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Abstract
INTRODUCTION: Neonatal abstinence syndrome (NAS) is one of the primary
negative effects of substance use during pregnancy. Neonatal abstinence
syndrome refers to a generalized disorder observed in infants experiencing opiate
withdrawal. Signs and symptoms of NAS include yawning, sneezing, sweating,
stuffy nose, mottling, fever and increased secretion of tears, and often the
development of tremors, high pitched cry, increased muscle tone and irritability.
The modified Finnegan scoring tool is widely used to assess NAS and guide NAS
treatment. However, the emphasis is usually on the total score. Little is known
about which symptoms (individual items) on the modified Finnegan Scoring Tool
are the most commonly observed among infants presenting with NAS and whether
they differ based on type of substance exposure. Similarly, little is known whether
the severity of NAS differs based on the type of substance exposure. Thus, the
purpose of this study was to evaluate whether the presentation of NAS symptoms,
severity of NAS and neonatal outcomes differ among infants based on the
substances they were exposed to in utero. METHODS: A retrospective chart review
was conducted collecting data from infant and maternal health records (over a
one year period) from a tertiary care hospital. ANALYSIS: Descriptive statistics,
Chi-Square and One-way Analysis of Variance (ANOVA) using the Student-
Newman-Keul (SNK) post hoc comparisons were conducted to determine whether
significant differences existed between groups on outcome variables based on
exposure substance. RESULTS: Data were collected on 131 infant/mother pairs.
Infants were categorized by exposure substance into one of four groups;
methadone only, methadone and other substances, single non-methadone, and

poly non-methadone. Three symptoms (increased muscle tone, tremors when



disturbed and fever between 37.2°C and 38.3°C) were identified as the most
common symptoms observed across all four groups of infants. Two symptoms
(generalized convulsions, fever 238.4°C) were never observed in any of the four
groups, and ten symptoms were seen at a frequency of less than 5% in any of the
groups. No clear significant differences were found between the four groups on the
relative frequency of symptom observation. However, infants exposed to
methadone (solely or in addition to other substances) experienced more severe
NAS compared to infants not exposed to methadone. This was demonstrated by
the significantly higher peak scores, longer time from onset of symptoms to peak
score, larger number of infants requiring pharmacological treatment, longer
length of treatment and longer lengths of stay in hospital. No significant
differences among the four groups were found for any of the neonatal outcomes
including term, weight, length, head circumference, and one minute and five
minute Apgar scores. CONCLUSION: Infants exposed to methadone (alone or with
other substances) experienced more severe NAS after delivery than did those
exposed to substances other than methadone. Further evaluation of and a
possible reduction in the number of items on the modified Finnegan scoring tool
is needed as many items were rarely if ever observed, regardless of the substance
exposure. There are varying findings in the literature regarding differences in

birth outcomes based on substance exposure, further investigation is justified.
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Introduction

licit drug use and prescription drug abuse is a public health concern in
Canada. While the Canadian Alcohol and Drug Use Monitoring Survey (2010)
indicated that in most categories, substance use has remained constant or
decreased slightly over the past six years (Health Canada, 2011) the rates are still
alarming. For example, the results of the 2010 survey indicated that 11% of
Canadians aged 15 and older used substances in the last 12 months. The rates
for males are double that of females, and the rate of substance use among youth
(15 — 24 years of age) is three times that of adults (25 years and older). Between
2002 and 2005 there was a 24% increase in the proportion of street drug users
that were using prescription opioids non-medically (Popova, Patra, Mohapatra,
Fischer & Rehm, 2009). The estimates of drug use established from self-reporting
are estimated to be 3 to 3.5 times lower than the true value (Chen, Fang, Shyu, &
Lin, 2006). Ontario had the lowest prevalence of illicit drug use out of all the
provinces in Canada in 2010; 8.2% compared to the highest at 14.1% in the Nova
Scotia (Health Canada, 2011). Substance use in northwestern Ontario is higher
than the Ontario average; particularly in the student aged population (grades
7 — 12) (Sieswerda, Starkes, & Adlaf, 2007). For example, northwestern Ontario
students reported higher use rates of cannabis (31.7% vs. 26.5%), hallucinogens
(11.7% vs. 6.7%), methamphetamine (4.5% vs. 2.2%), OxyContin (4.5% vs. 1%)
and cocaine (6% vs. 4.4%) (Sieswerda, Starkes, & Adlaf, 2007). Substances that
are used in this region range from tobacco and alcohol to cocaine, heroin,
methamphetamines, opiates, tranquilizers and stimulants (Adlaf & Paglia-Boak,

2005; Sieswerda et al., 2007).



