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Abstract

Opioid dependence is at epidemic levels worldwide and here in the USA it is estimated that over 2.1 million people are suffering from 
substance use disorders related to prescription opioid pain relievers. With its growth, opioid abuse has significantly extended into 
the pregnant population, which has allowed for increased risk of adverse pregnancy outcomes such as neonatal abstinence syndrome 
(NAS). Neonatal abstinence syndrome is a significant cause of morbidity and mortality in term and preterm infants. Neonatal absti-
nence syndrome has become an epidemic as it was the greatest single reason for neonatal hospital admissions in the United States 
in 2015. This review summarizes how opioid exposure in-utero may affect neurodevelopment and thus neurobehavior in babies 
born with NAS, with particular emphasis on the Locus coeruleus (LC)-noradrenergic system. We also discuss the currently available 
pharmacological care for both the opioid abusing mother, as well as the care for babies born with NAS, and provide some narrative on 
future directions to best help this population of NAS babies as they mature into children and young adults.

The use and abuse of drugs, alcohol and tobacco contribute significantly to the burden of society. The 2014 National Survey on Drug 
Use and Health reported that 27 million people aged 12 or older used an illicit drug in the past 30 days. This is approximately 1 in 10 
Americans (10 percent) [1]. The increase in illicit drug use continues to be driven by marijuana (22.2 million illicit users) and the non-
medical use of prescription drugs such as pain relievers (4.3 million illicit users), with the 18 to 25-year-olds being the largest group of 
illicit users [2]. Compared to the illicit use of prescription opioid pain relievers, heroin use has increased in the population; it is estimated 
that heroin use in 2014 among people aged 12 or older was higher than that estimated between 2002 and 2013. Individuals prescribed 
opioids for pain frequently become tolerant to the analgesic properties of these drugs such that, if not controlled, can often lead to the 
development of addiction. Following the completion of the prescribed pain therapy regimen, patients may seek to satisfy their addic-
tion elsewhere, such as with the purchase of illicit prescription opioids and they may subsequently turn to heroin as an easier, cheaper 
alternative to achieve the desired reward. With current data suggesting that the highest incidence of opioid abuse is among the Medicaid 
population, this form of substance abuse is widely associated with lower-income individuals and those who are already predisposed to a 
higher risk of physical and mental health illnesses [1].
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The most frequently prescribed opioids among women in both the Medicaid and privately insured groups are hydrocodone, codeine 
and oxycodone. Long-term opioid use amongst the female population of Medicaid enrollees in 2005 treated for non-cancer pain, ranged 
from 62% among those aged 19 to 44 years to 98% among those aged 45 to 65-year-old [2]. Thus, it is evident that more interventions 
are needed to better manage opioid treatment and perhaps improvements are needed to help educate females of childbearing age, as 
it is important to understand the effect prenatal opioid use has on the fetus and thus the short and long-term effects on a child’s devel-
opment. Opioid exposure during childbearing ages (15 to 44 years) suggests increased risk of adverse pregnancy outcomes, such as 
Neonatal abstinence syndrome (NAS) and long-term birth defects. Neonatal abstinence syndrome has become an epidemic, as evidence 
has shown that it was the single greatest cause for neonatal hospitalizations in the US in 2015 [3]. Between 2000 and 2012, there has 
been a five-fold increase in the incidence of NAS, from 1.2 to 5.8 live births per 1,000 diagnosed respectively. During this 12-year period 
of time it was seen that infants born with NAS occupied, on average 16.9 days’ hospital stay postpartum, relative to the 2 days seen by 
most non-NAS infants [3].

