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ABSTRACT

PURPOSE: Length of hospital stay (LOS) of infants treated for neonatal abstinence syndrome (NAS) with
methadone was compared to LOS of those treated with an oral morphine preparation (OMP, neonatal morphine
solution, or deodorized tincture of opium).

METHODS: A retrospective review of medical records of infants treated for NAS due to in utero exposure to methadone
and/or illicit drugs such as heroin or morphine was performed for birthweight, neonatal abstinence scores, infant and
maternal illicit drug exposure history, maternal methadone dose (if any), and details of treatment. Length of stay was the
primary outcome measure.

RESULTS: Forty-six infants met the inclusion criteria. The median LOS of infants treated with methadone versus OMP
was not significant (P � 0.05). Prolonged LOS was associated with larger pharmacological treatment doses required to
control withdrawal symptoms, larger maternal methadone dose, and increased birthweight. After adjusting for these
factors, exposure to opioids in utero, maternal nicotine use, hospital of treatment, severity of withdrawal symptoms, and
foster care placement were not significantly associated with LOS in univariate or multivariate analyses.

CONCLUSIONS: These results suggest that infants treated with OMP or methadone have similar LOS. Longer LOS
is associated with both higher maternal methadone doses and higher opioid treatment dose requirements after birth.
The potential effect of maternal methadone dose on neonatal LOS should be considered when treating expectant
mothers on methadone maintenance therapy.

KEY WORDS: neonatal abstinence syndrome, length of hospital stay, neonatal morphine, methadone, deodorized
tincture of opium.
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he United States Department of Health and Hu-
man Services has reported that 3% of the United

tates population aged 12 or older has used illicit
rugs.1 The National Pregnancy and Health Survey
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stimated that 5.5% of all pregnant women used illicit
rugs at least once during pregnancy.2 Drugs most often
bused include opiates (heroin, morphine, codeine,
nd oxycodone), central nervous system (CNS) stim-
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266 LAINWALA ET AL
lants (cocaine and amphetamines), and CNS depres-
ants (marijuana and barbiturates). Newborns chroni-
ally exposed to such drugs in utero may develop
hysiological dependence. Neonatal abstinence syn-
rome (NAS) may result when in utero drug exposure
s abruptly withdrawn at birth.

EVIEW OF THE LITERATURE

he clinical presentation of NAS in newborns is
variable and dependent on the drug used, timing

f drug use during pregnancy, and maternal and fetal
etabolism and excretion. Infants with NAS present
ith CNS irritability (tremors, increased muscle tone,
xcessive crying, restlessness, seizures); gastrointestinal
ysfunction (vomiting, diarrhea, poor weight gain);
nd autonomic instability (fever, yawning, sneezing).
ifty to 90% of infants exposed to methadone and
eroin develop symptoms of withdrawal.3 The majority
equire pharmacotherapy.4

In the last 3 decades, numerous pharmacological
gents have been used to treat NAS in newborns; these
nclude paregoric, diluted deodorized tincture of opium
DTO), morphine, methadone, phenobarbital, chlor-
romazine, diazepam, and clonidine.5-10 Few studies
ave adequately compared these different treatment
odalities. In a prospective study of 25 infants exposed

o heroin in utero, treatment with morphine alone was
ssociated with improved control of withdrawal symp-
oms than treatment with a combination of phenobar-
ital and diazepam, or a combination of phenobarbital,
iazepam, and morphine.11

Others have reported that infants with NAS treated
ith paregoric had a lower incidence of seizures than

hose treated with diazepam5 or phenobarbital.12 Sei-
ure control was significantly better among infants with
AS treated with DTO than those treated with diaz-

pam.13 A comparison between phenobarbital and
hlorpromazine found no significant difference in
ymptom control.8

