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Abstract

Opioid-exposed infants display a wide and variable range of dysregulated neurobehavioral
functioning, but the regulatory difficulties experienced by these infants outside the defined clusters
of neonatal abstinence syndrome (NAS) have not been well described, and may have implications
for the infant’s developmental course. This study describes the neurobehavioral functioning of
neonates prenatally exposed to methadone using the NICU Network Neurobehavioral Scale (NNNS)
and explores the relationships between maternal factors and infant functioning. The relationship
between NNNS measures, NAS severity and need for pharmacotherapy for NAS were also evaluated.
Infants who required pharmacological treatment for NAS showed more dysregulated behavior and
signs of stress/abstinence as indicated by NNNS scores, but NNNS scores were not significantly
correlated with maternal methadone dose. The determination of the range of the methadone exposed
infant’s neurobehavioral repertoire could guide the optimal treatment of all such infants, particularly
those requiring only non-pharmacological care.

Opioid dependency remains a significant public health concern in the U.S, and there is
mounting evidence that problems related to abuse of opioid pain relievers/narcotic analgesics,
such as hydrocodone and oxycodone, are increasing (1). Opioid dependency during pregnancy
is a particular concern, as there are significant consequences for the maternal-fetal/infant dyad.
Methadone maintenance treatment remains the standard of care for opioid-dependent pregnant
women in the US. Methadone maintenance in the setting of comprehensive service provision
during pregnancy significantly improves pregnancy outcomes for opioid-dependent women
(2), but is not without consequences for the infant. Methadone crosses the placental barrier
freely and acts diffusely in the fetal brain, potentially affecting several regions and processes
that can result in variable and unpredictable behavioral deficits in the infant (3). The
compromised nervous system in the methadone-exposed newborn negatively impacts the
newborn’s regulatory capacities (e.g. intensity of arousal, sensory, motor, autonomic
regulation) challenging the adaptation of the newborn to extra uterine life and affecting basic
functions such as sleeping, feeding, thriving and interactions with caregivers and the
environment (4,%). Evaluations of the difficulties presented by the opioid-exposed infant have
been chiefly focused on the infant’s display of NAS, a cluster of signs and symptoms of
dysfunction in several arenas, including central and autonomic nervous systems,
gastrointestinal and respiratory systems, and the requirement for pharmacologic treatment of
such (6). The regulatory difficulties experienced by these infants outside the defined clusters
of symptoms of NAS have not been well described. Previous research using the Brazelton
Neonatal Behavioral Assessment Scale (NBAS; 7) to a group of methadone-exposed infants
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found them to be more state labile, displaying more tremors and hypertonicity than non-
exposed infants; they cried more and had variable patterns of responses to stimulation (4).
Behavioral management of symptoms of regulatory dysfunction displayed by the infant with
NAS has been facilitated using the NBAS. In one study, a group of hyperirritable infants were
treated successfully by applying the consolability domain techniques of the NBAS; the authors
concluded that systematic observation of newborn behaviors could be a significant adjunct in
diagnosis and management of NAS (4). Based on the NBAS, the Neonatal Network
Neurobehavioral Scale (NNNS; 8) was developed as a neurobehavioral assessment for the at-
risk infant. The NNNS has been used to evaluate the manners in which stressors, such as in-
utero substance exposure, maternal depression, and premature birth, affect infant self-
organizing neurobehavioral capacities (9). There have been several studies using the NNNS
to describe the neurobehavioral effects of in-utero exposure to cocaine (10,11), nicotine (12),
marijuana (13), and methamphetamine (14) exposure; however, assessment of opioid-exposed
newborns using the NNNS has been scarce (15,16).

The recognition of regulatory difficulties expressed by opioid-exposed infants serves many
purposes. Chief among them is the determination of the nature of the neurological and
behavioral dysfunction displayed, beyond the defined NAS symptom clusters. The
determination of the range of infant experience of dysregulated behavior could guide the
optimal treatment of all such infants, particularly those requiring only non-pharmacological
care. Additionally, the early detection of specific areas of dysregulation may indicate
interventions that may ameliorate developmental, behavioral, or interactional problems.