Opioids are most commonly seen in the precipitation of NAS and work through the G protein-coupled receptors (mu, kappa and delta 
opioid receptors) located throughout the central and peripheral nervous systems, as well as the gastrointestinal system [4]. Notably, 
neonates are born with mu opioid receptors similar to those of an adult, while kappa and delta opioid receptors are still developing in 
the neonatal brain [5]. Neonates chronically exposed to opioids and thus activation of these receptors while in-utero, will experience 
symptoms of NAS with the abrupt discontinuation of these mechanisms after birth. This leads to increased activation of adenylyl cyclase 
(AC) activity, ionic imbalances and increased neurotransmitter activity through enzymatic cascades. Presentation of NAS symptoms are 
suggestive of such imbalances and are subsequently managed through medicinal opioid therapies, to first achieve homeostasis and then 
to slowly wean the infant off the potential opioid substance either in question or detected via analytical laboratory tests.

Neonatal abstinence syndrome is the manifestation of symptoms presented by newborns shortly after birth due to the abrupt dis-
continuation of trans-placental exposure to licit or illicit substances throughout pregnancy. Neonatal abstinence syndrome presents as a 
variety of symptoms that include neurological: tremors, irritability, wakefulness, exaggerated Moro reflex, seizures, sneezing and yawn-
ing; gastrointestinal: poor feeding, vomiting, diarrhea, dehydration, poor weight gain; and autonomic dysfunction: fever, temperature 
instability, sweating, nasal stuffiness, and mottling [6]. Based on a national survey taken in 2006, the most widely (65%) used method 
to diagnose NAS and measure base lines to initiate treatment in the US is the Finnegan Scoring System [7]. The Finnegan scoring system 
was developed in 1975 as a clinical, investigative tool to quantify the severity of NAS in full-term babies that presented with symptoms. 
The Finnegan scoring system assesses the passively addictive infant in a comprehensive and objective manner to help provide an ac-
curate evaluation of the clinical state of the NAS infant undergoing withdrawal. This scoring system can be helpful for initiating, moni-
toring and terminating treatment in neonates. This scoring system has also allowed for the development of set, uniform criteria for the 
assessment and treatment of the NAS infant to the addicted mother following discharge. Diagnoses and treatment of clinical symptoms 
has become substantially more complex as the variety and type of drugs being abused in-utero has increased. Additionally, the duration 
of prenatal drug exposure can significantly impact the diagnose of NAS, and thus its impact on neurodevelopment [6]. However, before 
we discuss changes in neurodevelopment, it is important to state that the symptoms associated with polysubstance-mediated NAS can 
correlate and are generally more severe than when compared to the abuse of a single drug substance such as hydrocodone. The primary 
focus of this article is to highlight the potential developmental challenges that could present in infants diagnosed and treated for NAS 
following prenatal opioid exposure.

2. Neurodevelopmental Challenges of NAS -

Currently, the neuropathology behind opioid-mediated NAS is unknown and, therefore, warrants further research to improve our 
understanding of the mechanisms responsible for opioid withdrawal in neonates – this could positively impact the clinical outcomes 
(short and long-term) of all babies born with NAS.
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Using opioid withdrawal data obtained from research conducted in adults, it is possible to predict the impact of opioid exposure 
may have on the developing brain. For example, opioid receptors-mu, kappa and delta are expressed throughout the CNS in both adults 
and neonates, and therefore, similar G-protein-driven signaling could be predictable. During opioid withdrawal, stress, growth factors 
and neurotransmitters can cause a cellular superactivation of adenylyl cyclase (AC)/cAMP signaling which then can result in increased 
activity of protein kinases (PK) (i.e. mitogen activated PK) and increased expression of transcription factors (i.e. CREB) [9].  If not regu-
lated, the pathological consequences of CREB activation could result in either increased or decreased levels of neurotransmitters (i.e. 
norepinephrine and glutamate) that might be responsible for some of the symptoms that characterize NAS. For example, during opioid 
withdrawal, supraphysiological levels of norepinephrine can cause hyperthermia and tremors in babies with NAS [10]. In contrast, de-
creased levels of serotonin in the CNS can be responsible for sleep deprivation in babies with NAS [11]. 