Substance use has many negative effects on the individual, family and
society. In adolescents, poor academic performance, acting out, dropping out of
school, mood disorders, violence, committing crimes, infectious diseases and
unplanned pregnancies are some of the effects that are identified (Catalano,
White, Fleming & Haggerty, 2011; National Institute on Drug Abuse [NIDA],
2010). Adults with substance abuse problems, who often began to use in
adolescence, may have memory and cognitive problems, are more likely to be
unemployed and have poor health (Catalano et al., 2011; NIDA, 2010). Often poor
social behaviours are developed, affecting performance at work and personal
relationships (NIDA, 2010). Medical consequences of substance use include
cardiovascular and respiratory diseases, stroke, cancer, changes in neurons and
brain circuits, mental illness and severely compromised long-term health of the
brain, and gastrointestinal and liver disorders (Keaney et al., 2011; NIDA, 2010).
Substance abuse among parents may harm their children’s well-being and
development as these households are often chaotic and stressful; substance
abuse can be an intergenerational problem (NIDA, 2010). Parenting can be a
stressful job that appears to be even more stressful for substance abusing women
(Kelley, 1992; Kelley, 1998). This perceived higher amount of stress and increased
potential for child abuse can be associated with environmental risk factors for
parenting problems and negative child outcomes (Nair, Schuler, Black, Kettinger
& Harrington, 2003). Adolescents who have family members (specifically
caregivers) that use substances are at an increased risk of using and becoming
dependent on illicit substances (Kilpatrick et al., 2000).

The use of illicit substances during pregnancy is also a concern. The

Canadian Maternity Experience Survey for 2006-2007 reported that



approximately 7% of women indicated using illicit substances within 3 months of
knowing they were pregnant and approximately 1% continued to use throughout
the pregnancy (Public Health Agency of Canada [PHAC], 2009). However,
gathering accurate data is challenging because of the unwillingness of many
women to disclose drug use likely due to the illegal and social undesirability of
this activity during pregnancy (Bell & Harvey-Dodds, 2008; PHAC, 2009).
Discrepancy between maternal self-reporting and meconium and neonatal urine
screening has been documented in numerous studies (Chen, Fang, Shyu, & Lin,
2006; Eyler, Behnke, Wobie, Garvan, & Tebbett, 2005; Murphy-Oikonen,
Montelpare, Southon, Bertoldo & Persichino, 2010). Chen, Fang, Shyu, and Lin
(2006), estimate that the true prevalence of substance use is 3 to 3.5 times higher
than what is reported through self-report. Eyler and associates (2005) found that
17% of mothers who had denied substance use during pregnancy had a biological
specimen obtained (infant or maternal) that tested positive for substances.
Murphy-Oikonen and colleagues (2010) detected a maternal failure to report rate
of 24% to 27%. While the occurrence of substance abuse during pregnancy is less
than that of the overall population, it is still significant (Wong, Ordean, & Kahan,
2011).

Many negative outcomes associated with substance abuse during
pregnancy are similar to those during the non-perinatal period including
problems with cognitive functioning (thinking clearly, paying attention,
remembering), violence, and poor social behaviours (NIDA, 2010). Also, pregnant
substance abusing women often receive less prenatal care including gynecologic
exams and ultrasounds during pregnancy, than non-using pregnant women

(Vucinovic et al., 2008). Maternal substance use during pregnancy has specific



effects on the fetus including higher rates of prematurity and growth retardation
resulting in small for gestational age babies, deficits in behaviour, attention and
cognition, neonatal morbidity and mortality, as well as neonatal abstinence
syndrome (NAS) (Fergusson, Horwood, Northstone & ALSPAC Study Team, 2002;
Hurd et al., 2005; NIDA, 2010; Vucinovic et al., 2008). Infants born prematurely
and small for gestational age have been found to have significantly lower percent
body fat and higher blood pressure than full-term infants (Willemsen, de Kort, van
der Kaay, & Hokken-Koelega, 2008). Premature infants may also be at higher risk
of symptoms of ADHD, problems with social competence and adaptive functioning
as children compared to children who were born at full-term (Chapieski &
Evankovich, 1997). Low birth weight has been associated with an increased risk
of neurological soft signs (deviations in motor, sensory, and integrative functions),
these soft signs have been associated with an increased risk for subnormal I1Q,
and learning disorders, and issues internalizing and externalizing problems as
children (Breslau, Chilcoat, Johnson, Andreski, & Lucia, 2000).