The purpose of this study is to describe the neurobehavioral functioning of neonates prenatally
exposed to methadone using the NNNS on the infant’s third day of life. The relationship
between the NNNS and several maternal factors are explored, including maternal history of
drug use, maternal methadone exposure, and other substance (illicit drug, nicotine,
psychotropic medications) exposure. The relationship between NNNS measures, NAS severity
and need for pharmacotherapy for NAS are evaluated.

Participants were 77 methadone-maintained pregnant women enrolled in a comprehensive
treatment program offering mental health and substance abuse treatment, obstetric and
pediatric care, described elsewhere (17), who delivered an infant free of significant medical
complications, such as preterm (<37 weeks estimated gestational age (EGA)) birth or need for
medical interventions, and selected from an ongoing study evaluating the effects of methadone
on maternal and fetal physiology, between 2002 and 2007. Maternal participants were enrolled
at 32 weeks of gestation based on their ability to maintain drug abstinence and program
compliance. All participants met DSM-IV-R (Diagnostic and Statistical Manual of Mental
Disorders, 4™ edition, revised) criteria for opiate dependence and federal guidelines regarding
methadone maintenance therapy. Excluded from the study population were women with
concurrent alcohol use as assessed by the Addiction Severity Index (18) interview on program
intake, complications of pregnancy such as gestational diabetes, multiple gestations, or
significant health concerns (i.e. HIV infection) that might affect newborn behavior. Program
standards required, at a minimum, weekly random urinalysis testing for opiates, cocaine,
benzodiazepines, barbiturates, THC, PCP, and alcohol. Other methodological details regarding
the parent study have been described (19).

Maternal drug use, methadone history, and other substance exposure

Several measures of maternal substance exposure (licit substance abuse/illicit use and
prescribed medications) were obtained to determine their association with the infant’s
neurobehavioral assessment on day 3, including: maternal methadone history, licit/illicit drug
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use, psychotropic medications, and nicotine use. Maternal methadone maintenance history
(trimester methadone maintenance initiated; total number of gravid days methadone received;
total amount of methadone ingested during pregnancy; methadone dose at delivery) was
obtained from medical records. Maternal drug use history was obtained from two sources: the
total years of regular (3x/week or more) drug use was gathered by subject report and percent
of drug-positive urines from admission to delivery were obtained from medical records.
Exposure to psychotropic medications, assessed by patient report at 36 weeks EGA and
confirmed by patient chart review, and nicotine (# cigarettes smoked/day by patient report)
were recorded for each participant. The Johns Hopkins Medicine Institutional Review Board
5 approved the protocol, and all subjects provided written, informed consent.

Infants were hospitalized for a minimum of 4 days postnatally for observation for signs/
symptoms of NAS, as per standard care at the hospital of delivery. Infants received NAS scoring
every 3-4 hours for their entire hospitalization, and were evaluated and treated based on an
algorithm modified from Finnegan (20) and described elsewhere (21). Treatment was begun
with two consecutively obtained scores greater than 8. Neonatal treatment at the hospital of
record is a symptom-based algorithm that provides oral morphine based on severity of NAS
symptoms. Increasing doses of medication are provided for escalating NAS scores until the
infant achieves a plateau of scores below 9. The infant is stabilized on this dose of medication
for 48 hours with all NAS scores below 9, and then gradually weaned from medication. There
are standardized protocols for weaning and re-escalation (i.e. if the infant requires more
medication due to increasing NAS scores once stabilized). NAS scores were obtained by
clinical nursing staff experienced in the treatment of drug-exposed neonates, who were not
made aware of the infant’s enrollment in the study for the period of the infant’s hospitalization.
All infant hospitalization data was collected by chart review after discharge.

Neurobehavioral Assessment

Infants (n=77) underwent NNNS testing on the third day of life, chosen because most infants
exhibiting significant symptoms of NAS do so by day three (6) and defined as the third block
of 24 hours after birth.

Developed for a multisite, longitudinal study of drug-exposed infants (22), the NNNS is a semi-
structured, comprehensive instrument that assesses neonatal neurological integrity and
behavioral functioning, drug withdrawal and general stress signs (8). The NNNS items are
summarized into 13 separately scored subscales: habituation, attention, handling, quality of
movement, regulation, non-optimal reflexes, asymmetric reflexes, arousal, hypertonicity,
hypotonicity, excitability, lethargy, and stress/abstinence. The stress/abstinence subscale
includes a rating of the presence or absence of 50 signs of stress and abstinence grouped into
7 categories: physiological, autonomic, central nervous system (CNS), skin, visual,
gastrointestinal, and state. The NNNS was administered in a quiet exam room, between
feedings, with the infant initially asleep and swaddled. Examiners (MLV and LMJ) were
NNNS-certified and blinded with respect to NAS treatment status.