2.2 Locus coeruleus (LC)-noradrenergic system

2.1 Opioid receptor signaling 

The physiochemical properties of opioids (i.e. lipophilicity) allows for easy transfer across the placenta to the fetus, and this trans-
mission of opioids increases as gestation increases [8]. To improve our understanding of the mechanism responsible for opioid with-
drawal in neonates, a better understanding of how opioids metabolize in the placenta and fetus is needed. Opioid withdrawal is a com-
plex phenomenon in adults and is further complicated in neonates due to immature neurological development and variations between 
fetal exposure to opioids (i.e. pharmacokinetics) mediated by the placenta.

Improving our understanding of the in-utero metabolism and effects of opioids will allow us to predict how sustained exposure may 
affect the development of the neonate and then develop potential treatment strategies (i.e. agents and treatment protocols) that may 
improve clinical outcomes of these babies. 

A focus of this article is to highlight regions of the brain that are affected by sustained opioid exposure in the developing fetus. A 
key region of the brain involved in opioid addiction and subsequent withdrawal is the locus coeruleus (LC) of the pons [12]. The LC is 
involved with the physiological response to stress and panic and as the principle site for the synthesis of noradrenaline it known as the 
LC-noradrenergic system. The LC is composed of medium-sized neurons and has high concentrations of neuromelanin formed by the 
polymerization of noradrenaline. The projections of the LC are vast and potential damage to these nucleus of the pons during develop-
ment could be devastating. For example, the LC innervates the spinal cord, brain stem, cerebellum, hypothalamus, thalamus, tectum, 
amygdala, ventral tegmental area and the cortex. These projections from the LC are noradrenergic and, therefore, generally excitatory 
and thus mediate arousal and prime the brain to be activated and ready to respond to stimuli. In addition to outputs, the LC also receives 
inputs from numerous regions of the brain. For example, the medial prefrontal cortex, nucleus paragigantocellularis lateralis (located in 
the ventrolateral medulla) and the nucleus praepositus hypoglossi all provide inputs to the LC. Therefore, due to its broad function and 
roles, damage to and diminished development of the LC-noradrenergic system in the brain of the fetuses exposed to opioids could be 
responsible for changes in neurodevelopment and behavior in NAS babies later in life. 

Noradrenergic neurons were once thought to be exclusively present in the LC; however, noradrenergic neurons are also found scat-
tered throughout the lateral tegmental area of the pons and medulla. Due to the extensive projections of the midbrain noradrenergic 
neurons from the LC, it is widely thought that the LC has functional roles in all forebrain activities, including perception, cognition and 
memory formation [13]. The function of noradrenergic neurons from the LC is tightly regulated and thus correlated with the state of 
arousal [14]. In addition to the activation of noradrenergic neurons to stimuli, many studies have shown that noradrenaline promotes 
changes in synaptic function by ‘gating’ the induction of long-term synaptic plasticity of glutamatergic synapses [15,16]. Therefore, with 
its repertoire of effects, the hypothesis that the LC-noradrenergic system is critical in coordinating the activity of cortical and subcortical 
circuits for the integration of sensory activity and working memory could mean that babies with NAS could have changes in cognitive 
functions such as perception, attention, learning and memory. 
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In opioid withdrawal, the LC-noradrenergic system is hyperactive partly due to increased glutamate transmission provided by input 
from neurons in the nucleus paragigantocellularis lateralis and by increased hyperactivity in regions of the brain that are innervated by 
these neurons. Noradrenergic neurons of the LC are inhibited by acute exposure to exogenous opioids, a mechanism mediated by activa-
tion of inward-rectifying K+ currents through coupling with the Gi/Go family of G-proteins [17]. Following chronic opioid exposure, LC 
neurons develop cellular tolerance and dependence where they gradually recover from the acute inhibitory effects of opioid, and when 
in withdrawal to opioids, LC neurons exhibit hyperexcitability [18,19]. The mechanisms responsible for this neuronal hyperexcitability 
can be explained by the upregulation of cAMP in the LC neurons and increased glutamatergic transmission from the nucleus paragigan-

tocellularis lateralis during opioid withdrawal [20,21]. 