Infants exposed to opioid substances in utero may exhibit NAS, whereby
they display central nervous, gastrointestinal and respiratory dysfunction (Kassim
& Greenough, 2006; Wong, Ordean & Kahan, 2011). Neonatal abstinence
syndrome refers to a generalized disorder observed in infants experiencing opiate
withdrawal. Signs and symptoms of NAS include yawning, sneezing, sweating,
stuffy nose, mottling, fever and increased secretion of tears, and often the
development of tremors, high pitched cry, increased muscle tone and irritability
(Kaltenbach & Finnegan, 1986). This is a complex disorder which is widely
variable with different symptoms being exhibited at various times by each infant

(Jansson, 2008). While NAS refers to opioid withdrawal, infants withdrawing from



other substances including barbiturates, benzodiazepines, and selective serotonin
reuptake inhibitors (SSRIs), exhibit similar symptoms as are observed in NAS
(Blumenthal & Lindsay, 1977; Levinson-Castiel, Merlob, Linder, Sirota & Klinger,
2006; Nordeng, Linemann, Perminov & Reikvam, 2001; Sanz, De-las-Cuevas,
Kiuru, Bate & Edwards, 2005; Sutton & Hinderliter, 1990).

Not only do infants exposed to illicit substances experience NAS, infants
exposed to the treatments for opioid addictions (methadone and buprenorphine)
also experience NAS (Jones, Kaltenbach et al., 2010; Lim, Prasad, Samuels,
Gardner, & Cordero, 2009; Ludlow, Evans, & Hulse, 2004). Methadone is the
most commonly used substance in opioid maintenance treatment (van den Brink
& Haasen, 2006). According to the SOGC, MMT is the gold standard treatment for
opioid dependency in pregnancy (Wong, Ordean & Kahan, 2011). During
pregnancy MMT has well documented benefits for both mother and infant
(McCarthy, Leamon, Parr & Anania, 2005). Maternal benefits include reduction in
withdrawal, cravings for other substances, unpredictable use of opioids and risk
of relapse; recovery from illicit drug use; improved health and compliance with
prenatal care; and better preparation for parenthood (Centre for Addiction and
Mental Health [CAMH], 2007; Finnegan, 2000; Jansson, et al., 2008; McCarthy,
Leamon, Parr & Anania, 2005). Methadone also decreases the risk of obstetrical
complications including preterm labour, spontaneous abortion and miscarriage
(Registered Nurses’ Association of Ontario [RNAO], 2009). Benefits for infants
stem from the reduction in use and cravings for other substances which reduces
fetal exposure to repeated cycles of withdrawal; improved compliance with
prenatal care which results in fewer fetal and neonatal complications such as

premature births, low birth weight and neonatal mortality; and better preparation



for parenthood which leads to increased health and safety of the infant (CAMH,
2007; Finnegan, 2000; Jansson et al., 2008; McCarthy, Leamon, Parr & Anania,
2005; Ordean, 2012). The use of methadone also protects both mother and infant
from the risk of infection associated with unsafe injection drug use (i.e. HIV,
Hepatitis) (CAMH, 2007; Jansson, et al., 2008; RNAO, 2009).

Despite the well-known benefits of MMT, studies evaluating NAS among
methadone exposed infants have reported that compared to other treatment
methods (buprenorphine or morphine), the onset of NAS symptoms is later and
they have longer lengths of stay in hospital, thereby separating mother and
newborn (Ebner et al., 2007; Jones, Kaltenbach et al., 2010; Serane & Kurian,
2008). As well, more of the methadone-exposed infants required treatment
compared to buprenorphine-exposed newborns, but significantly fewer than those
exposed to morphine (Ebner et al., 2007; Jones, Kaltenbach et al., 2010).

Johnson, Greenough and Gerada (2003) assessed age at NAS symptom
onset, duration of treatment and length of neonatal unit stay of forty-one infants
by opioid exposure (methadone, methadone and others [other substances|, and
substances other than methadone). They found that the median age at onset of
symptoms did not differ among the three groups. While the duration of treatment
and the duration of hospital stay were longest in the methadone plus other
substances group, significant differences were only found between the methadone
plus other substances group and the non-methadone group (duration of
treatment p = 0.03; duration of hospital stay p = 0.02). Both duration of treatment
and length of stay were not found to be significantly different between the
methadone group and the other groups (p-value not provided). Limitations of this

study include its small sample size (n = 41), which resulted in small uneven group



sizes (methadone only, n = 14; methadone plus other substances, n = 17; non-
methadone, n = 10). Also, the sample was taken from medical records over a ten
year period, and halfway through this time frame the method of pharmacological
treatment changed from prescribed chlorpromazine to prescribed morphine. Thus,
there is the possibility that the differences in treatment could affect the outcomes
evaluated.

