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Abstract

Infants with in-utero opioid exposure are most commonly assessed using the Finnegan Neonatal
Abstinence Scoring System (FNASS) or a modified version of that tool. Traditionally, the purpose
of these tools has been to characterize the extent of withdrawal signs to guide the pharmacologic
treatment for infants with neonatal opioid withdrawal syndrome (NOWS). In the past decade
however, in response to some of the limitations of the FNASS tool, there has been an increasing
emphasis on developing novel assessment tools not based on the FNASS in addition to the
promotion of non-pharmacologic treatment options as the first line treatment for infants with
opioid exposure. Additionally, several prediction tools that may be useful in determining which
patients are at high or low risk for receiving pharmacologic therapy have been developed. In this
review, we will evaluate the clinical utility of these novel tools and will consider new avenues for
future research.

Keywords

Neonatal Abstinence Syndrome, NAS; Neonatal Opioid Withdrawal Syndrome, NOWS;
Diagnostic Tools; Assessment

Introduction

In 1975, Dr. Loretta Finnegan and colleagues published the Finnegan Neonatal Abstinence
Scoring System (FNASS), the same year two other assessment tools developed by Dr.
Lipsitz and Dr. Ostrea were also published.1=3 These tools described for the first time a way
to characterize the signs and severity of neonatal withdrawal from in-utero opioid exposure,

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Conflict of Interest Statement
None disclosed



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Schiff and Grossman

Page 2

commonly called neonatal abstinence syndrome (NAS) or neonatal opioid withdrawal
syndrome (NOWS). As described in detail by Dr. Kaltenbach in another article in this
Seminars journal (CITE), the FNASS tool, while originally designed as a standardized
scoring system for researchers, has been widely implemented by clinicians and nurses caring
for infants at risk for opioid withdrawal to assess the gastrointestinal, neurologic, and
autonomic signs of an infant experiencing withdrawal. For the better part of four decades,
the FNASS tool, or a modified form of the FNASS has been the most popularly used
assessment tool at hospitals around the United States.*° To date, these assessments have
been inextricably linked to the pharmacologic management of NAS: initiation of
pharmacologic therapy is triggered by FNASS scores greater than or equal to 8 and
decreases in medication doses are dependent on whether scores are below 8.

Over the past decade, there has been a growing field of research focused on developing
novel assessment and diagnostic techniques to: 1). Enhance the clinical utility of assessment
techniques; 2). More objectively characterize infants with NOWS; and 3). Pair assessment
tools with non-pharmacologic management of NOWS. In this review, we aim to first present
some of the limitations to the widely used FNASS or modified FNASS tools. We also
describe techniques that have been developed over the past decade that use novel assessment
and diagnostic techniques that are not based on the FNASS tool. When comparisons are
available however, we will describe how these tools compare with the FNASS tool. Finally,
we will present our recommendations for future areas of research and implementation of
novel methods.

Limitations of the Finnegan Scoring System

Despite its broad usage, there are a number of potential limitations with the use of the
FNASS tool. While the FNASS tool characterizes in detail 21 signs of neonatal opioid
withdrawal, there has been little evaluation of the effectiveness in using the cutoff score of 8
described by Dr. Finnegan and colleagues in their original article to guide the pharmacologic
management or weaning strategy of infants with opioid withdrawal symptoms. Currently
most institutions using the FNASS have protocols that call for starting or increasing
pharmacologic treatment after an infant has received three FNASS scores =8 or two scores
>12.5 A study by Zimmerman and colleagues demonstrated that infants without in utero
opioid exposure rarely reached FNASS scores of 8 or greater.” While this finding suggests
that a score of 8 may be used to diagnose neonatal opioid withdrawal and differentiate
between opioid-exposed and unexposed infants, it does not provide validation for the need
for pharmacologic treatment after receiving scores of 8 of more.8 In one study that evaluated
the use of a single score of 9 as a cut off to initiate pharmacologic treatment, Chisamore and
colleagues found an overall higher rate of infants required pharmacologic treatment, without
a significant change in the overall length of an infant’s hospitalization.® To our knowledge,
there have not been published studies looking at using a cutoff of 7 or lower to initiate
pharmacologic management.

In addition, interventions based on FNASS scores can be slow to trigger an increase in
treatment in an infant experiencing withdrawal symptoms. As FNASS scores are routinely
obtained every 2-4 hours, an infant who is inconsolable due to withdrawal signs would need
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to show those signs for more than four hours before three scores could be obtained and any
pharmacologic intervention would be initiated. When one institution modified their FNASS
protocol, as part of a quality improvement effort, to start pharmacologic treatment after only
two scores of 8 or one score of 12 (compared with the usual three scores of 8 or two scores
of 12), they found that pharmacologic treatment was initiated earlier, increasing the overall
percentage of infants requiring pharmacologic therapy, without decreasing the overall length
of stay for infants started on pharmacologic treatment,10:11