Functions of the noradrenergic neurons projecting from the LC include modulation of attention, sleep-wake states and mood. In-
creased firing of the LC neurons increases the awake state that often presents in babies with NAS and if not controlled, can eventually 
lead to degeneration and contribute to cognitive decline [22,23]. Chronic patterns of sleep deprivation can induce long-term changes 
in the brains adenosine and noradrenaline receptors which may, underlie the long-lasting neurocognitive impairment observed in 
chronic sleep restriction [24]. Also, chronic patterns of sleep deprivation can induce changes in cholesterol metabolism, the integrity 
of the blood-brain barrier, pain experiences, immune responses, neurogenesis, mood, food intake, motivation, weight, sexual arousal 
and blood pressure as well as impair learning and memory formation and retrieval [25]. Therefore, the impact of sleep disturbances 
in babies born with NAS could have on the physiological and neurobehavioral levels are significant, and therefore, could potentially 
echo into their childhood and even adulthood. Dysregulation of the LC has been proposed to contribute to behavioral disorders such as 
insomnia and narcolepsy; neuropsychiatric conditions such as post-traumatic stress disorder (PTSD), depression and anxiety; and neu-
rodegerative diseases such as Alzheimer’s disease (AD), Parkinson’s disease (PD) and multiple sclerosis (MS). Additionally, attention-
deficit hyperactivity disorder (ADHD) has been shown to be more prevalent in children born to opioid-addicted mothers when given 
buprenorphine [26]. In a recent study, NAS (Finnegan) scores were strongly associated with poor and deteriorating academic perfor-
mance [27]. Plausible reasons for this correlation are vast and may encompass parental education, socio-economic hardships, quality 
of the school and other environmental factors. Damage to the LC neurons and other brain nuclei inflicted in-utero may also contribute 
to impaired academic performance seen in children born with NAS; however, the degree of the impact remains unknown. Additionally, 
increased inflammation in LC-noradrenergic neurons can cause the functions of NA to switch from neurotrophic and neuroprotective to 
a more pro-inflammatory function due to the increased activation of non-neuronal cells such as macrophages and glia [28]. Chronically, 
a pro-inflammatory state can cause LC neuronal cell loss that can lead to neurodegerative disease’s such as AD and MS [29,30].

During opioid exposure, the levels of endogenous opioid peptides (i.e. encephalin) decrease and, therefore, provide a diminished 
role in inhibiting noradrenergic neurons [31]. Using rodent models of chronic morphine withdrawal, prodynorphin and FK506 bind-
ing protein 5 were two genes found to be strongly regulated by chronic morphine exposure withdrawal in the LC. They were and 
associated with regulating withdrawal-associated behaviors, and when inhibited, profoundly affected withdrawal responses [32]. Ad-
ditionally, prodynorphin is the building block of endorphins that are important in the experience of pain, emotional bonding, learning 
and memory [33]. Therefore, it may be possible that NAS babies have alternations in their ability to experience pain, form bonds and 
generate memories from significant changes in the expression and function of prodynorphin. The role of the LC-noradrenergic system 
is important to everyday activities and emotions. The LC-noradrenergic neurons project to various regions of the brain that are key in 
regulating mood, including the hypothalamus, thalamus, amygdala and prefrontal cortex [34, 35]. However, in a baby born with NAS 
the LC-noradrenergic system can fail to be correctly regulated, resulting in significant hyperactivity of the various functions of the LC-
noradrenergic system. Current treatments used to help control withdrawal symptoms are associated with opioid replacement therapy 
and the noradrenergic system. However, the long-term effects of a dysregulated LC-noradrenergic system remain unknown and warrant 
further studies with focus on prolonged treatment options, both in-utero (i.e. neuroprotectants) and postnatally, to reduce the risk on 
long-term, lifelong changes in neurobehavior.
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FDA approved treatment options available to opioid-dependent women prior to and during pregnancy are currently limited to Do-
lophine® (methadone), Subutex® (Buprenorphine), Suboxone® (Buprenorphine plus Naloxone) and Vivitrol® (Naltrexone). Metha-
done was first introduced as a replacement treatment of opioid addiction in 1964 [36]. Methadone use during pregnancy was at first 
believed to not cause withdrawal in neonates, but this was later found to be inaccurate [37]. However, methadone, a synthetic complete 
mu-opioid receptor agonist, has become the standard of care for pregnant women with opioid addiction. Methadone maintenance treat-
ment during pregnancy can improve obstetric care, decrease illicit drug use and improve fetal outcomes [38]. However, pharmacokinet-
ics studies on methadone during pregnancy have found that higher doses are required to elicit a pharmacological effect [39,40]. 

