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Abstract 

Background: The increased occurrence of neonatal abstinence syndrome (NAS) is a major 

public health concern within Canada and the United States. NAS is a drug withdrawal syndrome 

caused by the abrupt cessation of prolonged prenatal exposure to opioids. Because of the 

increasing number of infants affected with NAS and subsequent increased utilization of hospital 

resources for NAS, research to improve NAS definition, measurement, and management is 

needed. This study aims to describe the presentation of NAS in neonates prenatally exposed to 

buprenorphine vs. methadone.   

 

Methods: We conducted a prospective cohort study of pregnant women with opioid use disorder 

and their neonates.  Women were treated with buprenorphine or methadone based on clinical 

indicators and patient preference. Neonates were assessed using the 31-item Finnegan scale and 

scored every four hours, increasing to every two hours if NAS pharmacotherapy was initiated. 

Differences in NAS symptoms were compared among 34 buprenorphine-exposed neonates and 

43 methadone-exposed neonates prior to and following NAS pharmacotherapy initiation were 

statistically assessed. Individual growth curve models (IGC) were applied to the Finnegan score 

data, adjusted for confounders, and NAS trajectories were plotted by prenatal exposure to 

buprenorphine or methadone. 

 

Results: Prior to NAS pharmacotherapy initiation, four NAS symptoms were observed 

significantly more often in buprenorphine exposed neonates compared to methadone exposed 

neonates: continuous high pitched crying (76.5% vs. 32.6%), hyperactive Moro reflex (47.1% vs. 

23.3%), nasal stuffiness (42.4% vs. 15.9%), and loose stools (50.0% vs. 23.3 Furthermore, we 
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were able to successfully apply an IGC approach to modeling change trajectories to repeated 

Finnegan score data. Differences in NAS progression by prenatal opioid agonist therapy 

exposure were identified in neonates who required NAS pharmacotherapy. 

 

Conclusion: This is one of the first studies to investigate NAS symptom expression by prenatal 

opioid agonist therapy exposure to buprenorphine and methadone. This study will provide a 

resource for other researchers to apply these novel procedures which have not been previously 

used in pediatric research. The findings from this study provide insight into how these two 

prenatal medications affect NAS symptom expression and NAS progression allowing healthcare 

professionals to improve NAS definition, measurement, and management.  
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Chapter 1 

Introduction 

1.1 Background and Rationale 

The increased occurrence of neonatal abstinence syndrome (NAS) is a major public health 

concern within Canada and the United States (US)
1,2

. NAS is a drug withdrawal syndrome 

caused by the abrupt cessation of prolonged prenatal exposure to illicit opioids such as heroin, 

and the recommended prenatal opioid agonist therapies for maternal opioid use disorder: 

methadone and buprenorphine
3
. NAS manifests as disturbances in gastrointestinal (GI), 

metabolic, vasomotor, respiratory, and central nervous systems (CNS), which affect critical 

postnatal life adaptation
4,5

. Since the 1970s the Finnegan scale has been used by experienced 

neonatal nurses to monitor individual NAS symptoms and NAS severity, and to guide NAS 

pharmacotherapy
6,7

. Because of the increasing number of infants affected with NAS and 

subsequent increased utilization of hospital resources for NAS, research to improve NAS 

definition, measurement, and management is needed
1,8

.  

 

This thesis addresses a gap in understanding how these prenatal medications affect NAS 

symptom expression, and NAS severity in the neonatal period
9
. Specifically, this thesis 

examined differences in 1) NAS symptom expression and 2) Finnegan score trajectories in 

neonates prenatally exposed to buprenorphine vs. methadone. The total Finnegan score and 

symptom specific scores—of which the total score is comprised—were examined among 

neonates followed in a prospective cohort study. NAS expression by prenatal opioid agonist 

therapy was described and growth curves were used to examine the differences by exposure to 
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buprenorphine compared with methadone adjusting for confounders. The results of this study 

will improve our understanding of NAS symptom expression and better guide neonatal 

assessment. 

 

1.2 Objectives 

The overall aim of this thesis is to provide a detailed analysis of data collected from a cohort 

study of opioid exposed neonates, and to enhance the evidence-based clinical care of such 

neonates. The specific objectives are: 

 

1. To determine whether the presentation of particular NAS signs and symptoms differs by 

prenatal exposure to buprenorphine compared with methadone: 

a. Using symptom specific Finnegan scores from onset of symptoms to NAS 

pharmacotherapy initiation 

b. Using symptom specific Finnegan scores from NAS pharmacotherapy initiation 

until hospital discharge 

 

2. To apply growth curve modeling Finnegan score data and investigate the effect of 

prenatal buprenorphine vs. methadone exposure on Finnegan score trajectories: 

a. Using overall Finnegan scores from onset of symptoms to NAS pharmacotherapy 

initiation 

b. Using overall Finnegan scores from NAS pharmacotherapy initiation until 

hospital discharge 
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It is hypothesized that there will be differences in the observed frequencies of the individual 

NAS signs and symptoms as well as differences in Finnegan score trajectories by prenatal 

exposure to buprenorphine vs. methadone.  

  

1.3 Significance of the Study 

The results of this thesis will benefit the scientific community by providing new data on the 

presentation of NAS following prenatal exposure to buprenorphine compared with methadone. 

Information on the most commonly observed symptoms by prenatal opioid agonist therapy 

exposure will help to inform healthcare professionals which symptoms are most likely to be 

exhibited in buprenorphine or methadone exposed neonates.  Such information also helps to 

refine the Finnegan scale, an area of current clinical importance
10,11

. Knowledge on NAS 

symptom frequency provides evidence to modify NAS scoring tools utilized by healthcare 

professions, particularly the modified Finnegan scale. Improving the accuracy of NAS 

assessment could be achieved through the exclusion of particular NAS symptoms that are seldom 

or never observed. 

 

1.4 Thesis Organization 

The second chapter of this thesis provides a review of the literature surrounding NAS and 

summarizes the studies on the comparative safety of buprenorphine and methadone for neonates 

born to woman with opioid use disorder. The third chapter details the study design, population, 

and the statistical methodologies used. The fourth chapter is a draft of a first manuscript 

describing the presentation of NAS and individual symptom expression in buprenorphine and 

methadone exposed neonates. The fifth chapter is a draft of a second manuscript examining 
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differences in Finnegan score trajectories in neonates prenatally exposed to buprenorphine and 

methadone from onset of NAS symptoms to hospital discharge. The sixth chapter provides a 

general discussion of the overall results, strengths and limitations, and concluding remarks.  
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Chapter 2 

Literature Review 

2.1 NAS Incidence and Associated Costs 

The use of opioids, both licit and illicit, has significantly increased during the 21
st
 century to a 

point where addiction has become a worldwide epidemic
1
. In 2013, approximately 4% of the 

Canadian and US populations suffered from opioid use disorder
2,3

. There have been concomitant  

increases in rates of opioid use disorder in women of child bearing age and in pregnancy
4–6

. The 

incidence of NAS has become a major public health concern reaching epidemic proportions 

within Canada and the US
7,8

. In Canada, NAS incidence increased four-fold between 2002 and 

2012 (from 0.9 to 5.1 per 1000 live-births), with the US experiencing increases between 2000 

and 2009 (from 1.20 to 3.39 per 1000 live-births)
8,9

.  

 

Compared to unexposed neonates unaffected by NAS, the medical costs of treating opioid 

withdrawal for opioid exposed neonates are substantially higher and are continually growing
5,9

. 

In the US, these costs increased from approximately $190 million to $720 million between 1992 

and 2011
5,9

. Opioid exposed neonates are monitored in hospital for NAS, and have prolonged 

stay if severe NAS develops and NAS pharmacotherapy, often with morphine, is initiated
10,11

. In 

Canada, the costs for one neonate who requires prolonged care in the Neonatal Intensive Care 

Unit (NICU) can range from $14,000 to $30,000, and in the US these costs are double
9,12,13

. In 

the US, rates of NICU admissions related to NAS, length of neonatal hospitalization, and NAS 

pharmacotherapy are rising 
7,9,14

. Between 2004 and 2013, admissions increased from 7 cases per 

1000 neonates to 27 cases per 1000 neonates, the average length of neonatal hospitalization rose 

from 13 days to 19 days, and the number of neonates requiring pharmacotherapy increased by 
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13%
7
. These increases are likely exacerbated by concomitant use of selective serotonin reuptake 

inhibitors (SSRIs) and benzodiazepines during pregnancy
12

.  

 

2.2 Neonatal Abstinence Syndrome 

NAS is a multifactorial drug withdrawal syndrome that occurs after the abrupt interruption of 

chronic prenatal exposure to illicit opioids and recommended prenatal opioid agonist therapies 

for maternal opioid use disorder following delivery
15,16

. Its clinical presentation is defined as a 

generalized multisystem disorder described by GI dysfunction, distress to the metabolic, 

vasomotor and respiratory systems, and CNS hyperirritability resulting in the neonate’s general 

health and critical postnatal life adaptations being affected
12,16,17

. GI dysfunction manifests in the 

form of poor feeding habits, diarrhea, regurgitation, and excessive sucking
12,18

. Signs of 

metabolic, vasomotor, or respiratory distress are excessive sweating, high fever, nasal stuffiness, 

and frequent yawning
12,18

. Disturbances of the CNS include high pitched crying, tremors, sleep 

disruption, seizures, and increased muscle tone
12,18

. NAS symptom expression and severity can 

be highly variable among neonates as well as within the same neonate over time
15,19

. Factors 

hypothesized to contribute to this include: type and timing of opioid exposure closest to delivery, 

maternal drug use history, placental and maternal metabolisms, and genetic predisposition
15,19,20

.  

 

Only one study has examined differences in NAS expression including symptom specific 

expression by prenatal exposure to buprenorphine compared with methadone
21

. This study was a 

secondary analysis of the Maternal Opioid Treatment: Human Experimental Research 

(MOTHER) multi-site randomized control trial (RCT). It was restricted to women who met the 

RCT’s strict inclusion criteria: absence of psychological issues, comorbidities, and concomitant 
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benzodiazepine use
22

. Findings from this RCT suggested that NAS symptom profiles differed by 

exposure to methadone vs. buprenorphine, with buprenorphine-exposed neonates experiencing 

milder NAS
21

.  Furthermore, it was suggested that methadone-exposed neonates displayed signs 

of undisturbed tremors and hyperactive Moro reflex significantly more frequently, while nasal 

stuffiness, sneezing, and loose stools were expressed significantly more frequently in 

buprenorphine-exposed neonates. This study had several limitations including a small sample 

size (N=58 buprenorphine, 73 methadone), high study drop out (33% buprenorphine, 18% 

methadone), and examination of Finnegan scores only prior to NAS pharmacotherapy 

initiation
21

. Research in this area is warranted, as this is the only study focusing on differences in 

NAS symptom expression by prenatal opioid agonist therapy. 

 

2.3 NAS Assessment and Treatments 

The most common and widely used tool to assess for NAS is the Finnegan scale or Finnegan 

Neonatal Abstinence Scoring Tool (FNAST), which was developed in the 1970s (Appendix 

A)
23,24

. The instrument provides a way to quantify the intensity of NAS and to guide NAS 

pharmacotherapy initiation usually with morphine or methadone
12,25

. The modified FNAST used 

in this thesis consisted of 21 clinically significant NAS symptoms and has a total of 31 items; 

some symptoms had multiple scoring values (i.e. excessive crying vs. continuous crying, or mild 

vs. moderate-severe tremors)
12,24

.
 
Experienced and highly trained nurses assess and score the 

signs and symptoms of a neonate’s withdrawal approximately every four hours; if a neonate 

requires NAS pharmacotherapy these assessments are then conducted every two hours
12,22

.  
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When overall Finnegan scores exceed established severity thresholds (two consecutive scores of 

≥ 8 or one consecutive score of ≥ 12), NAS pharmacotherapy is initiated. The most common 

pharmacotherapy for severe NAS is to administer infant morphine to the neonate; phenobarbital 

and/or clonidine are typically given as adjuvant therapies if the withdrawal is not lessened
15,19,26

. 

The dose is based on both the score and birth weight
12,23

. NAS pharmacotherapy is administered 

to reduce the severity of a neonate’s withdrawal; once the withdrawal is stabilized (consecutive 

scores ≤ 7 for 12 hours), the neonate will begin to be weaned off NAS pharmacotherapy and 

eventually discharged from the hospital
12,23

. The proportion of neonates who require NAS 

pharmacotherapy varies and is usually reported as 70% or more
12,27

 

 

There is documented high intra-user reliability for the FNAST, with an intra-class correlation 

coefficient of 0.82 when it was first developed to some studies reporting values as high as 

0.94
21,23,24

. There has been concern with regard to potential subjectivity when using the tool; 

however, there is new research emerging which suggests that the tool is objective
28

. There 

appears to be no published research focusing on the psychometric properties of the original tool, 

with only two studies investigating these properties for two modified versions, the MOTHER 

NAS scale
29

, and the Finnegan Neonatal Abstinence Scale - Short Form
30

. Their results showed 

that neither modified version had improved psychometric properties over the original Finnegan.  

 

2.4 Prenatal Opioid Agonist Therapies 

Currently there are two recommended prenatal agonist therapies for pregnant women with opioid 

use disorder in the US, 1) methadone, a synthetic full  -opioid receptor agonist, and 2) 

buprenorphine, a semisynthetic partial  -agonist and complete  -antagonist
4,12

. Therapy with 
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methadone originated in the late 1960s; it has historically been the gold standard in treatment
31

. 

Buprenorphine was approved in the US in 2002 and in Canada in 2007, but has been used in 

Europe since the late 1990s
27,32

. The preferred formulation of buprenorphine in pregnancy is 

Subutex, which contains only the drug buprenorphine
22

. Being only a partial  -agonist means 

buprenorphine binds to the opioid receptors and activates them, but not to the same degree as full 

agonists, like methadone
33

. Some studies suggest that those on methadone are more likely to 

adhere to treatment than those treated with buprenorphine
33–35

. Both methadone and 

buprenorphine are used to prevent pregnant women from continuing illicit opioid use as well as 

protect the fetus from experiencing adverse health effects associated with opioid withdrawal 

caused by fluctuating levels of illicit opioids in the mother’s bloodstream
4,36–38

.  

