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OBJECTIVE: We assessed the efficacy of the Eat, Sleep, Console (ESC) model for neonatal abstinence syndrome at a regional referral
center by examining non-pharmacological treatments, parental presence, length of stay (LOS), and pharmacological therapy.
STUDY DESIGN: We retrospectively reviewed medical records from 2018 to 2020 to compare neonatal outcomes between the

12 months prior to 12 months post ESC implementation.

RESULT: A total of 71 neonates pre-ESC and 64 neonates post-ESC implementation were included. There were no statistical
differences between pre-ESC vs. ESC periods for pharmacological therapy (34% vs. 27%, p = 0.36) or LOS (median: 5.0 vs. 5.5 days,
p = 0.54). During the ESC period, 41% of examined 4-h periods had no parent/caregiver presence. Decreased parental presence

associated with pharmacological treatment (p < 0.001).

CONCLUSION: At our hospital which serves a geographically dispersed patient population, ESC model implementation did not
decrease pharmacological therapy rates or LOS. Parental/caregiver presence may be a factor in the ESC model producing maximal

benefits.

Journal of Perinatology (2023) 43:916-922; https://doi.org/10.1038/s41372-023-01666-9

INTRODUCTION

Neonatal abstinence syndrome (NAS) is a compilation of signs and
symptoms of withdrawal exhibited by infants following in utero
exposure to maternal substance use. The original assessment tools
for NAS were developed for neonates exposed to opioids [1].
Polysubstance use is common and linked to NAS however opioid
exposure remains the most studied contributor to NAS [1, 2]. The
incidence and health care burden of NAS has dramatically
increased over the past few decades due to the opioid epidemic;
the proportion of pregnant women using opioids quadrupled from
1999 to 2014 [3]. Data collected across 23 hospitals in the USA from
the Pediatric Health Information system showed a NAS incidence
rate of 20/1,000 births in 2016 [4], with NAS incidence rates highest
in areas most affected by the opioid epidemic. The opioid crisis
disproportionately impacts Appalachia with West Virginia having
the highest US rates of age-adjusted drug overdose deaths [5] and
NAS diagnoses, with the reported incidence rate of NAS in 2017 at
53.5/1,000 births vs. the national average of 7.3/1000 births [6]. The
increasing number of neonates with NAS is therefore also leading
to increased health care costs. One of the main cost drivers is the
increased length of stay (LOS), often 19 days or more, required for
pharmacological management of NAS [7].

The Finnegan Neonatal Abstinence Scoring System (FNASS),
often modified, is a popular tool for assessment of both opioid
and non-opioid withdrawal [8-10]. The FNASS was designed to
systematically assesses signs and symptoms associating with NAS
[2, 8, 11]. The scoring system was developed in full term neonates

[8], with prematurity associating with decreased withdrawal signs
and symptoms, adding complexity to FNASS focused NAS
management [11-15]. An FNASS-based cutoff has been historically
used to identify neonates requiring NAS pharmacologic treatment
with FNASS scoring also used to monitor, titrate, and terminate
pharmacologic treatment [16].

To improve the care of neonates with NAS, a novel approach for
assessing and managing infants with NAS was developed in 2017
by Grossman and colleagues at Yale-New Haven Children’s
Hospital [17]. They developed the Eat, Sleep, and Console (ESC)
model which is primarily focused on maintaining infant function
and comfort, as opposed to reducing specific opioid withdrawal
symptoms. The model’s emphasis is to encourage the parent-
infant bond and maximize non-pharmacological therapies such as
rooming-in, low stimulation environment, skin-to-skin contact,
and swaddling prior to starting pharmacotherapy. Subsequently,
Grossman et al. found that infants with NAS managed using the
ESC approach had shorter LOS [17] and were treated with
morphine significantly less frequently than if using the traditional
FNASS indicator [18].

