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abstractBACKGROUND AND OBJECTIVES: National estimates indicate that the incidence of neonatal abstinence
syndrome (NAS), a postnatal opioid withdrawal syndrome, increased more than fivefold
between 2004 and 2016. There is no gold standard definition for capturing NAS across
clinical, research, and public health settings. Our objective was to evaluate how different
definitions of NAS modify the calculated incidence when applied to a known population of
opioid-exposed infants.

METHODS: Data for this retrospective cohort study were obtained from opioid-exposed infants
born at Vanderbilt University Medical Center in 2018. Six commonly used clinical and
surveillance definitions of opioid exposure and NAS were applied to the study population and
evaluated for accuracy in assessing clinical withdrawal.

RESULTS: A total of 121 opioid-exposed infants met the criteria for inclusion in our study. The
proportion of infants who met criteria for NAS varied by predefined definition, ranging from
17.4% for infants who received morphine to 52.8% for infants with the diagnostic code for
opioid exposure. Twenty-eight infants (23.1%) received a clinical diagnosis of NAS by
a medical provider, and 38 (34.1%) received the diagnostic code for NAS at discharge.

CONCLUSIONS: We found significant variability in the incidence of opioid exposure and NAS
among a single-center population using 6 common definitions. Our findings suggest a need to
develop a gold standard definition to be used across clinical, research, and public health
surveillance settings.

WHAT’S KNOWN ON THIS SUBJECT: Neonatal
abstinence syndrome is a drug withdrawal syndrome
that affects infants exposed to opioids during
pregnancy. The rise in the opioid crisis has led to an
increase in the syndrome’s incidence in the United
States.

WHAT THIS STUDY ADDS: Different definitions of
neonatal abstinence syndrome and opioid exposure
substantially influence estimates of incidence,
highlighting the need for standardization across
clinical, research, and public health settings.
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Neonatal abstinence syndrome (NAS)
is a postnatal drug withdrawal
syndrome that occurs among opioid-
exposed infants.1 The syndrome
consists of a constellation of clinical
signs, including irritability,
hypertonia, tremors, poor feeding,
and gastrointestinal disturbance.
Infants with NAS have longer hospital
stays, resulting in increasing burden
on the health care system and
caregivers.2 As the opioid crisis
expanded across the United States,
the incidence of NAS also grew in
parallel, increasing nearly fivefold
between 2004 and 2014, before
plateauing at 8.8 per 1000 births in
2016.3,4

Despite the recent increasing
incidence of NAS, there remains no
gold standard clinical or surveillance
definition of the syndrome.
Semiobjective clinical tools, such as
modifications of the Finnegan scoring
system, are used widely across
hospital systems to provide
a measure of withdrawal signs and
assist with determining the need for
pharmacologic therapy.5 However,
none of the current clinical tools to
diagnose NAS have been validated,
and each suffers from issues related
to interrater reliability. A lack of
a validated, standardized approach to
diagnosing NAS may leave providers
with diagnostic uncertainty and,
ultimately, may lead to inconsistency
in the diagnosis in clinical and
research settings.6

More recently, federal and state
governments created initiatives to
improve public health surveillance of
the syndrome and, in some cases,
opioid exposure more broadly.7–10 In
June 2019, the Council of State and
Territorial Epidemiologists published
a position statement recommending
standardized surveillance definitions
for use across US jurisdictions;
however, uptake of the Council of
State and Territorial Epidemiologists
surveillance definitions is unclear. At
time of this assessment, 9 states
considered NAS a reportable

condition,11 but each varied in their
approaches. For example, some states
(eg, AZ), require documented
neonatal clinical signs of withdrawal,
whereas others (eg, MA) rely on
billing codes for surveillance. Georgia
is the only state that requires
reporting of all positive infant
toxicology results, even in the
absence of clinical signs of
withdrawal.12

Although there is a strong interest in
measuring opioid exposure and NAS
among newborns, there remains
a limited understanding of how
differences in clinical and public
health measurements may influence
detection. To address this gap in the
literature, we evaluated how the
incidence of NAS differs by various
clinical and surveillance definitions.