Data analysis

Sociodemographic and clinical characteristics of the mothers and their infants were described
using frequency distributions for categorical variables and mean/standard deviations for
continuous variables. Because the NNNS measures were not normally distributed, non-
parametric methods were used to evaluate the association between NNNS scores and 1) NAS
scores 2) the infant currently receiving pharmacologic treatment for NAS on day 3, and 3)
maternal substance exposure variables including methadone during pregnancy. A Spearman
correlation matrix was utilized to evaluate the influence of maternal methadone use (i.e.
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methadone dose at delivery, gestational cumulative methadone dose, and number gravid days
on methadone) on the NNNS scores. The influence of licit (nicotine, selective serotonin
reuptake inhibitors (SSRI)) and illicit drug use on the NNNS was evaluated using a Spearman
correlation matrix with the goal of determining their possibility of being a confounding factor
on the neurobehavioral effects of methadone use. Then, partial Spearman correlations were
used to re-assess the degree of association between methadone use and NNNS variables
controlling for other drug exposures (i.e. years of regular illicit drug use, cigarettes per day and
percent drug-positive urines). Finally, given that the need for pharmacological treatment of
NAS is an indicator of the severity of NAS and a possible surrogate indicator of the role of
genetic and/or environmental factors that may alter the susceptibility to or expression of the
methadone teratogenic process, we compared the NNNS scores of the infants who required
and those who did not require pharmacological treatment for NAS using non-parametric one-
way analyses of variance (ANOVAs). Due to the non-normal distributions of NNNS variables,
a Spearman correlation matrix was used to assess the degree of association between the NNNS
summary scores and the NAS scores at day 3.

Maternal characteristics are presented in Table 1. Mothers were predominantly white, in their
late 20's, and had less than a high school education. Most (86%) listed heroin as their primary
drug of choice. Most (79.3%) began methadone treatment in the second trimester or earlier;
mean methadone dose at delivery was 75.6 + 21.0 mg/day. Twenty-one (27.3%) participants
were taking prescribed SSRI medications (i.e. fluoxetine, sertraline and/or paroxetine) at the
time of delivery for the treatment of psychiatric comorbidities, primarily depression.

Neonatal characteristics are presented in Table 2. There was a preponderance of female infants
(65%). Gestational age at delivery was defined by second trimester ultrasound, provided as a
standard of care in the treatment program. Slightly more than half (53.3%, n=41) required
pharmacological treatment for NAS. On average, the highest NAS score was 11 and recorded
on the third day of life. For neonates treated for NAS the total number of days treated were
13.8+9.7 (range 4 — 44) days.

A Spearman correlation matrix was generated to assess the degree of association between
maternal methadone exposure and the NNNS scores. There were no significant correlations
between methadone dose at delivery or gestational cumulative methadone dose and NNNS
variables. Days on methadone while pregnant were significantly inversely correlated with
lethargy (r=—0.31, p=0.0063).

Years of regular illicit drug use were significantly inversely correlated with the stress — skin
category of the stress/abstinence NNNS subscale (r=—0.27, p=0.02). Percent drug-positive
urines from admission to delivery was significantly positively correlated with attention (r=0.35,
p=0.0056), and negatively correlated with handling (r=—0.24, p=0.0489) and stress state (r=
—0.31, p=0.0077). Nicotine exposure was not significantly associated with any NNNS
variables.

Twenty-one mothers (27.3%) were taking SSRIs. None of the differences in NNNS outcomes
comparing mothers with and without SSRIs achieved statistical significance. SSRI use was
not associated with NAS score (data not shown).

Partial correlations (Spearman) controlling for other exposures during pregnancy (cigarettes
per day, percent drug-positive urines, and years of regular drug use) reveal that methadone
dose at delivery and cumulative methadone dose still were not significantly associated with
any NNNS variables. Number of gravid days on methadone was no longer associated with
lethargy. However, gravid days on methadone became significantly positively correlated with
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self-regulation (r=0.39, p=0.047) and quality of movement (r=0.51, p=0.0076), and inversely
correlated with arousal (r=—0.40, p=0.042), excitability (r=—0.46, p=0.019), and stress state
(r=—0.25, p=0.038).

