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Abstract

Objective—Little is known about developmental outcomes in neonatal abstinence syndrome 

(NAS). We hypothesized that children treated for NAS would score lower than the normative 

sample on the Bayley Scales of Infant Development, 3rd edition.

Study design—We performed a retrospective cohort study of 87 infants treated for NAS and 

evaluated at 2 years of age.

Results—Children treated for NAS scored significantly lower than the norm (mean 100) on all 3 

subscales (cognitive mean 96.5, language mean 93.8, motor mean 94.0, all p<0.03). Children who 

lived with foster/adoptive families at follow up had higher cognitive scores (median 100 vs 95, 

p=0.03) than those who lived with biological relatives, and were less likely to have motor scores 

<85 (p = 0.02). Eight percent of children required treatment for strabismus.

Conclusions—Children treated for NAS are at risk for lower developmental scores and higher 

rates of strabismus at age 2 than the general population.

Introduction

Due to the opioid misuse epidemic across the nation, more infants are being exposed to 

narcotics during fetal life and developing neonatal abstinence syndrome (NAS) in the 

neonatal period. The rate of NICU admissions for NAS increased from 7 cases per 1000 

admissions in 2004 to 27 cases per 1000 admissions in 20131, and average hospital charges 
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for infants with NAS amount to more than five times those for healthy infants2. Later effects 

of NAS on neurodevelopment are largely unknown, although studies have suggested that 

independent of socioeconomic status, children exposed to opioids in utero and in the 

neonatal period are at risk for later cognitive, language, attention, and visual 

problems3, 4, 5, 6, 7, 8 and poorer academic achievement9. NAS is therefore a pressing public 

health issue with significant social and economic implications.

No large-scale prospective studies have been published on treatment and long term outcomes 

of infants with NAS. A recent meta-analysis evaluating long term outcomes (>2 years) in 

opioid-exposed children found only 5 articles in the literature10. The few studies that 

evaluate subsequent outcomes of infants exposed to opioids in utero have not distinguished 

between infants who did or did not require pharmacologic treatment. It is not known which 

factors impact neurodevelopment in infants with pharmacologically treated NAS. In this 

retrospective study, our objective was to evaluate outcomes at age 2 of infants treated for 

NAS in the neonatal period. We hypothesized that infants with NAS would have lower 

scores than the normative sample on the Bayley Scales of Infant Development, 3rd edition 

(BSID-III), that infants with NAS would have adverse visual outcomes, and that type of 

NAS treatment in the neonatal period would not affect outcomes.

Subjects and Methods

This retrospective chart review was approved by the Cincinnati Children’s Hospital IRB 

with no parental consent required. We performed an electronic medical record search for all 

patients initially seen in the Cincinnati Children’s NICU Follow-Up Clinic between the 

years 2011–2015 with a diagnosis of NAS who had a Bayley performed after 18 months of 

age. Children who were not treated with opioids for NAS in the neonatal period and children 

with iatrogenic NAS were excluded. Choice of first line pharmacologic treatment for NAS in 

our region is based on the policy of each NICU, and all units used the same standardized 

protocols for initiating and weaning methadone, morphine, or buprenorphine as well as the 

same non-pharmacologic bundle11. In the last 4 years, two NICUs in Cincinnati have moved 

toward using sublingual buprenorphine as the drug of choice to treat NAS for all babies, 

including those whose mothers were taking heroin or methadone. Infants are not discharged 

home on opioid medications, but infants can be discharged home on phenobarbital. Since 

2013, every child treated for NAS in our region, which includes 27,000 annual births, has 

been referred to our Follow-Up clinic for medical and developmental care and offered a 

BSID-III exam at 2 years of age. In this cohort, a BSID-III was performed by a single 

examiner who was not blinded to the child’s main diagnosis. BSID-III was offered to all 

families of infants with NAS. Data collected from the neonatal period included gender, race/

ethnicity, maternal age, maternal substance use, gestational age, birth weight, breastfeeding, 

type of treatment for NAS, length of hospital stay, and with whom the infant was discharged 

home. Infants were considered exposed to a substance in utero if maternal urine at delivery 

or infant urine, meconium, or umbilical cord toxicology screens were positive for that 

substance. Due to universal maternal toxicology screening in our region, all mothers and 

infants had toxicology screens. Infants were considered exposed to polysubstances if they 

were exposed to drugs from more than one class. Follow up data included living situation at 

follow up, age at Bayley, Bayley scores, enrollment in Early Intervention services or center-
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based therapies, self-reported behavioral issues at follow up, and a diagnosis of strabismus 

made by a pediatric ophthalmologist.

Statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, North 

Carolina). The Bayley subscale means of our study cohort were compared to the population 

mean (mean=100, SD=15) using a one-sample two-sided t-test. Because the data had a non- 

normal distribution we performed non-parametric statistical testing for assessing 

associations between Bayley subscales and clinical factors. Differences in the median 

Bayley subscale values by factors such as gender, who child lived with (biological versus 

foster/adoptive family), and treatment protocol were tested using the Mann-Whitney U test 

or Kruskal Wallis test. Spearman correlations between the Bayley subscales and continuous 

variables, such as birthweight and gestational age, were also conducted.

Results

Initial search revealed 455 patients born between 2011 and 2015 with a diagnosis of NAS 

seen in our NICU follow up clinic for at least one visit. BSID-III was performed on 102 of 

those infants and 99 had scorable exams (3 infants did not comply with testing). Infants not 

actually treated for NAS, those <34 weeks, those with iatrogenic NAS, and those with 

significant other comorbid conditions (e.g. meconium aspiration syndrome requiring 

prolonged ventilation, Pierre-Robin syndrome requiring jaw distraction) were excluded, 

leaving a total of 87 patients for analysis (Figure 1).

Median birth weight was 2.87 kg (range 1.94–3.80) with 14% having birth weight <10th 

percentile. Median gestational age was 38 weeks (range 34–41), with 4 babies born at 34 

weeks, 1 baby born at 35 weeks, and 6 babies born at 36 weeks. All mothers were Caucasian 

with a median maternal age of 26 years (range 18–38), which reflects the demographics of 

the opioid epidemic in our area. Although almost all women used illicit substances during 

pregnancy (Table 1), the majority were on maintenance therapy with methadone (38%) or 

buprenorphine (24%) at the time of delivery.

In this cohort, 72% of infants were treated with methadone, 16% were treated with 

morphine, and 13% were treated with buprenorphine. One infant received buprenorphine 

then was switched to methadone. 53% of infants received phenobarbital as adjuvant 

treatment, and 3% of infants received clonidine. Median NICU stay was 18 days (range 5–

104 days). Child Protective Services were involved in all cases. Only 26% of infants went 

home in the primary care of their mother. 30% went home in the primary care of the father 

or another relative, and 44% went home in foster care or with an adoptive family.

The median age at the time of the Bayley was 23 months (range 18–28 months). At follow 

up, 22% of children were in the primary care of their mother, 34% lived with another 

relative, and 44% were with foster/adoptive families. However, 16 of the 87 infants had 

changed custody from the time of discharge (Figure 2). Of note, no babies started out in 

foster care and ended up in the care of their biological mother at 2 years of age.

Most children had Bayley scores within the normal range for all 3 subscales, although a 

large proportion did have scores at least 1 standard deviation below the mean in at least 1 
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subscale (Table 2). Compared to the normative Bayley data (mean of 100, SD of 15), 

children with NAS scored significantly lower on the cognitive, language, and motor 

subscales (means 96.5, 93.8, 94.0 respectively, p<0.03 for all). Children who lived with 

foster/adoptive families at follow up scored significantly higher on the cognitive subscale 

than those who lived with their mother or a biological relative at follow up (median 100 vs 

median 95, p = 0.03, Figure 3). Language scores were not different based on living situation, 

but children who lived with biological relatives were also significantly more likely to have 

motor scores <85 (p = 0.02).

