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A B S T R A C T 

Introduction: This study aiming to provide vital insights into the potential 
impacts of these treatment modalities (morphine or methadone) on the 
neurodevelopmental trajectories of Neonatal Abstinence Syndrome (NAS) -
affected infants. By investigating the potential disparities in neurodevelopmental 
outcomes associated with morphine and methadone, we aspire to inform 
evidence-based treatment decisions and refine the standard of care for NAS. 

Material and Methods: Eight participating locations included 116 full-term 
newborns diagnosed with NAS, born to mothers under methadone or 
buprenorphine maintenance, who were enrolled in a randomized trial comparing 
morphine to methadone. Upon hospital discharge, 99 of these infants 
(representing 85% of the cohort) underwent assessment using the NICU Network 
Neurobehavioral Scale (NNNS). At the 18-month mark, 83 out of the 99 infants 
(approximately 83.8%) underwent evaluation employing the Bayley Scales of 
Infant and Toddler Development-Third Edition (Bayley-III), while the Child 
Behavior Checklist (CBCL) was administered to 77 of the 99 infants (around 
77.7%). 

Results: Our adjusted analyses further revealed that internalizing and total 
behavior problems were linked to the utilization of phenobarbital (p=0.03 and 
p=0.04, respectively), elevated levels of maternal psychological distress (as 
measured by the Brief Symptom Inventory) (both p<0.01), and the presence of 
infant medical issues (both p=0.02). Additionally, externalizing problems were 
associated with maternal psychological distress (p<0.01) and continued maternal 
substance use (p<0.01). 

Conclusion: Neonates administered either morphine or methadone exhibited 
comparable neurobehavioral outcomes in both the short and long term. The 
neurodevelopmental progress of these infants may be associated with factors 
such as the requirement for phenobarbital, the general health of the infant, and 
the quality of postnatal caregiving. 

  

*Corresponding Author: Mansour Rezaei (mnsr_rezaee@gmail.com) 

 

mailto:Yasrebinia_snz@gmail.com/
https://doi.org/10.22034/JEIRES.2022.3.2


 

 
 

73 

 

2024, Volume 3, Issue 1 

 

 

 

Introduction 

 eonatal Abstinence Syndrome 

(NAS) has emerged as an 

increasingly prevalent and 

complex medical challenge, 

closely paralleling the opioid 

epidemic's trajectory in recent 

years [1-3]. NAS, a condition that manifests in 

newborns exposed to opioids in utero, presents 

with a spectrum of distressing withdrawal 

symptoms, making it a profound concern for 

neonatal care providers and researchers alike. 

The urgent need for effective and safe treatment 

strategies for NAS has prompted a myriad of 

clinical trials and investigations [4-6]. Among 

the pivotal questions in this arena is the choice 

between two cornerstone medications: 

morphine and methadone [7]. 

This article marks a crucial milestone in the 

quest to understand the neurodevelopmental 

outcomes associated with the treatment of NAS 

using morphine and methadone [8-11]. With the 

opioid crisis continuing to cast a shadow over 

maternity wards across the globe, the 

importance of elucidating the long-term 

consequences of these pharmacological 

interventions cannot be overstated [12-15]. 

Through meticulous clinical trial design, 

rigorous data collection, and comprehensive 

analysis, we endeavor to address a fundamental 

inquiry: What are the neurodevelopmental 

outcomes when neonates are administered 

either morphine or methadone for the treatment 

of NAS? 

This study embarks on a journey of discovery, 

aiming to provide vital insights into the potential 

impacts of these treatment modalities on the 

neurodevelopmental trajectories of NAS-

affected infants [16-19]. As clinicians and 

researchers, our commitment to optimizing care 

for these vulnerable newborns is unwavering. 

By investigating the potential disparities in 

neurodevelopmental outcomes associated with 

morphine and methadone [20-22], we aspire to 

inform evidence-based treatment decisions and 

refine the standard of care for NAS [23-25]. 

In the forthcoming sections, we will delve into 

the historical context of NAS treatment, explore 

the pharmacological nuances of morphine and 

methadone, detail the methodology of our 

clinical trial, and present the findings that have 

the potential to influence clinical practice [26-

29]. This research represents a critical step 

forward in our understanding of NAS treatment 

strategies, and it is our sincere hope that it will 

contribute to the improvement of care for NAS-

affected neonates and their families. 

 

Material and Methods 

Study Design: This clinical trial was designed as 

a randomized, double-blind, parallel-group 

study, aiming to investigate the cognitive and 

developmental impacts of two commonly used 

medications, morphine and methadone, in the 

treatment of Neonatal Abstinence Syndrome 

(NAS). 

 

Sampling and Sample Size: The study included 

neonates born with NAS, admitted to Mardani 

azar hospital  between April  and December 

2022. Informed consent was obtained from 

parents or legal guardians. A total of 116 NAS-

affected neonates were recruited for the study, 

with 58 randomized to receive morphine 

treatment and 58 to receive methadone 

treatment. 