METHODS

Data Sources

Data for this retrospective cohort
study were obtained from Team
Hope, an interdisciplinary team at
Vanderbilt University Medical Center
(VUMC) focused on improving the
care of the opioid-exposed mother-
infant dyad.13 Our study population
was composed of all opioid-exposed
infants born at VUMC in 2018 who
were $35 weeks’ gestation and
without critical illness (defined as
a NICU stay $5 days). Infants were
identified as opioid-exposed during
clinical care by using standardized
screening tools augmented by
toxicology testing. Infants were cared
for in the newborn nursery and/or
pediatric inpatient wards and were
followed by Team Hope during the
course of their hospitalization. Patient
demographics, clinical characteristics,
and outcomes for study infants were
obtained from the Team Hope
database and manual chart review.
Internal VUMC administrative billing
data from discharge abstracts were
obtained for all infants included in
our study. This study was considered
exempt from human subjects review

by the VUMC Institutional Review
Board.

Covariates and Outcomes

Data collected for all infants included
sex, gestational age, maternal history
of opioid use, maternal and neonatal
drug screen results, hospital length of
stay (LOS), modified Finnegan
scores,14,15 clinical diagnosis of NAS
and receipt of morphine. We defined
NAS in VUMC administrative data
using the International Classification
of Diseases, 10th Revision, Clinical
Modification, (ICD-10-CM) code P96.1
(neonatal withdrawal symptoms from
maternal drugs of addiction). We
defined opioid exposure using the
ICD-10-CM code P04.49 (newborn
affected by maternal use of other
drugs of addiction). The ICD-10-CM
code P04.14 (newborn affected by
maternal use of opiates) was also
included in the definition of opioid
exposure when this code became
available in October 2018.

Definitions

Informed by the literature16–19 and
clinical practice, we evaluated
a number of definitions of NAS. We
analyzed both the clinical aspects of
an infant’s hospitalization as well as
surveillance measures, including state
reporting and administrative billing
codes. We applied the following 6
proposed definitions of opioid
exposure and NAS to our study
population:

1. infants with modified Finnegan
scores of 8 twice in a row or 12
once;

2. infants ever having received
morphine during hospitalization;

3. infants with a clinical diagnosis of
NAS by a medical provider;

4. infants reported to the Tennessee
Department of Health with NAS
(state surveillance); Tennessee
state definition is a history of
maternal drug exposure as well as
evidence of effect on infant
(clinical signs of withdrawal or
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laboratory confirmatory drug
tests);

5. infants assigned ICD-10-CM P96.1
at hospital discharge (diagnostic
code for NAS); and

6. infants assigned ICD-10-CM
P04.49 or ICD-10-CM P04.14 at
hospital discharge (diagnostic
codes for opioid exposure).

Analysis

We calculated descriptive statistics
for all opioid-exposed infants
included in our study and evaluated
how different definitions of NAS
influenced the incidence of the
syndrome. Next, we evaluated how
these definitions were affected by an
infant’s LOS by separating the study
population into 2 groups: infants with
an LOS #5 days and infants with an
LOS $6 days. An LOS of 5 days was
selected as a sample cutoff because of
current AAP recommendations that
infants should be observed in the
hospital for signs of clinical
withdrawal for a minimum of 3 days
after exposure to short-acting opioids
or 5 to 7 days after exposure to long-
acting opioids.5

RESULTS

A total of 121 opioid-exposed Team
Hope infants met the criteria for
inclusion in our study. Forty-eight
percent of the infants were male, and
the median gestational age was
39.0 weeks (interquartile range [IQR]
37.6–39.6). Maternal toxicology
testing results were positive for at
least 1 substance in 104 of 110
(94.5%) of patients with available
records. The remaining infants were
identified on the basis of a known
maternal history of opioid use
documented in their medical record.
The majority of infants (119 out of
121) were scored by using
a modification of the Finnegan score
during their hospital stay, with
a median maximum score of 7.0 (IQR
5.0–10.0). A total of 28 infants were
clinically diagnosed with NAS by

a medical provider during their
hospital stay. The baseline
characteristics for infants with opioid
exposure or NAS are included in
Table 1.

