments consisting of symptom prioritization and then
the “Eat, Sleep, Console” (ESC) Tool; and a switch to methadone for pharmacologic treatment.
Results Pharmacologic treatment decreased from 87.1 to 40.0%; adjunctive agent use from 33.6 to 2.4%; hospitalization
length from a mean 17.4 to 11.3 days, and opioid treatment days from 16.2 to 12.7 (p < 0.001 for all). Total hospital charges
decreased from $31,825 to $20,668 per infant. Parental presence increased from 55.6 to 75.8% (p < 0.0001). No adverse
events were noted.
Conclusions A comprehensive QI program focused on non-pharmacologic care, function-based assessments, and methadone
resulted in significant sustained improvements in NAS outcomes. These findings have important implications for estab-
lishing potentially better practices for opioid-exposed newborns.

Introduction

Neonatal Abstinence Syndrome (NAS) secondary to in-
utero opioid exposure increased fivefold in the United
States (U.S.) from 2000 to 2012, and has continued to rise
with recent rates reported as high as 20 per 1000 live births
[1–4]. A majority of infants with NAS are treated with
replacement opioids if scores from one of the many
symptom assessment tools are elevated [5–7]. Infants
pharmacologically treated for NAS are often cared for in
neonatal intensive care units (NICUs) and at some centers,
account for about half of NICU patient days [8]. These
infants have an average hospital length of stay (LOS) of
23 days, mean hospital charges of $93,400 per hospitali-
zation, and account for $1.2 billion of Medicaid costs [2].

The majority of U.S. hospitals use the Finnegan Scale as
an assessment tool for NAS [9–11]. This scale, developed in
1974, contains a catalog of the most common neonatal
opioid withdrawal symptoms with points assigned for each
item based on its perceived severity [12]. The validity of the
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Finnegan Scale has recently been called into question due to
its poor psychometric properties [13]. Newer quality
improvement (QI) work suggests that function-based
assessments can reduce the number of infants who receive
pharmacologic treatment [14–16]. One function-based
approach is to prioritize certain items such as poor sleep
and feeding on the Finnegan scale (“symptom prioritiza-
tion”), which was piloted by one institution in the context of
a non-pharmacologic care QI bundle with a demonstrated
decrease in pharmacologic treatment rates [16]. In another
study, Grossman et al. focused exclusively on how well the
infant was eating, sleeping, and consoling (“ESC”) in
combination with a comprehensive non-pharmacologic care
bundle, demonstrating a 50% reduction in medication
treatment and LOS with use of this novel method [14, 15].
However, no standardized ESC nursing assessment or
treatment approach was created as part of that study.

Compelling evidence exists that use of non-
pharmacologic interventions as first-line treatment can
result in markedly improved NAS outcomes including a
30–68% reduction in pharmacologic treatment and hospital
LOS, as well as significant reductions in hospitalization
costs [14–19]. These interventions include the promotion of
breastfeeding, rooming-in, and parental presence at the
bedside [14–19]. At our institution, the baseline pharma-
cologic treatment rate for opioid-exposed infants was 82%,
with 35% of infants receiving a second pharmacologic
agent. Despite a model of care that encouraged rooming-in,
parental presence at the bedside was low at 54% and we did
not adequately emphasize non-pharmacologic care as first-
line treatment. The study team aimed to decrease pharma-
cologic treatment and LOS by 40% in 1 year through a
comprehensive QI program focused on optimizing non-
pharmacologic care, increasing parental presence and
engagement in care, and modifications in both NAS
assessment and pharmacologic treatment protocols.

