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~ Neonatal Abstinence Syndrome Severity Index Predicts 18-Month
Neurodevelopmental Outcome in Neonates Randomized to
Morphine or Methadone

Tess Flannery, MPH', Jonathan M. Davis, MD?**, Adam J. Czynski, MD®, Lynne M. Dansereau, MSPH', Erica L. Oliveira, BA',
Samantha A. Camardo, BA', and Barry M. Lester, PhD"-¢

Objective To develop an index to determine which opioid-exposed neonates have the most severe neonatal
abstinence syndrome (NAS).

Study design Full-term neonates with NAS (n = 116) from mothers maintained on methadone or buprenorphine
were enrolled from 8 sites into a randomized clinical trial of morphine vs methadone. Ninety-nine (85%) were eval-
uated at hospital discharge using the NICU Network Neurobehavioral Scale (NNNS). At 18 months, 83 of 99 (83.8%)
were evaluated with the Bayley Scales of Infant and Toddler Development, Third Edition (Bayley-Ill), and 77 of 99
(77.7%) were evaluated with the Child Behavior Checklist (CBCL).

Results Cluster analysis was used to define high (n = 21) and low (n = 77) NAS severity. Compared with infants in
the low NAS severity cluster, infants in the high NAS severity cluster had a longer length of stay (P < .001), longer
length of stay due to NAS (P < .001), longer duration of treatment due to NAS (P < .001), and higher total dose of the
study drug (P < .001) and were more likely to have received phenobarbital (P < .001), to have been treated with
morphine (P =.020), and to have an atypical NNNS profile (P = .005). The 2 groups did not differ in terms of maximum
Finnegan score. At 18 months, in unadjusted analyses, compared with the high-severity cluster, the low-severity
cluster had higher scores on the Bayley-Ill Cognitive (P = .013), Language (P < .001), and Motor (P = .041) compos-
ites and less total behavior problems on the CBCL (P = .028). In adjusted analyses, the difference in the Bayley-ll|
Language composite remained (P = .013).

Conclusions Presumptive measures of NAS severity can be aggregated to develop an index that predicts
developmental outcomes at age 18 months. (J Pediatr 2020,;227:101-7).

he number of neonates exposed to opioids in utero in the US has increased by 333% in the past 2 decades, which trans-
lates to approximately 1 opioid-exposed neonate born every 15 minutes.' This includes a 5-fold increase in the incidence
of neonatal abstinence syndrome (NAS) between 2004 and 2014." This increase has been sustained since that time.””’
Upward of 50%-80% of neonates exposed to opioids in utero develop NAS,"° a pattern of withdrawal in neonates due to
the abrupt discontinuation of prenatal opioids following delivery. Symptoms of NAS are highly variable”* and can include
autonomic instability, high-pitched cry, irritability, tremors, gastrointestinal disturbances, and feeding and sleeping diffi-
culties.” Standard hospital policy is to place all opioid-exposed neonates on a 96-hour “hold” for observation,'’ as clinically
significant signs that warrant pharmacologic treatment and prolonged hospitalization'"'* may become apparent within
24 hours of birth until approximately 72 hours after birth. The average length of stay for pharmacologically treated neonates
is 23 days.'” This accounts for most of the estimated $2.5 billion annual cost of NAS,” most of which is covered by Medicaid
and results in prolonged separation of the mother and neonate, which can jeopardize their developing relationship.
Pharmacologic treatment for NAS is typically initiated when scores on observer rating scales, most often the Finnegan scale,”’
reach a “diagnostic” threshold. Although there is general consensus that the severity of NAS is quite variable,'” there is no
consensus on how to measure NAS severity. Single measures of NAS severity
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are typically used, such as length of hospital stay (LOS),
length of drug treatment (LOT), or the need for adjuvant
therapy (eg, phenobarbital in addition to an opioid). Howev-
er, these outcomes have not been systematically studied to
determine how they relate to one another or how they might
be combined into a useful clinical tool. A validated measure
of NAS severity could have clinical implications for the treat-
ment and management of neonates with prenatal opioid
exposure and resulting NAS.