 

Previous studies on the comparative safety of these two medications have shown mixed results 

with regard to which prenatal opioid agonist therapy results in neonates experiencing a more 

severe NAS
16,22,31,39–43

. This is likely due to small sample sizes, high rates of dropout, and/or 

failing to take into account confounding by indication; as a result, a comprehensive systematic 

review and meta-analysis was conducted
27

. The unadjusted results from the meta-analysis 

suggest that prenatal exposure to buprenorphine compared to methadone is related to a decrease 

in NAS severity, a decrease in the duration and incidence of NAS treatment, a decrease in 

morphine dose required to treat NAS symptoms, and a reduction in the length of hospitalization 

associated with NAS
27

. After adjusting for potential confounding, only the differences for length 

of hospitalization and duration of NAS pharmacotherapy remained, suggesting that confounding 

bias may partially account for the protective effects of buprenorphine vs. methadone
27

. Identified 

confounders will be accounted for in manuscript 2.  
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2.5 Summary 

NAS is a growing public health concern associated with negative impacts on a neonate’s early 

postnatal quality of life and overall health
7,8,12

. The extent to which and how prenatal opioid 

agonist therapies affect NAS severity and NAS symptom expression has not been extensively 

studied and therefore, is not completely understood. By developing a more detailed 

understanding of NAS symptom expression in neonates exposed to these prenatal opioid agonist 

therapies, improvements in NAS assessment, and NAS pharmacotherapy could be achieved; in 

turn, the length of hospitalization and NAS related costs would decrease
10,12

.  
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Chapter 3 

Methods 

3.1 Overview 

The data for this thesis are from a prospective cohort study of pregnant women with opioid use 

disorder enrolled at a high-risk obstetric and addiction recovery clinic at Boston Medical Center 

(BMC) from 2015 to 2016. During cohort follow-up completed Finnegan score data were 

collected for the infants; these data are the focus of this thesis project. This chapter describes the 

study design, population, study variables, and analytic methods used.   

 

3.2 Study Population 

The study population included pregnant women with opioid use disorder and their neonates 

enrolled in a prospective cohort study from the BMC Project RESPECT (Recovery-

Empowerment-Social Services-Prenatal Care-Education-Community-Treatment) clinic. Project 

RESPECT is the largest volume clinic in the New England area specializing in the treatment of 

pregnant women with substance use disorders. The clinic’s multidisciplinary treatment team is 

comprised of a psychiatrist, a psychiatry nurse practitioner, three obstetric providers, and a 

licensed independent clinical social worker. BMC is an urban safety net hospital which includes 

a labor and delivery unit, level three NICU, high-risk maternal fetal medicine in-patient service, 

and a pediatric in-patient ward for neonates with NAS. The clinic works alongside local and 

regional methadone clinics, counselling centers, and residential treatment programs for pregnant 

women. In order to receive prenatal opioid agonist therapy at Project RESPECT, women must 

meet the following criteria: 1) voluntary consent to participate in the comprehensive treatment 
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program; 2) being 18 years of age or older; 3) laboratory and/or radiographic confirmation of 

pregnancy; 4) DSM IV diagnosis of opioid use disorder. While being treated at BMC, women 

had prenatal care and relapse prevention visits scheduled every one to three weeks until delivery; 

observed urine drug tests were carried out at each visit and when admitted to hospital for 

delivery.     

 

Recruitment into the study commenced February 2015 and ended April 2016. A total of 113 

eligible pregnant women (6 sets of twins) were enrolled into the study. Women were recruited 

either at prenatal opioid agonist therapy initiation or at their first prenatal visit for those who 

were already on a prenatal therapy at conception. The type of prenatal opioid agonist therapy 

initiated was dependent on a number of factors: treatment history, medical and psychiatric 

comorbidities, addiction severity, and patient choice. The eligibility criteria for study 

participation were: 1) being fluent in English; 2) not in legal detention; 3) able to provide written 

informed consent; 4) intent to carry the pregnancy to term; 5) intent to receive prenatal care and 

deliver at BMC. Loss to follow-up and exclusion from the thesis population occurred for a 

variety of reasons including discontinuing prenatal clinical care, delivering at another clinic, 

therapeutic abortion, miscarriage, or still birth, see Figure 3.1.  
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Figure 3.1: Exclusion criteria, loss to follow up, and thesis population numbers 

 

Thesis population 

 
 

 

N=77  

mother-infant pairs 

 (includes 4 sets of twins) 

Study cohort 

 
 

 

N=119 

mother-infant pairs  

(includes 6 sets of twins) 

Excluded N=16 

 Declined to participate (N=7) 

 Did not complete agonist titration or did not 

present for prenatal care again (N=7) 

 Found subsequently ineligible for study (N=2) 

Total mother-infant pairs 

eligible for study 

 

 

 

N=135 

Lost to follow-up N=40 

 Did not delivery at BMC (N=6) 

 Received prenatal care elsewhere (N=9) 

 Therapeutic abortion (N=3) 

 Miscarriage/still birth (N=5) 

 Did not continue prenatal clinical care (N=17) 
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3.3 Data Collection and Management 

At time of enrollment, the Addiction Severity Index (ASI), 5
th

 Edition Lite (Appendix B
1
), was 

administered to women by a research assistant in order to collect a wide range of demographic 

and substance use information about the women. The ASI is the most common instrument used 

to evaluate the severity of substance use disorders with questions pertaining to seven commonly 

affected areas: medical status, psychological status, employment and support, legal status, 

family/social status, alcohol use, and drug use
1
. Summary measures were calculated using 

interviewer severity ratings for particular questions in each of the seven areas. These composite 

scores indicated the severity of a woman’s problems in each area, ranging from 0 (no problems) 

to 1 (severe problems)
1
. From enrollment through delivery, the research assistant routinely 

abstracted maternal data (including urine toxicology screen results, delivery outcomes, and 

information regarding prenatal agonist therapy use) from medical charts recorded in the study 

database. Following birth until hospital discharge, neonatal information, neonatal Finnegan 

scores, individual NAS symptom Finnegan scores, time of NAS treatment initiation, NAS 

treatment dose, and length of hospitalization were abstracted from medical charts. All personal 

identifiers, except date of delivery, were removed from the analytical database. Mother and 

infant data were linked using a unique study identification number. A data use agreement 

between Boston University and Queen’s University was obtained on June 15
th

, 2016. Data for 

the thesis were stored and accessed on a secure and encrypted server at Queen’s University 

accessible only to the student and principal investigator. 
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3.4 NAS Assessment 

As per the American Academy of Pediatrics guidelines, all neonates were hospitalized and 

monitored for NAS at BMC by experienced nurses for a minimum of 7 days
2
. NAS severity was 

systematically assessed using a validated 31-item modified FNAST (Appendix A). Each 

symptom on the modified FNAST was scored, and these scores were summed to obtain an 

overall Finnegan score ranging from 0-46. All neonates were initially assessed every four hours, 

increasing to every two hours if severe NAS developed and NAS pharmacotherapy had to be 

initiated. NAS pharmacotherapy was initiated clinically if the neonate had two consecutive 

scores ≥ 8 or one score ≥ 12. Neonatal morphine was first line treatment through to July 2016; 

after that time the clinic switched to methadone as first-line treatment. Dosing was based on birth 

weight and the Finnegan scores from 0.3 mg/kg/day orally divided every four hours (for scores 

8-10) to 0.9 mg/kg/day divided every four hours (for scores ≥ 17). If the NAS symptoms 

persisted with NAS pharmacotherapy, phenobarbital and/or clonidine were administered as 

adjuvant medications. Following treatment initiation scoring was completed every two hours, 

and treatment continued until the neonate’s scores were ≤ 7 for 12 consecutive hours. After the 

scores were stabilized, the neonates were then weaned off of the morphine (or methadone). Once 

treatment fully ceased, they were monitored for 24-48 hours before being discharged from 

hospital. Neonates untreated for NAS were discharged 7 days after birth unless other neonatal 

comorbidities required prolonged observation.  
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3.5 Study Variables 

The list and descriptions for variables used in this thesis are presented in Table 3.1.  

Table 3.1: Study variable descriptions 

Variable Name Description 

Outcomes 

NAS severity Total Finnegan score ranging from 0-46 

Individual NAS symptoms Individual NAS signs and symptoms scores (see Finnegan 

scale, Appendix A) 

Exposures 

Buprenorphine If the neonate was exposed in utero to the prenatal opioid 

agonist therapy: buprenorphine 

Methadone If the neonate was exposed in utero to the prenatal opioid 

agonist therapy: methadone 

Potential Confounders 

Unstable housing If mother generally had unstable housing arrangements in the 

past three years  

Maternal age Age of mother at time of cohort enrollment (years) 

IV cocaine use If mother regularly used intravenous cocaine (define as ≥ 3 

times per week, binges, or problematic irregular use)  

ASI composite drug score Severity of mother’s self-reported drug problems (0-1)  

ASI composite employment 

score 

Severity of mother’s self-reported employment/support 

problems (0-1) 

Additional Variables  

Age of neonate  Time of FNAST assessment since birth (hours)  

Length of hospitalization Length of neonate’s hospital stay until discharge occurred 

(days)  

NAS pharmacotherapy initiation  Time to NAS pharmacotherapy initiation from birth (hours) 

NAS pharmacotherapy duration NAS pharmacotherapy duration (days) 

Treated for NAS  NAS pharmacotherapy with methadone or morphine  

Maternal characteristics  Maternal age (years), ethnicity, education, marital status, 

gestational age at enrollment (weeks), gravida, parity, 

trimester of opioid agonist therapy initiation, trimester of 

study enrollment, other medical conditions, abuse history, 

living conditions, sources of income, number of fetuses, 
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prescribed psychotherapy use, been in a controlled 

environment (month before enrollment), smoking status, and 

study outcome  

Other neonatal characteristics  Premature status, size for gestational age, sex, birth weight 

(grams), birth length (cm), head circumference (cm), Apgar 

score,  NAS pharmacotherapy dose and date/time, treated with 

phenobarbital, treated with clonidine 

 

3.6 Outcome Measures 

The primary measure used to assess the severity of a neonate’s NAS withdrawal was the total 

Finnegan score recorded at each FNAST assessment time point and symptom specific scores. A 

neonate’s NAS symptom expression was determined by which items on the FNAST received a 

score > 0 at each FNAST assessment; the criteria for receiving a score >0 are presented in  

Table 3.2
3
. 

Table 3.2: Finnegan neonatal abstinence scoring tool (FNAST) items, scoring values, and 

objective criteria for receiving a positive score (> 0). For every symptom/sign except sleep, a 

score of 0 indicates not present; for sleep it indicates infant sleeps more than 3 hours after 

feeding 

NAS Symptom/Sign (FNAST score) Objective criteria for receiving a positive score 

Central Nervous System 

Excessive high pitched crying (2) Neonate is inconsolable > 15 seconds OR crying 

intermittent for <= 5 minutes. 

Continuous high pithed crying (3) Neonate is inconsolable > 15 seconds AND crying 

intermittent for > 5 minutes. 

Sleep (1)  Neonate sleeps between 2-3 hours after feeding. 

Sleep (2) Neonate sleeps < 1-2 hours after feeding. 

Sleep (3) Neonate sleeps < 1 hour after feeding. 

Hyperactive Moro reflex (2) Pronounced jitteriness present in hands during or at 

end of reflex. 

Markedly hyperactive Moro reflex (3) Pronounced jitteriness and involuntary repetitive 

jerks present in wrists or ankles during or after reflex. 

Mild disturbed tremors (1) Mild tremors in hands or feet when neonate is 
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handled.  

Mod-severe disturbed tremors (2) Moderate-severe tremors in arms or legs when infant 

is handled.  

Mild undisturbed tremors (3) Mild tremors in legs and/or arms without touch or 

manipulation.  

Mod-severe undisturbed tremors (4) Moderate-severe tremors in legs and/or arms without 

touch or manipulation.  

Increased muscle tone (2) Total body rigidity or no head lag when pulled up to 

sitting position. 

Excoriation (1) Skin abrasions (re and/or broken) on different areas.  

Myoclonic jerk (3) Twitching and/or jerking of muscles in face or 

extremities. 

Generalized convulsions (5) Tonic seizure activity present.  

Metabolic, vasomotor, and respiratory  

Sweating (1) Neonate’s forehead, upper lip, and/or back of neck 

damp/wet. 

Mild fever (1) Fever between 37.2 – 38.4 °C. 

High fever (2) Fever of 38.4 °C or greater. 

Frequent yawning (1) Neonate yawns more than 3 times during assessment 

period. 

Mottling (1) Red and white marbling of skin is present. 

Nasal stuffiness (1) Observed noisy respirations.  

Sneezing (1) Neonate sneezes more than 3 times during 

assessment period. 

Nasal flaring (2) Nasal flaring observed during assessment period. 

Tachypnea (1) > 60 respirations/minute. 

Tachypnea (2) > 60 respirations/minute with retractions.  

Gastrointestinal 

Excessive sucking (1) Increased rooting and rapid movement of hands 

across mouth attempting to suck on hands or pacifier 

pre- or post-feeding.  

Poor feeding (2) Uncoordinated/difficulty sucking and/or swallowing. 

Regurgitation (2) Regurgitation ≥ 2 times during feeding period. 

Projectile vomiting (3) Projectile vomiting during or after feeding period. 

Loose stools (2) Stools with a half liquid and half solid consistency.  
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Watery stools (3) Soft, or liquid stools accompanied by a water ring. 

 

3.7 Exposure Measures 

The exposure of interest was prenatal opioid agonist therapy: buprenorphine or methadone. Most 

women remained on their initiated therapy. For those women who switched opioid agonist 

therapy (N=14), their treatment histories were visually inspected. For all women except two, 

prenatal therapy exposure was classified as being the treatment they were on closest to delivery. 

For the remaining two women, prenatal therapy exposure was selected to be the treatment with 

the longest duration before delivery.  

 

3.8 Confounding by Indication 

Observational epidemiologic studies of the comparative effect of treatments on a given outcome 

are prone to confounding by indication
4
. This type of confounding arises when the confounder 

affects the risk of the outcome and is an indication for treatment
5
. In the US, methadone is 

administered through a methadone dispensing clinic where the recipient is observed while taking 

the daily dose, while buprenorphine is given as a prescription and taken unobserved at home. 