Very few studies have compared the length of
ospital stay (LOS) of infants with NAS treated
ith different pharmacological regimens.3,14,15 In a
rospective study of 110 infants with NAS secondary
o maternal methadone and/or illicit drug use, no
ignificant difference in LOS was noted between
nfants treated with methadone, phenobarbital, or
iazepam.16 However, in a prospective trial of 31
nfants with NAS due to maternal methadone use,
reatment with phenobarbital was associated with a
ignificantly shorter LOS compared to treatment
ith paregoric (17 vs. 22 days).17 A randomized trial
f 20 infants exposed to methadone and/or heroin in
tero showed that treatment with DTO and pheno-
arbital resulted in significantly shorter LOS (38
ays) than treatment with DTO alone (79 days).18

n contrast, a recent double-blinded randomized trial

f 75 infants born to mothers with methadone o

Adv
nd/or illicit drug use during pregnancy showed that
reatment with oral morphine resulted in shorter
urations of pharmacotherapy than treatment with
henobarbital alone (4 vs. 12 days).15 A review of
he literature was unable to identify studies that
ompared different opioid therapies such as mor-
hine or methadone for NAS.
Although the incidence of illicit drug use during

regnancy resulting in NAS in newborns is increasing,3
here is no consensus on the relative efficacy of differ-
nt treatment modalities; such a consensus is needed.
nfants with NAS may require prolonged inpatient
are, with attendant medical, economic, and social
onsequences.19,20 Approaches to NAS management
hat safely reduce LOS may help reduce such conse-
uences.
Treatment with a pharmacological agent similar

o the drug causing withdrawal may result in more
ffective control of NAS symptoms, reducing the
ecessary treatment period and shortening LOS.3
reatment of NAS with methadone replacement
ay be advantageous in methadone exposed infants.
owever, a review of literature identified only 1

tudy examining LOS in infants with NAS treated
ith methadone.16

URPOSE

he purpose of this study was to compare the LOS
of 2 groups of infants treated for NAS with

SIDEBAR 1. TREATMENT REGIMENS OF

THE 2 GROUPS OF INFANTS WITH NAS

Methadone

● Initial loading dose 0.1 mg/kg/dose X1;
● Additional 0.025 mg/kg/dose given every 4 hr for

continuing NAS scores �8 until symptoms con-
trolled or maximum dose of 0.5 mg/kg/day reached;

● Maintenance dose determined by calculating the to-
tal methadone dose given over previous 24 hours;

● Maintenance dose administered in 2 divided doses
every 12 hours.

Oral Morphine Preparations: NMS or DTO

● No loading dose;
● Maintenance dose 0.05 mg/kg/dose;
● Dose increased by 0.03 mg/kg/dose every 4 hours for

serial NAS scores �8 until symptoms are controlled
or maximum dose of 0.8 mg/kg/day is reached;

● Maximum maintenance dose required to control
symptoms administered every 4 hours.

Abbreviations: NAS, neonatal abstinence syndrome;
DTO, deodorized tincture of opium; NMS, neonatal
morphine solution.
pioids. One group was treated postnatally with meth-

ances in Neonatal Care, Vol 5, No 5 (October), 2005: pp 265–272
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done, and the other with 1 of the 2 oral morphine
reparations (OMP): DTO, or neonatal morphine so-
ution (NMS). In addition, this study examined factors
ontributing to increased LOS in infants with NAS.

ESIGN

vidence about LOS in infants with NAS treated
with opioids is insufficient. This study was de-

igned as a preliminary process for future prospective
tudies comparing different opioid therapies for NAS.
his was a retrospective cohort study performed to
xamine LOS and other features of the hospital course
f infants with NAS at 2 Boston-area community
ospitals. Between January 1997 and December 1999,
oth methadone and oral morphine solutions were
vailable; they were used, at the discretion of the
ttending physician, to treat NAS.