Girls with NAS scored higher than boys with NAS on the cognitive (median cognitive score 

100 vs 95, p = 0.002) and language (median language score 97 vs 94, p=0.04) subscales, but 

not motor (median motor score 97 vs 94, p=0.16), (Figure 4). There was no difference in 

Bayley scores between children who required adjuvant therapy with phenobarbital or 

clonidine and those who did not. Type of primary treatment for NAS (methadone vs 

morphine vs buprenorphine) also did not affect Bayley scores, although numbers for 

morphine (n=14) and buprenorphine (n=11) were small. Children who were exposed to 

maternal polysubstance use in utero did not score differently than those who were exposed 

to a single drug class. Length of hospital stay, gestational age, and birth weight were not 

significantly correlated with later Bayley scores.

All families were asked about therapies at each visit to our follow up clinic, and charts were 

also reviewed for therapy notes and referrals to county Early Intervention programs. Forty 

percent of children received county Early Intervention services with a developmental 

specialist and/or therapist prior to their follow up visit at 2 years of age. A significant 

proportion of children received one or more hospital-based therapies as well (speech/

language therapy 22%, occupational therapy 7%, physical therapy 16%). Most children were 

enrolled in therapies before their 2 year visit, although some children were referred for the 

first time based on their Bayley results.

At the time of the 2 year visit, families were queried about sleep and behavioral issues. 26% 

of families reported significant behavioral or sleep issues, most commonly tantrums, 

hyperactivity, sensory issues, and difficulty falling/staying asleep. Due to the reported 

association of in utero opioid exposure with later strabismus, we reviewed all charts for 

ophthalmology notes and found that 8% of children in this cohort received treatment 

(patching, atropine, and/or surgery) for strabismus in the first 3 years of life, which is 

significantly higher than the expected population incidence of about 3%12. Nystagmus is 

another reported association with in utero opioid exposure, but nystagmus was not diagnosed 

in this cohort.

Discussion

In this retrospective study, we evaluated outcomes at 2 years of age of a regional cohort of 

infants treated for NAS due to maternal opioid use. We found that children with NAS 

performed lower than the normative Bayley sample, although still within the normal range in 

most cases. We do believe that the 4–6 point difference in Bayley scores is clinically 

significant, although it is difficult to say whether this will translate into later problems with 
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school performance or IQ. Our findings are consistent with previous literature on opioid-

exposed infants, although most previous studies have not distinguished between those 

exposed in utero and those exposed and also treated for NAS postnatally. A study which 

evaluated infants at six months of age showed that infants exposed to methadone in utero 

(n=81) had lower scores in all domains of the Griffith scales (similar to the Bayley) than 

controls (p<0.001), and infants requiring pharmacologic treatment performed more poorly 

than infants exposed but not treated5. A longitudinal study assessed 72 children with 

prenatal opioid exposure and 58 controls from age 1 to age 8, and found that exposed boys 

had stable, lower levels of cognitive functioning than controls at all time points, but the 

exposed girls had increasing differences over time from the controls6. Even children adopted 

at birth had lower cognitive scores; however, the controls were not matched for 

socioeconomic status(SES)6. In a 2003 study with multiple control groups, young children 

born to heroin-dependent mothers as well as unexposed children of low SES had lower 

intellectual skills and higher rate of inattention than controls of higher SES7. Children 

exposed in utero but adopted at birth had normal intellectual function but a higher rate of 

inattention and behavioral problems at school age7.

School age outcomes have been evaluated in several recent studies. One study specifically 

followed infants of mothers who took buprenorphine during pregnancy to school age (5–6 

years)13. This study did not have a control group, but found that buprenorphine-exposed 

children had visual-motor, attention, motor, and memory problems as well as increased 

hyperactivity, impulsivity, and attention problems. No significant differences were found 

between infants exposed to buprenorphine who did and did not require pharmacologic 

treatment for NAS. Another recent study linked a neonatal discharge diagnosis of NAS with 

standardized test scores in 2236 children with NAS born in Australia9. They found that a 

diagnosis of NAS was associated with lower mean standardized test scores in all 5 test 

domains in grade 3, 5, and 7 and that the achievement gap increased as the children 

progressed in school.