Pregnant women treated with buprenorphine tend to have better clinical profiles compared to 

those treated with methadone including shorter duration of opioid use disorder, less severe 

addiction, and have a lower prevalence of hepatitis B infection; furthermore, women with these 

better clinical profiles are more likely to have healthier neonates with better birth outcomes 

compared to those with poorer clinical profiles
5–9

. Therefore, confounding by indication can bias 

the comparative effects of prenatal opioid agonist therapy on neonatal outcomes
5,6,8–12

.  
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Several maternal characteristics relating to a woman’s clinical profile were considered as 

potential confounders for the relationship between prenatal opioid agonist therapy exposure and 

NAS severity, see Figure 3.2. Based on substantive knowledge and prior studies these maternal 

characteristics were identified as being associated with choice of prenatal opioid agonist 

therapy
5,6,8–12

. Furthermore, these characteristics have been shown to be independently associated 

with the severity of their offspring’s NAS withdrawal and symptoms
13

. 

 

 

Figure 3.2: Relationship between potential confounders, prenatal opioid agonist therapy with 

either buprenorphine or methadone, and NAS severity 

 

For all multivariable regression models, potential confounders were assessed using an iterative 

change in estimate (CIE) approach
14,15

. First, a full model containing the exposure of interest and 

all potential confounders (covariates) was constructed. One at a time, each covariate was 

removed from the full model, and the percent change in the estimated exposure effect ( ) in the 

reduced model to the fill model was calculated using equation 3.1. The covariate which 1) 

caused the smallest change in the estimated effect and 2) was less than the selected threshold 

value of 10% was removed from the model. This process was repeated until all covariates 
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retained in the reduced model caused a change in the estimated effect 10% or more. This 

approach has been recommended over methods which select confounders based on p-values
14,16

.  

 

                     
                    

           
                       (3.1) 

 

 

3.9 Analytic Approach 

All Finnegan scores were classified into groups using two observation periods: 1) from onset of 

NAS symptoms until NAS pharmacotherapy initiation, and 2) from NAS pharmacotherapy 

initiation until the neonate was discharged from hospital.  This classification was selected since 

NAS pharmacotherapy affects NAS withdrawal (i.e., is intended to reduce symptoms)
17

. All 

analyses were conducted using SAS version 9.3 (SAS Institute Inc., Cary, NS), and statistical 

significance was based on p-values < 0.05.    

 

3.9.1 Descriptive Analysis 

Maternal and neonatal characteristics were compared by prenatal exposure to buprenorphine or 

methadone. Difference in categorical variables were statistically assessed using Chi-square tests 

or Fisher’s exact test as appropriate; differences in continuous variables were assessed 

statistically using t-tests. If a categorical variable contained more than two levels multiple 

comparisons were conducted and adjusted using the Bonferroni correction. Individual Finnegan 

score trajectory curves were plotted based on loess smoothing curves for each neonate’s overall 

Finnegan score data.   
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3.9.2 NAS Symptom Occurrence (Objective 1) 

To describe the presentation of particular NAS signs and symptoms by prenatal exposure to 

buprenorphine compared with methadone:  

 

1) using symptom specific Finnegan scores from onset of symptoms to NAS 

pharmacotherapy initiation and calculating the proportion of neonates in each exposure 

group who were ever scored for an individual symptom on the FNAST (score > 0) then 

dividing it by the total number of neonates in each group 

 

2)  using symptom specific Finnegan scores from NAS pharmacotherapy initiation until 

hospital discharge and calculating the proportion of FNAST assessments in each 

exposure group where each symptom was scored then dividing it by the total number of 

FNAST assessments for each group. The FNAST assessment relative frequencies were 

used to determine the most and least frequently observed symptoms in each exposure 

group.   

 

Differences were assessed statistically as described above (Section 3.9.1).   

3.9.3 Finnegan Score Trajectories (Objective 2) 

To determine the effect of prenatal buprenorphine vs. methadone exposure on Finnegan score 

trajectories, adjusted for potential confounders, the Finnegan scores were analyzed using 

individual growth curves (IGC). Differences in Finnegan score trajectories between 

buprenorphine and methadone exposed neonates were identified. We stratified the analysis of 
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Finnegan score trajectories based on whether NAS pharmacotherapy was initiated or not. In total 

there were four subsets of Finnegan scores that were analyzed: 

1) All Finnegan scores recorded prior to NAS pharmacotherapy initiation (Model 1).  

2) Finnegan scores prior to NAS pharmacotherapy initiation for only those neonates who 

received NAS pharmacotherapy (Model 2).  

3) All Finnegan scores for neonates who did not receive NAS pharmacotherapy (Model 3).  

4) All Finnegan scores recorded after NAS pharmacotherapy initiation (Model 4).  

 

All analyses were conducted in a stepwise fashion using maximum likelihood estimation via the 

GLIMMIX procedure in SAS. First, baseline IGCs with random intercepts were built. As the 

presentation of NAS is highly variable among neonates, all models incorporated a random 

intercept effect accounting for this variability. Next, the main effect (prenatal opioid agonist 

therapy exposure status) and time interactions were added into the models. For models created 

using scores prior to NAS pharmacotherapy initiation (Models 1, 2, and 3), time was centered 

using the average time (in hours) of the initial FNAST assessment; this allowed for the intercept 

to be interpretable
18

. To assess which shape best described the Finnegan score trajectories, linear, 

quadratic, cubic, and quadratic regression spline representations of time were explored; models 

were compared using corrected Akaike’s Information Criterion (AICC). The number and 

placement of the knots for the regression splines were chosen a priori based on the Finnegan 

score data. These data were plotted using loess smoothing curves and knots were placed at time 

values where large differences between exposure groups were seen. Once a suitable trajectory 

shape was determined for each model, the within subject variance-covariance matrix structure 

was examined. AICC was used to determine which structure best fit the data and accurately 
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described the correlation pattern. Due to our limited sample size, all IGC models assume 

neonates have homogeneous covariance structures. Confounders were identified using the 

methods outlined in Section 3.8, and final adjusted models were constructed. Lastly, the 

normality assumption for each model constructed was examined; if the assumption was violated 

appropriate transformations were done to the Finnegan score data to ensure normality of the error 

residuals.  

 

Individual Growth Curves 

In order to accurately model the Finnegan score data, IGCs were used. The data set of Finnegan 

scores was longitudinal, unbalanced (the number of repeated measures varied across 

individuals), and FNAST assessments were unequally spaced following birth. Thus IGCs were 

more appropriate than the traditionally used generalized linear models (GLM), such as repeated 

measures analysis of variance, to examine changes in Finnegan scores over time by prenatal 

opioid agonist therapy exposure
19–21

. IGCs offer several advantages over these traditional 

methods. They do not require the standard GLM assumption of independence of observations to 

be met. This is important when analyzing longitudinal data as observations may not necessarily 

be independent due to the repeated measurements
20,22

. Unlike with traditional GLMs, this 

advanced approach allows for different error covariance structures to be selected based on the 

data taking into account the added correlation within the observations typically associated with 

repeated measurements; this allows for increased precision when estimating these change 

trajectories
21–23

.   
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Conceptually, IGC is an advanced technique that uses a 2-level hierarchical model to fit a growth 

curve that connects time (repeated measure) to the outcome variable for each observation; as 

such time (level-1) is nested within each observation (level-2)
21

. Level-1 describes the within-

subject variation in Finnegan scores and the shape of each observations pattern of change; thus 

representing an individual neonate’s Finnegan score trajectory 
21

. The linear growth model is 

given in Equation 3.2 and represents the Finnegan score of observation i ( i=1,…,N) at the time 

point j (j=0,…,  ) as a function of their initial status (   ), rate of change in Finnegan scores 

(   ), time (   ), and random error (   ); where N is the total number of observations and    is the 

total number of repeated measurements for each individual. 

 

                                                                       (3.2)  

 

The second level examines inter-individual differences in change, see Equation 3.3 and 3.4. It 

describes the overall change in Finnegan score trajectories between neonates. This component 

contains the average initial status (   ), average rate of change (   ), and random errors (       ).  

A predictor variable (agonist) is added at this level to help explain group differences that may be 

observed in the average initial (   ) and average rates of change (   ) in Finnegan scores
24

. 

 

                                                                         (3.3) 

                                                                        (3.4) 

 

It is common to combine the level-1 and level-2 equations and present the IGC as one composite 

model, Equation 3.5
21

.  
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                                                                     (3.5) 

                             

 

Within-Subject Error Covariance Structures 

As previously stated, an advantage to using IGCs over traditional GLMs is the ability to test a 

number of different covariance structures to determine which one best describes the within 

subject correlation. This is the correlation due to multiple measurements from a single neonate at 

different points in time. Each IGC has a covariance matrix representing the form of the error 

residuals with each structure describing a certain pattern the covariance matrix assumes
21,25,26

. In 

the context of this thesis, an IGC’s covariance structure describes the type of correlation between 

Finnegan scores recorded on the same neonate. Research suggests that when dealing with 

longitudinal data, multiple covariance structures should be examined to determine which one is 

most appropriate; this in turn increases the precision of describing the pattern of change over 

time, therefore, three types of covariance structures were examined
25–28

:  

 

1) variance component (VC) – the simplest structure where all covariance parameters are 

restricted to 0, and the variance can vary (ie., Finnegan scores at each FNAST assessment 

time point within the same neonate are independent/uncorrelated).  

 

2) compound symmetry (CS) – all variance parameters are constrained to be equal as are the 

covariance parameters (ie., variability and correlation of Finnegan scores remain constant 

over all FNAST assessments). 
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3) first-order autoregressive (AR(1)) – heterogeneous variance parameters with covariance  

parameters equal to the product of the variance and an estimated error autocorrelation 

parameter (ie., correlation highest between two consecutive Finnegan scores, with 

correlation decreasing exponentially as time between two scores increase). 

 

Modeling Nonlinear Change 

When individual change trajectories are non-linear, transformations to either the outcome 

variable, or time variable are warranted; the latter was chosen for dealing with nonlinear change 

in Finnegan scores for this thesis
21

. As such, higher-order polynomial transformations (quadratic 

and cubic) and regression splines were used. These types of transformations allow for IGCs to 

model complex patterns of change over time, but in doing so can increase the complexity 

required to interpret the regression coefficients
21,29

.  

 

Quadratic and cubic growth curves can be achieved by adding a t
2
 and t

3
 variable to the level-1 

component of the IGC, shown in equations 3.6 and 3.7 respectively.  

 

                                                      
                

  

                                                                                                           (3.6) 

                                                      
                

  

      
                

                                                              (3.7)                                                                                     

 

When the overall shape of the trajectories does not follow a typical polynomial representation 

(ie., linear, quadratic, cubic), regression splines can be incorporated to increase flexibility of 
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modeling complex data
30,31

. A regression spline is a collection of piecewise polynomials of 

degree, D, that create one continuous smooth curve
29

. A regression spline is created by dividing 

the domain of a variable, t (time) into intervals at K specified values known as knots,    

k=1,…K; within each interval a piecewise polynomial is fit to the data. Figure 3.3 provides an 

example of a quadratic regression spline with 2 knots fit to arbitrary data.  

 

Figure 3.3: A quadratic regression spline consisting of three piecewise polynomials of degree 2 

joined together at knot values of    and    

 

Equation 3.8 presents an IGC model using a quadratic regression spline with K knots:  

                                                      
                

  

             
 
  

                      
 
  

              
 
  

            

          
 
  

                         
 
  

                                                (3.8) 

 

where  

    {
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3.10 Power Analysis 

Literature on the topic of this thesis is extremely limited with only one previously published 

paper. Therefore, the smallest meaningful difference in Finnegan score trajectories between 

comparison groups was unavailable in the literature. Instead the smallest difference in Finnegan 

score trajectories that could be detected between prenatal exposure groups of the thesis study size 

with 80% power and 5% type I error using the methods outlined by Hedeker et al was 

calculated
32

. These calculations do not take into account the adjustment of confounders. The 

smallest detectable differences in Finnegan scores between methadone and buprenorphine 

exposed neonates was 1.26 for pre-NAS pharmacotherapy initiation and 1.50 for post-NAS 

pharmacotherapy initiation. Given these values we had reasonable power to detect differences in 

overall Finnegan scores since they range between 0 and 46.  

 

3.11 Ethical Considerations 

To ensure no breach of ethics, written informed consent was acquired from all study participants 

at time of enrollment; additionally, all personal identifiers for participants were kept confidential 

to guarantee anonymity. A Certificate of Confidentiality was obtained from the US Department 

of Human Health Services to protect the patients from mandatory disclosure of research data in 

legal proceedings. This study was funded by the National Institute of Child Health and Human 

Development Ethics approval has been obtained from the Institutional Review Board at Boston 

University Medical Campus, where the RESPECT Cohort was enrolled. It should be noted that 

the entire population of this study is classified as vulnerable since it consists of pregnant women 

with opioid use disorder and their neonates, however, this type of research could only be 

conducted within such a population. Additionally, ethics approval was obtained from the 
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Queen’s University Health Sciences and Affiliated Teaching Hospitals Research Ethics Board on 

May 16
th

, 2016 (Appendix C). 
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Chapter 4 

Differences in Neonatal Abstinence Syndrome Expression in Buprenorphine- 

and Methadone-Exposed Neonates: A Descriptive Study  

 

Abstract 

Background: The increased occurrence of neonatal abstinence syndrome (NAS) is a major 

public health concern within Canada and the United States (US). NAS is a drug withdrawal 

syndrome caused by the abrupt cessation of prolonged prenatal exposure to illicit opioids such as 

heroin, and the recommended prenatal opioid agonist therapies for maternal opioid use disorder: 

methadone and buprenorphine. Because of the increasing number of infants affected with NAS 

and subsequent increased utilization of hospital resources for NAS, research to improve NAS 

definition, measurement, and management is needed. 

 

Aims: To determine if the presentation of NAS symptoms differ in neonates prenatally exposed 

to buprenorphine or methadone.   

 

Methods:  We conducted a prospective cohort study of pregnant women with opioid use 

disorder and their neonates.  Women were treated with buprenorphine or methadone based on 

clinical indicators and patient preference. Neonates were assessed using the 31-item modified 

Finnegan Neonatal Abstinence Syndrome Tool (FNAST) and scored every four hours, increasing 

to every two hours if NAS pharmacotherapy was initiated. Differences in NAS symptoms were 

compared among 34 buprenorphine-exposed neonates and 43 methadone-exposed neonates prior 
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to (all neonates) and following NAS pharmacotherapy initiation (treated neonates only) were 

assessed statistically using Chi-squared tests, or Fisher’s exact as appropriate. 

 

Results: Prior to NAS pharmacotherapy initiation, four NAS symptoms were observed 

significantly more often in buprenorphine exposed neonates compared to methadone exposed 

neonates: continuous high pitched crying (76.5% vs. 32.6%), hyperactive Moro reflex (47.1% vs. 