NAS score was significantly correlated with arousal (r=0.23, p=0.041), self-regulation (r=
—0.31, p=0.0068), quality of movement (r=—0.28, p=0.017), excitability (r=0.36, p=0.0013),
hypertonicity (r=0.49, p<0.0001), stress/abstinence (r=0.32, p=0.0063), CNS stress (r=0.29,
p=0.013), and stress state (r=0.28, p=0.017).

NNNS summary scores for the entire sample and for treated vs. untreated newborns are shown
below; comparison of scores was done using nonparametric one-way ANOVA. Infants
requiring pharmacological treatment had significantly higher scores for habituation (F1 40 =
4.14, p=0.048), arousal (F1 75=4.37, p=0.044), excitability (F1 75=5.70, p=0.020) and
hypertonicity (F1 75=6.05, p=0.016; table 3) than infants not requiring pharmacological
treatment for NAS. Treated and untreated infants were not significantly different in terms of
birth weight or gestational age, so differences in these variables did not confound these
analyses.

Discussion

This study describes the behavioral repertoire and functioning of a group of hewborns exposed
to methadone in-utero in relation to maternal history of substance abuse, exposure to methadone
and/or other licit/illicit substances, and the infant’s need for pharmacologic treatment for NAS.

In this sample, there were no significant correlations between the methadone dose at delivery
or cumulative gestational methadone dose and the infants’ neurobehavioral repertoire on day
3 of life as measured using the NNNS. These results support findings from previous studies
that suggest a lack of relationship between maternal methadone dose at delivery or cumulative
gestational methadone and NAS severity as measured by the Finnegan (23,24,25), although this
has been disputed by other researchers (26). However, results from the multivariate model in
this study revealed that the number of gravid days on methadone might have a slight positive
effect on several areas of the newborn’s functioning such as self-regulation, quality of
movement, arousal, excitability, and stress state on the NNNS. The reason for this finding may
be related to the relationship between number of gravid days on methadone and length of time
the mother spends in comprehensive drug treatment. Women engaged in treatment for longer
periods of time are likely to have more prenatal and mental health care, less illicit drug use and
better lifestyles in general than women who receive less treatment, and these factors are likely
to have a beneficial effect on the functioning of her infant.

Expectedly, this study confirms that infants that require pharmacological treatment for NAS
as measured by modified Finnegan scores, have more dysregulated behavior and signs of stress/
abstinence, as indicated by NNNS scores. Although infants not requiring treatment for NAS
displayed more optimal performance in the majority of NNNS subscales, it is interesting to
note that higher scores particularly in the areas of arousal, excitability, and hypertonicity, were
significantly different between the infants requiring versus not requiring pharmacological
treatment. This suggests that infants requiring NAS treatment are more irritable, more
hypertonic, and have greater difficulty modulating arousal. Difficulties in these areas may
indicate the infant’s inability or difficulty in maintaining internal equilibrium while responding
to external cues or stimulation. That the infant has difficulty in modulating sensory input from
the environment in addition to difficulty yielding appropriately organized responses has
important clinical implications both for interventions for the mother and infant in the neonatal
period and for the early recognition of infant regulatory difficulties. Early identification and
treatment of these difficulties may have a role in the prevention of subsequent long-term
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developmental and interactional problems. This is especially true for mothers already
emotionally compromised by depression, anxiety, feelings of guilt or insecurity that are
potentially magnified by her knowledge that the infant will have a more severe course of NAS.

Although there were no significant associations between the maternal methadone dose at
delivery and the NNNS subscale scores, there were significant neurobehavioral differences
between infants needing versus those not needing pharmacological treatment for NAS. These
findings suggest that the variability in the severity of the symptoms displayed by the
methadone-exposed neonate may be related to the interaction of methadone exposure with
other factors, either maternal (e.g. prenatal stress) and/or fetal (e.g. genetic, nervous system
maturational trajectory, gender, etc). The identification of markers (clinical, neuroanatomic,
neurophysiologic, or neurochemical) predictive of the subsequent expression of neonatal
behavioral problems is crucial to the identification of particular prenatal and/or postnatal
interventions that may prevent, offset, or modify the expression of functional maladaptations
and their behavioral correlates (27). Additionally, the association between the NNNS and NAS
scores indicates that the NNNS is a tool capable of detecting those infants at risk for more
severe NAS, and therefore pharmacotherapeutic intervention. The combination of the tools in
the evaluation of the exposed infant may allow earlier or more accurate identification of at-
risk infants, and therefore earlier therapeutic intervention, possibly shortening the infant’s
hospital course.