The present study is a secondary analysis of our previously
reported randomized controlled trial comparing morphine
and methadone for the treatment of infants with NAS."” In
that study, the methadone-treated infants showed modest
improvement in short-term outcomes. This study used pre-
sumptive measures of NAS severity to place neonates into
statistically derived and mutually exclusive groups that could
be used to identify or “index” high-risk neonates with the
most significant NAS. We also included the NICU Network
Neurobehavioral Scale (NNNS) for inclusion in the NAS
severity index because it is a reliable tool for assessing
opioid-exposed neonates and correlates with their long-
term outcomes.'® We then used these groups to predict
developmental outcomes at age 18 months.
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Patients

The study cohort comprised patients from a randomized clin-
ical trial (RCT) (ClinicalTrials.gov: NCT01958476) conducted
at 8 sites (Tufts Medical Center, Boston; Baystate Children’s
Hospital, Springfield, Massachusetts; Boston Medical Center,
Boston; Maine Medical Center, Portland; UF Health, Jackson-
ville, Florida; University of Pittsburgh Medical Center, Pitts-
burgh; Vanderbilt University Medical Center, Nashville; and
Women & Infants Hospital of Rhode Island, Providence)."”
Mothers treated with buprenorphine (33.6%) or methadone
(62.9%) for an opioid use disorder or with an opioid treatment
for chronic pain (3.5%) and receiving prenatal care were
eligible for the study. A total of 117 infants required treatment,
and 116 with parental consent were randomized to receive
methadone or morphine between February 9, 2014, and March
6, 2017. Data were available on all 116 full-term neonates with
NAS (58 males, 59 females) who required pharmacologic treat-
ment (methadone, n = 58; morphine, n = 58) (Figure 1). The
mean gestational age was 39.1 £ 1.1 weeks, and mean birth
weight was 3157 + 486 g."” Neonates in the study who

183 Opioid-exposed neonates
with consent to be randomized

66 excluded who did not
require treatment

1 withdrew consent

116 Randomized

!

\ 4

58 allocated to receive methadone

\ 4

50 completed the NNNS

8 incomplete NNNS
(infant not in correct state at time of exam )

A 4

47 Analyzed on Bayley

43 Analyzed on CBCL

\4

58 Allocated to receive morphine

l

49 completed the NNNS

9 incomplete NNNS
(infant not in correct state at time of exam )

A4

36 Analyzed on Bayley

34 Analyzed on CBCL

Figure 1. CONSORT flow diagram for ClinicalTrials.gov NCT01958476.
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exceeded a predetermined opioid dose received phenobarbital.
The study was approved by the Institutional Review Board at
each site, and informed consent was obtained by study
investigators.

Outcome Measures

Neurobehavioral assessment at hospital discharge was per-
formed by certified examiners on 99 of 116 neonates (85%)
using the NNNS. A comprehensive assessment of neonatal
neurobehavior that examines neurologic integrity, behavioral
function, and signs of stress,’” the NNNS is used to assess
high-risk neonates, including those with prenatal opioid
exposure, **° and correlates with long-term neurodevelop-
mental outcomes in this population.'®

At approximately age 18 months, the Bayley Scales of In-
fant and Toddler Development, Third Edition (Bayley-III)
was administered by certified examiners to 94 infants
(81%). The Bayley-III includes cognitive, language, and mo-
tor composite scores, receptive and expressive communica-
tion, and fine and gross motor subscale scores compared
with a normative control sample.”” The Child Behavior
Checklist (CBCL), a measure of behavioral problems identi-
fied in the infant,”® was completed for 85 infants (73%) by the
mother or primary caregiver. The CBCL consists of 100 state-
ments about the child’s behavior, with responses recorded as
0, not true; 1, somewhat or sometimes true; or 2, very true or
often true. Items are grouped into syndromes (eg, aggressive
behavior), and some syndromes are further demarcated into
internalizing and externalizing problems. A total problem
score from all questions is also derived. For each syndrome
and problem scale and the total score, there are norms for
normal (T score <60), borderline clinical (T score 60-63),
and clinically significant (T score 264) scores.