When assessing NAS diverse tools may be used including the Finnegan, the
Lipsitz, the Reilly pain scale, the River’s scoring system, the Ostrea and self-
designed hospital tools (American Academy of Pediatrics, 1998; Crocetti, Amin &
Jansson, 2007; Johnson, Greenough & Gerada, 2003). The original Finnegan
neonatal abstinence scoring system was developed in 1975 in an effort to improve
the method for the assessment of NAS, as related to narcotic withdrawal, and for
evaluating therapeutic methods (Finnegan, Connaughton, Kron & Emich, 1975).
The scoring system was made up of 32 items spanning 20 observable symptoms
reflecting central nervous system stimulation. The scoring value of each symptom
is based on its potential for medically negative effects. These values range from 1
to 5, one having the least potential for adverse effects and 5 having the highest
potential for adverse effects (Finnegan et al., 1975). Inter-rater reliability was
tested among four pairs of nurses, each pair scoring one individual infant
(Finnegan et al., 1975). This scoring system was found to be highly reliable among
multiple nursery staff, with the inter-rater reliability coefficient (type of coefficient
not specified) in each pair ranging from 0.75 to 0.96, with a mean coefficient of
0.82, all coefficients were statistically significant (p< 0.005) (Finnegan et al.,

1975). This system was also found to be valuable in assessing the



symptomatology before, during and after therapeutic interventions were
implemented (Finnegan et al., 1975).

The Finnegan Scoring Tool is still the most commonly used abstinence
scoring tool used to assess NAS in the United States (used by 56% - 65% of
institutions) (Crocetti, Amin, & Jansson, 2007). Various studies indicate that this
tool can be used to assess the presence and severity of symptoms as well as to
guide decisions about the need for NAS treatment and dosage alterations (Kassim
& Greenough, 2006; Sarkar & Donn, 2006; Zimmermann-Baer, N6tzli, Rentsch &
Bucher, 2010). Though the Finnegan is still the most widely used scoring tool,
and is the assessment tool recommended for use by the Provincial Council for
Maternal and Child Health (PCMCH) (2012), Sarkar and Donn (2006) found that
many institutions using the Finnegan scoring system are actually using a
modified version of the original. When reviewing the modified Finnegan scoring
tool it became evident that there are slight variations of the modified Finnegan
and not one modified and validated tool. For example, one version of the modified
Finnegan tool has an item termed “failure to thrive” and does not include “high-
pitched cry” (Choo, Huestis, Schroeder, Shin & Jones, 2004) while others do not
have “failure to thrive” and include “high-pitched cry” (McQueen, Murphy-
Oikonen, Gerlach & Montelpare, 2011; Zimmermann-Baer et al., 2010).

While the Finnegan Scoring Tool provides information on both individual
symptoms and total scores, it is the total scores that are most frequently reported.
Minimal information is available on the individual items scores and which items
(symptoms) if any are most frequently observed and which items are infrequently
observed. For example, are certain symptoms such as high pitched cry, tremors,

yawning, etcetera, more common in the presentation of NAS and are there other



symptoms that are rarely observed? It would be valuable to know whether all 30
items are useful in identifying NAS or whether there are subsets of items that may
identify the same outcomes. One study was identified which evaluated individual
symptom items of the modified Finnegan (Choo, Huestis, Schroeder, Shin and
Jones, 2004). They compared the single items on a modified Finnegan as a
function of tobacco exposure among 29 methadone maintained mother/infant
dyads. In this study infants were divided into two groups based on maternal
smoking; low smoking (<10 cigarettes/day; n=16) and high smoking (= 20
cigarettes/day; n=13), they did not evaluate a middle group (10 — 20
cigarettes/day). They found that disturbed tremors, increased muscle tone and
hyperactive Moro reflex were the most frequently observed items in both the low
and high smoking groups. They also noted that generalized seizures and failure to
thrive were not reported at all, with yawning and vomiting observed in less than
1% of the infants in this study.

There is also limited information about whether individual symptoms are
similar or different in relation to the type of substance exposure. The most
commonly observed symptoms of NAS in infants exposed to opiates and opioid
maintenance substances are high-pitch cry, short sleep after feeding, tremors,
poor sucking, hyper-reflexibility, increased muscle tone, vomiting, sneezing, and
increased respiratory rate (Ebner et al., 2007; Serane & Kurian, 2008;
Zimmermann-Baer et al., 2010). Bada, Bauer and colleagues (2002) also
completed a study analyzing central and autonomic nervous system (CNS & ANS)
symptoms among opiate exposed (n = 100), cocaine exposed (n = 717) and opiate
and cocaine exposed (n = 92) infants. They found that jitteriness, tremors and

irritability were the most commonly observed symptoms. These symptoms were



found in >5% of non-exposed infants, >12% of infants exposed to cocaine, >20%
of infants exposed to opiates and >40% of infants exposed to both cocaine and
opiates. High pitched cry was the next most frequently observed symptom, found
in approximately 3% of infants exposed to cocaine, 12% of infants exposed to
opiates and 15% of infants exposed to both substances. However, as this study
evaluated general CNS/ANS symptoms based on the New Ballard scoring tool not
a Finnegan scoring tool, direct comparisons cannot be made. These studies
provide valuable information on individual symptoms of the modified Finnegan
when exposed to methadone and NAS symptom differences between opioids and
cocaine based on another scoring system. Still little is known about whether the
presentation of symptoms is similar or different between infants exposed to
methadone as part of methadone maintenance treatment and other substances.
No studies were identified that have specifically evaluated the individual
symptoms on a modified Finnegan scoring tool between infants exposed to
methadone and those exposed to other substances and whether they are similar
or different.