Methods

Context

From May to December 2016, we conducted a QI project in
a large tertiary urban academic medical center with
approximately 3000 births per year and a comprehensive
integrated prenatal program for women with opioid use
disorders (OUD). Pregnant women with OUD are referred
to this regional referral center for prenatal and postnatal
care. The Pediatrics Inpatient Service cares for 120–130
opioid-exposed newborns annually. Given that mothers
receive their care at our center, infants with in-utero opioid
exposure are identified at birth after review of maternal
records upon admission to Labor and Delivery. Mothers

receive routine urine toxicology screens throughout preg-
nancy and upon admission, and infants have urine and
meconium toxicology testing shortly after birth to confirm
in-utero exposures. Infants are cared for in their mother’s
room until maternal discharge unless they are started on
pharmacologic treatment; these infants are transferred to the
newborn nursery to be placed on cardiac monitors while
receiving opioids. Once the mother is discharged, all infants
are transferred to the Pediatrics Inpatient Unit where there is
a bed in each patient room for one parent to stay overnight.
In the majority of cases, infants who are in the custody of
the Department of Children and Families (DCF) are per-
mitted to continue to room-in with their parents during the
hospitalization.

Pre-intervention

Between April 2015 and April 2016 (pre-intervention per-
iod), our institution used the Finnegan tool to assess with-
drawal signs and guide NAS treatment decisions, with
demonstrated high inter-rater reliability. We initiated a
morphine protocol for infants that received two Finnegan
scores ≥8 or one score ≥12 [20, 21]. Although non-
pharmacologic interventions (i.e. rooming-in) were
encouraged, parental presence of only 54% served as a
proxy for poor adherence [18]. Additionally, infants whose
symptoms met Finnegan score treatment criteria were
quickly started on medication without consideration of
additional non-pharmacologic measures first.

In 2013, a multi-disciplinary QI team was formed con-
sisting of physicians, nurses, social workers, pharmacists,
lactation consultants, a peer counselor, nursing quality and
safety leaders, public health and medical students, from our
prenatal treatment program, Labor & Delivery, Mother-
Baby Unit, Newborn Intensive Care Unit (NICU), and
Inpatient Pediatrics Unit. Between 2013 and April 2016, the
QI team focused on Finnegan score standardization and
standardization of the pharmacologic treatment regimen.
Starting in May 2016, the team began meeting monthly to
focus on instituting new QI interventions. First, 24 stake-
holders including physicians, nurses, and parents were
interviewed regarding causes for maternal−infant separa-
tion and performed a root cause analysis to identify
two key themes: (1) Infants were often started on
medication in the first 48 h of life due to elevated Finnegan
scores and were temporarily removed from their mother’s
room to be placed on a monitor in the nursery until the
infant could be transferred to Inpatient Pediatrics—hinder-
ing the ability for full rooming-in, and (2) Mothers
faced multiple barriers to being at the bedside once
discharged, including residential treatment program
requirements, daily methadone treatment, transportation,
and childcare issues.
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Interventions

Using plan-do-study-act (PDSA) cycle methodology [22],
the QI team developed and implemented the following
interventions (Table 1).

PDSA CYCLE 1

Non-pharmacologic care bundle We implemented a non-
pharmacologic bundle as the first-line treatment for infants
with NAS. The bundle included parental presence, skin-to-
skin contact, holding, breastfeeding, and creating a calm,
low stimulation environment. Infants were assessed in the
mother’s room and kept skin-to-skin when possible for
NAS scoring.
When infant’s withdrawal symptoms increased, efforts

were made first to optimize non-pharmacologic care before
considering medication treatment. All physicians and nurses
involved in the care of opioid-exposed infants were
educated on the new initiative through in-person trainings
and an online nursing educational module. Rotating resident
physicians received monthly education in-person at the start
of their rotations on the three inpatient pediatric services
(NICU, Nursery, and Inpatient Pediatrics) throughout the
entire intervention and post-intervention periods.