As described previously, questionnaires were also adminis-
tered to quantify caregiver and infant characteristics at the
18-month follow-up.”’ The Brief Symptom Inventory (BSI) as-
sesses psychological distress with a self-reported questionnaire.
The Global Severity Index of the BSI combines a number of
symptoms and distress intensity and is an indicator of the re-
spondent’s distress level.”” We also documented early interven-
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tion (EI) services, household composition, primary language
spoken at home, infant medical problems, infant health and
physical growth, infant medications, total number of emer-
gency room visits since birth, postnatal maternal substance
use, caregiver abuse, out-of-home placement, and Department
of Child and Family Services involvement. These characteristics
were all examined in relevant statistical analyses.

Statistical Analyses

The NNNS was analyzed using latent profile analysis (LPA),
which grouped neonates into mutually exclusive categories
using 12 NNNS summary scores. Membership for categorical
latent profiles that represent heterogeneous subgroups was
inferred from the 12 NNNS summary scores. LPA models
with different numbers of profiles were fitted. We identified
the model containing the optimal number of profiles via the
Bayes information criterion (BIC) adjusted for sample size.
The smallest BIC value indicates the best fit along with the
bootstrapped likelihood ratio test and the number of cases
in each profile. As the number of profiles increases, the
sample-size adjusted BIC values decrease, indicating
improved goodness of fit. The LPA analysis resulted in a
3-profile solution for the NNNS.

NAS severity clusters were developed using the two-step
cluster method in SPSS (IBM, Armonk, New York).”® First,
this method generates subclusters based on variables selected
a priori based on their prevalence in the published literature.
The second step then uses these subclusters based on these var-
iables to create homogenous subgroups that are maximally
distinct from one another, as determined by the observed
change in BIC between sequential cluster solutions. The vari-
ance among subclusters is maximized while minimizing the
variance within subclusters. The second step uses the subclus-
ters from the first step to once again group the data to deter-
mine the final clusters. In this case, 2 mutually exclusive
groups were found, for which we examined Bayley-III and
CBCL scores. Significance was considered at P < .05.

One-way ANOVA was used for continuous measures, and
the %~ test was used for categorical measures to establish the
covariates that should remain in our final 18-month outcome

4 ) a Y
Table I. Measures of NAS severity in infants in the Table II. Predictors in the high and low NAS severity
high- and low-severity clusters clusters

High-severity Low-severity P High-severity Low-severity P
Measures of NAS severity cluster (N = 21) cluster (N = 77) value Predictors cluster (n =21) cluster (n = 77) value
Length of stay, d, mean (SD) 31.48 (9.99) 17.97 (5.72)  <.001 BSI score, mean (SD) .69 (.76) .48 (.56) 235
Length of stay due to NAS, d, 27.33(9.37) 14.87 (3.65)  <.001 Infant medical problems, 1.56 (1.72) .98 (1.19) 112
mean (SD) mean (SD)
Length of treatment, d, 25.33(9.37) 12.87 (3.65)  <.001 Maternal substance use, 1.94 (1.08) 2.05 (1.58) .786
mean (SD) mean (SD)
Maximum Finnegan score, 13.71 (2.76) 12.48 (2.83) .078 El services, mean (SD) .56 (.73) .53 (.75) .865
mean (SD) Maternal education less than 2(13.3) 11.(17.7) .683
Total dose of study drug 35.05 (13.09) 10.83 (12.63) <.001 high school, n (%)
administered, mg, mean (SD) Child Protective Services 8 (44.4) 35 (57.4) .333
Phenobarbital use, n (%) 19 (90.5%) 0 (0%) <.001 involvement, n (%)
Treatment drug (morphine) 15 (71.4%) 33 (42.9%) .020 Head circumference, cm, 33.0 (1.53) 34.1 (1.76) .009
use, n (%) mean (SD)
Atypical NNNS profile, n (%) 10 (47.6%) 14 (18.2%) .005 Male sex, n (%) 15 (71.4) 36 (46.8) .045
\ . \ J
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Table III. Unadjusted and adjusted Bayley-III and CBCL scores of infants in the high and low NAS severity clusters
High-severity cluster, Low-severity cluster, High-severity cluster, Low-severity cluster,
Parameters unadjusted unadjusted P value adjusted adjusted P value
Bayley-IllI* n=18 n==65 n=18 n==65
Cognitive composite 89.2 (3.5) 102.0 (2.5) .013 91.4 (5.60) 98.7 (4.2) 132
Language composite 83.6 (3.4) 98.4 (2.1) .001 84.8 (5.2) 96.2 (3.9) .013
Motor composite 94.2 (2.3) 103.6 (2.3) 041 98.4 (4.9) 103.7 (3.6) 211
CBCL' n=18 n=>59 n=18 n=>59
Internalizing 50.1 (3.4) 442 (1.3) .051 50.3 (3.5) 47.7 (2.6) .394
Externalizing 53.0 (2.5) 47.9 (1.4) .083 52.8 (3.1) 50.0 (2.4) .316
Total problems 53.7 (3.3) 46.9 (1.4) .028 52.7 (3.4) 49.4 (2.5) 274
W