Next, while non-pharmacologic interventions for infants experiencing opioid withdrawal
symptoms such as low stimulation, swaddling, and cuddling are recommended as the first
line treatment options for neonatal opioid withdawal®12, an accurate FNASS assessment
requires the infant to be stimulated and disturbed. For example, to determine if a Moro reflex
is exaggerated or if an infant has tremors when disturbed, the infant must be unswaddled and
stimulated to obtain an accurate score. The frequency of clinical assessments by front line
staff could contribute to an infant’s display of withdrawal symptoms during the scoring
process.10

Another limitation of the FNASS is that it is a lengthy assessment, cataloging 21 signs of
withdrawal, but the clinical relevance of certain symptoms is uncertain. The weighting
system designed by Finnegan and colleagues in the original scoring tool attempting to
classify the severity of certain clinical findings has been widely adopted without validation.
For example, sneezing, frequent yawning, and nasal stuffiness are not signs specific to
opioid withdrawal, and in any other clinical setting would not trigger a need to initiate
pharmacologic treatment. In an evaluation of nineteen clinical elements in a modified form
of the FNASS in both opioid exposed and non-opioid exposed newborns, Jones and
colleagues found that the combination of three signs: an exaggerated Moro reflex, mild
tremors when disturbed, and increased muscle tone, were unique to infants experiencing
withdrawal.13 In another assessment of a modified FNASS tool, Jones and colleagues found
that a shortened five-item tool also discriminated well between those infants who received
pharmacologic treatment and those who did not.1# These findings suggest that it may be
possible to distinguish between infants with in-utero opioid exposure who have symptoms
requiring treatment with a less onerous and more specific tool.

Finally, most infants who are initiated on medication based on elevated FNASS scores are
managed with protocols that call for slow, methodical medication weans. This approach has
led to a national average length of stay (LOS) for infants with NAS of 19 days, even after
improvement efforts to standardize care and reduce the LOS.15-18 While this weaning
process was not described initially by Finnegan and colleagues, the widely adopted protocol
emphasizes weaning infants with stable FNASS scores by no more than 10% daily.® As a
result, an infant who is initiated on pharmacotherapy will likely receive dozens of doses of
pharmacologic treatment before being weaned off and prepared for discharge.
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Novel Assessment Approaches

1. Eat, Sleep, and Console

In response to some of the clinical limitations of the FNASS tool, in 2014 Dr. Grossman and
colleagues developed a new assessment approach at Yale-New Haven Children’s Hospital
focusing on the functionality of the infant.1? Investigators aimed to develop a tool that
assessed the key functions of a newborn, rather than a characterization of all withdrawal
signs, focusing on the infant’s ability to: 1). Eat; 2) Sleep; and 3) Be consoled. These
bundled three items, termed the ESC approach (Eat, Sleep, Console) were not initially
developed as a formal scoring tool, but rather as a foundation for frequent, routine clinical
assessments. Specifically, infants were assessed on their ability to breastfeed successfully or
eat at least 10z per feed, their ability to sleep uninterrupted for at least 1 hour, and their
ability to be consoled within 10 minutes. If any of those three conditions were not met, a
multidisciplinary team huddle convened to optimize treatment options, first focused on
escalating non-pharmacologic treatment interventions such as parental presence, swaddling,
feeding, and cuddling. If these non-pharmacologic interventions were not successful,
pharmacologic management was initiated.

One advantage of the ESC assessment is the ability to perform frequent clinical evaluations
as needed based on the infant’s presentation. Compared with a formalized scoring tool
performed every two- to four-hours, ESC allows for the initiation of interventions quickly.
An infant who was found to be inconsolable could receive interventions in as soon as 10
minutes instead of waiting for a scheduled scoring time.

Investigators at Yale initially implemented the ESC approach while continuing to obtain
FNASS scores on all opioid exposed infants. Thus, they were able to compare outcomes of
infants managed using the ESC compared to those same infants if they had been managed
using an approach based on the FNASS. The proportion of infants treated with
pharmacotherapy using the ESC approach was 12% compared to 62% who would have been
treated with pharmacotherapy using the FNASS approach (those who had three consecutive
scores = 8). The average length of stay (LOS) for the infants managed using the ESC tool
was 5.9 days. If the Finnegan approach had been used, the estimated average LOS would
have been 16 days. There were no adverse events or readmissions reported in this study.20