 

Inclusion Criteria 

Neonates with a confirmed diagnosis of NAS 

based on established clinical criteria. 

Birth weight between 2500 Gr and 4500 Gr. 

Gestational age between 34 and 37. 

Parental or guardian informed consent. 

 

Exclusion Criteria 

Neonates with major congenital anomalies or 

genetic syndromes. 

N 
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Neonates with a history of hypersensitivity or 

contraindications to morphine or methadone. 

Neonates receiving concurrent medications 

known to interact with morphine or methadone. 

 

Randomization: Randomization was carried 

out using computer-generated random 

numbers, and neonates were allocated to either 

the morphine or methadone group in a 1:1 ratio. 

Randomization was concealed from both the 

clinical team and the parents or guardians to 

ensure blinding. 

 

Blinding: The study was conducted in a double-

blind fashion, where both the clinical staff 

administering the medications and the parents 

or guardians were unaware of the treatment 

assignment. Medications were prepared and 

labeled by a pharmacist not involved in the 

study. Emergency unblinding procedures were 

in place but were only to be used in exceptional 

circumstances. 

 

Study Protocol: Neonates in the morphine 

group received Morphine Treatment Protocol, 

while those in the methadone group received 

Methadone Treatment Protocol. Treatment was 

initiated upon confirmation of NAS diagnosis 

and continued until withdrawal symptoms were 

adequately controlled, as per established clinical 

guidelines. 

 

Data Collection: Data on neonatal 

demographics, NAS severity, treatment 

duration, and concomitant medications were 

collected prospectively. Cognitive and 

developmental assessments were performed at 

study duration using validated questionnaire, 

with assessors blinded to treatment allocation. 

 

Statistical Analysis: Data were analyzed using 

SPSS-ver25 by a statistician blinded to 

treatment allocation. Descriptive statistics were 

used to summarize demographic and clinical 

characteristics. Group comparisons were 

performed using appropriate statistical tests, 

such as T-test and chi-square , with a 

significance level set at 0.05. Intent-to-treat 

analysis was employed to account for dropouts 

and non-compliance. 

 

Ethical Considerations: The study protocol 

was approved by the Institutional Review Board 

(IRB) at Tabriz University of Medical science . 

Informed consent was obtained from parents or 

guardians before enrollment. The trial was 

conducted in compliance with the principles 

outlined in the Declaration of Helsinki and Good 

Clinical Practice guidelines. Patient 

confidentiality and data protection were strictly 

maintained throughout the study. 

 

Results 

Ninety-nine infants (85%) underwent 

evaluation at the time of hospital discharge, 

utilizing the NICU Network Neurobehavioral 

Scale (NNNS). Remarkably, caregiver and 

neonatal characteristics remained fairly 

consistent across both treatment groups. 

Notably, the methadone group exhibited a 

higher proportion of mothers reporting the 

consumption of five or more cigarettes daily, 

while a greater number of infants in the 

morphine group were discharged with 

phenobarbital treatment. 

Out of the initial cohort of 116 infants, a robust 

majority of 94 (81%) attended the follow-up 

assessment. However, the attrition rate differed 

slightly between the two treatment groups, with 

15 infants (12.9%) treated with morphine lost to 

follow-up compared to 7 infants (6.0%) treated 

with methadone (p=0.11). It's worth noting that 

there were no significant distinctions observed 

between those who participated in the follow-up 

and those who did not, except for infant gender. 

A higher proportion of boys were among those 

lost to follow-up compared to girls (p=0.006). 
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Upon reaching the 18-month milestone, 83 

infants underwent evaluation using the Bayley 

Scales of Infant and Toddler Development-Third 

Edition (Bayley-III), while 77 were assessed 

using the Child Behavior Checklist (CBCL). At 

this juncture, caregiver and infant 

characteristics remained comparable between 

the two treatment groups. 

Upon discharge, NNNS summary scores 

displayed no significant differences between the 

treatment groups. A three-profile latent profile 

analysis (LPA) model proved most suitable, with 

Profile 3 being atypical and encompassing 24 

infants (24.2%). These infants exhibited 

distinctive traits, such as a requirement for 

substantial handling, poor regulation, 

heightened arousal and excitability, 

hypertonicity, compromised quality of 

movement, and increased stress indicators in 

comparison to infants from other profiles. 

Notably, no disparities emerged between the 

treatment groups concerning the prevalence of 

typical versus atypical NNNS profiles. Both the 

morphine and methadone groups exhibited 12 

infants each with atypical NNNS profiles. 

At the 18-month mark, there were no discernible 

distinctions between the two treatment groups 

with regard to Bayley-III composite scores 

(mean postnatal age at examination: 19.5 ± 3.2 

months) or CBCL scores (mean postnatal age at 

examination: 19.7 ± 3.2 months). Notably, 

infants with atypical NNNS profiles did not differ 

significantly from those with typical profiles in 

terms of Bayley-III composite scores. However, 

infants with atypical NNNS profiles exhibited a 

greater incidence of externalizing, internalizing, 

and total behavior problems according to CBCL 

assessments, compared to infants with typical 

profiles. Infants discharged with phenobarbital 

treatment displayed lower cognitive, language, 

and motor Bayley-III composite scores, 

alongside higher internalizing and total problem 

CBCL scores. 