Evaluation of Definitions

We applied the 6 predefined
definitions to our study population
and evaluated the clinical
characteristics of infants captured by
each definition. Of the 35 infants that
received a Finnegan score of 8 twice
consecutively or 12 once during their
hospitalization, a common standard
for initiating pharmacologic
treatment, a total of 26 (74.3%)
infants were clinically diagnosed with
NAS by a medical provider, and 21
(60.0%) received morphine (Fig 1).
Two additional infants received
a clinical diagnosis of NAS during
their hospitalization without meeting
the semiobjective Finnegan score
setpoint. The NAS diagnostic code
(ICD-10-CM code P96.1) was assigned
to a total of 38 study infants at the
time of discharge, 26 (68.4%) of
whom received a clinical diagnosis of
NAS. Two infants were clinically
diagnosed with NAS by a medical
provider but did not receive the NAS
diagnosis code at time of discharge:
the first infant received morphine for
pharmacologic management of NAS,
and the other had NAS listed as
a problem by the medical provider in
the chart but had only
nonpharmacologic management. For
our entire population of opioid-
exposed infants, only 64 (52.9%)
infants were assigned one of the

diagnostic codes for opioid exposure
(ICD-10-CM code P04.49 or ICD-10-
CM code P04.14). Thirty-four infants
(28.1%) did not receive any of the 3
ICD-10-CM billing codes at the time of
discharge.

LOS

Infants were then separated into 2
categories on the basis of hospital
LOS (Table 2). A total of 69 infants
were observed in the hospital for
#5 days before discharge from the
hospital. Only 1 infant in this group
received a clinical diagnosis of NAS by
a medical provider, but 5 were
assigned the diagnostic code for NAS
at discharge. Fifty-two infants were
hospitalized for $6 days. Twenty-one
of these infants received morphine,
and 27 were diagnosed with NAS by
a medical provider. The remainder of
the infants had a prolonged
hospitalization because of clinical
factors (which may or may not have
been related to antenatal opioid
exposure) or social factors (eg, foster
care placement).

DISCUSSION

We found substantial variation in
measured NAS incidence based on
common definitions used across
research, clinical practice, and public
health settings. There currently is no
registry with clinical data for opioid-
exposed infants and those diagnosed
with NAS, making multisite
comparisons of definitions difficult.
Although limited by extrapolating
data from 1 center, our results reveal
that heterogeneity in definitions can

TABLE 1 Clinical Characteristics for Opioid-Exposed Infants With and Without a NAS Diagnosis by
a Medical Provider

Full Study Population Without NAS Diagnosis NAS Diagnosis

No. infants 121 93 28
Male, n (%) 58 (47.9) 47 (50.5) 11 (39.3)
Gestational age in wk, median (IQR) 39.0 (37.6–39.6) 38.7 (37.4–39.6) 38.9 (37.8–39.6)
Maternal drug tests positive for

1$ substances, %
94.5 94.1 96.0

Maximum modified Finnegan score,
median (IQR)

7.0 (5.0–10.0) 6.9 (5.0–8.0) 12.5 (10.0–14.3)

LOS in d, median (IQR) 5.0 (5.0–7.0) 5.0 (5.0–6.0) 14.5 (7.8–16.0)
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substantially affect incidence
estimates.

In practice, NAS is often used as
a proxy of maternal opioid use;
however, our findings reflect similarly
published research that not all
opioid-exposed infants develop
clinically significant symptoms of the
syndrome.20 Our 6 definitions
captured anywhere from 17.4%
(received morphine) to 52.9%
(diagnostic codes for opioid
exposure) of infants within our study.
Although many hospitals use clinical
tools (eg, modified Finnegan score
and Eat, Sleep, Console) to assess
withdrawal in opioid-exposed infants,
these tools can be subjective and
difficult to standardize across
multiple settings and multiple
institutions.21 There are a wide

variety of tools for hospitals to use,
and there are no empirical data that
one tool is superior to another.22,23 In
addition, even within our single-
center study, we saw differences in
individual medical provider’s
assessment of signs of withdrawal,
which highlights how an infant’s
clinical course after opioid exposure
is heterogenous. Many opioid-
exposed infants may experience mild
signs of withdrawal necessitating
a prolonged hospitalization, but may
not require pharmacologic
management. In our study
population, 52 infants were
hospitalized for $6 days after birth,
but only 27 of these infants were
clinically diagnosed with NAS, and 33
infants were assigned the diagnostic
code for NAS at discharge. Despite
these clinical complexities, there are

no agreed on tools that stratify
infants in a scheme such as mild,
moderate, and severe.