Data are mean (SE).
*Adjusted for site, CPS involvement, sex, and head circumference.

tAdjusted for site, infant medical problems, sex, maternal postnatal substance use, maternal psychopathology, and head circumference.

analysis model. ANCOVA was used to adjust for covariates
using Bonferroni correction. The covariates were based on
published literature stating their associations with develop-
mental outcomes.”’ Covariates included maternal psychopa-
thology measured by the BSI, infant medical problems,
maternal postpartum substance use, involvement of Child
Protective Services, involvement in EI services, infant sex,
maternal education (as a proxy for socioeconomic status),
and study site (which was included a priori).””’"”
The data for the majority of covariates were collected via
a maternal questionnaire and the BSI at the infant’s
18-month follow-up appointment.

Results of the cluster analysis showed 2 mutually exclusive
groups, with 21 neonates in the high NAS severity group
and 77 neonates in the low NAS severity group (Table I).
One neonate was excluded from the cluster analysis
because of missing data. Results of the LPA of the NNNS
summary scores showed that the 3-profile solution
provided the best model fit (Figure 2;* available at www.
jpeds.com). Profile 3, an atypical profile, included 24
infants (24.2%). Compared with infants with the other
profiles, infants with profile 3 required substantial
handling, had poor regulation, had higher arousal and
excitability, were hypertonic, had poor quality of
movement, and had more signs of stress.

Compared with infants in the low NAS severity group, in-
fants in the high NAS severity group had a longer LOS, a
longer LOS due to NAS, a longer LOT due to NAS, and a
higher total dose of the study drug (methadone or morphine)
and were more likely to have received phenobarbital, to have
been treated with morphine, and to have the atypical NNNS
profile 3. The 2 groups did not differ in maximum Finnegan
score. Analysis of the covariates showed that neonates in the
high NAS severity group had a smaller head circumference
and were more likely to be male (Table II).

At 18 months, Bayley-III data were available for 83 neo-
nates and CBCL data were available for 77 neonates. The
data on any measures of NAS severity did not differ between
these patients and the 15 neonates without Bayley-III data

104

and the 21 neonates without CBCL data. Unadjusted analyses
showed that the low NAS severity group had higher scores on
the Bayley Cognitive, Language, and Motor composite scores
and fewer total behavior problems on the CBCL (Table III).
In adjusted analyses, the only between-group difference that
remained was on the Bayley Language composite.

We examined NAS severity by combining commonly used
individual severity measures. These measures were grouped
statistically into 2 clusters that define high NAS and low
NAS severity groups. With the exception of the maximum
Finnegan score, all of the measures differed between the
high and low NAS severity groups, suggesting that the mea-
sures are systematically related and supporting the construct
validity of this NAS severity index. Support for the long-term
predictive validity of this NAS severity index is suggested by
our 18-month longitudinal findings. The unadjusted analysis
showed differences between the high and low NAS severity
groups on the Bayley-1II and the CBCL. Critically, the differ-
ences in the Bayley Language composite were substantial
(14.8 points unadjusted and 12.2 points adjusted) with the
mean >1 SD below the Bayley standardized norm (ie,
100 &+ 15). Male infants with a smaller head circumference
in the high NAS severity group had the lowest Bayley Lan-
guage composite scores. Thus, the combination of treatment
with morphine, higher total dose of morphine or methadone,
need for phenobarbital, longer LOS, longer LOS due to NAS,
longer LOT due to NAS, atypical NNNS profile, male sex,
and smaller head circumference put infants at greatest risk
for later language delay.