It has been proposed that NAS symptoms and their severity vary by
substance, frequency, quantity and length of exposure (Ebner et al., 2007; Serane
& Kurian, 2008). Similarly, specific to methadone, the development of NAS and its
duration have been identified as related to maternal methadone dosage with
higher dosages associated with increased severity of symptoms (Dryden, Young,
Hepburn & Mactier, 2009; Lim et al., 2009; Wouldes & Woodward, 2010). The
dosage of methadone has also been associated with symptom onset, length of
treatment, and length of hospital stay with higher dosages being associated with

later onset, longer length of treatment and longer hospital stays (Dryden et al.,
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2009; Lim et al., 2009; Serane & Kurian, 2008; Wouldes & Woodward, 2010).
However, others have found no evidence that the timing, duration or amount of
maternal methadone exposure is associated with the risk of needing treatment for
NAS or longer hospitalization (Kuschel, Austerberry, Cornwell, Couch & Rowley,
2004; McCarthy, Leamon, Parr, & Anania, 2005; McCarthy, Leamon, Stenson &
Biles, 2008). Further evaluation of onset of symptoms, peak score, length of time
from onset of symptoms to peak score, length of treatment and length of hospital
stay based on substance exposure is required.

Research on neonatal outcomes and in utero substance exposure is also
inconsistent. Some studies indicate that birth weight, length and head
circumference of infants exposed to illicit substances in utero are lower than those
of healthy unexposed infants (Burns, Mattick, & Cooke, 2006; Dryden et al.,
2009). Others found that there is limited or no differences in birth weight, length,
head circumference and gestational age at birth between exposed and unexposed
infants (Ebner et al., 2007; Simmat-Durand, Lejeune, & Gourarier, 2009). Studies
have also found infants exposed to methadone having smaller head
circumferences, lower birth weights and being small for gestational age (Dryden et
al., 2009; Lim, Prasad, Samuels, Gardner, & Cordero, 2009).

There have also been some studies on exposure to cocaine, marijuana,
opioid and amphetamine substance exposure and neonatal outcomes. Smith and
colleagues (2006) found that infants exposed to methamphetamines had lower
birth weights, were more frequently small for gestational age and were born
earlier than non-exposed infants. Ludlow, Evans, and Hulse (2004) found that
compared to infants exposed to opiate substances, amphetamine exposed

neonates were less frequently small for gestational age and less frequently
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admitted to NICUs but were more likely to have Apgar scores <7 and spend more
time in special care nurseries. Fergusson and colleagues (2002) stated that
frequent cannabis use during pregnancy may be associated with decreases in
birth weight compared to infants not exposed to cannabis. Burns, Mattick and
Cooke (20006) evaluated outcomes of neonates exposed to opioids, stimulants,
cannabis and those that were not exposed. They found that those exposed to
opioids were the most likely to be born premature, have Apgar scores <7 and
spend more than 14 days in hospital. Other than those exposed to cannabis, the
opioid group also had the highest percentage that were small for gestational age.
Bada, Das and colleagues (2002) evaluated birth outcomes in infants exposed to
cocaine compared to those not exposed to cocaine. They found that cocaine
exposure was associated with a decrease in birth weight as well as length and
head circumference. Exposure to opiates in addition to cocaine had a significant
effect on birth weight (lower birth weights than those not additionally exposed to
opiates).

This review of the literature has identified several gaps in the evidence
regarding neonatal outcomes as a result of substance exposure in utero. In
particular, little is known about which NAS symptoms are the most commonly
observed among infants presenting with NAS and whether they differ based on
substance exposure. Also, there is varying information regarding the presentation
of NAS, including age at onset of symptoms, need for pharmacological treatment,
time to peak score, etcetera, and if they differ based on substance exposure.
Similarly, whether outcomes such as Apgar scores, birth weight, head
circumference, etcetera, differ based on substance exposure is also unclear. Given

that the evidence is limited, the purpose of this study is to evaluate whether the

12



type of substance exposure (methadone, methadone and other substances, a
single non-methadone substance or poly non-methadone substance use) affects
the presentation of NAS symptoms and neonatal outcomes.
Research Questions

(1) Do the individual symptoms of NAS differ among infants based on their
exposure substance? (e.g., are there some symptoms that are always observed
versus never or seldom observed?)