Tronick and colleagues (28) described normative data for the NNNS using a sample of selected
one- or two-day-old healthy newborns not prenatally exposed to methadone or illicit
substances. We compared the mean responses observed in our sample to their published data,
using two-sample t tests. The methadone-exposed newborns in this sample, even those not
needing pharmacotherapy for NAS, had different functioning in several NNNS subscales than
the described healthy non-exposed newborns in the domains of habituation, attention, handling,
non-optimal reflexes, hypertonicity, hypotonicity, and stress/abstinence, suggesting
impairment in regulatory functioning among the methadone-exposed infants. This indicates
that all opioid-exposed infants, even those not requiring pharmacotherapy for significant
expression of symptoms, have specific difficulties in some neurobehavioral areas leading to
specific care requirements in at least the neonatal period, which must be relayed to caregivers.
Recognition of these problems may have a positive impact on the newborn’s functioning, the
mother/infant interaction, and complement the infant and maternal recovery process (29).

Use of illicit drugs in addition to methadone seems to play a role in the neurobehaviors
displayed by the methadone-exposed newborn. In this sample, a higher percentage of any
maternal illicit drug-positive urines during pregnancy was positively correlated with attention
and inversely correlated with handling and stress state categories, suggesting that some of the
variability in the neurobehavioral performance among this group may be related to the effects
of other substances. The differential expression of neurobehaviors in infants exposed to both
methadone and other drugs during gestation has been limited. A study using the NBAS
comparing groups of methadone-exposed, polydrug (non-methadone)-exposed and control
(non-exposed) newborns found that the “polydrug” non-methadone exposed groups displayed
neurobehaviors that were more dysregulated than controls, but displayed less impairment in
functioning than the methadone-exposed group. The authors suggested a possible escalating
continuum of somatic and physiologic impairments which range from normal non-exposed
control newborns, to non-opioid-exposed infants of polydrug users to infants of methadone-
maintained women (30). Scales such as the NNNS, which measure aspects of infant
neurobehavioral functioning differently from the Finnegan scales, may be more accurate in
detecting the spectrum of difficulties presented by the methadone/polydrug-exposed newborn;
in addition, methadone exposure should be considered as an indicator of exposure to multiple
stressors (e.g. poor nutrition, late prenatal care, psychosocial problems, etc) that can impact
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the newborn’s behavior (10); further studies are needed to better understand the interactive
effects of these factors on the severity of symptoms, in order to address the surrounding context
in which methadone maintenance occur during pregnancy.

Maternal SSRI use was not associated with NAS scores, which is consistent with previous
work by this team of investigators (24). Interestingly, there were no associations between
NNNS scores and cigarette use. Nicotine exposure has been found to potentiate NAS severity
among infants of methadone-maintained heavy smokers (31), and nicotine alone has been
shown to produce a withdrawal-like phenomenon in exposed infants (32). Further studies are
needed to determine the nature of these effects, both in tandem with methadone exposure and
individually.

Both human and animal studies indicate that prenatal methadone exposure produces a variety
of short- and long-term neurobehavioral sequelae (33,34,3%). Although the immediate postnatal
impact of maternal methadone use on infants has long been recognized as NAS, there are still
many unanswered questions related to the variability of functioning for this group of infants.
Researchers and clinicians usually attribute the functional status of methadone-exposed
newborns to NAS, as defined by the need for medication therapy only. However, scales that
only explore NAS symptoms do not capture some aspects of the newborn’s neurobehavioral
repertoire that can serve to impair the infant’s regulatory functioning and interactions with the
environment and caregivers. It is not completely understood whether these newborn behaviors
are only direct effects of the abrupt withdrawal of the maternal opioid upon delivery, but it
appears from this research that other, undescribed factors play a significant role in neonatal
neurobehavioral expression.