The ESC approach has been successfully implemented at a handful of other institutions, also
with significant reductions in medication usage and LOS without reported adverse
outcomes. At Boston Medical Center, Dr. Wachman and colleagues implemented an ESC
approach to the management of infants with NAS along with an increased focus on non-
pharmacologic interventions and a transition from morphine to methadone as first line
pharmacologic intervention and noted a 35% decrease in LOS and a 54% reduction in
infants treated with pharmacotherapy.19 At UNC Children’s Hospital, Dr. Blount and
colleagues implemented the ESC approach along with as needed medication dosing and
found a 54% reduction in LOS and a 71% reduction in the proportion of infants treated with
morphine.21
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Recently, Dr. Whalen and colleagues assessed the inter- and intra-rater reliability of the ESC
assessment by developing three different objective structured clinical examinations
(OSCE?’s) that were reviewed by 10 teams and a faculty rater who reviewed the scenario
independently. All OSCE’s were video recorded and reviewed to develop a kappa score, or
percent agreement, in each of the three domains of the ESC tool, in addition to soothing
support to console infant and calling a team huddle. Identifying inconsolability and need to
call a team huddle had the highest inter-rater reliability (kappa of 0.91 and 0.93
respectively), whereas identification of sleeping problems and soothing supports had the
lowest inter-rater reliability scores (kappa of 0.7 and 0.6 respectively). The authors proposed
to use the findings to consider modifications to the approach where the inter-rater reliability
scores were low.22

One limitation of the current literature describing the ESC approach is that the ESC
assessment was implemented in conjunction with several other interventions as part of a
bundled quality improvement project over time. As a result, in the published literature
around ESC implementation, it is not possible to tease out whether the significant reductions
in pharmacologic treatment are related to the novel functional assessment approach itself or
influenced by the other interventions highlighted in these improvement projects. The other
efforts combined with ESC at the implementation at the institutions described above include
increased non-pharmacologic care for infants with NAS, promotion of alternative feeding
options such as a nasogastric tubes for supplementation, transitioning from morphine to
methadone as a first line pharmacologic treatment, and using medications as needed rather
than a slow weaning process.10:23

Finally, as with the FNASS, the ESC assessment is linked to a treatment approach. The ESC
was designed in settings that focus heavily on non-pharmacologic interventions as the first-
line treatment and its utility in environments that are less conducive to non-pharmacologic
interventions, such as care in neonatal intensive care units where parents are not able to be
present at the bedside is uncertain.

2. Skin Conductance

Another novel area of investigation has been to explore the skin conductance of opioid-
exposed infants, as a measure of activation of the sympathetic nervous system. Dr. Schubach
and colleagues evaluated how skin conductance, defined as the number of skin conductance
fluctuations per second, is associated with NAS severity.24 They examined 12 opioid-
exposed newborns who received pharmacotherapy and 12 unexposed newborns at nine
points during the first six weeks of life. They found significant differences in the skin
conductance of term opioid-exposed infants with NAS compared with term non-opioid
exposed infants, suggesting that skin conductance could be used to assess the amount of
physiologic stress infants are experiencing.

Additionally, Dr. Oji-Mmuo and colleagues looked at skin conductance in 14 infants with in-
utero opioid exposure to assess sympathetic activation at 24-48 hours after birth was
associated with the use of pharmacologic treatment.2® They found that infants who received
pharmacologic treatment (n=6) had higher mean skin conductance levels, measured as
response to a heel stick, than those that did not receive treatment (n=8). Next, Dr. Oji-Mmuo
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and colleagues investigated whether skin conductance remained elevated in infants who
received pharmacologic treatment for NOWS.26 Around the time of an infant’s discharge, 12
of the initial 14 infants were evaluated again, measuring skin conductance this time as
response to an auditory stimulus. They found that skin conductance was higher in the
morphine treated group compared with the infants who did not receive pharmacotherapy.
This method may provide an objective measure of an infant’s physiologic stress prior to,
during, or after receiving treatment for NOWS, but requires a potentially invasive
intervention and special equipment, which limits its widespread clinical applicability.

3. Infant Pupillary Diameter

In adults, a measure of pupillary diameter is often used to assess the influence of opioids, so
Dr. Heil and colleagues sought to evaluate the changes in infant pupil diameter among
infants receiving pharmacologic treatment for in-utero opioid exposure and assess the
feasibility of measurement to determine opioid effects in infants.2” Heil and colleagues
recruited 10 infants receiving methadone treatment for NOWS and measured the diameter of
the pupil and iris at four time points up to 10 hours after dosing. They found a predictable,
linear trend of increasing pupil diameter with time from methadone administration and
concluded that pupillary diameter could provide an objective measure of opioid exposure.
This method may provide insight into assessing the response to medication treatment for
infants already receiving pharmacologic treatment for opioid withdrawal symptoms, but has
yet to be applied routinely in any clinical settings to our knowledge.

4. Infant Sleep States

There have been several attempts to quantify alterations in sleep state in infants with in-utero
opioid exposure and have described an increase in active sleep as compared with quiet sleep
compared with non-opioid exposed infants.2829 O’Brien and colleagues compared sleep
patterns opioid-exposed infants who required pharmacologic treatment for NAS compared to
those who did not receive pharmacologic treatment and healthy term controls.39 Compared
with healthy controls, opioid-exposed newborns displayed significantly greater wakeful
periods. Additionally, newborns who received pharmacologic treatment were found to have
increased signs of sleep deprivation during early treatment, but findings were similar to the
non-pharmacologically treated group once symptoms had stabilized. Over the past decade,
routine measurement of sleep states has not become routinely integrated into clinical care.
However, for institutions using the ESC method described above, measuring sleep states
may offer additional quantitative data around alterations in infant sleep patterns.