(2) Does the presentation of NAS (e.g., onset of symptoms, peak scores,
time to peak score) differ among infants based on their substance exposure?

(3) Do neonatal outcomes (e.g., birth weight, length, head circumference,

Apgar scores) differ among infants based on their substance exposure?
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Methodology
Study Design

This study was a retrospective review of birth records from a tertiary care
hospital in northwestern Ontario. The sample included all infant records and
corresponding maternal medical records meeting the study eligibility criteria from
September 1, 2010 to August 31, 2011. Inclusion in this study required that
infants (1) had documented NAS scores using the modified Finnegan scoring tool
and (2) had a record (maternal self-report, urine and/or meconium screening) of
exposure to a substance (illicit drug and/or prescribed methadone). Exclusion
from the study included: (1) multiple births and/or (2) transfers to other facilities
due to serious medical conditions.

Definition of Variables

Neonatal abstinence syndrome. For the purpose of this study, an infant
was categorized as having NAS if he/she had been exposed to a substance(s) in
utero and had recorded NAS scores in their chart on the modified Finnegan
scoring tool.

Substance exposure. Substance in this study was defined as any drug
that may lead to neonatal abstinence syndrome. Antenatal opioid exposure,
including methadone, morphine, heroin, buprenorphine, oxycodone and codeine
has been known to cause NAS (Wong, Ordean & Kahan, 2011). Withdrawal from
other substances including barbiturates, benzodiazepines, and selective serotonin
reuptake inhibitors (SSRIs), manifests with similar symptoms as NAS (Blumenthal
& Lindsay, 1977; Levinson-Castiel, Merlob, Linder, Sirota & Klinger, 2006;
Nordeng, Linemann, Perminov & Reikvam, 2001; Sanz, De-las-Cuevas, Kiuru,

Bate & Edwards, 2005; Sutton & Hinderliter, 1990). Tobacco and alcohol use
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during pregnancy were recorded separately as they were important variables for
describing the sample but were not an evaluated outcome in this study.

The primary method used to determine substance exposure was maternal
self-report (the mother identifying that she had used specific substances during
pregnancy). Infant urine screen results were also used to determine exposure
substance. The time frame that substances can be detected in urine varies
depending on the substance; typical detection time is within 72 hours with a few
substances being detected after that length of time (Verstraete, 2004). Meconium
drug screen results were used to determine exposure substance only when there
was no record of maternal self-report, no record of urine screen or if the results of
the urine screen were negative. Meconium screening results were used as the last
method for identifying substance exposure. While meconium screening is very
accurate, it detects substances used as early as the second trimester of pregnancy
(Ostrea et al., 2001). Therefore, it is possible that a woman who has not used
substances in weeks or even months could have an infant with a positive
meconium drug screen.

All substances were recorded from mother and/or infant records (e.g.,
percocet, marijuana, valium) with the exposure substances further categorized
based on the seven classifications common in hospital urine test kits; opiates,
barbiturates, tricyclics, methadone, cannabinoids, cocaine and benzodiazepines.
Some infants were tested for additional substances not included in these
classifications; these were also recorded in the data for this study, including
Selective Serotonin Reuptake Inhibitors (SSRIs), Selective Norepinephrine

Reuptake Inhibitors (SNRIs), ritalin and antipsychotics.
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Symptomatology of NAS. Symptomatology of NAS refers to the presence of
individual symptoms using the modified Finnegan scoring tool (Appendix A). In
this study the symptomatology of NAS was evaluated using the relative frequency
of observed symptoms over three time frames. The three time frames were (1)
onset of symptoms to the time of peak score, (2) onset of symptoms to the
initiation of pharmacological treatment, and (3) onset of symptoms to 72 hours of
recorded NAS symptom observation.

Presentation of NAS. Presentation of NAS refers to how the syndrome
presents as measured by six variables. These variables include, (1) the onset of
symptoms (number of hours from birth to first presentation of NAS symptoms),
(2) peak NAS scores (highest total score on the modified Finnegan scoring tool
before weaning of pharmacological treatment), (3) time to peak (number of hours
from onset of symptoms to when the highest total score is reached), (4) type of
treatment (pharmacological or non pharmacological), (5) length of treatment
(number of hours from initiation of pharmacological treatment to discontinuation)
and (6) length of hospital stay (number of days from birth to discharge).

Neonatal outcomes. Neonatal outcomes refer to objective measures of the
neonate recorded at birth. Outcomes included gestational age, Apgar scores at 1
and 5 minutes, weight, length and head circumference.