Prenatal/parental messaging Staff at the integrated pre-
natal treatment program met with mothers and reviewed
prenatally that the mothers would be the primary NAS
treatment for the infant and that all efforts should be made
to be at the bedside as much as possible. Staff emphasized
how vital the mother’s and parents’ participation was to the
infant’s NAS care. We made arrangements to temporarily
allow mothers to receive their methadone at a clinic near the
hospital if their primary methadone clinic was from the
hospital. We also worked with residential treatment pro-
grams to allow mothers to stay overnight in the hospital
when appropriate. Parents were encouraged to identify
support people who could assist during their newborn’s
hospital stay if they were not able to be present. Nursing
and physician staff provided a non-pharmacologic care
handout upon admission to the Mother−Baby Unit.

Finnegan symptom prioritization In the initial phase of the
intervention, staff changed from starting medication if an
infant’s Finnegan scores were ≥8 twice or ≥12 once to
performing a team huddle instead. The huddle included a
minimum of the resident physician, nurse, and parent (when
present), but could also include the nurse practitioner or
attending physician. The team would review the infant’s
withdrawal signs and would only intervene if there was a
predominance of poor feeding, excessive vomiting, diar-
rhea, poor consolability, and/or poor sleep in the Finnegan
symptom profile. The first intervention would be to increase
non-pharmacologic care. If the infant did not respond to
these efforts, then pharmacologic treatment was initiated.
Physician (attending and resident) and nursing staff
received in-person education on Finnegan prioritization
prior to the start of this intervention.

PDSA CYCLE 2

Staff QI project education One month into the interven-
tion, the NAS QI group hosted a multi-disciplinary new-
born/pediatric staff conference where two regional NAS QI
leaders from collaborating institutions presented their indi-
vidual institutions’ published QI work on non-pharmaco-
logic, parent-led, rooming-in care, symptom prioritization,
and function-based ESC care [14–16]. These collaborating
team leaders outlined how their institutions’ NAS QI teams
systematically implemented QI changes with significant
improvements in NAS outcomes without adverse events.

Transition to methadone We implemented two changes in
our hospital’s NAS pharmacologic treatment protocol. First,
we educated staff to withhold pharmacologic treatment in
the first 24 h of life if symptoms were felt to be related to
co-exposures such as nicotine or anti-depressant medication
rather than due to opioid withdrawal due to the nature of
timing of maternal opioid administration [23–25]. Second,
we changed the first-line pharmacologic agent from mor-
phine to methadone [7]. Methadone dosing was initiated at
0.2 mg/kg/day divided every 8 h and increased by 0.2 mg/
kg/day as often as every other dose to a maximum of 0.8
mg/kg/day for persistent Finnegan scores >8 with use of

Table 1 Intervention timeline

Date PDSA cycle Intervention

May 2016 Cycle 1 Non-pharmacologic care bundle
Change in prenatal / parental messaging
Finnegan symptom prioritization

June 2016 Cycle 2 Staff QI project education
Switch to methadone with no treatment in the first 24 h of life

Dec 2016 Cycle 3 Switch to ESC function-based assessments
Cuddler program
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symptom prioritization as described in PDSA CYCLE 1.
Methadone was weaned by 10% once every 24 h for stable
symptoms (Finnegan scores <8) and discontinued at 20% of
the maximum dose [7, 21, 26]. Infants were monitored for
24−48 h after methadone was discontinued prior to dis-
charge home.

PDSA CYCLE 3

Function-based ESC assessments In the last phase of the
intervention, Finnegan scoring was discontinued in
place of function-based ESC assessments as described by
Grossman et al. [15, 16]. The hospital team developed,
along with representatives of collaborating institutions,
and implemented a standardized ESC nursing flowsheet
documenting the infant’s ability to effectively eat,
sleep, and console with item definitions provided. Nurses
(n= 200), resident physicians (n= 140), attending
physicians and nurse practitioners (n= 43) across the
three pediatric care units received standardized education
on the ESC flowsheet and treatment protocol. Nurses
documented ESC assessments every 3–4 h, after
feedings, and notified the provider and initiated a team
huddle if the infant demonstrated difficulties in eating,
sleeping, or consoling due to NAS. Staff first evaluated
non-pharmacologic interventions and optimized them if
possible. If symptoms persisted, methadone was given,
and titrated and weaned according to the same
protocol as outlined in the prior intervention, with use of
ESC assessments in place of Finnegan scores (Supplemental
Fig. 1).