ETHODS

retrospective review of medical records was per-
formed. Records of infants born between January

997 and December 1999 at the 2 community (Level
I) medical centers were identified using CPT codes for
iagnosis of NAS and a thorough review of written
ogs. Corresponding maternal charts were also identi-
ed. Data from these charts were collected by thorough
anual review by 4 reviewers.
Inclusion criteria included all infants with the fol-

owing:

● Gestation age �36 weeks;

Table 1. Descriptive Characteristics and Com
Treatment Groups

Key Characteristics Methadone

N � 46 17
Gestational age (wks)* 39 (37 to
Birthweight (g)* 2885 (2734
Vaginal delivery 16 (94.1
Race

● White 8 (47.1
● Hispanic 8 (47.1

Male 8 (47.1
In utero nicotine exposure 15 (88%
In utero opiate exposure 12 (70%
Maternal polydrug use 9 (52.9
Maternal methadone

● Use 11 (65%
● Dose (mg)* 85 (72 to

NAS score during capture period* 7 (6 to
No. of physicians involved* 8 (7 to
Need for foster care placement 8 (47%

NOTE. Values in parentheses represent percentages for categori
Abbreviations: OMP, oral morphine preparation; NAS, neonata
*Mann-Whitney U test was used for analyses of non-normal dis
● Diagnosis of NAS; i

dvances in Neonatal Care, Vol 5, No 5 (October), 2005: pp 265–272
● In utero exposure to methadone and/or opiates
such as heroin or morphine as determined by
maternal history, maternal toxicology reports dur-
ing pregnancy or at the time of delivery, or infant
urine toxicology reports;

● Symptoms of NAS requiring pharmacological
treatment.

xclusion criteria included infants who were:

● Transferred to another facility during treatment;
● Diagnosed with iatrogenic NAS due to postnatal

exposure to opiates.

Before data collection, approval was obtained from
he institutional review board (IRB) at 1 hospital, and
n equivalent administrative approval was obtained
rom the other hospital, which did not have a formal
RB at the time of the study.

Standard treatment for NAS at both facilities was
ethadone or 1 of the 2 OMPs (i.e., DTO or NMS).
eonatal morphine solution is available as 0.4 mg
orphine/mL oral solution and DTO as a 10 mg
orphine/mL stock solution diluted to 0.4 mg/mL.
ecause the concentration and the dosing schedules of

he active ingredient (morphine) are similar for NMS
nd DTO, infants treated with either of these 2 oral
orphine preparations were considered in a single

roup for this analysis.
Infants at both hospitals were treated by the same

roup of physicians using common clinical guidelines
nd similar treatment protocols, reducing differences in
are practices at the treatment sites. The total number
f physicians involved in the care of each infant

sons Between Methadone and OMP

OMP P Value

29
39 (39 to 40) 1.0

295) 3010 (2731 to 3210) 0.741
25 (86.2%) 0.381

0.396
16 (55.2%)
13 (44.8%)
12 (41.4%) 0.472
26 (89%) 0.619
16 (55%) 0.237
13 (44.8%) 0.410

25 (86%) 0.092
80 (60 to 95) 0.224

7 (6 to 8) 0.797
6 (5 to 7) 0.001
9 (31%) 0.220

ta and interquartile ranges for continuous data.
inence syndrome; g, grams; wks, weeks; no, number.
ed variables.
pari

41)
to 3

%)

%)
%)
%)
)
)
%)

)
85)

8)
10)
)

cal da
l abst
ncluded in the study was recorded.



n
t
T
t
s
o
s
v
s
e
t
t
s
c
m
n

4
T
1
a
b
o
u
1

d
o
t
t
m
“
c
m
t

C
m
n
t
e

b
p

r
t
o
b
p
m
A
p
n
o
i

S

c
g
c
t
s
u
w
c

R

F
T
t
o
a
a

m
f
(
s

268 LAINWALA ET AL
Withdrawal symptoms were monitored by neonatal
ursing staff who received specific education in use of
he Finnegan neonatal abstinence scoring system.21

he Finnegan scoring system is a widely used clinical
ool that measures the severity of NAS withdrawal
ymptoms. It includes 20 signs and symptoms most
ften noted in infants with NAS. The severity of each
ymptom is ranked from 1 (mild) to 5 (severe). Indi-
idual symptom scores are added to provide a total
core. For each infant, abstinence scores were recorded
very 4 hours beginning shortly after birth and con-
inuing until at least 24 hours after pharmacologic
reatment was discontinued. In general, treatment was
tarted for 3 consecutive Finnegan scores �8 or 2
onsecutive scores �12. The dose of the treatment
edication was progressively increased until absti-
ence scores stabilized at �8 as described in Sidebar 1.
Infants were maintained on this maximum dose for