Our institution serves central Appalachia, an area known to
have high rates of opioid use and NAS. The aim of this study was
to assess the efficacy of the ESC approach in a regional hospital
serving a rural, geographically dispersed patient population by
examining the use of non-pharmacological treatments, parental
presence, length of stay (LOS), and pharmacological therapy in
neonates suspected of NAS.
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METHODS

This retrospective review of neonates monitored for NAS symptoms in the
newborn nursery was performed at Charleston Area Medical Center,
Women and Children’s Hospital (Charleston, WV) between 9/4/2018 and
9/5/2020. Our hospital serves as a regional referral center in central
Appalachia and provides care for more than 2000 newborn deliveries per
year and has the only level IV NICU in the southern half of the state. The
mother-baby department is comprised of a 52-crib nursery and 46 bed
maternal post-care unit. In September 2019, the Mother-Baby unit
transitioned from using a FNASS focused treatment protocol to the ESC
model using a treatment algorithm based on that of Wachman and
colleagues at Boston Medical Center, one of the earliest adopters of the
ESC model [19].

Study inclusion criteria were (1) Full term neonates (gestational age from
37-42 weeks) born at our hospital between 9/4/2018 and 9/5/2020 and
managed by the Mother-Baby Unit; (2) at least one documented Finnegan
score greater than 0 during the birth admission or documented disruption
to the infant’s ability to eat, sleep, or be consoled; and (3) documented
intrauterine exposure to opioid substances including oxycodone, hydro-
codone, morphine, buprenorphine, methadone, fentanyl, or heroin.
Prenatal opioid exposure was identified by a positive maternal urine
toxicology screen at any point during pregnancy or via neonatal cord
toxicology. Our institution utilizes a universal urine drug screen for all
women at time of admission for delivery. If maternal drug use is known or
suspected, the neonate is further tested for intrauterine drug exposure by
cord tissue toxicology, performed by United States Drug Testing
Laboratories (Des Plaines, IL, USA) using a 15-drug panel.

Neonates were excluded from the study if they required transfer to the
NICU, were premature (less than 37 weeks’ gestational age), had significant
comorbidities (infections, asphyxia, congenital heart disease, pulmonary
anomalies, transient tachypnea, spontaneous pneumothorax, lung pathol-
ogy or maternal blood pressure abnormalities). Query of the hospital’s
electronic medical records system for neonates having any recorded
FNASS during the delivery admission generated the patient list for chart
review. All aspects of the study including waiver of consent were approved
by the Charleston Area Medical Center /West Virginia University-Charleston
Institutional Review Board.

NAS management
At our institution, both pre and post-ESC implementation, neonates
suspected of NAS were admitted to Mother-Baby Unit. Neonates were only
transferred to the NICU if they had prematurity or additional comorbidities
requiring intensive care. During the mothers’ admission, mothers had
private rooms, and rooming-in with their infant was encouraged. Upon the
mother’s discharge, the newborn was cared for in the well-infant nursery.
With ESC's implementation, additional opportunities for infant-parental
rooming-in after the mother's discharge were made available. A room,
within the Mother-Baby Unit was offered to the parent/caregiver during
their visitation with the infant, unless the unit was at capacity. Rooms were
not designated for NAS management and could be moved during the
infant’s hospitalization. Additionally, as part of the ESC model, a NAS
bundle of care was deployed and included encouraging breastfeeding
(when eligible), skin-to-skin contact with parent, parental presence at the
bedside, feeding on demand, swaddling, as well as decreased noise and
light stimulation.

NAS assessments

Both pre and post-ESC implementation as part of standard care, FNASS
scores were captured every 4h in neonates evaluated for NAS for
admission duration. In the pre-ESC period, methadone was started if a
neonate scored on the FNASS three consecutive scores >8 or two
consecutive scores =12 or at the physician’s discretion. After the
implementation of ESC, FNASS were still obtained every 4h but were
not used for clinical decision-making, similar to other hospitals’ published
procedures [20, 21]. In addition to the FNASS, neonates were assessed
every 4h by nursing staff to identify non-pharmacological therapies
requiring reinforcement and performed ESC function-based assessments.
Neonates were assessed every 4 h on their ability to perform three critical
functions: (1) Eating: Can the newborn drink %2 to 10z of formula or
breastfeed? (2) Sleeping: Can the newborn sleep undisturbed for an hour?
and (3) Consolable: Can the newborn be consoled within 10 min? [17-19] If
the infant was unable to eat, sleep, or be consoled due to withdrawal
symptoms after all non-pharmacologic care was optimized, methadone
was ordered following a meeting of the neonate’s care team. No other
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pharmacologic agents for NAS management in either the pre-ESC or ESC
periods were used in the absence of methadone. Additionally, as part of
the ESC care tool, parental/caregiver presence was recorded as the amount
of time since last assessment that a parent (or other caregiver) spent in the
room with infant.