Cuddler program BMC launched the CALM (Cuddling
Assists in Lowering Maternal and Infant Stress) program
towards the end of PDSA CYCLE 3. The CALM
coordinators trained 150 volunteers including hospital
employees, medical students, and community volunteers
using a standardized curriculum on NAS, addiction in
pregnancy, and infant non-pharmacologic care techniques.
Volunteers signed up for 1–2 h shifts between 0800
−0000 hours daily, holding infants when other caregivers
were not present at the bedside. Staff documented cuddler
presence in the electronic health record on the ESC nursing
flowsheet.

Data collection

We collected data on all opioid-exposed infants born
>36 weeks gestational age in the study period including
infant and maternal baseline demographics, prenatal drug
exposures, delivery history, NICU admission, feeding
method, parental presence, NAS pharmacologic treatment,
and discharge disposition.

Study of the interventions

We compared outcomes during the baseline (April
2015−April 2016) and post-intervention period
(January–December 2017) after the last PDSA cycle was
implemented. We first compared maternal and infant
demographics using independent sample t tests and
chi-square test of independence during the pre- and
post-intervention periods to see if changes in patient char-
acteristics could have contributed to differences in
outcomes. We then compared NAS outcomes in the pre-
and post-intervention periods. We used statistical process
control (SPC) charts and P-charts (developed using
Microsoft Excel QI Macros) to evaluate the impact of our
QI interventions over the time course of the project to
determine if observed outcomes were due to the
interventions.

Outcome measures

Our primary outcome measure was hospital LOS due to
NAS (defined as 48 h after the discontinuation of NAS
medication, or maximum 8 days for infants (after the
recommended observation period of 5–7 days) who did not
require pharmacotherapy when hospitalization was pro-
longed for social reasons). Total hospital LOS was also
compared. Secondary measures included: (1) any pharma-
cologic treatment, (2) treatment with an adjunctive phar-
macologic agent (phenobarbital or clonidine), (3) opioid
treatment days, (4) breastfeeding initiation (any amount of
breast milk consumed by the infant), and (5) hospital
charges (as determined by the mean charges per day for
inpatient pediatrics for a diagnosis of NAS for corre-
sponding fiscal year). The process measure of parental
presence at the infant’s bedside was used to examine
adherence to the non-pharmacologic care approach and
impact of prenatal education about importance of parental
presence in NAS care. We compared hospital re-admissions
to our center within 30 days related to NAS, NICU
admissions secondary to NAS complications, and seizures
pre- and post-intervention as balancing measures. Three
study authors reviewed data collected by research assistants
for completeness and accuracy with discrepancies verified
by additional chart review.

Analysis

We used independent sample t tests for continuous vari-
ables, and chi square test of independence for categorical
variables to compare outcomes between the pre- and post-
intervention periods and used SAS version 9.4 (SAS Insti-
tute, Inc, Cary, NC) for the analysis. We reviewed SPC
charts to identify special cause variation, with use of the
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shift rule (defined as eight consecutive data points above
or below the center line), and trend rule (six
successive points increasing or decreasing) to identify
incidences of statistical significant variability (p < 0.05)
[27]. We inserted interventions by start date in the SPC and
P-charts in order to infer the impact of each intervention on
the outcome.

Ethical considerations

All infants born at BMC with in-utero opioid exposure
meeting eligibility criteria during the study time period were
eligible for the intervention including those infants with
illicit drug exposure only. Our hospital’s Institutional
Review Board deemed our study exempt as a QI protocol.