There are several limitations in this study. First, these data reflect infant functioning using the
NNNS on day 3 of life, and the bearing of these findings on the future development of affected
infants is not known. Second, there are methadone-exposed infants that develop significant
symptoms of NAS after day 3 of life. It is possible that some of the infants that were included
in the non-pharmacologic subsample developed symptoms of NAS severe enough to require
pharmacologic treatment after they were released from the hospital and were not included in
the treated subsample. Third is the maternal use of other psychoactive substances (illicit drugs
and SSRIs) that may affect neonatal neurobehavior in addition to methadone among the
subjects in this sample. The population of infants studied was selected based on their mother’s
ability to maintain drug abstinence and program compliance, a sample that may not be highly
generalizable to the general population of opioid-dependent, pregnant women. Similarly, the
infants studied were born at term and free from significant medical complications other than
NAS, which may also limit generalization to the population of methadone- and other drug-
exposed infants as a whole. Ultimately, any study describing infants of drug-dependent women
will entail the confounding effects of early illicit drug exposure, licit drug exposure, and other
factors common to drug using populations.

This study suggests the need for a systematic evaluation of the broad range of the methadone-
exposed infant’s neurobehavioral repertoire using tools like the NNNS, in whole or in part, in
combination with the Finnegan scale. This comprehensive evaluation would include items not
adequately captured by scales that evaluate NAS and that could impact the developmental,
behavioral, and interactional trajectories of the infant. Information gleaned from a combination
of tools may provide a better understanding of and therefore more optimal treatment for opioid-
exposed infants, particularly those that have more subtle impairments in functioning that do
not ultimately require pharmacologic treatment for NAS. Information from the NNNS can be
used as part of the discharge plan and education of the caregivers (9), and as such may be highly
beneficial to the recovery process of the chemically dependent woman.
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Gaps in knowledge remain about the relationship between alterations in neurobehavioral
functioning in young infants, such as those described in this study, and later functioning,
particularly since longitudinal studies involving infants of drug-dependent women are difficult
due to the multiple confounders often present in this group. It is not known whether the
newborn’s regulatory deficits portend a more persistent dysregulation that creates vulnerability
for later developmental and behavioral problems. There is a need for longitudinal studies
defining the developmental trajectories of methadone-exposed infants that display
dysregulation in the neonatal period, to include the ability of the infant to overcome the early
deficits in neurobehavioral functioning as well as the evaluation of interventions that can assist
this population. By determining the specific nature of neurobehavioral functioning of infants
exposed to methadone during pregnancy, we can optimize their pharmacologic and non-
pharmacologic care, and inform future investigations into long term functioning of opioid-
exposed infants.
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EGA Estimated gestational age

NAS Neonatal Abstinence Syndrome

NBAS Neonatal Behavioral Assessment Scale

NNNS NICU Network Neurobehavioral Scale
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Table 1

Maternal characteristics during pregnancy (N=77)

Number (percent)/Mean (SD)

Race
Caucasian
African American
Other/Unknown
Age (Years)
Education Level (years, n=75)
Maternal substance use
1%t Drug of choice™
2M Drug of choice™
Years of regular use (any drug)

Percent drug-positive urines (Admission to
Delivery)

Cigarettes per day

Trimester started methadone

Days pregnant on methadone
Methadone dose at delivery
Cumulative methadone dose

SSRIs use

46 (60%)

28 (36%)

3 (4%)

27.9+5.5 (range 18 — 41)
11.0 + 1.5 (range 6 — 14)

85.7% heroin, 5.2% cocaine

66.7% cocaine, 15.0% heroin, 5.2% benzo
9.0 £5.6 (range 1 — 28)

7.4 +11.5 (range 0 — 48)

10.7 £ 7.1 (range 0 — 30)

35.1% 1%, 44.2% 2", 5.2% 3", 15.6%
throughout pregnancy

158.7 + 64.8 (range 8 — 276)

75.6 + 21.0 (range 15 — 120)

11050.16 + 5943.9 (range 1330 — 28290)
21 (27.3%)

*
Percentages in descending order; only drugs having frequencies of 5% or greater are listed.
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Table 2

Neonatal characteristics of methadone exposed newborns (N=77)

Number (percent)/Mean (SD)