Predictive Approaches

1. Clinical Prediction Tools

Predicting the severity of withdrawal symptoms by examining maternal and infant
characteristics known at birth or shortly after birth has been another area of focus. Dr.
Kaltenbach and colleagues performed a secondary analysis of data from a multisite
randomized controlled trial of 131 infants exposed to either methadone or buprenorphine in-
utero, and looked at maternal and infant factors associated with NAS severity.31 They found
that higher infant birthweight and maternal smoking predicted use of pharmacologic
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treatment, whereas type and dose of maternal exposure, exposure to psychotropic
medications, method of delivery, and maternal weight did not. Recently, several investigators
have developed clinical prediction tools that aim to predict whether an opioid-exposed infant
has a low or high risk of receiving pharmacologic therapy based on a set of known maternal
and infant characteristics around the time of delivery.

First, Dr. Isemann and colleagues sought to develop a clinical prediction tool that would
identify opioid-exposed infants who would go on to receive pharmacologic treatment for
NAS. In a two-part retrospective study of 243 infants, they examined type of maternal
substance exposure, birth outcomes, and FNASS scores at 36 hours of life.32 The first period
(n=143) was used to develop the clinical prediction tool and the second period (n=121) was
used to test the utility of the tool. They looked at a three-symptom measure at 36 hours
(increased muscle tone, undisturbed tremors, and excoriation) and a symptom measure plus
maternal exposure. In the combination of three-symptom measure plus maternal exposure
type, the tool was able to predict that infants with a score of less than or equal to 1 (only one
of the three symptoms or high risk maternal exposure types) would not receive
pharmacologic treatment with a 94% positive predictive value, and infants with a score
greater than or equal to 5 (presence of symptoms plus high risk maternal exposure, with
opioid exposure yielding one point and polysubstance exposure yielding two points) would
receive pharmacologic treatment with an 86% positive predictive value. The authors
conclude that the tool could be particularly useful to optimize management in infants at low
risk for receiving pharmacologic treatment at 36 hours.

Next, Dr. Patrick and colleagues used administrative data from the Tennessee Medicaid
Program to develop an internally validated clinical prediction tool to determine an infant’s
risk of receiving a diagnosis of NAS.33 They included 215,434 maternal-infant dyads
(n=109,999 in the development sample and n=105,435 in the validation sample). The final
model included infant birthweight, maternal age, cigarette use, Hepatitis C status, opioid
type and duration, and exposure to other prescribed maternal medications including:
promethazine, fluoxetine, buproprion, sertraline, zolpidem, gabapentin, and
benzodiazepines. They found that their final model had a C-index (where 0.5 is equivalent to
random chance and 1.0 is perfectly predictive) of 0.76 using their validation sample.

The tools developed by Dr. Isemann and Dr. Patrick hold promise for clinicians interested in
identifying patients that are likely at low risk for receiving pharmacologic treatment and
potentially tailoring length of clinical observation based on the findings. Currently, the
American Academy of Pediatrics recommends that infants be monitored for 4-7 days in the
hospital, yet there is minimal data to support these recommendations.12 It is possible that
infants determined to be at low risk for receiving pharmacologic therapy might be safely
discharged earlier than 4 days. However, the tools are linked to treatment decisions based on
the FNASS or claims data for a diagnosis of NAS, which is not uniformly defined across all
institutions (some require pharmacologic treatment for a diagnosis, other institutions include
all opioid-exposed infants). To date, these tools have yet to be formally implemented,
utilized, and evaluated prospectively in a sample of infants being clinically monitored for
withdrawal symptoms, and require additional investigation before being utilized more
broadly.
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2. Non-invasive assessments

Another category of predictive assessment strategies has focused on the use of non-invasive
testing during pregnancy and the intrapartum period including maternal and fetal testing and
measuring methadone metabolites from maternal hair samples.

One of the signs in pregnant women that can be impacted by opioid exposure is an alteration
in autonomic functioning.3* Jansson and colleagues have explored how to non-invasively
measure autonomic functioning, using vagal tone as a marker, in pregnant women with
opioid use disorder. They found that women who exhibited vagal tone lability in response to
the administration of methadone gave birth to infants who were more likely to have more
severe NAS, as measured using a modified FNASS.3° Given these findings, the same
research group next studied markers of autonomic control in infants. Jansson and colleagues
studied 64 infants exposed in-utero to methadone to assess the association of infant heart
period and cardiac vagal tone, measured by electrocardiography, on NAS severity within
24-72 hours after birth.36 They found that infants who had a lower cardiac vagal tone on day
of life 1 were more likely to have more severe NAS signs on day of life 3.36 To date, this
measurement tool does not appear to have been implemented for any clinical assessments
beyond the initial research study.