23.3%), nasal stuffiness (42.4% vs. 15.9%), and loose stools (50.0% vs. 23.3%). Following NAS 

pharmacotherapy initiation, there was little difference in symptom expression with only mild 

tremors when undisturbed being observed less often in buprenorphine exposed neonates (60.9%) 

compared with the methadone exposed neonates (87.5%).  

 

Conclusions: This novel study highlights the differences in NAS symptom expression associated 

with perinatal exposure to buprenorphine versus methadone. These results enhance our 

understanding of NAS allowing healthcare professionals to better guide neonatal assessment for 

NAS. 
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Introduction 

The use of opioids has significantly increased during the 21
st
 century to a point where addiction 

has become epidemic
1
. The rates of opioid use disorder in women of childbearing age and in 

pregnancy have drastically increased, with this, the occurrence of neonatal abstinence syndrome 

(NAS) has become a major public health concern
2–4

.  

 

NAS is a drug withdrawal syndrome most commonly caused by the abrupt cessation of chronic 

in utero exposure to opioids following delivery
5–7

. Its clinical presentation is a generalized 

multisystem disorder described by gastrointestinal (GI) dysfunction, distress to the metabolic, 

vasomotor, and respiratory systems, and central nervous system (CNS) hyperirritability resulting 

in the neonate’s general health and critical postnatal life adaptations being affected
6,8,9

. Since the 

1970s, the Finnegan Neonatal Abstinence Scoring Tool (FNAST) has been used by trained 

nurses to assess neonatal withdrawal, to quantify the severity of NAS, and to guide NAS 

pharmacotherapy
8,10

. Also, with the increase in the number of neonates affected by NAS and 

hospital costs, new research has begun examining ways to improve the Finnegan scale and NAS 

assessment
11–13

. Specifically, these studies have looked at reducing the number of items on the 

FNAST to only include prominent NAS signs and symptoms as some are rarely observed in a 

clinical setting.   

 

We identified only one study that assessed potential differences in individual NAS symptom 

profiles by prenatal exposure to buprenorphine vs. methadone
14

. Findings from this study suggest 

that NAS symptom profiles differ among prenatal exposure to methadone vs. buprenorphine, 

with buprenorphine-exposed neonates experiencing milder NAS
14

. This study however only 
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examined NAS symptom expression prior to NAS pharmacotherapy initiation, and not how NAS 

pharmacotherapy affected it. In addition, data from this study were part of a randomized 

controlled trial that had strict maternal inclusion criteria.  

 

Accumulating data of the comparative safety of prenatal maintenance therapy suggest better birth 

outcomes (i.e., term birth) in buprenorphine compared with methadone exposed infants and less 

severe NAS (i.e., shorter hospital stays and less morphine but no difference in the proportion of 

infants treated)
6,15–22

. Few studies have investigated NAS expression according to particular 

symptoms of withdrawal
14,23,24

. Such data may better identify withdrawal patterns by exposure, 

help to refine the Finnegan scale. Therefore, the purpose of this study was to identify differences 

in NAS symptom expression 1) prior to- and 2) following NAS pharmacotherapy initiation 

assessed by buprenorphine compared with methadone exposure.  

 

Methods 

 

Study Population 

The study population included pregnant women with opioid use disorder and their neonates who 

were enrolled in the prospective cohort study from Boston Medical Center’s (BMC) Project 

RESPECT (Recovery-Empowerment-Social Services-Prenatal Care-Education-Community-

Treatment) Clinic, the largest clinic of substance using women in New England
25

. Project 

R.E.S.P.E.C.T consists of a multidisciplinary team at BMC who specialize in the treatment of 

pregnant women with opioid use disorder. Women were enrolled February 2015 through April 

2016.  
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In order to engage in Project RESPECT’s multidisciplinary treatment program, women must 

meet the following criteria: voluntary consent to participate in the comprehensive treatment 

program, being 18 years of age or older, laboratory and/or radiographic confirmation of 

pregnancy, and DSM IV diagnosis of opioid use disorder. Additional eligibility criteria for 

participation into this study were: being fluent in English, not in legal detention, able to provide 

written informed consent, intended to carry the pregnancy to term, receive prenatal care, and 

deliver at BMC
25

. Women were recruited into the study either at prenatal opioid agonist therapy 

initiation or at their first prenatal visit for those who were already on a prenatal therapy at 

conception. The type of prenatal opioid agonist therapy initiated was dependent on a number of 

factors: treatment history, medical and psychiatric comorbidities, addiction severity, and patient 

choice
25

.  

 

 

Data Collection and Management 

At enrollment the research assistant administered the Addiction Severity Index (ASI), 5
th

 Edition 

Lite
26

 (Appendix B), to collect maternal demographic and substance use information. The ASI is 

the most common instrument used to evaluate the severity of substance use disorders with 

questions pertaining to seven commonly affected life areas: medical status, psychological status, 

employment and support, legal status, family/social status, alcohol use, and drug use
27

.  

Following birth, infant information, neonatal Finnegan scores, individual NAS symptom scores, 

time of NAS pharmacotherapy initiation, NAS pharmacotherapy dose, and length of 

hospitalization were abstracted from medical charts. Maternal and neonatal data were linked 

using a unique study identification number. This study was approved by the Institutional Review 
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Board of Boston University Medical Campus and the Queen’s University Health Sciences 

Research Ethics Board. 

 

NAS Assessment 

Neonates were hospitalized and monitored for NAS by experienced nurses for a minimum of 7 

days. Neonatal withdrawal was systematically assessed using a validated 31-item modified 

FNAST (Appendix A)
28

. Scoring was done for each symptom found on the modified FNAST, 

and these scores were summed to obtain an overall Finnegan score ranging from 0-46. Neonates 

were initially assessed every four hours which increased to every two hours if NAS 

pharmacotherapy was initiated. NAS pharmacotherapy was initiated when the neonates had two 

consecutive Finnegan scores ≥ 8 or one score ≥ 12
29

. Most neonates received first-line NAS 

pharmacotherapy with neonatal morphine; a small number of neonates were part of an external 

randomized clinical trial and were treated blindly with either morphine or methadone, and a few 

neonates born after July 2016 were given methadone. The morphine dose administered was 

based on overall scores and neonatal birth weight. For those neonates treated with methadone the 

total amount of pharmacotherapy administered was converted to a total morphine equivalent. 

Phenobarbital and/or clonidine were administered as adjuvant medications if scores did not 

decrease. When scores were stabilized (scores consistently ≤ 7 for 12 hours), neonates were 

weaned off of NAS pharmacotherapy by reducing the administered dose by 10% of the 

maximum daily dose divided every four hours
29

. Once NAS pharmacotherapy was stopped 

neonates were monitored for an additional 24-48 hours before being discharged.   
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Analytic Approach 

Neonates were classified by prenatal exposure to buprenorphine vs. methadone. Since NAS 

pharmacotherapy affects withdrawal, scores were examined separately for two periods: 1) from 

onset of NAS symptoms until NAS pharmacotherapy initiation for treated neonates or until 

discharge for untreated neonates, and 2) from time of NAS pharmacotherapy initiation until 

neonatal discharge for treated neonates.  

 

Differences in maternal and neonatal characteristics by prenatal opioid agonist therapy exposure 

were assessed statistically. Trajectory curves based on loess smoothing curves were plotted for 

each neonate’s overall Finnegan score data. The relative frequency of individual NAS symptoms 

for all neonates were calculated separately for the pre and post pharmacotherapy periods as 

described above. Specific symptom relative frequencies were presented in two ways: 1) the 

proportion of neonates having a symptom score >0 at least once, divided by the total number of 

neonates in each group; 2) the proportion of neonatal assessments for which there was a score > 

0, calculated by dividing the number of FNAST assessments where each symptom had a score 

>0 by the total number of FNAST assessments by buprenorphine and methadone exposure. 

Differences in continuous variables were statistically assessed using t-tests; differences in 

categorical variables were statistically assessed using Chi-square tests, or Fisher’s exact test as 

appropriate. All analyses were conducted using SAS version 9.3 (SAS Institute Inc., Cary, NS). 

 

Results 

There were 113 eligible women enrolled. Of these, 40 women were lost to follow-up (LTFU) or 

excluded from the analysis as Finnegan score data was not available. Reasons for 
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exclusion/LTFU include: therapeutic abortion, miscarriage, still births, not delivering at BMC, 

and ending clinical care. The proportion of women who were LTFU in each exposure groups 

were similar (methadone: 37.3% vs. buprenorphine: 32.6%). Women who were LTFU were 

more likely to engage in IV cocaine use (37.5% vs. 20.6%; p=0.0432), use heroin during the 

month before study enrollment (70.0% vs. 38.3%; p=0.0013), have a history of physical abuse 

(80.0% vs. 57.5%; p=0.0163) and sexual abuse (70.0% vs. 49.3%; p=0.0339) compared to 

women who remained in the study. These women LTFU were less likely to be on a prenatal 

opioid agonist therapy at conception (20.0% vs. 41.1%; p=0.0364).  In total there were 77 

evaluable mother-infant pairs (including four sets of twins) with Finnegan score data included in 

the final study population.  

 

Maternal Characteristics 

The maternal demographic and clinical characteristics of the 73 women are presented in Table 

4.1. The mean maternal age was similar by prenatal opioid agonist treatment, 28.7 years (± 4.4) 

in those treated buprenorphine, and 28.0 years (± 4.4) in those treated with methadone. 

Compared to women in the methadone group, those in the buprenorphine group were more likely 

to be Caucasian (89.1% vs. 74.6%), and legally employed (37.0% vs. 19.4%). These women 

were also less likely to be heavy smokers (6.5% vs. 19.4%), living with other substance users 

(28.3% vs. 41.8%), in a controlled environment the month leading up to enrollment (13.0% vs. 

29.9%), and have unstable living conditions (4.4% vs. 22.4%). During the study period one 

woman began treatment with methadone then transitioned to buprenorphine at another clinic in 

the first trimester then continued clinical care at BMC. Thirteen women who were initially 

treated prenatally with buprenorphine were switched over to methadone for a number of reasons: 
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adverse treatment effects (N=1), incarceration (N=3), and urine screens positive for other opioids 

(N=9); three switched therapies during the first trimester, five switched during the second 

trimester, and five switched during the third trimester. 
 

 

Neonatal Characteristics 

The neonatal characteristics are presented in Table 4.2. 55 (71%) of the neonates (23 

buprenorphine and 32 methadone) required NAS pharmacotherapy. Neonates who were exposed 

prenatally to buprenorphine had a slightly higher gestational age at birth compared to the 

methadone-exposed neonates, 38.7 weeks (± 2.2) vs. 37.4 weeks (± 2.8) respectively; similarly, 

those exposed to buprenorphine were less likely to be premature (8.8% vs. 27.9%), and small for 

gestational age (14.7% vs. 27.9%). The methadone-exposed neonates had a longer length of stay 

in hospital (21.4 days ± 13.3 vs. 16.1 days ± 9.4), and were more likely to be administered NAS 

pharmacotherapy for NAS (74.4% vs. 67.7%). There was one methadone-exposed neonate who 

was born extremely premature at 27 weeks and hospitalized for approximately four months.   

 

NAS Expression Prior to Pharmacotherapy 

Trajectories depicting the presentation of NAS for each neonate prenatally exposed to either 

buprenorphine or methadone are presented in Appendix D. As shown, there was a large amount 

of variability among total Finnegan scores and in both exposure groups these trajectories varied 

in complexity. Some were extremely sporadic having a large number of peaks (study ids 23, 69, 

103, and 108). Others were smooth having little or no peaks (study ids 39, 58, 105, and 115).  

 

Symptom relative frequencies for assessments conducted prior to pharmacotherapy initiation are 

shown in Figure 4.1. A total of 676 assessments for the buprenorphine group, and 667 
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assessments for the methadone group were conducted. The three most frequently observed 

symptoms in the buprenorphine group were increased muscle tone (82.3%), mild tremors when 

disturbed (70.6%), and sleeps < 1 hour after feeding (20.3%). Buprenorphine-exposed neonates 

never exhibited signs of generalized convulsions, or a fever > 101° F. In the methadone group, 

the three most commonly observed symptoms were increased muscle tone (87.0%), mild tremors 

when disturbed (73.8%), and excessive sucking (19.5%). Methadone-exposed neonates did not 

experience any signs of generalized convulsions, or markedly hyperactive Moro reflex. There 

were thirteen symptoms with frequencies < 5% for both groups; these symptoms were: 

continuous crying, sleeps < 3 hours after feeding, markedly hyperactive Moro reflex, moderate-

severe undisturbed tremors, myoclonic jerks, convulsions, sweating, fever > 100° F, frequent 

yawning, nasal flaring, tachypnea with retractions, projectile vomiting, and watery stools. Four 

symptoms were observed significantly more often in neonates from the buprenorphine group vs. 

the methadone group: excessive high pitched crying (76.5% vs. 32.6%; p=0.0002), hyperactive 

Moro reflex (47.1% vs. 23.3%; p=0.03), nasal stuffiness (42.4% vs. 15.9%; p=0.01), and loose 

stools (50.0% vs. 23.3%; p=0.02) (Table 4.3). There were no symptoms observed significantly 

more often in neonates from the methadone group vs. the buprenorphine group.    

 

NAS Expression Following Pharmacotherapy 

Differences in the time to NAS pharmacotherapy initiation and duration of NAS 

pharmacotherapy by exposure were examined (Table 4.2). Within the methadone group, 

pharmacotherapy was initiated earlier (41.1 hours ± 43.2 vs. 52.6 hours ± 38.6), and 

administered for a longer period of time (17.8 days ± 8.2 vs. 14.2 days ± 5.7). This is evident in 

the neonatal Finnegan score trajectories shown in Appendix D. NAS pharmacotherapy was 

initiated for a score ≥ 12 more frequently in the buprenorphine-exposed group (56.5% vs. 
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37.5%), and was initiated for two consecutive scores ≥ 8 more frequently in the methadone-

exposed group (62.5% vs. 43.5%). Both groups had similar mean peak Finnegan scores, with 

buprenorphine peaking on average with a score of 12.0 (± 2.9), and methadone peaking with a 

score of 12.3 (± 3.7).  

 

Following pharmacotherapy relative frequencies of NAS assessment are presented in Figure 4.2. 