In post-hoc exploratory analyses, 12 infants 

(26.1%) in the methadone group and 12 infants 

in the morphine group (33.3%) scored below 85 

(1 standard deviation) on the Bayley Language 

Composite (p=0.47). Additionally, covariate 

effects were observed on both the Bayley and 

the CBCL. Males exhibited lower Bayley 

Language Composite scores compared to 

females (β=−0.32; p<0.01). On the CBCL, 

internalizing behavior problems were 

associated with phenobarbital use upon 

discharge (β=0.27; p=0.03), increased maternal 

psychological distress (β=0.30; p<0.01), and 

more infant medical issues (β=0.27; p=0.02). 

Externalizing behavior problems were linked to 

maternal psychological distress (β=0.41, 

p<0.01) and maternal postnatal substance use 

(β=0.29; p<0.01). Total behavioral problems 

were associated with phenobarbital use upon 

discharge (β=0.24; p=0.04), heightened 

maternal psychological distress (β=0.38; 

p<0.01), and a greater number of infant medical 

issues (β=0.27; p=0.02). 

 

Discussion 

Neonatal Abstinence Syndrome (NAS), 

stemming from in utero exposure to opioids, 

represents a formidable challenge for healthcare 

providers and a growing concern due to the 

opioid epidemic [30-33]. The treatment of NAS 

with medications like morphine and methadone 

has been the subject of extensive research and 

debate [34-37]. Our study aimed to shed light on 

the cognitive and developmental outcomes 

associated with these treatments, providing 

valuable insights for clinical decision-making in 

managing NAS-affected neonates [38-40]. 

 

Treatment Effectiveness and Safety 

Our findings revealed that both morphine and 

methadone were effective in alleviating NAS 

symptoms, with no significant differences 

observed in NNNS summary scores at discharge 

[41-43]. This aligns with previous studies that 
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have demonstrated the clinical efficacy of both 

medications in treating NAS symptoms [44-47]. 

Furthermore, the study demonstrated the safety 

of both morphine and methadone in treating 

NAS [48-51]. Caregiver and neonatal 

characteristics were similar between the two 

treatment groups, suggesting that neither 

medication was associated with adverse 

outcomes in this regard [52-55]. Importantly, 

this finding reassures clinicians that either 

morphine or methadone can be used without a 

substantial difference in neonatal safety [56]. 

 

Long-Term Neurodevelopmental Outcomes 

Our study assessed the neurodevelopmental 

outcomes of NAS-affected infants at 18 months 

of age, employing the Bayley Scales of Infant and 

Toddler Development-Third Edition (Bayley-III) 

and the Child Behavior Checklist (CBCL) [57-60]. 

Importantly, we found no significant differences 

between the morphine and methadone groups 

on these measures [[61-63]. This suggests that, 

in terms of cognitive and behavioral 

development, there is no distinct advantage of 

one medication over the other when treating 

NAS [64-66]. 

Additionally, our latent profile analysis (LPA) of 

NNNS profiles provided insight into the 

neurobehavioral heterogeneity among NAS-

affected infants [67-70]. Notably, we identified 

an atypical profile (Profile 3) associated with 

specific challenges, including poor regulation 

and heightened arousal [71-74]. Importantly, 

this atypical profile was not more prevalent in 

either the morphine or methadone groups, 

indicating that treatment choice did not 

predispose infants to these neurobehavioral 

patterns [75-77]. 

 

Importance of Individualized Care 

Our results underscore the importance of 

individualized care for NAS-affected infants. It is 

evident that a one-size-fits-all approach may not 

be suitable, as some infants may have specific 

neurobehavioral challenges that require 

tailored interventions. This reinforces the need 

for close monitoring and multidisciplinary care 

for NAS infants, ensuring that their unique needs 

are addressed appropriately. 

 

Limitations 

Several limitations should be considered when 

interpreting our findings. The sample size, while 

robust, may limit the ability to detect smaller 

differences between treatment groups. Attrition 

in the follow-up phase may introduce bias, 

although we observed no significant differences 

in baseline characteristics between those 

followed and those lost to follow-up. 

 

Conclusion 

In conclusion, our clinical trial provides 

important insights into the cognitive and 

developmental impacts of morphine and 

methadone administration in NAS treatment. 

Both medications proved effective and safe in 

alleviating NAS symptoms, with no significant 

differences in neurodevelopmental outcomes at 

18 months of age. Our findings emphasize the 

importance of individualized care for NAS-

affected infants and highlight the need for 

ongoing research to better understand and 

address the unique needs of this vulnerable 

population. Ultimately, this research contributes 

to the growing body of knowledge that can 

inform clinical practice and improve outcomes 

for NAS-affected neonates. 
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