Next, a number of studies have attempted to characterize how non-invasive fetal testing
parameters are impacted by maternal methadone or buprenorphine,37:38 but to date only one
study has examined the impact of fetal heart rate variability on NOWS severity. Dr. Leeman
and colleagues examined 104 pregnant women during the intrapartum period and evaluated
how fetal heart tracings were associated with the use of pharmacologic treatment for NOWS.
39 They found that infants who received pharmacologic treatment (n=76) had a slightly
higher baseline fetal heart rate (131 v. 126) during active labor, but had no association
between fetal heart rate variability or decelerations.

Finally, Dr. Himes and colleagues aimed to determine if the metabolites in maternal hair
samples of pregnant women receiving methadone treatment were associated with neonatal
outcomes. Twenty-nine women receiving methadone participated in the study who gave a
median of 4 hair samples at different times during pregnancy. Himes and colleagues found
no dose response relationship between maternal methadone dose and metabolite dose in hair
samples. No association was found between the hair segment collected closest to delivery
with any measure of NOWS severity including infant FNASS score at birth, time to NOWS
onset, duration of NOWS, peak NOWS score, or time to peak score, as measured using the
FNASS tool. In the study of fetal heart rate and maternal hair metabolites, there were no
significant associations between the non-invasive measurements collected during pregnancy
or around the time of delivery and the subsequent severity of NOWS.

To date, there has been limited success in identifying objective maternal measurements that
may be clinically useful in determining NOWS severity. Additionally, non-invasive fetal
testing and maternal hair sampling requires special equipment and may be more technically
difficult to perform. One area of ongoing research includes the assessment of genetic factors
that could be contributing to the wide range of NOWS symptomatology in different infants.
40-42 As DNA can be evaluated using saliva samples, there may be clinical utility in
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determining specific maternal and infant genetic makeup in the future to non-invasively
assess NOWS severity, although these approaches require further investigation and
validation.

Research Gaps and Next Steps

The ideal assessment tool for clinicians is one that is short, relatively simple, reliable, valid,
and does not require the infant to be disturbed during the evaluation. As the number of
infants with in-utero opioid exposure in the United States and around the world continues to
rise, additional research and quality improvement efforts to improve and refine the available
assessment techniques are important. We have described several novel assessment tools and
approaches that have been developed over the past decade that offer new techniques for
evaluating the rising number of infants at risk for neonatal opioid withdrawal. However,
apart from the ESC approach, the other approaches presented in this review have all relied
on either FNASS scoring, or claims data labeling infants as having a diagnosis of NAS for
validation. Given some of the limitations of the FNASS tool highlighted above, it is not
certain if the findings would have been the same if a different tool or type of assessment and
management technique had been utilized.

Additionally, there are a number of confounding factors that may make the assessment and
management of opioid-exposed infants today very different than when the original FNASS
tool was published over four decades ago. First, many infants exposed to opioids are also
exposed to other substances that may cause or exacerbate withdrawal such as nicotine,
SSRIs, benzodiazepines, or other illicit drugs.43 Second, recent evidence has demonstrated
that intensive non-pharmacologic interventions can significantly reduce length of stay and
utilization of pharmacologic therapies, and often are not controlled for in studies assessing
NAS severity,11:44:45

Next, it is important for clinicians to be able to first accurately diagnose infants experiencing
neonatal opioid withdrawal, and then identify the best management approach for each infant.
Yet the two most clinically applicable assessment tools, the FNASS and the ESC approach,
are both tied to treatment strategies, with the FNASS emphasizing pharmacologic treatment
and the ESC prioritizing non-pharmacologic interventions before using pharmacologic
treatment. It will be important for future research comparing these two methods to try to
distinguish between the ideal method of assessing infants and the best management
approach.

Finally, the focus of the tools presented is to either guide the in-hospital treatment or predict
the likelihood of pharmacologic treatment in the hospital. The outcomes measured are
usually intermediate health care utilization outcomes such as length of stay, length of
pharmacologic treatment and proportion of opioid exposed infants treated
pharmacologically. To date, a measure of physiologic stress that infants experience during
the hospitalization is not routinely assessed, nor are the long-term outcomes related to the
utilization of these tools routinely measured. For example, measures evaluating early
parental-infant attachment would be informative in assessing the utility of different
treatment modalities. These outcomes are more difficult to obtain, but may be of greater
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long-term importance to both the infant and the family. Future studies comparing different
assessment and management approaches should consider measuring objective markers of
infant stress, such as skin conductance or infant cortisol levels, as well as long-term
developmental, behavioral and parenting outcomes.

Acknowledgements

The authors would like to acknowledge Sara Myers for her assistance with the manuscript.
Funding Sources

Dr. Schiff is funded by the MGH Career Development Program in Substance Use and Addiction Medicine funded
by the National Institute on Drug Abuse (NIDA K12043490). NIDA had no involvement in the research, review, or
writing of this manuscript.