Outcomes of interests

For this study, our primary outcome of interest was the rate of
pharmacology therapy for NAS management. Our secondary outcomes
included length of stay, rate of neonates with elevated FNASS values,
length of pharmacotherapy, and need for 30-day readmission. Outcomes
were compared between the 12 months preceding and 12 months
following the implementation of ESC in the nursery (pre-ESC period:
9/4/2018-9/4/2019 and ESC period: 9/5/2019-9/5/2020). Additionally
in the ESC cohort, we examined parental (or other caregiver) presence at
the bedside to determine if it was inversely associated with
pharmacotherapy usage.

Study variables

ESC assessments and FNASS scores were obtained from EMR records and
included in analysis until pharmacological treatment for NAS was initiated,
discharge, or 5 days post birth, whichever came first. Other variables
collected included: sex, gestational age at birth, maternal race, parental
presence, non-pharmacological therapies requiring reinforcement, mater-
nal residential zip code, and distance to hospital (direct distance from
center of the residential zip code to the study hospital in miles). Distance
to hospital were dichotomized using the calculated median distance as the
cut-point. In the ESC cohort, we also obtained data on the non-
pharmacological therapies needing reinforcement which included par-
ental/caregiver presence, rooming-in, skin-to-skin contact, holding by a
caregiver, swaddling, optimal feeding at early hunger cues, non-nutritive
sucking, quiet, low environment, limiting number of visitors, clustering
care, safe-sleep/fall prevention, and parent/caregiver selfcare and rest.

Statistical analysis

We hypothesized we would experience a similar reduction of 40% in
pharmacotherapy rates with ESC model adoption as reported by Wachman
et al. [19]. As such, we needed a minimum of 24 infants per NAS
management cohort to be able to reject the null hypothesis with a power
of 0.95 and a Type | error probability of 0.05 using a two-sided chi-squared
statistic (G*Power 3.1) [22]. Data was analyzed using SPSS 19 (IBM Corp.,
Armonk, NY, USA). Descriptive statistics, such as means and standard
deviations for continuous variables and proportions and frequencies for
categorical variables, were used to analyze infant characteristics. Variables
of length of stays, length of pharmacological therapy, and distance to
hospital were not normally distributed and were reported as medians with
ranges (minimal to maximal value). Comparisons between groups for
categorical variables were analyzed using Chi-square analysis, and when
applicable, Fisher's exact tests. Comparisons between groups for
continuous variables were analyzed using two-sided t-test or
Mann-Whitney U tests. Statistical significance was defined as p < 0.05.

RESULTS

During the 12-month period prior to the implementation of ESC,
records of 246 newborns having one or more recorded FNASS
score were reviewed for study inclusion, of which 71 subjects met
the inclusion criteria for the pre-ESC cohort. During the 12-month
period following the implementation of ESC, 166 newborn records
with a recorded FNASS score were reviewed, of which 64 subjects
met the inclusion criteria and were included in the study. Figure 1
provides exclusion criteria frequencies, with majority of the
neonates being excluded due to premature birth and/or need
for neonatal intensive care.

Neonatal and maternal characteristics did not significantly differ
between the pre-ESC and ESC cohorts (Table 1). The overall
median distance from home residence to hospital was 29 miles
(range: 0.8-141 miles). Mean FNASS values were not different
between pre-ESC neonates (5.7 +1.7) versus the ESC cohort
(5.8+1.9), p=0.83. FNASS-based and ESC-based NAS manage-
ment strategies did not differ in the percentage of neonates
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Fig. 1 Study flow diagram. Flowchart demonstrating neonatal inclusion criteria and frequencies.

Table 1. Comparison of pre-ESC and ESC groups for demographics, length of stay, and pharmacology use.