For public health surveillance, billing
codes from hospital discharge
abstracts are a convenient way to
identify infants across multiple
hospital settings and, therefore, are
used widely for state surveillance and
public health research.17,18,24 In our
study population, the diagnostic code
for NAS captured 26 of the 28 infants
clinically diagnosed with NAS, similar
to findings from previous work25;
however, we found that 12 additional
opioid-exposed infants received the
diagnostic code for NAS at the time of
discharge but did not demonstrate
clinically significant signs of
withdrawal during hospitalization to
warrant a clinical diagnosis from
a medical provider. The diagnostic
codes for opioid exposure were
applied to only 64 (52.9%) of the
opioid-exposed infants in our study.
Thus, our single-center study
identified both underreporting of
opioid exposure and overreporting of
NAS in administrative billing codes.
Inconsistencies in hospital coding
may be secondary to incomplete
documentation by the medical
provider, lack of access to mother’s
chart for the coders, or, simply, the
lack of a clear definition of opioid
exposure and NAS across settings.

If we extrapolate these findings to
national data, we suspect that current
estimates of the incidence of NAS and
opioid exposure are likely inaccurate.
National estimates suggest there were
between 26 000 and 32 000 infants
diagnosed with NAS in 20164,26;
however there are no available
national estimates of opioid exposure.
In our single-center study, only 87
(71.9%) infants received any code for
opioid exposure or NAS at the time of
discharge, suggesting that current
public surveillance efforts may not be
capturing all infants. In addition,
reliance on NAS as a measure for
opioid exposure may substantially

FIGURE 1
Matrix depicting the number of study infants that met criteria for all 6 NAS definitions, as well as the
number of infants meeting criteria for combinations of definitions.

TABLE 2 Number of Opioid-Exposed Infants Meeting Criteria for Our 6 NAS Definitions

Full Study Population
(n = 121)

LOS #5 d
(n = 69)

LOS 6$ d
(n = 52)

Finnegan score .8 twice or 12 35 (28.9) 5 (7.2) 30 (57.7)
Received morphine 21 (17.4) 0 (0) 21 (40.4)
Clinical diagnosis 28 (23.1) 1 (1.4) 27 (51.9)
State surveillance 27 (22.3) 1 (1.4) 26 (50.0)
Diagnostic code for NAS 38 (31.4) 5 (7.2) 33 (63.5)
Diagnostic code for opioid exposure 64 (52.9) 37 (53.6) 27 (51.9)

Data presented as n (%).
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underestimate the true incidence of
exposure.

Standardization of opioid exposure
and NAS is needed for clinical
practice, research, and public health
surveillance, yet, currently, the data
available vary in each context, and, at
present, uniformity may be difficult
to achieve across all settings. All
infants who are antenatally exposed
to opioids (on the basis of maternal
history or a positive maternal drug
screen result during pregnancy)
should be coded with ICD-10-CM
code P04.14 at the time of discharge.
In clinical practice, until there is an
agreed on definition for the
syndrome, using a diagnosis of NAS
by a medical provider, although
subjective, may provide the best
single measure to capture NAS and
should prompt assignment of ICD-
10-CM code P96.1 at discharge.
Uniform criteria across all hospital
settings would require consensus on
the clinical measure of NAS. The
variation in clinical tools available to
assess opioid-exposed infants across
settings may affect hospital billing
data reliability and, therefore, may
complicate national public health
surveillance measures. For
researchers using large
administrative data sets or for public

health surveillance, it may be
possible to use a combination of
objective measures to estimate
NAS incidence. For example, a LOS
.5 days, an ICD-10-CM diagnosis
code for NAS, or indication of
morphine administration (if
available) would capture 47.1% of
patients in our clinical sample of
opioid-exposed infants, including
100% of infants that received
a clinical diagnosis of NAS by
a medical provider.

Our study is limited by evaluation at
only a single medical center. Clinical
care processes, including use of
modified Finnegan scoring and
pharmacologic treatment with
morphine, may not be generalizable
to other hospital settings. The 6
definitions in our clinical sample and
administrative billing data may be
prone to misclassification bias. A
diagnosis of NAS in Tennessee
mandates a report to the Department
of Children’s Services, which may lead
to a reluctance on the part of the
medical provider to assign the
diagnosis. In addition, assessment
tools used in our study (eg, modified
Finnegan scoring) can be subjective
and are prone to interrater reliability
challenges.

CONCLUSIONS

Detecting opioid exposure and NAS
varies substantially depending on the
definitions applied to infants. The
lack of standardized definitions
across research, clinical practice, and
public health settings may
substantially influence detection in
each setting. Standardizing
definitions across settings of opioid
exposure and NAS may reduce
variability in the diagnosis and
improve the reliability of surveillance
estimates.
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