8 to 72 hours or until NAS scores started to decline.
he treatment dose was then weaned in decrements of
0% of maximum dose approximately every other day
s tolerated. Dose adjustments were made as needed
ased on multidisciplinary clinical assessment and
verall clinical appearance. Treatment was discontin-
ed once the dose had been weaned to approximately
0% of the original maximum dose.
Infant records were reviewed for birth and discharge

ates, gestational age, birthweight, gender, race, mode
f delivery, and need for foster care placement at the
ime of discharge. Birth and discharge dates were used
o calculate LOS. The initial, maximum, and mini-
um doses of treatment drug were recorded. The

capture period” was calculated as the time required to
ontrol withdrawal symptoms from initiation of phar-
acological treatment to the time of the maximum

reatment dose.
Toxicology screening tests (Beckman Coulter, Brea,

alif) were performed on urine of all infants born to
others with a history of illicit drug use during preg-
ancy or at the time of delivery. Screens were qualita-
ive enzyme immunoassays for determination of pres-

Table 2. Regression Analysis Showing Factors

Maximum opioid treatment dose (per 0.1 mg/kg/day)
● Methadone
● OMP

Maternal methadone dose (mg/day)
Birthweight (g)

NOTE. Factors not significantly associated with LOS: choice of
gender, in utero opiate exposure, maternal polydrug and nicotine
and need for foster care placement.
Abbreviations: CI, confidence interval; � LOS, change in LOS
OMP, oral morphine preparation.
nce of metabolites of opiates, cocaine, barbiturates, g

Adv
enzodiazepines, cannabinoids, amphetamines, and
hencyclidine.
Maternal records were reviewed for pertinent obstet-

ic history, prenatal nicotine, and polydrug abuse his-
ory, and results of urine toxicology screening tests for
piates, cocaine, barbiturates, benzodiazepines, canna-
inoids, amphetamines, and phencyclidine during
regnancy and at delivery. Maternal maintenance
ethadone dose at the time of delivery was recorded.
maternal history of opiate use during pregnancy,

ositive maternal urine screen for opiates during preg-
ancy or at delivery, or positive infant urine screen for
piates was defined as in utero opiate exposure for the
nfant.

tatistical Methods
Infants were divided into 2 groups based on the

hoice of NAS treatment, methadone or OMP. Cate-
orical and continuous data were analyzed using the
hi-square test and Mann-Whitney U test, respec-
ively, due to non-normal distribution of data and the
mall sample size. Multivariate regression analysis was
sed to adjust for potential confounding factors. Data
ere analyzed using SPSS version 10.0 (SPSS, Chi-
ago, Ill); P � 0.05 was deemed statistically significant.

ESULTS

ifty-three infants treated pharmacologically for
NAS were identified during the study period.

hree were transferred to another hospital while on
reatment, 3 had NAS due to postnatal exposure to
piates, and the medical record of 1 infant was unavail-
ble for review. Forty-six infants met inclusion criteria
nd were included in the analysis.

All infants in this cohort were exposed to opiates,
ethadone, or both in utero. Seventeen (37%) in-

ants were treated for NAS with methadone and 29
63%) with an OMP (DTO or NMS). There was no
ignificant difference in gestational age, birthweight,

sociated with LOS in Infants Treated for NAS

oefficient � LOS, Days (95% CI) P Value

16 3.42 (2.53 to 4.32) �0.001
04 1.29 (0.28 to 2.31) 0.014
14 0.08 (0.003 to 0.2) 0.042
10 0.007 (0 to 0.01) 0.038

ment (methadone vs. OMP), site of treatment, gestational age,
AS scores during capture period, number of physicians involved,