Pre-Eat, Sleep, and Console Eat, Sleep, and Console p value
n=71 n=64

Gender
Male 34 (48%) 30 (47%) 0.91
Female 37 (52%) 34 (53%)

Gestational age at birth (weeks)

Mean (standard deviation) 384 (1.0) 38.5 (1.0) 0.53

Maternal Race
White 67 (94%) 62 (97%) 0.80
African American or Biracial 4 (6%) 2 (3%)

Distance from residential zip code to hospital (miles)

Median (Range) 29.1(5.1-142.0) 29.5 (0.8-112.0) 0.76

Average FNASS until 5 days post birth, pharmacological treatment, or discharge, whichever came first
Mean (standard deviation) 57 (1.7) 5.8 (1.9) 0.83

N (%) N (%)

Received NAS pharmacology therapy 24 (34%) 17 (27%) 0.36

Number of neonates with FNASS of 28 x 3 or 212 x 2 45 (63%) 33 (52%) 0.16

Number of neonates with FNASS of 28 x 3 or 212 x 2 who received NAS 24 (53%) 17 (52%) 1.00

pharmacology therapy

Median (range) Median (range)

Length of stay, days 5 (2-32) 5.5 (2-30) 0.54
Length of stay, in neonates receiving NAS pharmacology therapy, days 17 (8-32) 17 (10-30) 0.90
LOS in neonates not receiving NAS pharmacology therapy, days 5 (2-8) 5 (2-6) 0.01
Length of NAS pharmacology therapy, days 13 (5-29) 12 (7-23) 0.43

N (%) N (%)
Readmission within 30 days, N (%) 5 (7%) 3 (5%) 0.72

Reason for readmission

SPRINGER NATURE

1 viral bronchiolitis
1 club foot

1 pneumonia

1 pyloric stenosis

1 skin abscess

2 viral bronchiolitis
1 hypoglycemia

Journal of Perinatology (2023) 43:916 - 922



Table 2. Maternal and neonatal toxicology testing results.
Pre-Eat, Sleep, Eat, Sleep,
and Console and Console
n=71 n=64

Maternal urine screens during pregnancy

Polysubstance use 45 (63%) 27 (42%)
Buprenorphine 55 (77%) 51 (80%)
Fentanyl 1 (1%) 1 (2%)
Methadone 7 (10%) 1 (2%)
Morphine 12 (17%) 10 (16%)
Oxycodone 6 (8%) 2 (3%)
Amphetamines/ 26 (37%) 15 (23%)
Methamphetamine
Benzodiazepines 9 (13%) 4 (6%)
Cocaine 2 (3%) 1 (2%)
MDMA/Ecstasy 5 (7%) 2 (3%)
THC/Marijuana 25 (35%) 13 (20%)
Cord toxicology
Negative for all tested 9 (13%) 2 (3%)
substances
Polysubstance exposure 16 (23%) 20 (31%)
Buprenorphine 40 (56%) 43 (67%)
Fentanyl 2 (3%) 5 (8%)
Methadone 5 (7%) 1 (2%)
Morphine 2 (3%) 5 (8%)
Oxycodone 6 (8%) 4 (6%)
Amphetamines/ 12 (17%) 12 (19%)
Methamphetamine
Benzodiazepines 2 (3%) 2 (3%)
Cocaine 2 (3%) 2 (3%)
Cotinine 34 (48%) 39 (61%)
MDMA/Ecstasy 0 (0%) 0 (0%)
THC/Marijuana 10 (14%) 8 (13%)

receiving pharmacological therapy for the treatment of NAS (34%
in pre-ESC vs 27% in ESC, p =0.36) nor the median duration of
pharmacotherapy (13 vs 12 days, p=0.43). Among neonates
receiving pharmacological therapy, LOS was similar between the
two time periods (median: 17 (range: 8-32) days in pre-ESC versus
17 (10-30) days in ESC, p=0.90). In neonates not receiving
pharmacological therapy, the median LOS was 5 days in both
cohorts, however the proportion of neonates having a LOS less
than five days was greater in the pre-ESC cohort (19 of 71 had a
LOS <5 days) in comparison to the ESC group (8 of 64 with a
LOS <5 days), p = 0.04. No neonates from either cohort required
NAS-related readmissions within 30 days. The rate of all cause 30-
day readmission was low (< 7%) and did not differ between
cohorts (p=0.72). The toxicology profiles were similar between
infants born during in the pre-ESC and ESC periods (Table 2).
Buprenorphine was most the common exposure substance.
Polysubstance was frequent (27% of cord specimens) as was
cotinine exposure (54% of cord specimens).