The total number of assessments conducted was 2048 for the buprenorphine-exposed neonates, 

and 3460 for the methadone-exposed neonates. The most frequent exhibited signs were similar in 

buprenorphine and methadone exposed infants:  increased muscle tone (99.5% and 99.3%), mild 

tremors when disturbed (87.4% and 90.4%), and sleeping < 1 hour after feeding (29.3% and 

34.0%).  Similarly, no signs of generalized convulsion, markedly hyperactive Moro reflex, or a 

fever > 101° F were observed in either group. Thirteen symptoms were observed < 5% of the 

time in both groups: continuous crying, sleeps < 3 hours after feeding, markedly hyperactive 

Moro reflex, moderate-severe undisturbed tremors, myoclonic jerks, convulsions, fever > 100° F, 

frequent yawning, nasal flaring, tachypnea with retractions, regurgitation, projectile vomiting, 

and watery stools. Only mild tremors when undisturbed, was seen significantly more frequent in 

the methadone group (87.5% vs. 60.9%; p=0.03) (Table 4.4). 

 

Discussion 

We conducted a prospective study of opioid exposed neonates to provide new data on NAS 

expression. Our findings suggest that there are differences in the way specific NAS symptoms 

manifest in neonates exposed to buprenorphine vs. methadone prior to the initiation of NAS 

pharmacotherapy. In contrast, there were almost no differences in symptom expression among 
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these two exposure groups once NAS pharmacotherapy was initiated suggesting that regardless 

of prenatal therapy exposure the response to treatment appears to be the same.   

 

       

Prior research suggests that NAS expression is highly variable among opioid-exposed 

neonates
5,30,31

. The neonatal NAS trajectories clearly illustrate this variability even among 

neonates exposed to the same prenatal opioid agonist therapy. This likely suggest that NAS 

expression depends not only prenatal exposure to opioids, but also a variety of other factors 

including maternal placental opioid metabolisms, environmental factors relating to early care 

(ie., breastfeeding, and rooming-in), and neonatal comorbidities (ie., preterm birth, and 

infections)
5,31–33

.  

 

Prior to NAS pharmacotherapy, the most commonly observed symptoms in both exposure 

groups were increased muscle tone and mild tremors when disturbed. Buprenorphine-exposed 

neonates also commonly exhibited sleeping < 1 hour after feeding, while methadone-exposed 

neonates displayed signs of excessive sucking. No previous study has compared the most 

commonly observed NAS symptoms by these prenatal opioid agonist therapies, however, there 

have been studies on symptom expression in only methadone-exposed neonates
23,34

. These 

studies had similar findings, where the most commonly observed NAS symptoms in methadone-

exposed neonates were increased muscle tone, and tremors
23,34

. Our results indicate that 

regardless of which prenatal opioid agonist therapy they are exposed to the most frequently 

observed symptoms are related to both CNS and GI disturbances. Since opioid receptors are 

predominately found in the CNS and GI tract, these findings may indicate that the withdrawal 
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experienced by our study population is solely due to these opioids taken by the mothers and not 

concomitant substances
28

.  

 

This descriptive study presents evidence that NAS symptom expression differs by prenatal 

opioid exposure prior to NAS pharmacotherapy initiation. Specifically, excessive high pitched 

crying, hyperactive Moro reflex, nasal stuffiness, and loose stools were all observed significantly 

more frequently in the buprenorphine-exposed group compared to the methadone-exposed group. 

These results were similar to the findings in the prior RCT that reported more nasal stuffiness 

and loose stools significantly in buprenorphine exposed compared to methadone exposed
14

. No 

symptoms were observed significantly more often in the methadone-exposed neonates vs. 

buprenorphine-exposed in our study. These findings differed from the prior RCT that found two 

symptoms, undisturbed tremors and hyperactive Moro reflex, being observed more frequently in 

methadone-exposed vs. buprenorphine-exposed neonates
14

. This difference may be due to our 

study having a smaller sample size (N=77 vs. N=129) and a higher proportion of preterm 

methadone-exposed neonates compared to the RCT (28% vs. 19%). Prior studies suggest that 

preterm neonates may exhibit less signs and of NAS due to less placental transfer of substances 

as well as CNS immaturity resulting in their inability to correctly express these 

symptoms
28,31,35,36

.   

 

Once NAS pharmacotherapy was initiated, any exposure group differences in symptom 

expression appeared to disappear with both groups having the same three most frequently 

observed symptoms: increased muscle tone, mild tremors when disturbed, and sleeping < 1 hour 

after feeding. Alternatively, markedly hyperactive Moro reflex, generalized convulsions, or a 
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fever > 101° F were never observed in either group once NAS pharmacotherapy was initiated. 

These findings suggest that neonates appear to have similar NAS expression and similar 

response of their CNS to opioids postnatally.  

 

Several symptoms on the modified FNAST were never exhibited or infrequently observed (< 5% 

of the time) in both exposure groups prior to- and following NAS pharmacotherapy initiation. 

Prior studies found similar symptoms being infrequently observed
13,23,24,34

. Furthermore, one 

study found a number of these symptoms to be observed in non-opioid neonates at similar rates, 

suggesting that these symptoms may not be related to NAS and should not be included in the 

Finnegan
10

. These findings warrant research for continued tool development, specifically aimed 

at reducing the number of items contained on the FNAST to only include common symptoms 

related to opioid exposure. Having a short form for this tool would reduce the amount of time 

needed to assess for NAS as well as potentially improve interrater reliability among nurses
11

.    

 

 

A main strength of this study was the prospective nature of its design as well as the high quality 

and detailed symptom level Finnegan data abstracted from charts. Women and infants were cared 

for at a leading US clinic, with standardized approaches for prenatal care and neonatal care. This 

is the first study to examine NAS symptom expression using Finnegan scores pre- and post NAS 

pharmacotherapy initiation, providing new data to guide clinical care. There are some limitations 

to this study. From a statistical perspective this study is small; therefore limiting our ability to 

investigate the effects of other concomitant prenatal medications, like SSRIs and 

benzodiazepines that also affect NAS expression
37–39

. Some women also were LTFU but it is 

unlikely to have caused selection bias. The LTFU was not due to prenatal opioid agonist therapy 
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exposure as similar proportion of neonates in the buprenorphine and methadone groups were 

excluded.  

 

 

Despite these limitations, this descriptive study highlights the differences in NAS symptom 

expression in neonates by prenatal opioid agonist therapy exposure. Overall, there appeared to be 

more differences in symptom expression among these two groups prior to the initiation of NAS 

pharmacotherapy, and more similarities post initiation. These results provide insight into how 

these two medications affect the presentation of NAS and how to better guide clinical care.    
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Table 4.1: Maternal demographic/clinical characteristics by prenatal opioid agonist therapy 

exposure 

Maternal characteristic Buprenorphine 

N=31 

Methadone 

N=42 

p-value 

Maternal age (years) 28.8 ± 4.9 28.5 ± 4.1 0.7133 

Race/Ethnicity   0.1984 

 White, non-Hispanic 28 (90.3) 31 (73.8)  

 Black, non-Hispanic 2 (6.5) 6 (14.3)  

 Hispanic 1 (3.2) 5 (11.9)  

Education (years) 11.8 ± 1.2 12.1 ± 1.9 0.3782 

Marital status (Not married) 29 (93.5) 36 (85.7) 0.2895 

Gestational age at enrollment (weeks) 17.5 ± 7.7 19.3 ± 9.7 0.3990 

Trimester of opioid agonist therapy initiation   0.1246 

 On therapy at conception 14 (45.2) 16 (38.1)  

 1
st
  4 (12.9) 8 (19.1)  

 2
nd

  11 (35.5) 8 (19.1)  

 3
rd

  2 (6.5) 10 (23.8)  

Trimester of study enrollment   0.2006 

 1
st
  10 (32.3) 15 (35.7)  

 2
nd

  18 (58.1) 17 (40.5)  

 3
rd

  3 (9.7) 10 (23.8)  

Other medical conditions:    

 Schizophrenia 0 (0.0) 1 (2.4) 1.00 

 Bipolar disorder 5 (16.1) 9 (21.4) 0.5697 

 Depressive disorder 28 (90.3) 33 (78.6) 0.1806 

 PTSD 12 (38.7) 12 (28.6) 0.3105 

 Anxiety 25 (80.65) 35 (83.3) 0.7667 

 Hepatitis C  20 (64.5) 32 (76.2) 0.2761 

Abuse history (ever in lifetime)    

 Physical 16 (51.6) 26 (61.9) 0.3792 
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 Sexual 18 (58.1) 18 (42.9) 0.1989 

Living with other substance users 11 (35.5) 17 (35.7) 0.9838 

Unstable living conditions 1 (3.2) 8 (19.1) 0.0692 

Sources of income (month before enrolled)    

 Employment 12 (38.7) 8 (19.1) 0.0626 

 Social assistance 22 (71.0) 23 (54.8) 0.1593 

 Illegal activity 2 (6.5) 8 (19.1) 0.1739 

Controlled environment (month before 

enrolled) 

4 (12.9) 15 (35.7) 0.0281 

Ever incarcerated 13 (41.9) 21 (50.0) 0.4948 

Use of prescribed psychotherapy    

 Any 17 (54.8) 15 (35.7) 0.1036 

 ADHD medication 4 (12.9) 2 (4.8) 0.3911 

 Anti-seizure 9 (29.0) 5 (11.9) 0.0662 

 Antipsychotics 1 (3.2) 1 (2.4) 1.00 

 Benzodiazepines 5 (16.1) 8 (19.1) 0.7473 

 Other psychotherapy 6 (19.4) 6 (14.3) 0.5635 

 SNRI 2 (6.5) 2 (4.8) 1.00 

 SSRI 6 (19.4) 5 (11.9) 0.5110 

 Tricyclics 0 (0.0) 0 (0.0) 0.8270 

Smoking status   0.9630 

 Heavy smoker (>20 cig/day) 3 (9.7) 6 (14.3)  

 Regular smoker (10-20 cig/day) 10 (32.3) 13 (31.0)  

 Light smoker (<10 cig/day) 14 (45.2) 16 (38.1)  

 Past smoker 2 (6.5) 4 (9.5)  

 Never smoker 2 (6.5) 3 (7.1)  

Study Outcome    

 Live birth delivered at BMC 31 (67.4) 42 (62.7) 0.6074 

 Loss to follow-up 15 (32.6) 25 (37.3) 0.6074 
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Table 4.2: Neonatal characteristics by prenatal opioid agonist therapy exposure 

Neonatal characteristic (All neonates) Buprenorphine 

N=34 

Methadone 

N=43 

p-value 

Gestational age at birth (weeks) 38.7 ± 2.2 37.4 ± 2.8 0.0291 

Premature ( < 37 weeks) 3 (8.8) 12 (27.9) 0.0358 

Very premature ( < 32 weeks) 0  3 (7.0) 0.2505 

Sex    

 Male 19 (55.9) 16 (37.2) 0.1022 

 Female 15 (44.1) 27 (62.8) 0.1022 

Measurements    

 Birth weight (grams) 3124.6 ± 627.0 2802.1 ± 691.4 0.0356 

 Birth length (cm) 49.5 ± 3.2 47.5 ± 4.1 0.0195 

 Head circumference (cm) 33.8 ± 1.8 32.5 ± 2.6 0.0209 

Apgar scores    

 1 minute 8.1 ± 1.2 7.9 ± 1.6 0.5657 

 5 minutes 8.7 ± 0.6 8.7 ± 0.6 0.6764 

Feeding method   0.4302 

 Breast milk only 1 (2.9) 4 (9.3)  

 Formula only 19 (55.9) 26 (60.5)  

 Mixed breast milk and formula 14 (41.2) 13 (30.2)  

Length of hospital stay (days) 16.1 ± 9.4 21.4 ± 13.3 0.0470 

Highest Finnegan score 12.0 ± 2.9 12.3 ± 3.7 0.6928 

Treated for NAS 23 (67.7) 32 (74.4) 0.5137 

    

Only infants treated for NAS Buprenorphine 

N=23 

Methadone 

N=32 

p-value 

Neonate age at treatment initiation (hours) 52.6 ± 38.6 41.1 ± 43.2 0.3041 

NAS treatment duration (days) 14.2 ± 5.7 17.8 ± 8.2 0.0712 

Total morphine treatment (mg/kg bw) 4.2 ± 3.2 6.1 ± 5.8 0.1140 

Total morphine treatment (mg) 12.6 ± 9.8 19.0 ± 20.3 0.1724 

Treated with phenobarbital 3 (8.8) 8 (18.6) 0.3287 

Treated with clonidine 1 (2.9) 2 (4.7) 0.4197 
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NAS treatment initiated for score ≥ 12 13 (56.5) 12 (37.5) 0.1623 

NAS treatment initiated for two consecutive 

scores ≥ 8 

10 (43.5) 20 (62.5) 0.1623 
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Table 4.3: Number (%) of neonates who ever had a specific symptom scored prior to NAS 

pharmacotherapy initiation 

NAS Symptom* Buprenorphine 

N=34 

Methadone 

N=43 
   p-value 

Central Nervous System 

High pitched excessive crying  26 (76.5) 14 (32.6) 0.0002 

High pitched continuous crying  1 (2.9) 2 (4.7) 1.00
** 

Sleeps < 1 hour after feeding  10 (29.4) 8 (18.6) 0.29 

Sleeps < 2 hours after feeding  21 (61.8) 21 (48.8) 0.36 

Sleeps < 3 hours after feeding  22 (64.7) 26 (60.5) 0.81 

Hyperactive Moro reflex 16 (47.1) 10 (23.3) 0.03 

Markedly hyperactive Moro reflex  1 (2.9) 0 (0.0) 0.44
** 

Disturbed tremors (mild) 30 (88.2) 41 (95.4) 0.40
** 

Disturbed tremors (moderate-severe) 11 (32.4) 13 (30.2) 0.89 

Undisturbed tremors (mild) 22 (64.7) 31 (72.1) 0.62 

Undisturbed tremors (moderate-severe) 1 (2.9) 5 (11.6) 0.22
** 

Increased muscle tone  33 (100) 42 (95.5) 0.50
** 

Excoriation  10 (30.3) 8 (18.2) 0.21 

Myoclonic jerk  33 (100) 44 (100) 1.00 

Generalized convulsions  0 (0) 0 (0) 1.00 

Metabolic, Vasomotor, and Respiratory 

Sweating  6 (18.2) 8 (18.2) 1.00 

Fever ≤ 101° F 25 (73.5) 26 (60.5) 0.33 

Fever > 101° F 0 (0.0) 1 (2.3) 1.00
** 

Frequent yawning  7 (21.2) 6 (13.6) 0.38 

Mottling  6 (18.2) 10 (22.7) 0.63 

Nasal stuffiness  14 (42.4) 7 (15.9) 0.01 

Sneezing  23 (69.7) 30 (68.2) 0.89 

Nasal flaring  1 (3.0) 7 (15.9) 0.13
** 



 

64 

 

Tachypnea  23 (67.7) 22 (51.2) 0.17 

Tachypnea with retractions  3 (8.8) 3 (7.0) 1.00
** 

Gastrointestinal 

Excessive sucking  25 (75.8) 29 (65.9) 0.35 

Poor feeding  20 (60.6) 23 (52.3) 0.47 

Regurgitation  20 (58.8) 22 (51.2) 0.65 

Projectile vomiting  3 (8.8) 1 (2.3) 0.32
** 

Loose stools  17 (50.0) 10 (23.3) 0.02 

Watery stools  1 (3.0) 2 (4.7) 1.00
** 

* Bold type symptom indicate significant differences between opioid agonist therapy groups at a 

significance level of 0.05.  