, length of hospital stay; NAS, neonatal abstinence syndrome;
As

� C

0.9
0.3
0.2
0.2

treat
use, N

; LOS
ender, race, or need for placement into foster care

ances in Neonatal Care, Vol 5, No 5 (October), 2005: pp 265–272
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etween the 2 treatment groups, as described in
able 1.
No significant difference was noted between the 2

reatment groups with regard to in utero exposure to
icotine, opiates, methadone, or maternal methadone
ose. Similar numbers of infants in the 2 treatment
roups were exposed to illicit drugs in utero. In the
MP treatment group, 14% of infants were exposed to

enzodiazepines, 28% to cocaine, and 7% to cannabi-
oids. In the methadone treatment group, 12% were
xposed to benzodiazepines, 41% to cocaine, and 12%
o cannabinoids. Forty-one percent of infants in the
MP group and 35% of infants in the methadone

roup were exposed to both heroin and methadone in
tero (P � 0.5).
There was no significant difference in the severity of

ithdrawal symptoms as recorded by NAS scores dur-
ng the capture period in the 2 treatment groups. A
ignificant difference in choice of treatment was found
etween the 2 hospitals participating in the study.
ethadone was used in 65% of infants with NAS at 1

ospital and 15% at the other (P � 0.001). The median
umber of physicians involved in the care of infants in
he methadone group was larger than in the OMP group.

Median LOS was 40 days (interquartile range [IQR]:
0 to 51 days) for infants treated with methadone and
6 days (IQR: 33 to 39 days) for those treated with an
MP (Fig 1). This difference was not statistically

ignificant in univariate (Table 1) or multivariate re-

Research Tutorial #1: Limitations R
Retrospective Designs

Lainwala and colleagues used a retrospective de
length of stay (LOS) of infants treated for neo
compared to those treated with an oral morphin
design include its economy and flexibility. Becaus
such as medical records, the researchers do not ha

There are several design limitations that should b
major limitation is that the researchers have no contr
they rely on data that have already been collected be
influenced the findings of the Lainwala et al study in
symptoms were monitored by nursing staff at the 2 st
scoring system.1 There is no way to ensure that all of
of symptoms of withdrawal were a primary criterion fo
could have affected treatment and LOS.

A second way in which the inability to contro
relates to the measurement of extraneous variabl
methadone dose at delivery was positively associat
accuracy or reliability of the data about maternal m
information charted in the maternal record. Inacc

Reference
1. Finnegan LP, Kron RE, Connaughton JF, Emic

the neonatal abstinence syndrome: a new clin
Sereni F. eds. Basic and Therapeutic Aspects of
1975:139–152.
dvances in Neonatal Care, Vol 5, No 5 (October), 2005: pp 265–272
ression (Table 2) analyses (P � 0.05). In multivariate
egression analysis, maternal methadone dose and
irthweight were significantly associated with longer
OS (P � 0.05). Higher maximum opioid treatment

igure 1. Length of hospital stay (LOS) of infants in metha-
one and OMP treatment groups. Infants treated for NAS
ith methadone had a median LOS of 40 days (IQR: 30 to 51
ays) and those treated with OMP had a median LOS of 36
ays (IQR: 33 to 39 days). These differences were not
tatistically significant (p � 0.142, Mann-Whitney U). Abbre-
iation: OMP, oral morphine preparations.

ted to Use of Existing Data in

to examine whether there were differences in the
l abstinence syndrome (NAS) with methadone
paration (OMP). Strengths of the retrospective
ospective designs involve the use of existing data

expend time and resources collecting new data.
sidered when evaluating retrospective studies. One

er the quality or the inclusiveness of the data because
he beginning of the study. This limitation may have
al ways. First, the researchers noted that withdrawal
ospitals by using the Finnegan neonatal abstinence

urses rated the infants consistently. Because absence
harge, inconsistent application of the scoring system

a quality may have influenced the present study
or example, the researchers found that maternal
ith infants’ LOS. It is not possible to evaluate the
done dose because the authors had to rely on the
data represent a threat to all studies.—LLH