Buprenorphine, a semi-synthetic partial mu-opioid receptor agonist and competitive kappa-opioid receptor antagonist, has compa-
rable efficacy to methadone and has fast become an alternative to methadone for the treatment of opioid addiction during pregnancy. 
Buprenorphine was approved as an alternative to methadone for opioid addiction in Europe and the USA in 1996 and 2002, respective-
ly. Buprenorphine, being a partial mu-opioid receptor agonist, may also contribute to the occurrence of NAS neonates exposed in-utero 

[41]. One study showed that infants born to mothers who took buprenorphine throughout pregnancy required less morphine overall 
(1.1 mg vs 10.4 mg, respectively), had significantly shorter hospital stays (10.0 vs 17.5 days, respectively) and had shorter treatment 
durations for NAS (4.1 vs 9.9 days, respectively) when compared to infants of mothers who took methadone throughout pregnancy. 
In a recent retrospective study comparing methadone and buprenorphine use in pregnancy from 2009 to 2012, buprenorphine use 
increased from 10.1% to 33.2%, but overall, methadone continued to be more prevalent (76.9%) compared to buprenorphine (23.1%) 
when used to treat pregnant women for opioid addiction [42].  Additionally, a 2014 meta-analysis study comparing methadone versus 
buprenorphine in the treatment of pregnant women addicted to opioids found that treatment with buprenorphine was associated with 
shorter hospital stays, higher mean gestational age and greater mean birth weight, length and head circumference [43]. Nevertheless, 
despite the observed advantages of administering buprenorphine compared to methadone in pregnancy, disparities still exist, and 
there may be a need to improve the availability of buprenorphine for the treatment of pregnant women addicted to opioids. 

Alcohol-free morphine sulfate and morphine hydrochloride solutions have been shown to be effective treatments for NAS infants 
[44]. Diluted tincture of opium (DTO) has also been used to treat NAS, however, this drug is more toxic to neonates due to its alcoholic 
content. Therefore, the use of DTO has been greatly reduced in recent years in favor of morphine, methadone and buprenorphine. 
Morphine is one of the most commonly used and preferred agents for treating NAS-afflicted newborns due to its predictable pharma-
cokinetic profile, half-life and pharmacologic effects. Morphine mitigates and decreases the rates of seizures, diarrhea, agitation and 
poor feedings. However, it must be provided every 3 to 4 hours due to its short half-life. Nevertheless, it is more easily titrated versus 
methadone, the half-life of which can vary between 18 and 70 hours between patients [6]. In a 2005 retrospective study, it was shown 
that only a little difference existed between the lengths of stay between infants treated with methadone versus morphine. In this study, 
length of stay was also found to be directly related to the overall amount of morphine or methadone given, which correlated directly 
with the severity of the withdrawal symptoms [45]. In a more recent study comparing methadone to morphine for the treatment of NAS, 
methadone significantly decreased the length of opioid withdrawal treatment of babies compared to morphine treatment alone (14 vs. 
21 days, respectively) [46]. To compare weaning versus non-weaning protocols, a multicenter cohort study published in 2014 found 
that infants treated with opioids according to a weaning protocol had significantly shorter durations of hospital stay when treated with 
opioids then compared to infants who were not treated according to any weaning protocol [47]. Additionally, this study identified that 
the levels of stringency and adherence to the protocols played a more impactful role in clinical outcomes versus less-stringent and vari-
able protocols. Incidentally, when comparing the levels of stringency and adherence to the protocols, no clinically significant difference 
between methadone and morphine weaning protocols was found, but a clinically significant increase in the length of stay was found 
when infants were treated with phenobarbital in addition to morphine [47].