With respect to the specific measures in our NAS severity
index, variables related to LOS (ie, LOS, LOS due to treat-
ment, and LOT due to NAS) have been the most widely
used variables in the literature to estimate NAS
severity.'”'>?**! Total dose of study drug (in our case treat-
ment drug)'>**?>**** and use of adjunctive medications (eg,
phenobarbital)’**>*** also have been used in previous
studies, as has high (including maximum) Finnegan
score, ! 22 440-42,44-46 although the latter did not contribute
to our severity index. However, whether these various
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measures are related to the severity of the underlying disor-
der, effects of the pharmacologic treatment (with potential
for drug—drug interactions), or other biologic factors associ-
ated with NAS is not clear from these studies.

The inclusion of morphine as a contributor to NAS severity
is unique and consistent with our previously reported RCT
showing an association between morphine and significant in-
creases in LOS, LOS due to NAS, and LOT compared with
methadone."” The inclusion of the NNNS as an indicator of
NAS severity is also unique. As mentioned earlier, the
NNNS has been used in the study of NAS'®!%!%22-2440:47
but not as a measure of NAS severity. Our previous work
with this RCT did not show differences in NNNS profiles be-
tween methadone-treated and morphine-treated neoantes.”’
Here we found that the atypical NNNS profile plays a role in
NAS severity in the context of other NAS severity factors asso-
ciated with worse long-term neurodevelopmental outcomes.

The concept of a NAS severity index is attractive for several
reasons. First, it enables us to study variables in combination
rather than alone, which could increase the validity and
reliability of indicators of risk. Although the variables used
in our cluster analysis were based on the literature, the clus-
ters were derived statistically. Cluster analysis, in contrast to
LPA, can treat cluster membership as an observed variable
rather than a latent variable, is capable of handling a larger
number of signs of NAS, and has been shown to perform
well in choosing the number of clusters.”” Our analysis
comparing the variables between the high and low NAS
severity groups supports the construct and concurrent valid-
ity of our NAS severity index, and the analysis using the NAS
severity groups to predict 18-month outcome provides pre-
dictive validity for the index. In addition, we learned that
the maximum Finnegan score might not belong in this group
of NAS severity index variables, and that morphine and
NNNS profiles do belong in this cluster of variables.

Another advantage of studying a combination of variables is
that we are studying variables in the context of other variables
(eg, in situ), which is likely to generate real-world data. For
example, in our previously reported study comparing metha-
done and morphine for the treatment of NAS, we found no
differences in Bayley-III or CBCL scores at 18 months between
the 2 treatment groups, whereas in the present study we find
that morphine is associated with language deficits in the
high NAS severity group. In addition, current tools used to
measure NAS, such as the Finnegan scale, have been character-
ized as highly variable and subjective,” and alternative assess-
ment tools are needed to more accurately determine when
an infant with NAS requires treatment. The inclusion of the
atypical NNNS profile as part of the high NAS severity group
is noteworthy, because although the dimension of neurobe-
havior has not been examined as a measure of NAS severity
in previous work, a role of neurobehavior in the context of
other medical factors would seem logical.

Neurobehavior also provides an additional opportunity
for EI. The 18-month Bayley Language composite score
(adjusted) was >20 points below the norm, beyond the <1
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SD criteria for EI eligibility. The Bayley-III normative data
are stratified on key demographic variables and use a sample
collected in the United States, with 16% of the sample popu-
lation having a score <85.”” In fact, 10 of the 18 infants
(55.6%) in the high NAS severity group scored <85 on the
Bayley Language composite, more than 3 times the rate
seen in the normative sample. Critically, we may have the
ability to identify, among this population already at risk,
which neonates are at greatest risk of NAS and ultimately
abnormal neurodevelopmental outcome.