A scoring system for evaluation and treatment of
nd research tool. In: Maorselli PL, Garrattini S,
atal Pharmacology. New York, NY: Raven Press;
ela
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270 LAINWALA ET AL
ose was also significantly associated with longer LOS,
egardless of choice of treatment (P � 0.01). For
xample, each increase of 0.1 mg/kg/day in maximum
MP treatment dose was associated with an increase in
OS of 1.3 days (95% confidence interval, 0.28 to
.31; Table 2). The adjusted R2 for this model was
.577. After adjusting for the factors in this model,
here was no significant association between LOS and
hoice of NAS treatment (methadone vs. OMP), ges-
ational age, gender, maternal nicotine use, maternal
olydrug use, in utero opiate exposure, severity of
ithdrawal symptoms, number of physicians caring for

he infant, or need for foster care placement. Length of
tay was not influenced by treatment site, after adjust-
ng for the above factors.

ISCUSSION

his study found similar LOS in infants treated for
NAS with methadone versus those treated with an

MP. Regardless of choice of therapy, larger treatment
oses required to control withdrawal symptoms, larger
aternal methadone doses at delivery, and higher birth-
eights were associated with increased LOS.
Previous studies have reported a correlation between

Research Tutorial #2: Control Over
Designs

A second limitation of retrospective designs is t
that may affect the relationships between the stud
teristics of the research participants or the setting
Both of these factors may have influenced the fin

Although there were no statistically significant d
groups on potentially significant extraneous variabl
too small to detect statistically significant differen

Data presented in Table 1 indicate that more
polydrug use, and that the mean birthweight of in
infants in the OMP group. Either of these factors m
practice has the potential to affect decisions about
select certain physicians based on their practices,

There were more physicians involved in the ca
clinical continuity. These differences have the pote
of hospital discharge.

The higher use of methadone at hospital 1 th
random assignment to treatment groups. Althoug
hospitals when controlling for other potentially e
undetected practice differences between the 2 hosp
LOS. Nonpharmacological measures such as swadd
withdrawal symptoms. These factors may have
individual nursing caregivers.

Despite the limitations of retrospective designs,
and patterns that may have clinical practice imp
addition to the need to consider the maternal m
methadone maintenance, the authors also recomm
to more definitively evaluate the role of methado
trials can address many of the design limitations o
Adv
aternal methadone dose before delivery and severity
f withdrawal symptoms22-25 or duration of hospitaliza-
ion.23,25,26 A relationship between maternal metha-
one dose and neonatal LOS is plausible because a
arger maternal dose may lead to higher neonatal
lasma levels and tissue stores, resulting in more severe
r prolonged withdrawal symptoms after birth.27 How-
ver, others have not found relationships between
aternal methadone dose and neonatal plasma meth-

done levels or severity of withdrawal.28 The multivar-
ate regression model in this study suggested a signifi-
ant linear relationship between maternal methadone
ose at the time of delivery and neonatal LOS after
djusting for other factors.

The range of LOS reported in this study (14 to 86
ays) is longer than that reported in older stud-
es16,17,19; however, it is similar to that reported more
ecently in several sources.18,23,26,29,30 The longer hos-
italizations in recent reports may in part reflect higher
aternal methadone doses in contemporary cohorts

ompared to those in previous studies. Patients main-
ained on a daily methadone dose of 40 mg are at
igher risk of using heroin while on methadone than
hose on 80 mg of methadone.31 Similarly, better
reatment compliance was noted in heroin addicts in a

traneous Variables in Retrospective

ability to control potential confounding variables
riables. Extraneous variables may include charac-
ical-practice patterns are particularly vulnerable.
in the neonatal abstinence study.
nces between infants in the methadone and OMP
e authors note that the sample size may have been
hat may have existed.
ers of infants in the methadone group reported
in the methadone group was smaller than that of
ave contributed to LOS. Differences in physician
ital discharge. Further, mothers could potentially
ing bias in the sampling.
infants in the methadone group, suggesting less
to influence the treatment chosen and the timing

t hospital 2 could not be controlled for without
ere were no differences in LOS comparing the 2
eous variables, it is still possible that there were
that may have affected both NAS symptoms and

and providing a quiet environment may influence
red between the 2 study hospitals and among

are extremely useful in identifying relationships
ons, thus suggesting areas for future research. In
one dose when managing expectant mothers on
prospective, blinded, randomized controlled trial
the treatment of NAS. Randomized controlled

rospective studies.—LLH
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ethadone maintenance treatment program when
ethadone dose was �80 mg.32 For these reasons,
any methadone treatment programs are using higher
aintenance doses than previously. A longitudinal

tudy of multiple methadone programs showed a sig-
ificant increase in the dose of methadone dispensed to
atients, in patient compliance with methadone treat-
ent, and in programs recommending longer periods

n methadone treatment.33 The median maternal
ethadone dose in our study was 75 mg (range, 20 to

