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The incidence of neonatal abstinence syndrome (NAS), the
withdrawal in the neonate secondary to prenatal opioid exposure,
has increased dramatically due to the worldwide rise in opioid
use.1 The expression of NAS is highly variable and it is difficult to
predict which neonates will require pharmacologic treatment and
a prolonged hospital stay. This has highlighted the urgent need to
improve diagnostic criteria and management of NAS. Serious
questions have been raised about the tools used to diagnose NAS
and the appropriate use of pharmacologic treatments. Complicat-
ing this issue is the fact that most pregnant women with maternal
opioid use disorder (MOUD) often use other substances in
addition to an opioid (e.g., nicotine, marijuana, etc.). The high
rates of psychiatric co-morbidities in these women can also affect
NAS.2–4 Pregnant women with MOUD who have depression and/
or anxiety disorders are often treated with selective serotonin
reuptake inhibitors or serotonin-norepinephrine reuptake inhibi-
tors, which can on their own cause clinical signs that lead to a
diagnosis of NAS.5 Together, these two classes of drugs are known
as SRIs. In a study of >200,000 pregnant women taking a
prescription opioid, the concurrent use of antidepressants,
gabapentin, benzodiazepines, and antipsychotics increased the
frequency and severity of NAS.6

In this issue of Pediatric Research, Bakhireva et al. make a strong
case for the role of SRIs in exacerbating NAS.7 The authors
compared NAS severity between neonates born to mothers with
MOUD who also used SRIs (MOUD+ SRI group) and those who did
not use SRIs (MOUD group). They found that neonates in the
MOUD+ SRI group were >3 times more likely to need pharma-
cologic treatment than those in the MOUD group. The median
length of hospital stay of neonates in the MOUD+ SRI group was
11 days compared to the MOUD group (6 days). Although the total
length of hospital stay in the MOUD+ SRI group was approxi-
mately twice that of the MOUD group, the actual length of
treatment did not differ between the two groups. However, length
of hospital stay is complicated and can be due to factors such as
unrelated medical conditions or social concerns (e.g., involvement
of Child Protective Services), which does not appear to have been
specifically addressed in this study. In addition, misuse of opioids
and the use of heroin occurred more frequently in the MOUD+
SRI group, which could also impact the severity of NAS.
The authors suggest that these differences in NAS severity

associated with the use of SRIs could be due to drug–drug
interactions between SRIs and opioid medications that inhibit the

reuptake of serotonin. Although drug–drug interactions likely play an
important role, other potential mechanisms should be considered.
First, a serotonin toxicity syndrome has been described that includes
signs similar to NAS, including irritability, hypertonia, and tremors.5

Neurobehavioral assessment comparing SRI exposed with unexposed
neonates shows worse performance in the SRI-exposed group across
several domains of function that persist throughout the first month.8

This assessment was performed with the NICU Network Neurobeha-
vioral Scales (NNNS), which provides a standardized evaluation of the
presence or absence of the motor and behavioral signs used in the
assessment of NAS, as well as the severity and frequency of these
signs.9 Critically, neurobehavioral profiles using the NNNS predicted
developmental outcomes in neonates with NAS and infant medical
and behavioral outcomes through early childhood in children with
cocaine and/or opioid exposure.10,11 Thus, SRI exposure could have an
additive rather than drug–drug interaction effect. This would mean
that NAS severity scores that meet the criteria for pharmacological
treatment in infants with SRI and opiate exposure could be artificially
inflated resulting in neonates receiving pharmacologic treatment with
an opioid when it is not warranted.
Second, biologic mechanisms associated with psychiatric

disorders could similarly affect neonatal neurobehavior indepen-
dent of prenatal SRI or opioid exposure (i.e., depressed women
who are not treated with pharmacologic therapy). For example,
maternal depression is associated with immune dysregulation,
increased inflammation and stress-related alterations in the
hypothalamic-pituitary axis (HPA), resulting in increasing cortisol
levels.12–14 Increased cortisol levels can be related to increased
maternal and neonatal stress and influence the severity of NAS. In
a study examining salivary cortisol levels and NAS severity, cortisol
levels were higher in the first week of life and did not fall in
neonates requiring pharmacologic treatment for NAS compared
to those who did not require treatment.15 The neurobehavioral
assessment of neonates born to mothers with untreated depres-
sion as well as neonates of mothers who used SRIs during
pregnancy showed a flatter trajectory and a widening gap in
scores compared to unexposed controls.8 Maternal depression
could directly result in the programming of fetal/neonatal
neurobehavior through epigenetic changes in placental genes
implicated in perturbations of the HPA axis. Neonates of mothers
with depression had greater methylation of placental NR3C1 and
showed worse neurobehavioral performance that could have
resulted from chronically increased levels of corticosteroids in
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utero.16 From a fetal programming perspective, these epigenetic
changes could occur due to adjustments in neurobehavioral
systems in response to maternal “signals” transmitted to the
fetus.17 From a prevention perspective, maternal mindfulness was
related to neonatal neurobehavior in mothers with emotional
dysregulation during pregnancy, likely due to the impact of stress
reduction on the HPA axis.18 Stress reduction techniques (e.g.,
non-pharmacologic care) could have similar effects on neonates
with or without prenatal opioid exposure, thereby reducing NAS
severity and the need for pharmacologic treatment.
Perinatal management of NAS is in disarray. The lack of

biomarkers forces us to rely on clinical signs to diagnose NAS and
to develop protocols for pharmacologic treatment. There is
dissatisfaction with the clinical tools that are being used and
there is no global standard of care.19,20 Thus, it is not surprising
that there is considerable site-to-site variation in the care of
MOUD as well as neonates with NAS.21 Although there is
increasing interest in non-pharmacologic approaches to NAS,
there is also concern with the potential for “undertreatment” and
possible impact on longer-term neurodevelopmental outcomes.22

This article by Bakhireva et al. highlights a critically important and
understudied issue in the perinatal management of MOUD and their
neonates with NAS; the impact of polysubstance exposure on NAS
severity.7 Their findings have serious implications for the general
approach and pharmacologic management of NAS. On the one hand,
their findings could suggest that non-opioid drugs can “truly” increase
NAS severity. On the other hand, there is the spectre that assessment
tools and severity scores (designed specifically to assess opioid
withdrawal) could be inflated by the presence of other substances
potentially leading to the unwarranted use of pharmacologic
treatment. While the authors present us with this conundrum in
the case of SRIs, it is apparent that this phenomenon could be
generalizable to other substances as well. This becomes even more
important as we recognize that polypharmacy is becoming the “new
norm” despite a lack of sufficient safety and efficacy data to support
the approach. Clearly, there is an urgent need to better identify
neonates at risk for NAS and develop novel approaches for
prevention and treatment.
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