Literature Cited

1. Finnegan LP, Connaughton JF, Kron RE, Emich JP. Neonatal abstinence syndrome: assessment and
management. Addict Dis. 1975;2(1-2): 141-158. http://www.ncbi.nlm.nih.gov/pubmed/1163358.
Accessed November 21, 2017. [PubMed: 1163358]

2. Ostrea EM, Chavez CJ, Strauss ME. A study of factors that influence the severity of neonatal
narcotic withdrawal. Addict Dis. 1975;2(1-2):187-199. http://www.ncbi.nlm.nih.gov/pubmed/
1163362. Accessed July 26, 2018. [PubMed: 1163362]

3. Lipsitz PJ. A proposed narcotic withdrawal score for use with newborn infants. A pragmatic
evaluation of its efficacy. Clin Pediatr (Phila). 1975;14(6):592-594. doi:
10.1177/000992287501400613. [PubMed: 1126108]

4. Bogen DL, Whalen BL, Kair LR, Vining M, King BA. Wide Variation Found in Care of Opioid-
Exposed Newborns. Acad Pediatr. 2017;17(4):374-380. doi:10.1016/j.acap.2016.10.003. [PubMed:
27889436]

5. Mehta A, Forbes KD, Kuppala VS. Neonatal Abstinence Syndrome Management From Prenatal
Counseling to Postdischarge Follow-up Care: Results of a National Survey. Hosp Pediatr. 2013;3(4):
317-323. d0i:10.1542/hpeds.2012-0079. [PubMed: 24435188]

6. Kocherlakota P Neonatal abstinence syndrome. Pediatrics. 2014;134(2):e547—-61. doi:10.1542/peds.
2013-3524. [PubMed: 25070299]

7. Zimmermann-Baer U, Notzli U, Rentsch K, Bucher HU. Finnegan neonatal abstinence scoring
system: normal values for first 3 days and weeks 5-6 in non-addicted infants. Addiction.
2010;105(3):524-528. doi:10.1111/j.1360-0443.2009.02802.x. [PubMed: 20402996]

8. Gomez-Pomar E, Finnegan LP. The Epidemic of Neonatal Abstinence Syndrome, Historical
References of Its” Origins, Assessment, and Management. Front Pediatr. 2018;6:33. doi:10.3389/
fped.2018.00033. [PubMed: 29520355]

9. Chisamore B, Labana S, Blitz S, Ordean A. A Comparison of Morphine Delivery in Neonatal
Opioid Withdrawal. Subst Abuse. 2016;10(Suppl 1):49-54. doi:10.4137/SART.S34550. [PubMed:
27695339]

10. Wachman EM, Grossman M, Schiff DM, et al. Quality improvement initiative to improve inpatient
outcomes for Neonatal Abstinence Syndrome. J Perinatol. 5 2018. doi:10.1038/
s41372-018-0109-8.

11. Howard MB, Schiff DM, Penwill N, et al. Impact of Parental Presence at Infants’ Bedside on
Neonatal Abstinence Syndrome. Hosp Pediatr. 2017;7(2):63-69. doi:10.1542/hpeds.2016-0147.
[PubMed: 28137920]

12. Hudak ML, Tan RC. Neonatal drug withdrawal. Pediatrics. 2012;129(2):e540-60. d0i:10.1542/
peds.2011-3212. [PubMed: 22291123]

13. Jones HE, Harrow C, O’Grady KE, Crocetti M, Jansson LM, Kaltenbach K. Neonatal abstinence
scores in opioid-exposed and nonexposed neonates: a blinded comparison. J Opioid Manag.
2010;6(6):409-413. [PubMed: 21269001]

Semin Fetal Neonatal Med. Author manuscript; available in PMC 2020 April 01.


http://www.ncbi.nlm.nih.gov/pubmed/1163358
http://www.ncbi.nlm.nih.gov/pubmed/1163362
http://www.ncbi.nlm.nih.gov/pubmed/1163362

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Schiff and Grossman

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Page 11

Jones HE, Seashore C, Johnson E, Horton E, O’Grady KE, Andringa K. Measurement of neonatal
abstinence syndrome: Evaluation of short forms. J Opioid Manag. 2016;12(1):19-23. doi:10.5055/
jom.2016.0308. [PubMed: 26908300]

Patrick SW, Schumacher RE, Horbar JD, et al. Improving Care for Neonatal Abstinence Syndrome.
Pediatrics. 2016;137(5). doi:10.1542/peds.2015-3835.