During ESC implementation, FNASS were obtained in conjunc-
tion with ESC measures as shown in Table 3. FNASS scores peaked
and correlated with poor eating, poor sleeping, and inability to be
consoled, at 48-96 h of life. Additionally, as part of the ESC care
model, 12 non-pharmacological behaviors were evaluated every
4 h by the nursing staff and recorded when needing reinforce-
ment. Figure 2 shows the percentage of assessments recorded as
a specific non-pharmacological therapy requiring improvement or
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reinforcement. In the 64 neonates in the ESC period, non-
pharmacological interventions were assessed a total of 948 times.
The three most common non-pharmacological therapies requiring
reinforcement were “increased parent/caregiver presence,” “room-
ing-in,” and “skin-to-skin”.

Parental/caregiver presence was documented at every ESC
assessment, with the number of hours (0-4 h) with a parental/
caregiver present recorded. A total of 41% of all evaluations were
recorded as having no parent present for the entire 4-h period.
Figure 3A demonstrates that parental/caregiver presence
decreased during the initial 5 days of neonatal admission, with
parental/caregiver presence dropping from 61% neonates having
parental presence for three or more hours on Day 1 of life to 18%
having the same level parental presence at Day 5. Parental
presence was significantly decreased in the neonates that
received pharmacotherapy in comparison to neonates receiving
only non-pharmacotherapy (p <0.001), with 58% of ESC assess-
ments recorded no parental presence in neonates receiving NAS
pharmacological therapy compared 39% of assessments having
no parental presence in neonates not requiring pharmacotherapy
(Fig. 3B). Parental presence was decreased in neonates whose
recorded residence was more than median distance (29 miles)
from the hospital (p =0.02, Fig. 3Q).

DISCUSSION

NAS care has become more centered on the infant-mother dyad
with ESC model implementation. Although the FNASS has
historically been used to quantify withdrawal symptoms severity
and guide NAS treatment decisions, the ESC model shows high
sensitivity in the detection of neonates requiring pharmacologic
treatment [20]. Additionally, ESC scores correlate with FNASS
scores shown both by us (Table 3) and others [21], thus suggesting
that the ESC approach can be used as the primary method of
guiding NAS treatment decisions, due its advantages of simplicity
and patient-centered focus.

We examined the ESC model implementation for NAS manage-
ment in a geographic region with high opioid use. We found with
the ESC model fewer newborns received pharmacotherapy than
predicted by historic FNASS-based cut-offs. Even though the
decreased rate in methadone usage (34% pre-ESC to 27% during
ESC) was not statistically significant, ESC model's benefits
remained including promoting non-pharmacologic therapies such
as rooming-in, skin-to-skin contact, and providing a quiet
environment [17-19, 23-25]. Our study findings deviated from
those of Grossman et al. demonstrating the ESC approach reduced
pharmacological treatment utilization and LOS [17]. Unlike many
of the health care systems reporting their ESC implementation
results [17-19, 23-25], at our institution infants with NAS are
managed by the Mother-Baby unit which has limited private
rooms for rooming-in post-maternal discharge. Dodds et al. noted
that a major reason for the success of the ESC model at a
community hospital was due to allowing caregivers to room-in
with infants, since it created a quiet and nurturing environment,
and allowed for a caregiver-focused model of care [24].
Furthermore, a systematic review reported that in newborns with
NAS rooming-in compared to NICU significantly reduced pharma-
cotherapy use and LOS [26].