** P-value from Fisher’s Exact Test.  
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Table 4.4: Number (%) of neonates who ever had a specific symptom scored following NAS 

pharmacotherapy initiation 

NAS Symptom* Buprenorphine 

N=23 

Methadone 

N=32 
   p-value 

Central Nervous System 

High pitched excessive crying  21 (91.3) 29 (90.6) 1.00
** 

High pitched continuous crying  7 (30.4) 7 (21.9) 0.54 

Sleeps < 1 hour after feeding  20 (87.0) 27 (84.4) 1.00
** 

Sleeps < 2 hours after feeding  22 (95.7) 30 (93.8) 1.00
** 

Sleeps < 3 hours after feeding  23 (100.0) 32 (100.0) 1.00 

Hyperactive Moro reflex 12 (52.2) 15 (46.9) 0.79 

Markedly hyperactive Moro reflex  0 (0.0) 0 (0.0) 1.00 

Disturbed tremors (mild) 23 (100.0) 32 (100.0) 1.00 

Disturbed tremors (moderate-severe) 11 (47.8) 19 (59.4) 0.42 

Undisturbed tremors (mild) 14 (60.9) 28 (87.5) 0.03 

Undisturbed tremors (moderate-severe) 2 (8.7) 3 (9.4) 1.00
** 

Increased muscle tone  23 (100) 32 (100) 1.00 

Excoriation  16 (72.7) 17 (51.5) 0.12 

Myoclonic jerk  23 (100) 32 (100) 1.00 

Generalized convulsions  0 (0) 0 (0) 1.00 

Metabolic, Vasomotor, and Respiratory 

Sweating  17 (77.3) 25 (75.8) 0.90 

Fever ≤ 101° F 23 (100.0) 32 (100.0) 1.00 

Fever > 101° F 0 (0.0) 0 (0.0) 1.00 

Frequent yawning  12 (54.6) 15 (45.5) 0.51 

Mottling  11 (50.0) 13 (39.4) 0.44 

Nasal stuffiness  18 (81.8) 27 (81.8) 1.00
**

 

Sneezing  21 (95.5) 32 (97.0) 0.77
**

 

Nasal flaring  4 (18.2) 4 (12.1) 0.53
** 

Tachypnea  21 (91.3) 30 (93.8) 1.00
** 

Tachypnea with retractions  2 (8.7) 4 (12.5) 1.00
** 

Gastrointestinal 
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Excessive sucking  20 (90.9) 33 (100) 0.16
** 

Poor feeding  17 (77.3) 28 (84.9) 0.50
** 

Regurgitation  16 (69.6) 24 (75.0) 0.76 

Projectile vomiting  6 (26.1) 3 (9.4) 0.14 

Loose stools  19 (82.6) 31 (96.9) 0.15
** 

Watery stools  11 (47.8) 13 (40.6) 0.78 

* Bold type symptom indicate significant differences between opioid agonist therapy groups at a 

significance level of 0.05.  

** P-value from Fisher’s Exact Test.  
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Figure 4.1: Percentage of FNAST assessments with positive scored  (> 0) symptoms in 

buprenorphine- vs. methadone-exposed neonates prior-to pharmacotherapy initiation.  

 

Symptoms with scoring frequencies < 5% for both buprenorphine- and methadone-exposed 

neonates are not shown (continuous crying, sleeps < 3 hours after feeding, markedly hyperactive 

Moro reflex, moderate-severe undisturbed tremors, myoclonic jerks, convulsions, sweating, fever 

> 100° F, frequent yawning, nasal flaring, tachypnea with retractions, projectile vomiting, and 

watery stools). 
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Figure 4.2: Percentage of FNAST assessments where symptoms were scored in buprenorphine- 

vs. methadone-exposed neonates after NAS pharmacotherapy initiation. 

 

Symptoms with scoring frequencies < 5% for both buprenorphine- and methadone-exposed 

neonates are not shown (continuous crying, sleeps < 3 hours after feeding, markedly hyperactive 

Moro reflex, moderate-severe undisturbed tremors, myoclonic jerks, convulsions, sweating, fever 

> 100° F, frequent yawning, nasal flaring, tachypnea with retractions, projectile vomiting, and 

watery stools). 
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Chapter 5 

Finnegan Score Trajectories in Buprenorphine- and Methadone-exposed 

Infants: A Growth Curve Analysis 

 

Abstract 

Background:  There are no studies that have applied novel methods to model repeat measures of 

development in perinatal or pediatric outcomes.  We therefore apply individual growth curve 

models to Finnegan scores that measured neonatal withdrawal in opioid exposed infants during 

the neonatal period.   

 

Aims: To demonstrate the use of individual growth curve models with infant outcomes 

repeatedly measured over time, and to determine the effect of buprenorphine and methadone 

exposure on the progression of NAS by modeling Finnegan score trajectories.  

 

Methods:  Infants with complete Finnegan score data followed in a prospective cohort study in 

Boston were included.  Neonatal opioid withdrawal (neonatal abstinence syndrome, NAS) was 

systematically assessed every 2-4 hours using the 31-item modified Finnegan Scale by 

experienced nurses. Overall Finnegan scores range from 0-46.  NAS pharmacotherapy was 

initiated in infants with one score >12 or two consecutive scores >=8.  Applying individual 

growth curve models to the Finnegan score data, adjusted for confounders, NAS trajectories 

were determined by prenatal exposure to buprenorphine or methadone.  Models were performed 

both prior to NAS treatment (all infants) and following NAS pharmacotherapy initiation (treated 

infants only). Appropriate time (linear, quadratic, cubic, and regression splines) and covariance 
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structures were selected to describe the shape of the growth trajectories and the within-subject 

correlation respectively; optimal structures were selected based on corrected Akaike’s 

Information Criteria (AICC) values.  

 

Results: 77 neonates were included in the study; 43 exposed to methadone and 34 exposed to 

buprenorphine, 71% of infants were treated with NAS pharmacotherapy. The average number of 

repeated Finnegan score measures in untreated infants was 34 and 100 in treated infants (average 

repeated measures pre-NAS pharmacotherapy:12 and post-NAS pharmacotherapy: 111). An IGC 

approach to modeling change trajectories was successfully applied to repeated pediatric data, 

particularly Finnegan score data. Differences in NAS progression by prenatal opioid agonist 

therapy exposure were identified in infants who required NAS pharmacotherapy.  

 

Conclusions: This is the first study to illustrate how growth curve models can be applied to 

repeated pediatric outcome measures. It provides a resource for others to apply this novel method 

to repeated measure pediatric data which have not been previously used in pediatric research. 

From analyzing repeated Finnegan score data there appears to be differences in NAS progression 

by prenatal opioid agonist therapy exposure prior to and following NAS pharmacotherapy 

initiation.   
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Introduction 

With the increase in rates of opioid use disorder in pregnancy, the incidence of neonatal 

abstinence syndrome (NAS) has reached epidemic proportions within Canada and the United 

States (US); as such NAS has become a major public health concern in these countries
1–4

.  

 

NAS is a multisystem drug withdrawal syndrome affecting the general health of infants born to 

women with opioid use disorder
5,6

. It is caused by the abrupt interruption of prolonged prenatal 

exposure to heroin and/or the recommended prenatal therapies for maternal opioid use disorder: 

buprenorphine and methadone
6,7

. The modified Finnegan neonatal abstinence scoring tool 

(FNAST) is used by experienced nurses to monitor NAS severity, and to guide NAS 

pharmacotherapy, usually with morphine or methadone
8
. With the increase in the number of 

infants affected by NAS and resources required by neonatal units, new research has begun 

examining ways to refine the FNAST and better evaluate NAS
9–11

. Specifically, these studies 

have looked at reducing the number of items on the FNAST to only include prominent NAS 

signs and symptoms as some are rarely observed in a clinical setting.  

 

Opioid exposed infants are assessed using the FNAST every four hours, increasing to every two 

hours is NAS pharmacotherapy is required. The repeated measurements of the Finnegan score 

data on the same infant provides an opportunity to illustrate the use of a novel approach to 

repeated pediatric data (e.g., weight, length, head circumference, developmental scores), which is 

used to assess infant growth and development. Furthermore, it allows us to examine NAS 

progression by prenatal exposure to buprenorphine vs. methadone.  
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Only one study investigated the differences in NAS progression of buprenorphine- and 

methadone-exposed infants using Finnegan score trajectories. Study results suggested that while 

the overall shape of these trajectories was similar in both buprenorphine and methadone exposed 

infants methadone exposed infants had higher average Finnegan scores compared over the entire 

time period (birth until 240 hours postnatally)
12

. These findings however, are limited by the use 

of the traditional generalized linear model (GLM), Analysis of Variance (ANOVA), which does 

not account for the unbalanced and unequally spaced Finnegan score data
12

. In order to use an 

unbalanced data set with ANOVA, a balanced data set (i.e., all observations having the same 

number of repeated measurements) must be created by manipulating the structure of the 

unbalanced data set, therefore causing a loss of information
13

.  

 

Novel methods to model change are becoming more accessible, particularly using individual 

growth curve (IGC) models
14–20

. IGCs are used to model intra (i.e., within infant) and inter (i.e., 

between infant) differences in trajectories
13

. Advantages to using IGCs over traditional methods 

include less stringent independence assumptions by examining multiple covariance structures to 

describe within subject correlations and the ability to easily incorporate data with unequal time 

intervals between repeated measures and varying number of measures for each subject; thus 

increasing the accuracy of model prediction and estimation over other approaches
13,21

. We were 

unable to identify any study that applied IGCs to pediatric data. 

 

This will be the first study to use IGCs to model repeated measures pediatric data, specifically 

Finnegan scores of opioid exposed infants prior to and following NAS pharmacotherapy. Using 
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Finnegan score trajectories, the effects of prenatal buprenorphine and methadone exposure on the 

progression of NAS will be examined. 

 

Methods 

Study Population 

The study population included infants born to women with opioid use disorder in a prospective 

cohort study from the Boston Medical Clinic (BMC) Project RESPECT. Women were enrolled 

during pregnancy and followed through delivery.  During the 14-month recruitment period, 

eligible women were entered into the study either at prenatal opioid agonist therapy initiation or 

at their first prenatal visit if already on a prenatal therapy at conception. The type of prenatal 

opioid agonist therapy initiated was selected through clinical care. Study eligibility included: not 

in legal detention, able to provide voluntary informed consent, intent to carry pregnancy to term, 

intent to receive prenatal care and deliver at BMC. Infants were followed from birth through 

hospital discharge.  

 

Data Collection and Management 

At baseline, maternal demographic and substance use histories were obtained through face-to-

face interviews using the Addiction Severity Index (ASI), 5
th

 Edition Lite
22

. The ASI is the most 

common instrument used to evaluate the severity of substance use disorders
23

.  Following birth, 

infant information, neonatal Finnegan scores, individual NAS symptom scores, time of NAS 

pharmacotherapy initiation, NAS pharmacotherapy dose, and length of hospitalization were 

abstracted from medical charts. Ethics approval for this study was obtained from the Institutional 

Review Board at Boston University Medical Campus and the Queen’s University Research 

Ethics Board.  
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Infants were classified by prenatal opioid agonist therapy exposure to either buprenorphine or 

methadone. All Finnegan scores were divided into two groups: 1) from onset of NAS symptoms 

until time of NAS pharmacotherapy initiation (all infants), and 2) from time of NAS 

pharmacotherapy initiation until neonatal discharge (treated infants only).  

 

Neonatal characteristics were compared by prenatal exposure to buprenorphine or methadone. 

Difference in categorical variables were statistically assessed using Chi-square tests or Fisher’s 

exact test as appropriate; differences in continuous variables were assessed statistically using t-

tests. 

 

NAS Assessment 

As per the American Academy of Pediatrics guidelines, all infants were hospitalized and 

monitored for NAS at BMC by experienced nurses for a minimum of 7 days
24

. NAS was 

systematically assessed using a validated 31-item modified FNAST, with overall Finnegan 

scores ranging from 0-46. Assessments were initially done every 4 hours, increasing to every two 

hours if NAS pharmacotherapy was initiated. NAS pharmacotherapy was initiated in infants with 

two consecutive score ≥ 8 or one score ≥ 12
25

. First-line NAS pharmacotherapy was neonatal 

morphine (babies born before July 2016) or methadone (infants born thereafter). Once Finnegan 

scores were stabilized (scores consistently ≤ 7 for 12 hours
25

) infants were weaned off of NAS 

pharmacotherapy. Infants were monitored for an additional 24-48 hours following treatment 

cessation before hospital discharge. 
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Confounder Identification and Assessment 

Important confounders were identified in a prior study using the same cohort
26

. These included 

unstable housing, ASI composite drug score, ASI composite employment score, maternal age, 

and maternal IV cocaine use. Potential confounding of these covariates on Finnegan score 

trajectories was assessed and those that changed the exposure parameter estimates by 10% or 

more were retained in the final models.   

 

Analytic Approach 

The overall Finnegan scores were analyzed across time using IGCs, adjusted for confounding. In 

all models the reference group for the main effect was methadone-exposed infants. The effect of 

NAS pharmacotherapy on Finnegan score trajectories was explored by stratifying the infants into 

a treated group (buprenorphine N=22; methadone N=33) and untreated group (buprenorphine 

N=11; methadone N=11); In total there were four subsets of Finnegan scores analyzed: 

 

5) All Finnegan scores recorded prior to NAS pharmacotherapy initiation for all infants 

(Model 1).  

6) Finnegan scores prior to NAS pharmacotherapy initiation for only those infants who 

received NAS pharmacotherapy (Model 2).  