3. Current Treatments

3.1 Opioid withdrawal during pregnancy: Methadone and Buprenorphine

3.2 Opioid Withdrawal in Neonates: Morphine, Methadone and Buprenorphine

Neonatal Abstinence Syndrome (NAS): Neurodevelopmental Challenges, Current Treatments and Future Direc-
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Only recently has nonprescription abuse of gabapentin been found to be increasing among opioid abusers [52]. Therefore, babies 
born to mothers who have potentially abused both opioids and gabapentin have an observed atypical withdrawal syndrome. In a recent 
study, it was shown that these NAS babies that presented with this atypical withdrawal syndrome (i.e. tongue thrusting, wandering eyes, 
back arching and continuous extremity movements) in response to opioid and gabapentin exposure can be successfully treated with 
gabapentin if these “gabapentin-babies” failed to wean in response to escalating doses of methadone alone [53].

Despite the data supporting pharmacologic therapy of NAS-afflicted neonates, nonpharmacological care is still the mainstay of treat-
ment. Care such as swaddling, gentle handling, demand feeding and conscientious maintenance of a quiet environment are key to mini-
mizing reactionary symptoms of NAS such as irritability, excessively high-pitched crying, tremors and moro-reflex hyperactivity. Non-
pharmacological therapy can successfully manage milder cases of NAS without resorting to pharmacologic interventions. However, no 
study to date has compared specific methods of nonpharmacological care. It has also been shown that permitting the mothers to room 
with, swaddle and participate in the treatment of their infant can significantly reduce the need for pharmacological intervention [54,55]. 
Additionally, breastfeeding may reduce the severity of NAS symptoms and the infant’s requirements for morphine or methadone [55]. 
This may be due to the comforting unbreakable bond created between mother and child, the quietness of the environment, the drug con-
tent of the mother’s breastmilk or any combination of these or other factors [56]. Overall, it has been shown that infants with mild cases 
of NAS do not always require pharmacological care when the mother is present and participating in their nonpharmacological care.

Overall, there is no individual, standardized treatment protocol that is first-line when treating NAS. There are various treatment algo-
rithms that involve varying pharmacological agents that depend on various factors such as availability and hospital or clinic experience. 
Although certain agents have been shown to be superior to other treatment options, variability remains between patient populations. 
Additionally, patient-specific factors such as infant gender, gestational age, pharmacogenomics and the degree and duration of exposure 
to any of several substances in-utero further complicate matters.