Asti L, Magers JS, Keels E, Wispe J, McClead RE. A Quality Improvement Project to Reduce
Length of Stay for Neonatal Abstinence Syndrome. Pediatrics. 2015;135(6):e1494—-e1500. doi:
10.1542/peds.2014-1269. [PubMed: 25941308]

Ko JY, Patrick SW, Tong VT, Patel R, Lind JN, Barfield WD. Incidence of Neonatal Abstinence
Syndrome - 28 States, 1999-2013. MMWR Morb Mortal Wkly Rep. 2016;65(31):799-802. doi:
10.15585/mmwr.mm6531a2. [PubMed: 27513154]

Tolia VN, Patrick SW, Bennett MM, et al. Increasing incidence of the neonatal abstinence
syndrome in {U}.{S}. neonatal {ICUs}. N Engl J Med. 2015;372(22):2118-2126. doi:10.1056/
NEJMsal500439. [PubMed: 25913111]

Grossman MR, Berkwitt AK, Osborn RR, et al. An Initiative to Improve the Quality of Care of
Infants With Neonatal Abstinence Syndrome. Pediatrics. 2017;139(6). doi:10.1542/peds.
2016-3360.

Grossman MR, Lipshaw MJ, Osborn RR, Berkwitt AK. A Novel Approach to Assessing Infants
With Neonatal Abstinence Syndrome. Hosp Pediatr. 2018;8(1):1-6. doi:10.1542/hpeds.2017-0128.
[PubMed: 29263121]

Blount T Decreasing length of stay and use of pharmacotherapy for neonataes with NAS on an
inpatient floor: a quality improvement initiative. In: Pediatric Academic Societies Toronto,
Canada; 2018.

Whalen BL. Inter- and Intra-Rater Reliability of the Eating, Sleeping, and Consoling Care tool for
Neonatal Abstinence Syndrome. In: Pediatric Academic Societies Toronto, Canada; 2018.

Grossman MR, Berkwitt AK, Osborn RR, et al. An Initiative to Improve the Quality of Care of
Infants With Neonatal Abstinence Syndrome. Pediatrics. 5 2017. doi:10.1542/peds.2016-3360.

Schubach NE, Mehler K, Roth B, et al. Skin conductance in neonates suffering from abstinence
syndrome and unexposed newborns. Eur J Pediatr. 2016;175(6):859-868. doi: 10.1007/
s00431-016-2716-8. [PubMed: 27026377]

Oji-Mmuo CN, Michael EJ, McLatchy J, Lewis MM, Becker JE, Doheny KK. Skin conductance at
baseline and postheel lance reflects sympathetic activation in neonatal opiate withdrawal. Acta
Paediatr. 2016;105(3):e99-e106. doi:10.1111/apa.13287. [PubMed: 26613197]

Oji-Mmuo CN, Gardner FC, Doheny KK. Heightened sympathetic arousal is demonstrated by skin
conductance responsivity to auditory stimuli in a small cohort of neonates with opiate withdrawal.
Brain Res Bull. 6 2017. doi: 10.1016/j.brainresbull.2017.06.007.

Heil SH, Gaalema DE, Johnston AM, Sigmon SC, Badger GJ, Higgins ST. Infant pupillary
response to methadone administration during treatment for neonatal abstinence syndrome: a
feasibility study. Drug Alcohol Depend. 2012;126(1-2):268-271. doi: 10.1016/j.drugalcdep.
2012.05.006. [PubMed: 22682657]

Dinges DF, Davis MM, Glass P. Fetal exposure to narcotics: neonatal sleep as a measure of nervous
system disturbance. Science. 1980;209(4456):619-621. http://www.ncbi.nlm.nih.gov/pubmed/
7190326. Accessed December 21, 2018. [PubMed: 7190326]

Pinto F, Torrioli MG, Casella G, Tempesta E, Fundaro C. Sleep in babies born to chronically heroin
addicted mothers. A follow up study. Drug Alcohol Depend. 1988;21(1):43-47. http://
www.nchi.nlm.nih.gov/pubmed/3366054. Accessed December 21, 2018. [PubMed: 3366054]

O’Brien CM, Jeffery HE. Sleep deprivation, disorganization and fragmentation during opiate
withdrawal in newborns. J Paediatr Child Health. 2002;38(1):66—71. http://www.ncbi.nlm.nih.gov/
pubmed/11869404. Accessed December 21, 2018. [PubMed: 11869404]

Kaltenbach K, Holbrook AM, Coyle MG, et al. Predicting treatment for neonatal abstinence
syndrome in infants born to women maintained on opioid agonist medication. Addiction. 2012;107
Suppl:45-52. doi:10.1111/j.1360-0443.2012.04038.x.

Semin Fetal Neonatal Med. Author manuscript; available in PMC 2020 April 01.


http://www.ncbi.nlm.nih.gov/pubmed/7190326
http://www.ncbi.nlm.nih.gov/pubmed/7190326
http://www.ncbi.nlm.nih.gov/pubmed/3366054
http://www.ncbi.nlm.nih.gov/pubmed/3366054
http://www.ncbi.nlm.nih.gov/pubmed/11869404
http://www.ncbi.nlm.nih.gov/pubmed/11869404

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Schiff and Grossman

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Page 12

Isemann BT, Stoeckle EC, Taleghani AA, Mueller EW. Early Prediction Tool to Identify the Need
for Pharmacotherapy in Infants at Risk of Neonatal Abstinence Syndrome. Pharmacotherapy.
2017;37(7):840-848. doi:10.1002/phar.1948. [PubMed: 28500629]

Patrick SW. Development and Validation of a Clinical Prediction Tool for Neonatal Abstinence
Syndrome. In: Pediatric Academic Societies Toronto, Canada; 2018.