Given the ESC model’s strong focus on the infant-mother dyad
and having a parent being the primary care provider to the infant
during the hospital stay, the absence of the caregiver’s presence
may prevent hospitals and patients from experiencing the full
benefit of the ESC approach. A previous study of surveyed parents
of newborns with NAS reported they valued the ESC model of
care, as they felt they were a necessary and valued part of the care
team in this holistic approach [27]. Further highlighting the
importance of parental/caregiver involvement, we found that
increased parental/caregiver presence associated with decreased
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Table 3. FNASS scores across 5 days of life in neonates who were evaluated with ESC model.
Hours of life FNASS scores Eat
Mean (standard deviation) % of patient with
poor eating
0-24 3.9 (2.1) 11%
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Fig. 2 Frequencies of non-pharmacological interventions requiring reinforcement. The 12 non-pharmacological interventions were

assessed by nursing staff for a total of 948 times in 64 neonates.

need for pharmacotherapy. At our institution, we suspect that
parental/caregiver participation was likely diminished by the
limited availability of rooms for ESC as well as geographic distance
from the parental/family residence as our institution is a tertiary
care facility and has a large catchment area of approximately
12,000 square miles. Many patients drive two or more hours to
have their child delivered at our hospital, and thus it may be
difficult for them to return to the hospital after discharge to
provide care for their admitted infant for extended lengths of
time. Caring for other children in the household could also pose a
significant barrier to parental/caregiver presence in the hospital.
Additionally, a portion of the study was conducted during the
COVID-19 pandemic when restricted visitation policies were
enacted to reduce infection transmission, however, visitation of
one or more parent/caregiver was allowed at all times. The limited
visitation policies did not appear to affect parental presence as the
percentage of assessments without any parental/caregiver pre-
sence were similar between pre-COVID (44% during September
2019-February 2020) and COVID periods (39% of assessments in
March 2020-August 2020). Examination of specific barriers to
parental presence was not conducted as part of the current study
but is a topic of future research.

There are a number of limitations to our study. First, it was a
retrospective medical record review, and we cannot account for
missing data or limited documentation identified during chart
review. Routine documentation in the medical record of caregiver
presence and non-pharmacotherapies utilization only began in

SPRINGER NATURE

conjunction with ESC model implementation, thus we were
unable to collect this information pre-ESC and to compare ESC
to pre-ESC periods for those measures. Our strict inclusion criteria,
including the exclusion of premature newborns and those
needing intensive care which are common in those with NAS,
may have reduced the study’s external validity and sample size.
However, our sample size was larger than those reported in
several previous studies [23-25]. Additionally, our hospital used a
standardized protocol for methadone weaning if pharmacother-
apy was initiated, with the weaning schedule not as rapid as prn
morphine algorithms. Furthermore, during the study period
FNASS measures were continued to be collected while using the
ESC model of care. FNASS assessments could have possibly
disrupted the infants, conflicting with ESC model's goal to
minimize interruptions, however clustering of care was utilized
as part of the ESC model. While all clinicians and nursing staff were
trained on the ESC model and agreed to not use FNASS for clinical
decision-making, we cannot rule out they were influenced by
FNASS scores. Lastly, this was a single site study and results may
not be applicable to all hospitals, especially those in urban areas
and/or abundant, designated ESC rooming-in facilities.

In our study, the absence of shorter LOS with ESC implementa-
tion may be due to our unique limitations as a tertiary care
institution having limited rooming-in capacity while serving a
mainly rural patient population. Ample rooming-in and parental
presence may be some of the key drivers in the ESC model
optimally reducing pharmacotherapy use and LOS. Further
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Parent/caregiver Presence per Hours of Life
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Fig. 3 Parent/Caregiver presence at bedside over the first 5 days
of life. A Over the initial five days of newborn life, parent/caregiver
presence steadily decreased (p <0.001). B Parental presence was
significantly less in newborns who received pharmacotherapy vs.
the newborns than only received only non-pharmacological therapy
(p<0.001). C Distances from residence were stratified using the
median distance (29 miles). Parental presence was significantly less
in newborns with a residence greater than 29 miles in comparison
to newborns with a recorded residence within 29 miles of the study
hospital (p = 0.02).

examination of the ESC model at similar institutions in the future
may identify strategies to increase parental involvement and
strengthen non-pharmacological interventions in NAS manage-
ment as means to decrease LOS.
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