7) All Finnegan scores for infants who did not receive NAS pharmacotherapy (Model 3).  

8) All Finnegan scores recorded after NAS pharmacotherapy initiation (Model 4).  

 

Conceptually, IGC uses a 2-level hierarchical model to fit a growth curve that connects time 

(repeated measure) to the outcome variable for each observation (infant). Linear IGC models 
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were constructed and used to combine the within infant variation (Level 1) and between infant 

variation (Level 2) in order to construct an aggregate curve to create an overall Finnegan score 

trajectory
13

. The Level 1 linear growth model (Equation 5.1), expresses the jth Finnegan score of 

observation from the ith infant (   at the time point tij as a function of the infant’s initial status 

(   ), rate of change in Finnegan scores (   ), time (   ), and random error (   ); 

 

                                                              (5.1)  

The Level-2 model component is a function of the average initial status (   ) across all infants, 

the average rate of change (   ) across infants, and random errors (       ). A predictor variable 

representing prenatal agonist opioid therapy exposure (  ) was incorporated to quantify group 

differences observed in the average initial (   ) and average rates of change (   ) in Finnegan 

scores
27

. 

 

                                                                     (5.2) 

                                                                      (5.3) 

 

Equations 5.1, 5.2, and 5.3 were combined to create a composite model representation for an 

IGC, Equation 5.4.  

 

                                                                 (5.4)  

 

Next, non-linearity of Finnegan score trajectories was examined using transformations to the 

time over which scores were assessed. These transformations included higher-order polynomials 

(quadratic and cubic) and quadratic regression splines. A quadratic regression spline is a 

collection of piecewise polynomials of degree 2, that create one continuous smooth curve; they 
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are used to model complex trajectories
28

. A spline is created by dividing the domain of a 

variable, t (ie., time) into intervals at K specified values known as knots,    k=1,…K; within each 

interval a piecewise polynomial is fit to the data. The number and placement of the knots for the 

regression splines were chosen a priori based on the Finnegan score data. Final model selection 

was determined by the model with the lowest corrected Akaike’s Information Criteria (AICC) 

value. AICC was selected because it reduces the potential bias that can arise from using Akaike’s 

Information Criteria with small sample sizes
29

. Three types of covariance structures were 

examined: 1) variance component (VC), 2) compound symmetry (CS), and 3) first-order 

autoregressive (AR(1)); the structure corresponding to the model with the lowest AICC value 

was selected as the appropriate choice to described the within subject correlation pattern
30,31

. 

Identified confounders were then added into the models. The normality assumption for each 

model was assessed; if this assumption was violated, appropriate transformations to the Finnegan 

score data were done to ensure normality of the error residuals. For Model 4, a log 

transformation of the Finnegan score data was necessary to ensure that the residuals were 

normality distributed. In total four final adjusted models were selected, one for each subset of 

Finnegan scores. All analyses were conducted using SAS version 9.3 (SAS Institute Inc., Cary, 

NS). 

 

Results 

From February 2015 to April 2016, 119 eligible women-infant pairs (includes 6 sets of twins) 

were recruited into the cohort study. Of these, 42 pairs were excluded from the analysis as 

Finnegan score data was not available. Reasons for exclusion included: therapeutic abortion 

(N=3), miscarriage/still birth (N=5), not delivering at BMC (N=6), and no continued care/loss to 
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follow up (N=28). The proportion of infants excluded was similar by exposure (methadone: 

37.3% vs. buprenorphine: 32.6%). A total of 77 infants (including 4 sets of twins) were included 

in the analysis.  

 

Neonatal Characteristics 

The neonatal characteristics are presented in Table 5.1. Infants who were prenatally exposed to 

buprenorphine had a slightly higher gestational age at birth compared to the methadone-exposed 

infants, 38.7 weeks (± 2.2) vs. 37.4 weeks (± 2.8) respectively; similarly, those exposed to 

buprenorphine were less likely to be premature (8.8% vs. 27.9%). The methadone-exposed 

infants had a longer length of stay in hospital (21.4 days ± 13.3 vs. 16.1 days ± 9.4), and were 

more likely to receive NAS pharmacotherapy 74.4% vs. 67.7%). In total 55 (71%) of infants (23 

buprenorphine and 32 methadone) required NAS pharmacotherapy. The average number of 

repeated Finnegan score measures per untreated infant was 34 (min: 15; max: 51). The average 

number of repeated Finnegan score measures per treated infant was 100 (min: 26; max: 223); the 

average number of repeated Finnegan score measures per treated infants prior to NAS 

pharmacotherapy initiation was 12 (min:3; max: 56), and post NAS pharmacotherapy initiation 

was 111 (min: 32; max: 225).  

 

Finnegan Score Trajectories 

The complex shape of the Finnegan score data prior to and following NAS pharmacotherapy 

initiation is shown in Figure 5.1 and Figure 5.2 respectively. Results from testing each 

covariance structure on the IGCs are presented in Table 5.2. Based on the results, the most 

appropriate structure to describe the within subject correlation pattern was AR(1). The normality 

assumption was met for Model 1 (all infants), Model 2 (only treated infants before treatment), 
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and Model 3 (only untreated infants). This assumption was met for Model 4 (all treated infants 

following treatment) once the post NAS pharmacotherapy Finnegan scores were log transformed. 

The estimated regression parameters used to construct each of the final adjusted growth curve 

models are presented in Table 5.3. 

 

Model 1 (All Finnegan scores prior to NAS treatment initiation for all infants) 

For Model 1, a quadratic regression spline with two knots at t=60 and t=155 hours best 

represented the overall shape of the Finnegan score trajectories (Table 5.4 – 1). The average 

predicted Finnegan score trajectories for all infants prior to NAS treatment by prenatal therapy 

exposure, adjusted for maternal age, ASI composite drug score, and ASI composite employment 

score, are shown in Figure 5.3. We can see that all infants (treated and untreated) prenatally 

exposed to buprenorphine compared to methadone have different general shapes to their NAS 

progression.  

 

Model 2 (All Finnegan scores prior to NAS treatment initiation for treated infants) 

For Model 2, a cubic polynomial best represented the overall shape of the Finnegan score 

trajectories (Table 5.4 – 2). The average predicted Finnegan score trajectories prior to NAS 

treatment initiation for only treated infants, adjusted for Maternal IV cocaine use, ASI composite 

drug score, and unstable housing, are given in Figure 5.4. In only treated infants we see the 

progression of NAS differs among buprenorphine and methadone exposure groups with 

methadone-exposed infants exhibiting higher Finnegan scores shortly after onset of NAS 

symptoms compared to buprenorphine-exposed infants.   
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Model 3 (All Finnegan scores for only untreated infants) 

For Model 3, the overall shape of the Finnegan score trajectories was best represented by a 

quadratic regression spline with one knot at t=35 hours (Table 5.4 – 3). The average predicted 

Finnegan score trajectories for all untreated infants are shown in Figure 5.5. No confounders 

were identified. The progression of NAS appears to be different among buprenorphine -and 

methadone-exposed infants with the methadone group having higher Finnegan scores for 

approximately 40 hours after NAS symptom onset compared to buprenorphine group. Thereafter, 

the Finnegan scores for the buprenorphine-exposed infants become larger than the scores of the 

methadone-exposed infants.   

 

 

Model 4 (All Finnegan scores for treated infants following NAS treatment initiation) 

For Model 4, the overall shape of the Finnegan score trajectories was best represented by a 

quadratic regression spline with one knot at t=30 hours post-NAS pharmacotherapy initiation 

(Table 5.4 – 4). The average predicted Finnegan score trajectories for all treated infants 

following NAS pharmacotherapy initiation, adjusted for ASI composite drug score, ASI 

employment score, and unstable housing, is given in Figure 5.6. From the figure we see that 

buprenorphine-exposed infants appear to a have slightly higher average initial score compared to 

methadone-exposed infants when NAS pharmacotherapy was first initiated. However, shortly 

after NAS pharmacotherapy initiation we see a sharp decrease in average Finnegan scores, with 

the buprenorphine group’s average Finnegan score decreasing faster than the average scores 

from the methadone group. The buprenorphine-exposed infants continue to have lower Finnegan 

scores compared to the methadone-exposed infants until hospital discharge.      
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Discussion 

To our knowledge this novel study was the first to use IGCs, an advanced statistical technique, to 

model repeated pediatric data, particularly Finnegan score data. There were several advantages to 

using IGCs to model data with a  large number repeated measurements to examine change in 

trajectories over time. Compared to traditional approaches not sensitive to within-individual 

changes, IGCs are capable of using all the information provided by the repeated measures when 

assessing change in growth trajectories
27,32

. IGCs provide the researcher with a way of testing 

different covariance structures to describe the pattern of the within subject correlation caused by 

the repeated measurements; in turn allowing for increased flexibility when dealing with the 

independence assumption
21,33

. Furthermore, IGCs can easily model data that is unbalanced (total 

number of repeated measures vary by subject) with repeated measures that are unequally spaced 

unlike traditional methods (ANOVA), which require balanced data
21,33

. 

 

A secondary objective of this study was to explore the progression on NAS among 

buprenorphine- and methadone-exposed infants using Finnegan score trajectories. This study 

illustrates a new approach which has never been used in pediatric research to analyze Finnegan 

score data. Differences in NAS progression by prenatal opioid agonist therapy exposure were 

identified prior to and following NAS pharmacotherapy initiation.   

 

For all models the covariance structure which outperformed all others was AR(1). This suggests 

the pattern of the correlation for Finnegan scores within the same infant is autoregressive with 

the correlation being highest between two consecutive Finnegan scores and decreasing 

exponentially as time between two scores increases
13,34,35

.  
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When we initially examined Finnegan scores prior-to NAS pharmacotherapy initiation the 

observed shape of the trajectories was atypical (Model 1). We expected to see Finnegan scores 

initially be small and as neonate’s began to exhibit signs of withdrawal gradually increasing 

towards the threshold values for NAS pharmacotherapy initiation (Finnegan score of 8 and 12). 

However, it appeared that by using Finnegan scores from both treated and untreated infants the 

Finnegan score trajectories were dampened by the consistently low Finnegan scores of the 

untreated infants. This same dampening effect was observed in the prior study which also 

included scores for both treated and untreated infants in their model
36

. 

 

The Finnegan score trajectories of only infants who required pharmacotherapy (Model 2) show 

that higher Finnegan scores were observed in infants prenatally exposed to methadone compared 

to buprenorphine. Furthermore, the trajectories suggest that methadone-exposed infants initiated 

NAS pharmacotherapy sooner compared to those infants exposed to buprenorphine. This finding 

supports the existing evidence that prenatal methadone exposure results in infants requiring NAS 

pharmacotherapy sooner compared to those infants exposed to buprenorphine
36–40

 

 

When we focused on Finnegan score trajectories in only infants who did not require NAS 

pharmacotherapy (Model 3) similar inverted U-shaped trajectories were observed in both 

methadone- and buprenorphine-exposed infants. This observed pattern of withdrawal signs 

initially increasing, peaking, and then gradually decreasing over time was expected as it is 

typical of opioid withdrawal
41,42

. Only minor group differences in Finnegan scores were 
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identified, suggesting that in non-treated infants NAS progression does not differ by prenatal 

opioid agonist therapy exposure.  

 

 

Differences in NAS progression were observed in both exposure groups following NAS 

pharmacotherapy initiation (Model 4). From the trajectories we see that those exposed to 

methadone required NAS pharmacotherapy for a longer amount of time compared to those 

exposed to buprenorphine. This suggests that post treatment response is slower in methadone-

exposed infants compared to buprenorphine-exposed infants. This finding is consistent with 

previous literature with prenatal methadone exposure resulting in infants being treated with NAS 

pharmacotherapy for a longer duration compared to prenatal buprenorphine exposure
12,37,43–45

.      

 

 

A main strength of this study was the statistical approach chosen to model repeated pediatric 

data. As previously discussed IGCs have a number of advantages compared to using traditional 

methods. A limitation of this study was the total sample size where from a statistical perspective 

it is small, particularly when analyzing Finnegan score trajectories of non-treated infants after 

stratifying infants by whether or not NAS pharmacotherapy was initiated. However, some studies 

do suggest that IGCs provide increased statistical power over traditional methods when detecting 

group differences in growth trajectories
34,46,47

. As with any prospective observational study there 

is a chance for selection bias to occur due to losses to follow up. Selection bias was unlikely to 

occur in our study as a similar proportion of buprenorphine and methadone exposed infants were 

excluded.  
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With the rise of opioid use disorder in pregnancy, NAS has become a major public health 

concern
2–4

. This is the first study that illustrates how IGCs can be applied to repeated pediatric 

data and for NAS in particular. It provides a resource for other researchers to apply these novel 

procedures which have not been previously used in pediatric research. It takes advantage of the 

repeated Finnegan scores for advanced modeling and interpretation of the effect of prenatal 

opioid agonist therapy exposure on NAS progression. Overall, there appears to be differences in 

NAS progression by prenatal opioid agonist therapy exposure prior to and following NAS 

pharmacotherapy initiation.   
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Table 5.1: Neonatal characteristics by prenatal opioid agonist therapy exposure 

Neonatal characteristic (All neonates) Buprenorphine 

N=34 

Methadone 

N=43 

p-value 

Gestational age at birth (weeks) 38.7 ± 2.2 37.4 ± 2.8 0.0291 

Premature ( < 37 weeks) 3 (8.8) 12 (27.9) 0.0358 

Very premature ( < 32 weeks) 0  3 (7.0) 0.2505 

Sex    

 Male 19 (55.9) 16 (37.2) 0.1022 

 Female 15 (44.1) 27 (62.8) 0.1022 

Measurements    

 Birth weight (grams) 3124.6 ± 627.0 2802.1 ± 691.4 0.0356 

 Birth length (cm) 49.5 ± 3.2 47.5 ± 4.1 0.0195 

 Head circumference (cm) 33.8 ± 1.8 32.5 ± 2.6 0.0209 

Apgar scores    

 1 minute 8.1 ± 1.2 7.9 ± 1.6 0.5657 

 5 minutes 8.7 ± 0.6 8.7 ± 0.6 0.6764 

Length of hospital stay (days) 16.1 ± 9.4 21.4 ± 13.3 0.0470 

Highest Finnegan score 12.0 ± 2.9 12.3 ± 3.7 0.6928 

Treated for NAS 23 (67.7) 32 (74.4) 0.5137 

    