The mechanism behind neurodevelopmental delays in children exposed to opioids in utero 

and postnatally is not entirely clear. Animal studies have shown that both buprenorphine14 

and methadone15 alter myelination of the developing brain and affect various 

neurotransmitter systems16, 17, so there may be a biological cause. Increased social stressors, 

such as poverty, poor nutrition, and lower levels of education, are likely present in the 

families of children affected by NAS. Our finding of higher cognitive scores in children 

raised by foster/adoptive families suggests that socioeconomic factors do significantly affect 

outcomes in this population. Girls with NAS having higher scores than boys is consistent 

with previous studies6, 9 and may reflect increased resiliency to family stressors in 

girls18, 19, 20. These findings underscore the need for early intervention programs and family 

education and support for children affected by the opioid epidemic.

We also found on chart review that 8% of children in our cohort had been treated for 

strabismus by age 3. Previous studies have shown that infants exposed to opioids in utero are 

at risk for adverse visual outcomes. In one study, infants with in utero methadone exposure 

were more likely to have immature visual evoked potentials within the first several days of 

birth than unexposed infants, suggesting that in utero opiate exposure may affect the 
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development of the 

fetal visual cortex4. Other reports of visual problems in this population come from retrospective case series, 

which show reduced visual acuity, nystagmus, delayed visual maturation, strabismus, 

refractive errors, and cortical visual impairment3, 21, 22. It is unknown whether postnatal 

opioid treatment increases the risk for visual problems, although one study found that infants 

who required pharmacologic treatment for NAS had more nystagmus than those who were 

exposed but did not require treatment3. In animal models, opioids are known to affect the development of the 

visual cortex23, 24, which may be the underlying mechanism for the visual issues seen in 

infants exposed to opioids in utero.

We acknowledge that our study has significant limitations, notably the retrospective 

observational design. We did not have a control group, and we did not have accurate 

information on socioeconomic status of the families. Of all the children with NAS in our 

region, only about 25% actually had a Bayley performed due to caregiver preference/no-

shows, which could have led to selection bias. Our findings could well be due to the 

postnatal environment experienced by these children, and warrant a prospective study using 

standardized measures of behavior and visual function in addition to neurodevelopment, as 

well as standardized data collection of socioeconomic status.

We conclude that children with NAS are at risk for lower developmental scores than the test 

normative population at 2 years of age. As infants with NAS are identified at hospital 

discharge, there is a strong potential for early intervention in these families, as well as 

families whose infants are exposed to opioids in utero but do not withdraw significantly 

enough to require treatment for NAS. Social support for mothers and relatives caring for 

infants with NAS is vital. In Ohio, NAS is currently not an automatic inclusion criteria for 

county Early Intervention programs, but based on the results of our study we encourage 

close medical follow up and screening early on for delays so that intervention can be 

initiated in a timely fashion. We also recommend close attention to the visual exam, possibly 

with the newer visual screeners which can detect strabismus and refractive error in the 

general pediatrician’s office.
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Figure 1. 
Patient flowsheet

Merhar et al. Page 9

J Perinatol. Author manuscript; available in PMC 2018 September 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Disposition of children at discharge versus 2 year follow up
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Figure 3. 
Median Bayley cognitive score in infants with NAS living with foster or adoptive families 

versus biological relatives
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Figure 4. 
Median Bayley scores of children with NAS based on gender
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Table 1

Maternal characteristics

Characteristic n percent

Caucasian 87 100%

Maternal polysubstance use 50 57%

Maternal known Hepatitis C 46 53%

In utero heroin 58 67%

In utero cocaine 19 22%

In utero benzodiazepines 20 23%

In utero marijuana 25 29%

In utero methadone 33 38%

In utero buprenorphine 21 24%

In utero amphetamines 9 10%

In utero other opioid
(oxycodone etc)

30 36%

Any breastfeeding 8 9%
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Table 2

Bayley scores

Median (range) Mean (SD) Score < 85 Score < 70

Cognitive 95 (65–115) 96.5 (10.6) 9 3

Language 94 (62–132) 93.8 (13.3) 17 5

Motor 94 (70–112) 94.0 (9.4) 11 0
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