Gender
Male
Female
Gestational age at delivery (weeks)
Birth weight (grams)
Neonatal withdrawal
Treated for opiate withdrawal
Highest Finnegan score
Day of highest Finnegan score
Average Finnegan score on Day 1
Average Finnegan score on Day 2
Average Finnegan score on Day 3

Length of hospital stay (days)

27 (35%)

50 (65%)

39.5+ 1.2 (range 36.6 — 41.4)
3116.4 + 501.9 (range 1885-4925)

41 (53.3%) treated

11.1 £ 4.7 (range 3 - 26)
3.2+ 2.3 (range 1 - 15)

3.7 £ 2.2 (range 0.33 - 10.5)
6.0 +2.8 (range 0.2 - 11.7)
5.9 £ 2.4 (range 0.7 — 13.5)
10.5 £ 9.0 (range 4 — 47)
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Neurobehavioral performance reflected by the summary scores of the NNNS for entire sample
and NAS Treated vs. Untreated Infants

Entire Sample (n=77)

Treated Newborns (n=41)

Untreated Newborns (n=36)

Habituation 5.95+1.91(1.00-9.00) | 659+ 1.39 (3.00-8.33) 5.43 + 2.14 (1.00-9.00)
Attention 3.09%1.61(1.00-7.71) | 2.96 +1.49 (1.00-7.14) 3.26 +1.76 (1.20-7.71)
Arousal 420+0.86(1.17-5.29) | 4.39+0.81 (1.50-5.14) 3.99 +0.88 (1.17-5.29)
Regulation 4.83+0.77(3.23-6.47) | 4.77 +0.75 (3.36-6.20) 4.89 £ 0.80 (3.23-6.47)
Handling 0.80+0.23(0.25-1.00) | 0.82+0.21 (0.38-1.00) 0.76 + 0.26 (0.25-1.00)

Quality of movement

4.11+0.76 (1.50-5.00)

4.02 +0.86 (1.50-5.00)

4.22 +0.62 (2.50-5.00)

Excitability

4.22+2.76 (0.00-11.0)

4.90 + 2.65 (0.00-11.0)

3.44 % 2.70 (0.00-9.00)

Lethargy

5.36+2.57 (0.00-10.0)

5.24 + 2.82 (0.00-10.0)

5,50 + 2.30 (2.00-10.0)

Non-optimal reflexes

5.71+1.87 (1.00-10.0)

5.78 + 1.82 (1.00-10.0)

5.64 + 1.94 (2.00-10.0)

Asymmetric reflexes

1.36+1.53 (0.007.00)

1.66 + 1.81 (0.00-7.00)

1.03 + 1.06 (0.00-4.00)

Hypertonicity

0.74+1.12 (0.00-6.00)

1.02 + 1.29 (0.00-6.00)

0.42 + 0.80 (0.00-3.00)

Hypotonicity

0.10+0.38 (0.00-2.00)

0.05 + 0.22 (0.00-1.00)

0.17 +0.51 (0.00-2.00)

Stress/abstinence

0.22+0.08 (0.04-0.45)

0.23 +0.08 (0.08-0.39)

0.21 + 0.08 (0.04-0.45)

Stress — physiological

0.16 +0.31 (0.00-1.00)

0.18 + 0.35 (0.00-1.00)

0.14 + 0.26 (0.00-1.00)

Stress — autonomic

0.21+0.22 (0.00-0.67)

0.23 £ 0.22 (0.00-0.67)

0.19 + 0.21 (0.00-0.67)

Stress — CNS

0.26+0.11 (0.00-0.58)

0.28 +0.11 (0.08-0.58)

0.25 +0.11 (0.00-0.50)

Stress — Skin

0.17+0.16 (0.00-0.67)

0.17 +0.18 (0.00-0.67)

0.17 £ 0.15 (0.00-0.67)

Stress — Visual

0.20 +0.08 (0.00-0.38)

0.21 +0.07 (0.08-0.38)

0.20 +0.08 (0.08-0.38)

Stress — Gl

0.16 £0.21 (0.00-0.67)

0.16 % 0. 21 (0.00-0.67)

0.17 £ 0.22 (0.00-0.67)

Stress state

0.22+0.19(0.00-0.57)

0.25 +0.19 (0.00-0.57)

0.19 +0.18 (0.00-0.57)

Summary statistics for NNNS variables: Mean + SD (range). Bold type indicates differences were statistically significant

(p<0.05).
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