Jansson LM, Dipietro J, Elko A. Fetal response to maternal methadone administration. Am J
Obstet Gynecol. 2005;193(3 Pt 1):611-617. doi:10.1016/j.ajog.2005.02.075. [PubMed: 16150250]

Jansson LM, Dipietro JA, Elko A, Velez M. Maternal vagal tone change in response to methadone
is associated with neonatal abstinence syndrome severity in exposed neonates. J Matern Fetal
Neonatal Med. 2007;20(9):677-685. doi:10.1080/14767050701490327. [PubMed: 17701668]

Jansson LM, Dipietro JA, Elko A, Velez M. Infant autonomic functioning and neonatal abstinence
syndrome. Drug Alcohol Depend. 2010;109(1-3):198-204. doi: 10.1016/j.drugalcdep.
2010.01.004. [PubMed: 20189732]

Salisbury AL, Coyle MG, O’Grady KE, et al. Fetal assessment before and after dosing with
buprenorphine or methadone. ADDICTION. 2012;107(1, SI):36—44. doi:10.1111/j.
1360-0443.2012.04037.x. [PubMed: 23106925]

Schmid M, Kuessel L, Klein K, Metz V, Fischer G, Krampl-Bettelheim E. First-trimester fetal
heart rate in mothers with opioid addiction. Addiction. 2010;105(7): 1265-1268. doi:10.1111/j.
1360-0443.2010.02982.x. [PubMed: 20642509]

Leeman LM, Brown SA, Albright B, Skipper B, Hsi A, Rayburn WF. Association between
intrapartum fetal heart rate patterns and neonatal abstinence syndrome in methadone exposed
neonates. J Matern Fetal Neonatal Med. 2011;24(7):955-959. doi:
10.3109/14767058.2010.536863. [PubMed: 21142769]

Wachman EM, Hayes MJ, Sherva R, et al. Association of maternal and infant variants in PNOC
and COMT genes with neonatal abstinence syndrome severity. Am J Addict. 2017;26(1):42-49.
doi:10.1111/ajad.12483. [PubMed: 27983768]

Wachman EM, Hayes MJ, Brown MS, et al. Association of OPRM1 and COMT single-nucleotide
polymorphisms with hospital length of stay and treatment of neonatal abstinence syndrome.
JAMA. 2013;309(17):1821-1827. doi:10.1001/jama.2013.3411. [PubMed: 23632726]

Oei JL, Xu HX, Abdel-Latif ME, et al. Dopamine D2 receptor gene polymorphisms in newborn
infants of drug-using women. Arch Dis Child Fetal Neonatal Ed. 2012;97(3):F193-8. doi:10.1136/
archdischild-2011-300235. [PubMed: 21948329]

Huybrechts KF, Bateman BT, Desai RJ, et al. Risk of neonatal drug withdrawal after intrauterine
co-exposure to opioids and psychotropic medications: cohort study. BMJ. 2017;358:j3326.
[PubMed: 28768628]

Short VL, Gannon M, Abatemarco DJ. The Association Between Breastfeeding and Length of
Hospital Stay Among Infants Diagnosed with Neonatal Abstinence Syndrome: A Population-
Based Study of In-Hospital Births. Breastfeed Med. 2016;11:343-349. doi:10.1089/bfm.
2016.0084. [PubMed: 27529500]

MacMillan K, Rendon C, Verma K, Riblet N, Washer D, Holmes A. Rooming-in for Neonatal
Abstinence Syndrome: A Systematic Review and Meta-analysis. JAMA Pediatr. 2018;In Press.

Semin Fetal Neonatal Med. Author manuscript; available in PMC 2020 April 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Schiff and Grossman

Page 13

Practice Points:

. The Finnegan Neonatal Abstinence Scoring System (FNASS) or a shortened
version, is the most widely used assessment tool for measuring neonatal
opioid withdrawal symptoms

. The FNASS tool is inextricably linked to the pharmacologic management of
withdrawal symptoms, despite limited research validating widely accepted
cutpoints.

. Novel assessment tools developed in the last decade have focused on

optimizing clinical utility, developing prediction tools, and objective measures
of withdrawal symptoms

Semin Fetal Neonatal Med. Author manuscript; available in PMC 2020 April 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Schiff and Grossman

Page 14

Research Directions:

. To more accurately evaluate currently used and new assessment tools,
objective measures should be established. Measures of infant physiologic
stress, including skin conductance and cortisol levels may be useful, in
addition to longer term infant and dyadic outcomes such as developmental
outcomes and parental attachment

. Evaluation of assessment tools should control for practice variation by
institution and maternal factors such as polypharmacy exposure
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