In addition to using methadone and morphine to treat withdrawal, additional agents can also be used to treat the various array of 
symptoms associated with NAS. For example, the sedative and anti-seizure effects of phenobarbital and chlorpromazine can benefit 
neonates through the relief of irritability and trembling and by reducing the occurrence of seizures [48]. A Cochrane systematic review 
conducted in 2010 summarized that use of phenobarbital to ameliorate  symptoms associated with NAS resulted in a significant reduc-
tion in the duration of daily supportive care needed versus supportive care alone [48]. Phenobarbital was also concluded to be preferable 
to diazepam, which had a higher risk of treatment failure. Chlorpromazine and clonidine were also compared to phenobarbital, with no 
statistical difference found in efficacy in regards to the rate of treatment failure, seizure occurrence, or overall mortality. Phenobarbital 
is one of the preferred adjunctive agents for neonates of mothers that abused multiple substances though out pregnancy and hence in 
many cases, phenobarbital is added to morphine or methadone therapies [45,48]. Clonidine is a centrally acting α2 adrenergic receptor 
agonist used as adjunct therapy in opioid withdrawal in children and adolescents. Clonidine-mediated stimulation of presynaptic adren-
ergic receptors causes the inhibition of CNS sympathetic outflow and the reduction of norepinephrine release. In relation to withdrawal, 
clonidine reduces autonomic over-activity such as tachycardia, hypertension, diaphoresis and diarrhea. Clonidine has been shown to re-
duce the overall length of hospitalization and duration of treatment. Clonidine also has fewer risks of respiratory depression or sedation 
versus opioid analgesics however, hypotension can occur [49]. In relation to NAS, oral clonidine, when used in a randomized, double-
blind trial as an adjunct to standard opioid therapy for detoxification, reduced the duration of pharmacotherapy for NAS; however, the 
long-term impact on neonate development and recovery remains unknown [50]. Phenobarbital and clonidine are currently used as 
adjunct therapy with opioids to reduce the severity of neonatal withdrawal symptoms [48,51].

3.2.1 Phenobarbital, Clonidine and Gabapentin

3.3 Nonpharmacological treatment
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Neonatal abstinence syndrome is a national epidemic and, thus, with the increased financial burden of treating newborns across the 
United States, it is pivotal to understand the short-and long-term impacts NAS will have on these children. To date, there have been only 
a few studies that have documented the effects on fetal growth and infant behavior [57-59]. Currently, though, there is no consensus as 
to the effects of prenatal opioid exposure may have on cognition, language and learning. With the current rate of babies being born with 
NAS it is important to not only continue to treat the withdrawal symptoms, but to also begin to understand the short-term (1-5 years) 
and long-term (5-16 years) impact of NAS. To help us predict the possible short- and long-term problems we need to take a multipronged 
approach. 

The authors declare that they have no competing interests

The major branches of this multipronged approach need to include an improved understanding of the functional outcomes, as well 
as networking within the regions of the brain and how it may impact neurobehavioral traits as these children develop and mature into 
young adults. It is also important to understand the possible changes in genes that may occur in babies born with NAS. A better under-
standing of pharmacogenomics might be more important in this cohort of the population, as having in-utero exposure to opioids may 
affect may have affected the expression of proteins used to metabolize drugs and the bioavailability of various drugs. Thus, NAS babies 
might present with adverse effects and complications not commonly observed in neonates with a specific class of drugs. Lastly, it is 
important to improve the current systems used to record the birth, diagnosis, treatment protocols and outcomes before, during and 
after treatment as well as before discharge for withdrawal in babies born with NAS. To help improve this, the systems used to track the 
wellbeing of children would need to be updated with a specific focus on NAS babies, as this population might be subject to greater chal-
lenges than non-NAS babies. Everything about NAS is challenging, but our overarching goal should be to provide equal opportunities to 
all children, regardless of background (i.e. NAS). If we do not record and share data about children born with NAS, we may encounter, 
perhaps, greater challenges that come with a viscous cycle rooted in difficulties in learning, socio-economic hardships and transgenera-
tional behaviors of substance abuse. Continued and further efforts are needed to build a public database containing information about 
current clinical and basic research and clinical trials. Also, a separate securely-protected database containing information about children 
born with NAS could be built and accessed by healthcare providers, school administrators, teachers, caregivers, child protective services, 
fostering and adoption services and state and local departments of health, with the goal being to provide these children with the best 
environment to allow them to mature into productive and impactful members of society.

4. Conclusion 
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