Table 2 Demographics and outcomes pre- and post-intervention

Demographic/outcome Pre-intervention N=101
N (%) or Mean (95% CI)

Post-intervention
N=85 N (%) or Mean
(95% CI)

p value

Maternal characteristics

Maternal age (years) 28.9 (28.0, 29.9) 29.4 (28.4, 30.3) 0.53

White Non-Hispanic 88 (87.1%) 70 (82.4%) 0.36

Maternal opioid

Methadone 49 (48.5%) 49 (57.7%) 0.21

Buprenorphine 52 (51.5%) 36 (42.5%)

Illicit drugs third trimestera 28 (28.0%) 39 (45.9%) 0.009*

Benzodiazepines 13 (12.9%) 24 (28.2%) 0.009*

SSRIs 4 (4.0%) 11 (12.9%) 0.02*

Nicotine smoking third trimester 70 (69.3%) 63 (74.1%) 0.41

Cesarean delivery 32 (31.7%) 35 (41.2%) 0.18

Infant characteristics

Male sex 51 (50.5%) 40 (47.1%) 0.64

Gestational age (weeks) 39.1 (38.8, 39.4) 38.7 (38.4, 39.0) 0.05

Birth weight (grams) 3090 (2989, 3192) 3025 (2925, 3126) 0.37

Breast milkb 49 (51.6%) 52 (61.2%) 0.20

NICU admissionc 24 (23.7%) 18 (21.2%) 0.78

DCF custody 20 (19.8%) 24 (28.2%) 0.18

NAS outcomes

Pharmacologic treatment 88 (87.1%) 34 (40.0%) <0.0001*

Adjunctive medicationd 34 (33.6%) 2 (2.4%) <0.0001*

Hospital LOS—all opioid-
exposed infants (days)

17.4 (15.8, 19.0) 11.3 (10.0, 12.6) <0.0001*

Pharmacologically treated LOS
(days)

19.1 (17.5, 20.7) 17.6 (16.5, 18.7) 0.11

Opioid treatment days 16.2 (14.5, 17.9) 12.7 (11.5, 13.8) 0.0007*

Caregiver presence (%) 55.6% (50.3%, 60.8%) 79.9% (74.8%, 85.1%) <0.0001*

Parental presence (%) 55.6% (50.3%, 60.8%) 75.8% (69.8%, 81.8%) <0.0001*

Cuddler presence (%) − 4.4% (3.2%, 5.5%)

Hospital charges (US dollars) 31,825 (28,898, 34,751) 20,668 (18,290, 23,045) <0.001*

Re-admissione 0 1 (1.2%) −

SSRI selective serotonin re-uptake inhibitor, LOS length of hospital stay due to NAS, DCF Department of Children and Families

*denotes p <0.05 meeting statistical significance
aHeroin, fentanyl, oxycodone
bAny amount of breast milk received during the hospitalization
cNICU admission for reasons other than NAS
dTreatment with a second pharmacologic agent (phenobarbital or clonidine)
eRe-admission within 30 days for reasons related to NAS
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Fig. 1 NAS outcomes. a shows
the LOS with each dot
representing an opioid-exposed
infant. b is the percentage
pharmacologically treated and c
adjunctive medication treatment,
with each dot representing a
calendar month. The centerlines
shift downward in June–July
2016, corresponding to the non-
pharm care bundle, parental
messaging, symptom
prioritization, and methadone.
UCL upper confidence limit,
LCL lower confidence limit
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Results

There were 275 opioid-exposed infants during the study
period of April 2015–December 2017 of which 240 met
inclusion criteria for analysis. We excluded 35 infants
secondary to prematurity <36 weeks GA. There were no
NICU admissions from the Inpatient Units for management
of NAS or related complications during the study time
period. There were 101 infants in the pre-intervention group
(April 2015–April 2016), 54 in the intervention group (May
2016–December 2016), and 85 in the post-intervention
(January–December 2017) group. Demographics comparing
pre- and post-intervention groups are shown in Table 2.
Infants in the post-intervention period were more likely to
be co-exposed to illicit drugs and psychiatric medications.