This same atypical NNNS profile has been related to long-
term neurodevelopmental outcome, including I1Q through
age 4-1/2 years in infants with prenatal cocaine and opioid
exposure.'® It also identifies neurobehavioral domains that
could provide specific targets from which to develop preventive
interventions that could be of use to clinicians and EI providers.
This information could be used at the time of initial hospital
discharge to help determine how to allocate already limited re-
sources and also used in a personalized medicine approach to
develop targeted interventions to mitigate later developmental
deficits in specific subgroups of high-risk neonates.

Another attractive potential use of the NAS severity index is
to identify prenatal and perinatal measures that predict the
onset and severity of NAS, possibly leading to preemptive inter-
ventions to mitigate NAS severity. For example, genetic,”’ epige-
netic,”” and nonpharmacologic treatment factors, such as
rooming-in* and breast feeding,”** have been shown to impact
LOS and LOT. These and other factors could be used to predict
which neonates are at greatest risk based on the NAS severity in-
dex, which could have short-term and long-term implications
for the treatment and management of these neonates.

A limitation of this study is the questionable generaliz-
ability of our findings, for 2 reasons. First, although our
selection of NAS severity variables was a priori (ie, based
on the literature), our choice of variables was limited by
what was available in our database. Second, the sample size
was relatively small. Thus, our findings could be unique to
this sample. In addition, our index cannot be used to identify
high-risk neonates in clinical practice.

Nevertheless, these limitations aside, this report represents
a first step in developing a NAS severity index. We encourage
other investigators to explore these and other variables with
different statistical techniques in larger samples and related
populations of opioid-exposed infants to further expand
the utility of an NAS severity index and evaluate its implica-
tions for clinical management. W
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50 Years Ago in THE JOURNAL OF PEDIATRICS

Down syndrome: Creases to chromosomes
Reed TE, Borgaonkar DS, Conneally PM, Yu P, Nance WE, Christian JC, et al. Dermatoglyphic nomogram for the diagnosis of
Down’s syndrome. J Pediatr 1970;77:1024-32.

« D ermatoglyphics” was a term coined in 1926 to describe the study of the ridges and lines in the skin for research

in human anthropology and other scientific fields. Cummins, in collaboration with Ralph Victor Platou, head
of Tulane’s Department of Pediatrics, described the dermatoglyphic abnormalities in children with Down syndrome
(trisomy 21) in 1950. In 1957, when chromosomal analysis was not possible, Norma Ford Walker described a
diagnostic scoring system for Down syndrome that relied heavily on dermatoglyphics.'

Fifty years ago, Reed et al published a report on dermatoglyphic nomograms for the diagnosis of Down syndrome
and identified 4 major variables that could identify 81% of individuals with Down syndrome: the right hallux pattern,
the right ATD angle, and the patterns of both index fingers.

The 1960s and 1970s were the era of dermatoglyphics, when numerous scientific papers on Down syndrome and
other genetic disorders were published. In few studies, parents of children with Down syndrome showed some der-
matoglyphic abnormalities, but not specific enough to identify individuals with increased risk to offspring.” Derma-
toglyphic patterns observed in patients with Alzheimer’s disease closely correspond with patterns observed in Down
syndrome, suggesting that a common genetic factor may be involved in epidermal ridge formation in fetal develop-
ment, meiotic nondisjunction during gametogenesis, and accelerated neuronal senescence.’

Gradually, interest in and the importance of this discipline declined due to various reasons. The digital patterns
observed in conditions of Down syndrome were nonspecific, being observed on the hands and fingers of normal in-
dividuals as well, and a specific pattern was not seen in all patients with Down syndrome. Moreover, evaluation of all
digital patterns is cuambersome and difficult in a clinical setting. With the advancements in the field of molecular ge-
netics, this fascinating field has lost its significance in the current era.* Simian crease is now the sole remnant of this
field that is still referred to in evaluation of Down syndrome.
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Figure 2. NNNS profiles at hospital discharge. (Reprinted from Czynski AJ, Davis JM, Dansereau LM, Engelhardt B, Marro P,
Bogen DL, et al. Neurodevelopmental outcomes of neonates randomized to morphine or methadone for treatment of neonatal
abstinence syndrome. J Pediatr 2020;219:146-51.e1.29).
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