Sample

Setting and sample size. The tertiary care centre is the sole provider of
maternal-infant care in the area and the referral hospital for the catchment area.
The selected site had a birth rate of approximately 1500 babies for the year 2010-
2011. It was estimated by a hospital manager at this facility that approximately

12% of infants born at this institution experience NAS. Based on this estimate
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and the birth rate it was anticipated that approximately 180 infants would
experience NAS yearly. Given the inclusion/exclusion criteria and this estimate it
was proposed that a sample size of 100-150 infant/mother pairs would be
feasible.
Procedure

Upon university and hospital ethics approval, request to access infants’
electronic and paper health records and matching maternal electronic health
records was submitted to the Health Records Department. From this request,
Health Records created a list of records matching the inclusion/exclusion criteria.
These records were assessed for eligibility in the study. Data were extracted from
the charts by the student investigator and documented on the data collection
form (see Appendix B) on site at the hospital. The data collection form was
designed based on the outcomes identified in the literature and the information
available in medical records at this tertiary care hospital. Completed data forms
were taken to Lakehead University and entered into Excel data spreadsheets.
Consent

As this was a retrospective chart review consent from participants was not
obtained as is consistent with the Tri-council policy statement version 2 (TCPS 2)
(2010). Researchers are not required to seek consent from individuals for the
secondary use of non-identifiable information. When secondary data includes
identifiable information, the TCPS 2 indicates that consent may be waived if (1)
the identifiable information is essential to the research, (2) the use of this
information is unlikely to adversely affect the welfare of those whom the
information pertains to, (3) the researchers take appropriate measures to protect

the privacy of the individuals whose information is being used, (4) the researchers
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will comply with any previously known preferences of the individual, (5) it is
impossible or impracticable to seek consent, and (6) the researchers have
obtained all other necessary permission for the secondary use of the information.
No identifiable information (i.e., names, address, health record number, health
insurance number, or maternal birth date) was collected for this research study.
The researchers believed that it was impractical to obtain consent for this
research study based on the nature of the research topic. To contact mothers
whose infants experienced NAS due to maternal substance use may have caused
unnecessary psychological harm to the mother. This harm could have been in the
form of causing them to relive any feelings of guilt or judgement due to their
substance use and the negative effects it may have had on their child. It was also
possible that the infants may not have been in the care of their biological mother
which could have then created more negative emotions for the mother when
contacted for consent. It was possible that many of the mothers may also have
moved as unstable housing has been associated with substance use (Bebout,
Drake, Xie, McHugo & Harris, 1997). Due to the small number of records that met
the inclusion/exclusion criteria, being unable to contact mothers to get consent
(relocation, phone disconnected, change in contact information, etc.) could have
affected the validity of study findings. As there were no identifying characteristics
included in the data collected for this study, the research involved no more than
minimal risk as defined by the TCPS 2 and waiving the consent procedure was
unlikely to have negative effects on the welfare of those whose health information

was to be accessed.
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Summary of Measures

Demographic variables. To describe the sample, demographic information
collected included maternal age at delivery, maternal smoking status, gender of
the newborn and the type of maternal substance use. As this was a chart review
many socio-demographic variables such as income, education, and culture were
not included nor was the amount of maternal substance use as they were not
consistently recorded in medical records.

Group categories. Infants were categorized into one of four groups based
on their substance exposure. These groups were: (1) “methadone”; infants
exposed to prescribed methadone only, (2) “methadone and other”; infants
exposed to prescribed methadone and other substances, (3) “single non-
methadone”; infants exposed to one single substance category other than
methadone, and (4) “poly non-methadone”; infants exposed to more than one non-
methadone substance.

Modified Finnegan scoring tool. The modified Finnegan scoring tool was
used to assess NAS symptomatology and the presentation of NAS. The modified
Finnegan scoring tool used at this tertiary care hospital was a 30 item tool
whereby items (symptoms) are grouped together based on the body system that is
affected (Central Nervous System, Metabolic, Vasomotor, Respiratory, and
Gastrointestinal). Each symptom has a specific value between 1 and 5; if the
symptom is not apparent then no score is given. If a symptom is identified it is
assigned the designated value (See Appendix A). For example, a high pitched cry
is assigned a score of 2, whereas a continuous high pitched cry is assigned a
score of 3; tremors when disturbed are assigned a score of 1 while

moderate/severe tremors when undisturbed are given a score of 4. Higher scores
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indicate a greater potential for clinically adverse effects (Finnegan et al., 1975).
Based on the specific values assigned to each symptom on the modified Finnegan
scoring tool, the minimum total score that can be given is O and the maximum
total score is 44 (McQueen et al., 2011). Three consecutive scores of 8 or greater
suggests NAS symptoms requiring pharmacological treatment. All infants,
regardless of the type of substance of exposure are assessed using this tool and
treated accordingly.