The primary NAS outcomes are shown in Table 2. The
proportion of pharmacologically treated infants decreased
from 87.1 to 40.0% (p < 0.0001) with a decrease in
adjunctive agent use from 33.6 to 2.4% (p < 0.0001). Mean
LOS due to NAS for all opioid-exposed infants decreased
from 17.4 (95% CI 15.8–19.0) to 11.3 (95% CI 10.0–12.6)
days (p < 0.0001); total hospital LOS for all infants from
17.5 (95% CI 15.8–19.1) to 11.6 (95% CI 10.1, 13.1); and
opioid treatment days for pharmacologically treated infants
decreased from a mean of 16.2 (95% CI 14.5–17.9) to 12.7
(95% CI 11.5–13.8) days (p < 0.0001). Breastfeeding
initiation rate did not differ during the two time periods.
Average hospital charges decreased from $31,825 to
$20,668 per infant during the intervention period (p <
0.001). Parental presence at the bedside increased from a
mean of 55.6 to 75.8% (p < 0.001). Mean cuddler presence
was 4.4% in the post-intervention group, increasing total
caregiver presence to 80%.

Figure 1a−c shows the process control charts for NAS
outcomes across the study period. Special cause variation
for LOS (Fig. 1a) first occurred in July 2016, coinciding
with PDSA 1 and 2. For the percentage of infants phar-
macologically treated (Fig. 1b) special cause variation
occurred in June 2016, corresponding with implementation
of the non-pharmacologic care bundle, symptom prior-
itization, and change in parental messaging (PDSA 1).
Special cause variation occurred for adjunctive medication
treatment (Fig. 1c) in July 2016, after the non-
pharmacologic care bundle, symptom prioritization,
change in parental messaging, staff education, and change
to methadone (PDSA 1 and 2). There was not a significant
shift in outcomes between PDSA 2 and 3. The process
measure of parental presence at the bedside shifted upward
in July 2016, coinciding with the non-pharmacologic care
bundle and change in parental messaging.(Supplemental
Figure 2).

There were no 30-day re-admissions for NAS in the pre-
intervention period. There was one re-admission during the

intervention period during PDSA 2. An infant that had been
treated with methadone and discharged home 24 h after
stopping therapy was re-admitted 24 h after discharge, re-
started on methadone and was subsequently discharged
after 5 days. We subsequently amended the methadone
protocol to ensure 48 h of inpatient monitoring prior to
discharge due to the longer half-life of methadone. There
were no NICU admissions for management of NAS or its
complications, and no seizures reported during the study
period.

Discussion

This comprehensive QI program using a multi-disciplinary
team approach focusing on non-pharmacologic care with
parents as primary NAS treatment, symptom and function-
based assessments and treatment decisions, and transition to
methadone as primary pharmacologic treatment, was asso-
ciated with increased parental presence, decreased need for
pharmacological treatment, elimination of adjunctive agent
use, shorter LOS and opioid treatment days, and lower
hospital charges. The results were sustained over the 12-
month post-intervention period and represented a significant
culture shift in the institution.

This study is consistent with prior studies that have
examined the impact of non-pharmacologic care bundles
that include rooming-in and breastfeeding to improve NAS
outcomes [14–19]. A recent meta-analysis by MacMillan
including six studies of rooming-in showed a risk ratio for
pharmacologic treatment of 0.37 with a rooming-in model
of care [19]. Future QI efforts at our institution will focus on
expansion of our cuddler program, measuring skin-to-skin
contact, and intermittent cardiac monitoring for infants who
require pharmacologic treatment while on the postpartum
unit to further improve non-pharmacologic care especially
continuous parental presence at the bedside.