20 mg), whereas studies from the 1970s and 1980s
eported average or median maternal doses of 20 to 40
g.16,17,24

We found a significant association between infant
irthweight and LOS. This correlation with birth-
eight may be explained at least in part by tissue
istribution of these drugs because opiates and metha-
one are highly fat soluble.34 Infants with higher birth-
eights may have higher tissue-bound stores of these
ompounds, resulting in a longer period of withdrawal
ymptoms and thus a longer LOS. Also, in this cohort,
7% of infants were placed under foster care; however,
here was no association between LOS and need for
oster care placement, suggesting that LOS was not
nfluenced by social factors such as delay in foster care
lacement after completion of medical treatment.

IMITATIONS

his retrospective study was limited by its small
sample size. Although there was no statistically

ignificant difference in LOS of infants treated with
ethadone or OMP, the power of this study to detect

mall but potentially important differences in LOS was
imited. Also, the significant difference between the 2
tudy sites with respect to choice of treatment raises
he possibility that the study results were confounded
y unidentified site-specific differences. However, after
djusting for demographic and clinical factors in re-
ression analysis, site of treatment was not associated
ith LOS.
The Finnegan abstinence scoring system is a widely

sed clinical tool for determination of NAS severity.
nfants treated for NAS using this scoring system
equired lower treatment doses to control withdrawal
ymptoms and had shorter lengths of treatment.21 In-
ants monitored with Finnegan scoring had better nu-
ritive suck compared to a group monitored with the
linical approach standard at the time of study.21 Va-
idity studies on this scoring system, such as interob-
erver reliability testing, have not been reported and
eserve further study.
In our study cohort, abstinence scoring was per-

ormed by neonatal nursing staff who received stan-
ardized training as part of routine clinical caregiving.
ue to the retrospective nature of this study we were
nable to collect data on the number of nurses record-
ng the abstinence scores.
This study did not exclude infants of mothers with

dvances in Neonatal Care, Vol 5, No 5 (October), 2005: pp 265–272
olydrug abuse. Maternal polydrug use was not signif-
cantly different in the 2 treatment groups and was not
ignificantly associated with LOS in multivariable re-
ression analysis. Moreover, although this study did not
xamine maternal use of alcohol or serotonin reuptake
nhibitor antidepressants, these drugs have not been
hown to alter neonatal withdrawal symptoms in in-
ants when used in combination with opioids during
regnancy.35

Nonpharmacological measures such as swaddling
nd providing a quiet environment have a fundamental
ole in control of withdrawal symptoms.36 Although
hese measures are an important part of nursing care for
AS at the study sites, this retrospective study was not

ble to assess their effectiveness.

LINICAL IMPLICATIONS AND FUTURE

ESEARCH

here is no consensus on the choice of pharmaco-
logical treatment for NAS. Currently, use of

ethadone for treatment of NAS is infrequent due to
ts long half-life and the relative lack of reported
xperience compared to other alternatives. This small
tudy suggests that methadone may be a reasonable
hoice of therapy for NAS because LOS of infants
reated with methadone was similar to those treated
ith OMP. A large prospective, blinded, randomized
ontrolled trial is warranted before the potential role of
ethadone in the treatment of NAS can be defined.
lso, consistent with findings of others, this study

ound that higher maternal methadone doses were
ssociated with longer LOS. The potential effects of
aternal methadone dose on neonatal LOS should be
eighed when counseling expectant mothers receiving
ethadone maintenance therapy.
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