NAS Symptomatology. The primary goal of this research was to identify
whether or not there are differences in the appearance of NAS symptoms among
infants based on substance exposure. This was evaluated primarily by assessing
NAS Symptomatology (the assessment of individual symptoms from the modified
Finnegan scoring tool). All individual item scores and total scores on the modified
Finnegan scoring tool were recorded on the data collection sheet. The
symptomatology of NAS was evaluated by the relative frequency that each
individual symptom was observed for each infant at three main time periods.
These time periods were onset of symptoms to (1) the peak of withdrawal (highest
total score on the modified Finnegan before weaning of morphine), (2) the
initiation of pharmacological treatment and (3) 72 hours of recorded NAS
symptom observation. Relative frequency was defined as the number of times a
symptom was observed divided by the total number of times the infant was
evaluated using the modified Finnegan scoring tool. The total score for each group
of symptoms (Central Nervous System, Metabolic, Vasomotor, Respiratory, and
Gastrointestinal) was also evaluated at the time of peak score for each infant.

Presentation of NAS. The presentation of NAS was evaluated using six

variables. These variables were (1) the onset of symptoms (number of hours from
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birth to first presentation of NAS symptoms), (2) peak NAS scores (highest total
score on the modified Finnegan scoring tool before weaning of pharmacological
treatment), (3) time to peak (number of hours from onset of symptoms to when
the highest total score is reached), (4) type of treatment (pharmacological or no
pharmacological), (5) length of treatment (number of hours from initiation of
pharmacological treatment to discontinuation) and (6) length of hospital stay
(number of days from birth to discharge).

Neonatal outcomes. The secondary objective of this study was to examine
neonatal birth outcomes among the four groups of infants. The neonatal
outcomes data collected in this study included gestational age (number of weeks
gestation) at birth, birth weight, length, head circumference and Apgar scores.
Apgar scores are based on the Apgar scoring system and include 5 assessments
(heart rate, respiratory effort, muscle tone, reflex irritability and skin colour) and
can range from O to 10. Newborns are assessed at 1 and 5 minutes after birth
(Ladewig, London, Moberly & Olds, 2002).

Data Management

The student investigator was responsible for: (1) contacting health records
regarding required charts, (2) extracting data from health records and (3) entering
data into a computer based program for analysis. All computer files were
password protected and saved to a USB key. All hard-copy, study-related
materials were stored in a locked filing cabinet. No identifying participant
information such as names, addresses or hospital record numbers were recorded.
The data will remain in a locked filing cabinet at Lakehead University for five

years following completion of the study as per University policy.
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Data audit. Prior to analysis, data collected for this study were double-
checked by a Master’s prepared professional for accuracy and errors. In order to
audit the data, a random number generator was used to select a sample of the
files of data (n = 28, 20.4%). Each file included (1) a data spreadsheet, (2) a
modified Finnegan scoring spreadsheet, (3) relative frequency spreadsheets, and
(4) time calculations. The data spreadsheet consisted of 41 variables for each
infant/mother pair. The modified Finnegan scoring spreadsheet included 30
symptoms and the indication for initiation of treatment, first wean of
pharmacological treatment, peak score, and 72 hours of recorded NAS symptom
observation. Each file had three relative frequency calculations spreadsheets (one
for each time period); these spreadsheets included the relative frequencies for
each symptom. There were four time calculations (onset of symptoms, time to
peak, length of pharmacological treatment and length of hospital stay) for each
infant. A total of six errors were found during the audit. Due to this minimal
amount of errors identified through the audit of 20% of the data, it was felt that
no further data needed to be audited. During the analysis phase, four additional
errors were identified. All errors found through the audit and analysis process
were fixed accordingly.

Analysis

The data set was analyzed using the Statistical Package for the Social
Science (SPSS) version 19. Descriptive statistics, Chi-square test and One-way
Analysis of Variance (ANOVA), followed by Student-Newman-Keul post hoc
comparisons (SNK) with the significance level of p = 0.05 were used to analyze the

data collected in this study.
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Demographics of sample. The sample was described using frequencies,
measures of central tendency (mean), and measures of dispersion (standard
deviation).

Primary outcome variables. Relative frequencies were chosen as the
appropriate measure for the individual NAS symptoms due to the fact that the
frequency and duration of NAS scoring differed among infants. Therefore the
number of times each infant was assessed using the modified Finnegan scoring
tool varies due to the frequency at which they are assessed as well as the length
of time they are assessed for. The inconsistency in the number of scores obtained
for each infant made using the mean frequency of symptom observation less
appropriate for this study. Relative frequencies of each individual item (symptom)
on the modified Finnegan scoring tool were calculated. This was done by dividing
th