This study has several strengths. First, this study
demonstrated the ability to institute major changes in care
practices in a relatively brief period at a large academic
medical center with a large volume of substance-exposed
infants through a rigorous multi-disciplinary QI approach.
Infants with NAS in our institution are cared for in three
separate inpatient units with a large staff who all received
education on our practice change. In addition, we needed to
educate 50 inpatient pharmacists on the new methadone
protocol. To sustain our interventions, we instituted regular
in-services and educational updates for all staff, including
monthly in-person education for resident physicians and
online educational updates for nursing. Second, the study
demonstrates for the first time the impact of positive mes-
saging on parental presence at the bedside as the infant’s
primary treatment [18]. This highlights that it is not only the

1120 E. M. Wachman et al.



physical space allowing for rooming-in that’s important, but
also parental engagement as a key component of the QI
bundle to improved outcomes. Third, the team developed an
innovative, standardized nursing flowsheet, ESC item defi-
nitions, and standardized treatment algorithm based on the
novel “Eat, Sleep, Console” approach developed by
Grossman et al. [14, 15]. While the Grossman studies made
decisions about medication treatment based on the infant’s
ability to eat, sleep, and console, no formal ESC assessment
tool or treatment protocol was used. Of note, we did not see
any significant change in outcomes after switching from a
Finnegan symptom prioritization method (PDSA 1) to a
formal ESC approach (PSDA 3), suggesting that the bene-
fits of this approach may have been primarily related to the
non-pharmacologic care bundle and Finnegan symptom
prioritization. Though the ESC care approach appears to be
safe and effective, its psychometric properties have not yet
been assessed. The ESC care tool used in the current study
has been further developed into a formal ESC Care Tool
with a standardized training program and now includes
expanded case definitions to decrease subjectivity and for-
mal promotion of non-pharmacologic care interventions.
(Supplemental Figure 3). It is currently being independently
evaluated for inter-rater reliability and validity in an
Northern New England regional collaborative.

There are several limitations to this study. Our integrated
prenatal program for women with OUDs in which women
receive significant counseling to prepare for the hospitali-
zation including parental presence and our rooming-in
model of care may limit generalizability. However, the
intervention was not limited to those mothers who were
actively engaged in the prenatal care program, with benefits
seen even in those with continued illicit drug use. Addi-
tionally, not all hospitals are able to modify their physical
space and staffing models to promote rooming-in and par-
ental presence. Next, there were differences in the co-
exposures of the mothers with more infants exposed to
illicit drugs and benzodiazepines during the post-
intervention period. Typically co-exposure to psychiatric
medications has been associated with worse NAS out-
comes; however, we saw improvements even in those
infants with polypharmacy exposure [23, 25]. Given that
this was a QI project, no adjustment for co-variates was
performed. Another limitation was the use of a more
aggressive initiation of pharmacologic treatment with the
use of two Finnegan scores ≥8 or one score ≥12 originally,
which could have led to overtreatment during this phase.
However, we did not see significant differences in phar-
macologic treatment rates at our institution when previously
using three scores ≥8 or two scores ≥12 [21, 28]. Lastly,
given our comprehensive QI bundle, we cannot isolate the
effect of methadone from other interventions on NAS out-
comes. While there was only one re-admission identified as

a balancing measure, the study was only able to identify
admissions returning to the study hospital. It is unknown if
infants returned for readmission to another hospital, or had
higher utilization of primary or urgent care services. Lastly,
we did not perform long-term follow-up on this cohort to
evaluate the impact of the interventions on longer-term
health outcomes.

This study has important implications. It provides further
evidence that hospitals should implement models of care
that promote parental engagement and other important non-
pharmacologic care measures to improve NAS outcomes. It
also suggests a need to re-evaluate standard NAS assess-
ment tools and to consider utilizing new function-based
approaches to guide management. Implementation of simi-
lar QI initiatives at other institutions could result in
decreased need for pharmacologic treatment and subsequent
shorter hospitalizations and significant cost savings, as well
as potential long-term benefits for both the mother and the
infant including improved infant attachment and maternal
resilience and confidence in the care of her infant.
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