Only infants treated for NAS Buprenorphine 

N=23 

Methadone 

N=32 

p-value 

Neonate age at treatment initiation (hours) 52.6 ± 38.6 41.1 ± 43.2 0.3041 

NAS treatment duration (days) 14.2 ± 5.7 17.8 ± 8.2 0.0712 

Total pharmacological treatment (mg/kg bw) 4.2 ± 3.2 6.1 ± 5.8 0.1140 

Total pharmacological treatment (mg) 12.6 ± 9.8 19.0 ± 20.3 0.1724 

Treated with phenobarbital 3 (8.8) 8 (18.6) 0.3287 

Treated with clonidine 1 (2.9) 2 (4.7) 0.4197 

NAS treatment initiated for score ≥ 12 13 (56.5) 12 (37.5) 0.1623 

NAS treatment initiated for two consecutive 

scores ≥ 8 

10 (43.5) 20 (62.5) 0.1623 
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Figure 5.1: Spaghetti plot of pre-NAS pharmacotherapy initiation Finnegan score data from 

onset of NAS symptoms to NAS pharmacotherapy initiation (treated infants) or hospital 

discharge (untreated infants). Each line represents an individual infant’s Finnegan score data 
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Figure 5.2: Spaghetti plot of post-NAS pharmacotherapy initiation Finnegan score data from 

time of NAS pharmacotherapy initiation until hospital discharge. Each line represents an 

individual infant’s Finnegan score data 
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Table 5.2: Results from comparing different covariance structures for the within subject 

correlation  

Assumed covariance structure AICC (Smaller is better) 

Model 1 

Simple 6905.23 

Compound Symmetry  6459.67 

First order autoregressive (AR1) 6239.90 

Model 2 

Simple 2943.34 

Compound Symmetry  2945.42 

First order autoregressive (AR1) 2870.53 

Model 3 

Simple 3065.41 

Compound Symmetry  3067.47 

First order autoregressive (AR1) 2922.00 

Model 4 

Simple 4562.09 

Compound Symmetry  3904.12 

First order autoregressive (AR1) 2537.61 

Bold type indicates selected structure based on AICC. 
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Table 5.3: List of estimated parameters for each of the final adjusted growth curve models 

Parameter Variable Estimate p-value 

Model 1: Finnegan scores prior to NAS treatment initiation for all infants 

     Intercept  1.11 0.584 

     Linear time:     0.1596 <0.0001 

    Quadratic time:    
  -0.0017 <0.0001 

    Quadratic time spline 1:        
 
  

 0.0021 <0.0001 

    Quadratic time spline 2:         
 
  

 -0.0031 0.465 

    Agonist therapy treatment  -0.5374 0.433 

    Agonist linear time interaction 
 

-0.0385 0.194 

    Agonist quadratic time interaction 0.00078 0.036 

     Agonist quadratic time spline 1 interaction -0.0013 0.025 

      Agonist quadratic time spline 2 interaction  0.0029 0.500 

    Maternal age 0.0845 0.173 

    ASI composite drug score 0.0038 0.864 

    ASI composite employment score 0.0092 0.393 

Model 2: Finnegan scores prior to NAS treatment initiation for only treated infants 

     Intercept  5.59 <0.0001 

       Linear time:     0.27 <0.0001 

     Quadratic time:    
  -0.0052 0.010 

     Cubic time:    
  0.00004 0.063 

     Agonist therapy treatment  -0.75 0.361 

     Agonist linear time interaction  -0.11 0.087 

     Agonist quadratic time interaction 0.0031 0.152 

     Agonist cubic time interaction -0.00003 0.174 

    Maternal IV cocaine use -0.62 0.425 

    ASI composite drug score -0.032 0.203 

    Unstable housing -0.59 0.554 

Model 3: All Finnegan scores for only untreated infants 

     Intercept  2.79 <0.0001 

     Linear time:     -0.094 0.011 

     Quadratic time:    
  -0.0013 0.036 
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     Quadratic time spline:        
 
  

 0.0013 0.062 

     Agonist therapy treatment  -0.661 0.408 

     Agonist linear time interaction  0.012 0.819 

     Agonist quadratic time interaction 0.0003 0.758 

     Agonist quadratic time spline interaction -0.005 0.599 

Model 4*: All Finnegan scores for treated infants following NAS treatment initiation 

     Intercept  2.18 <0.0001 

     Linear time:     -0.0403 <0.0001 

     Quadratic time:    
  0.00067 <0.0001 

     Quadratic time spline 1:        
 
  

 -0.00067 <0.0001 

     Agonist therapy treatment  0.161 0.088 

     Agonist linear time interaction  -0.0165 0.009 

     Agonist quadratic time interaction 0.00029 0.008 

     Agonist quadratic time spline 1 interaction -0.00029 0.008 

    ASI composite drug score 0.00053 0.467 

    ASI composite employment score 0.0011 0.483 

    Unstable housing -0.067 0.270 
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Table 5.4: Growth curve comparisons to determine best shape of trajectory for each subset of 

Finnegan score data 

Assumed Trajectory Growth  AICC (Smaller is Better) 

1. All Finnegan scores prior to NAS pharmacotherapy initiation for all infants 

Linear  6036.17 

Quadratic  5984.01 

Cubic 5993.48 

Quadratic Spline 5962.08 

2. All Finnegan scores prior to NAS pharmacotherapy initiation for only treated infants 

Linear  2881.38 

Quadratic  2874.09 

Cubic 2870.53 

Quadratic Spline 2875.22 

3. All Finnegan scores for only untreated infants 

Linear  2952.03 

Quadratic  2922.68 

Cubic 2923.31 

Quadratic Spline 2868.88 

4. All Finnegan scores for treated infants following NAS treatment initiation 

Linear  2388.77 

Quadratic  2363.30 

Cubic 2300.37 

Quadratic Spline 2267.58 

Bold type represents selected shape used for final model. 
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Figure 5.3: Predicted mean Finnegan score trajectories by prenatal opioid agonist therapy using 

Finnegan scores prior to NAS pharmacotherapy initiation for all infants (Model 1) 
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Figure 5.4: Predicted mean Finnegan score trajectories by prenatal opioid agonist therapy using 

Finnegan scores prior to NAS pharmacotherapy initiation for only infants who received NAS 

pharmacotherapy (Model 2) 
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Figure 5.5: Predicted mean Finnegan score trajectories by prenatal opioid agonist therapy using 

Finnegan scores of neonates who did not receive NAS pharmacotherapy (Model 3) 
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Figure 5.6: Predicted mean Finnegan score trajectories by prenatal opioid agonist therapy using 

Finnegan scores after NAS pharmacotherapy was initiated (Model 4) 
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Chapter 6 

General Discussion 

6.1 Summary of Objectives 

This thesis involved the analysis of Finnegan score data from a prospective cohort study at BMC 

of pregnant women with opioid use disorder and their neonates. It was organized into two 

manuscripts. The first manuscript’s objective was to describe the presentation of particular NAS 

signs and symptoms by prenatal exposure to buprenorphine compared with methadone. The 

objective of manuscript 2 was to apply novel methods (growth curves) to repeated Finnegan 

score data and to determine the effect of prenatal buprenorphine vs. methadone exposure on 

NAS progression. Both manuscripts analyzed Finnegan scores recorded prior to and following 

NAS pharmacotherapy initiation. Together, these manuscripts present new information regarding 

the presentation of NAS by prenatal opioid agonist therapy exposure to buprenorphine and 

methadone. 

 

6.2 Summary of Key Findings 

Findings from manuscript 1 suggest there are differences in the observed frequencies of the 

individual signs and symptoms of NAS among buprenorphine- and methadone-exposed 

neonates. Specifically, prior to NAS pharmacotherapy initiation four NAS symptoms were 

observed significantly more often in neonates exposed to buprenorphine compared to those 

exposed to methadone: continuous high pitched crying, hyperactive Moro reflex, nasal stuffiness, 

and loose stools. There appeared to be little difference in the particular NAS symptoms 

expressed following NAS pharmacotherapy initiation by prenatal exposure to buprenorphine 
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compared with methadone; mild tremors when undisturbed were observed less often in 

buprenorphine exposed neonates compared with methadone exposed neonates. Results regarding 

NAS symptom frequency by prenatal opioid agonist therapy exposure will help inform 

healthcare professionals which symptoms are most likely to be exhibited in a neonate prenatally 

exposed to buprenorphine or to methadone. Additionally, several symptoms on the modified 

FNAST were never or seldom observed in either medication exposure group. Improvements in 

the accuracy of NAS assessments could be achieved through exclusion of these particular 

symptoms from the Finnegan Scale. Overall these findings enhance our understanding of the 

presentation of NAS allowing healthcare professionals to improve NAS assessment and to better 

guide NAS pharmacotherapy.   

 

Manuscript 2 illustrates the use of a novel method (IGC) that can be applied to repeated pediatric 

data for researchers.  This manuscript modeled Finnegan score data in a way that has yet to be 

explored when examining the progression of NAS. Overall, these findings suggest there are 

differences in NAS progression by prenatal opioid agonist therapy exposure prior to and 

following NAS pharmacotherapy initiation.  

 

6.3 Overall Study Limitations 

There are some limitations affecting this thesis. This study size was small, which prevented 

investigation of the effects of concomitant prescription psychotherapy medications, like SRRIs 

and benzodiazepines, on NAS symptom expression in the first manuscript. However, our 

statistical approach mitigated power limitations in manuscript 2.  It has been suggested that  the 

use of IGCs with repeated measures data increases statistical power to detect group differences in 
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growth trajectories
1–6

. The loss of enrolled fetuses through terminated pregnancies, miscarriages, 

still births, deliveries elsewhere and loss to follow up could result in selection bias. For selection 

bias to occur there must be differences relating to both the exposure and outcome by study 

completions and participant loss. It is difficult to assess if differences relating to the outcome 

exist as Finnegan score data were not available for excluded neonates. However, a similar 

proportion of neonates in the buprenorphine and methadone groups were excluded (32.6% vs. 

37.3%), and therefore the occurrence of selection bias is unlikely. The women who were LTFU 

did differ from those who remained in the study on a number of other characteristics with those 

LTFU being more likely to engage in heavier substance use and suffer from social issues which 

may decrease their motivation to seek prenatal treatment for their substance use disorder. 

Nevertheless, it is unlikely that these differences will affect the generalizability of our findings 

which are specific to pregnant women with opioid use disorder who receive prenatal opioid 

agonist therapy. 

 

6.4 Strengths of the Study 

Overall this thesis has a number of strengths with regard to its study design, data, and chosen 

analysis strategy. The data used in this thesis is high quality coming from a prospective cohort 

study of women enrolled from a leading US clinic in addiction medicine and pregnancy, with 

standardized approaches for prenatal and neonatal care in the affiliated pediatric clinic. The 

Finnegan score data was complete and detailed compared to other studies that generally report 

only means or highest score, allowing for individual symptom frequencies to be analyzed. This 

thesis was the first study to examine NAS symptom expression pre- and post NAS 

pharmacotherapy initiation, providing new data to guide clinical care. The use of the FNAST, an 



 

104 

 

instrument with documented high intra-rater reliability, in assessment of a neonate’s NAS signs 

and symptoms allows for the outcome measure to be measured with high accuracy
7–9

. The fact 

that the Finnegan score data is longitudinal in nature with a large amount of repeated measures 

for each observation makes it ideal for assessing change in Finnegan score trajectories over time. 

This study was the first to implement an advanced statistical technique (IGC) to analyze overall 

Finnegan score trajectories. Compared to traditional GLM approaches that are not sensitive to 

within-individual symptom changes, IGCs are capable of using all the information that is 

provided by the repeated measures when analyzing these changes over time
10,11

.  

 

6.5 Future Directions 

Over the last three decades there has been a striking increase in polypharmacy use among 

pregnant women with opioid use disorder, particularly with medications used to treat maternal 

depressive and anxiety disorders: SSRIs and benodiazepines
12,13

. By nature, these women are at a 

higher risk for psychiatric comorbidities during pregnancy, with a prevalence of more than 70%; 

because of this, polypharmacy use tends to be the norm in this vulnerable population
14–16

. Prior 

research suggests that NAS severity and NAS pharmacotherapy duration may be affected by 

prenatal exposure to SSRIs and benzodiazepines
17–21

. The effects of concomitant prenatal 

exposure to prenatal opioid agonist therapies and these psychotherapy prescription medications 

on NAS symptom expression is currently unknown. Therefore, future studies with larger sample 

sizes should be conducted in order to assess these effects. Additionally, there is growing concern 

that Finnegan scoring may be affected by prenatal exposure to these concomitant prescription 

psychotherapy medications that were not widely used in the pregnant population when the 
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Finnegan was implemented in the 1970s
13,22

. Such data would have important implications for 

NAS assessment.     

 

6.6 Conclusion 

With the increased use of opioids in pregnant women, and concomitant increase in the 

occurrence of NAS, neonatal withdrawal has become a major public health concern within 

Canada and the US
23–27

.  There is only a paucity of data on understanding how these prenatal 

medications affect NAS symptom expression, and NAS severity in the neonatal period
9
.  

 

To our knowledge, this is one of the first studies to investigate NAS symptom expression by 

prenatal opioid agonist therapy exposure to buprenorphine and methadone prior to and following 

NAS pharmacotherapy initiation. Furthermore, this study will provide a resource for other 

researchers to apply these novel procedures which have not been previously used in pediatric 

research. The findings from this study provide insight into how these two prenatal medications 

affect NAS symptom expression. They also offer information to aid clinicians in improving NAS 

definition, measurement, and management.  
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Appendix A 

Modified Finnegan Neonatal Abstinence Scoring Tool (FNAST)
1
 

 

 

 

1
 Adapted from Finnegan, L.P., Kaltenbaach. K. The assessment and management of Neonatal Abstinence Syndrome. Primary 

Care, 3rd editions, Hoekelman + Nelson (eds.), C.V. Mosby Company, St. Luois, MO., pp.1367-1378, 1992. The FINNAGAN 

NEONATAL ABSTINENCE SCORE is for the assessment of infants exposed in utero to psychoactive drugs, particularly 

opioids/opiates. Evaluator should check signs or symptoms observed at various time intervals and add the scores to obtain a total 

score. Observation of the scores over the time interval provides the progression/diminution of symptoms. Copyright, 2007. 
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Appendix B 

Addiction Severity Index (ASI) 5
th

 Edition Lite
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Appendix D 

Neonatal Finnegan Score Trajectories 

Changes in an individual neonate’s total Finnegan scores across time for the first eleven days 

postnatal. Dotted line indicates time at which NAS pharmacotherapy was initiated (in hours since 

birth).    
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