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A RECENT NATIONAL STUDY

indicated that illicit drug
use is 16.2% among preg-
nant teens and 7.4% among

pregnant women aged 18 to 25 years.1

Neonatal abstinence syndrome (NAS)
is a drug withdrawal syndrome in
newborns following birth. The syn-
drome most commonly occurs in the
context of antepartum opiate use,
although other drugs have also been
implicated.2-5 In addition to NAS,
illicit drug use (specifically opioid
dependence) during pregnancy is
associated with a signi f icant ly
increased risk of adverse neonatal out-
comes such as low birthweight
(�2500 g) and mortality.6-9 Neonatal
abstinence syndrome is characterized
by a wide array of signs and symptoms
including increased irritability, hyper-
tonia, tremors, feeding intolerance,
emesis, watery stools, seizures, and
respiratory distress.10 Symptoms of
withdrawal associated with NAS have
been described in 60% to 80% of new-
borns exposed to heroin or methadone
in utero.11

Recently, analyses from Australia12

and the Florida Medicaid program
(D. Aronberg, JD, written communi-
cation, November 30, 2011) found that
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Context Neonatal abstinence syndrome (NAS) is a postnatal drug withdrawal syn-
drome primarily caused by maternal opiate use. No national estimates are available
for the incidence of maternal opiate use at the time of delivery or NAS.

Objectives To determine the national incidence of NAS and antepartum maternal
opiate use and to characterize trends in national health care expenditures associated
with NAS between 2000 and 2009.

Design, Setting, and Patients A retrospective, serial, cross-sectional analysis of a na-
tionally representative sample of newborns with NAS. The Kids’ Inpatient Database (KID)
wasused to identifynewbornswithNASby InternationalClassificationofDiseases,Ninth
Revision,ClinicalModification (ICD-9-CM) code.TheNationwide InpatientSample (NIS)
was used to identify mothers using diagnosis related groups for vaginal and cesarean de-
liveries. Clinical conditions were identified using ICD-9-CM diagnosis codes. NAS and ma-
ternal opiate use were described as an annual frequency per 1000 hospital births. Missing
hospital charges (�5%ofcases)wereestimatedusingmultiple imputation.Trends inhealth
care utilization outcomes over time were evaluated using variance-weighted regression.
All hospital charges were adjusted for inflation to 2009 US dollars.

Main Outcome Measures Incidence of NAS and maternal opiate use, and related
hospital charges.

Results The separate years (2000, 2003, 2006, and 2009) of national discharge data
included 2920 to 9674 unweighted discharges with NAS and 987 to 4563 unweighted
discharges for mothers diagnosed with antepartum opiate use, within data sets including
784 191 to 1.1 million discharges for children (KID) and 816 554 to 879 910 discharges
for all ages of delivering mothers (NIS). Between 2000 and 2009, the incidence of NAS
among newborns increased from 1.20 (95% CI, 1.04-1.37) to 3.39 (95% CI, 3.12-3.67)
per 1000 hospital births per year (P for trend� .001). Antepartum maternal opiate use
also increased from 1.19 (95% CI, 1.01-1.35) to 5.63 (95% CI, 4.40-6.71) per 1000 hos-
pital births per year (P for trend� .001). In 2009, newborns with NAS were more likely
than all other hospital births to have low birthweight (19.1%; SE, 0.5%; vs 7.0%; SE,
0.2%), have respiratory complications (30.9%; SE, 0.7%; vs 8.9%; SE, 0.1%), and be
covered by Medicaid (78.1%; SE, 0.8%; vs 45.5%; SE, 0.7%; all P� .001). Mean hos-
pital charges for discharges with NAS increased from $39 400 (95% CI, $33 400-
$45 400) in 2000 to $53 400 (95% CI, $49 000-$57 700) in 2009 (P for trend� .001).
By 2009, 77.6% of charges for NAS were attributed to state Medicaid programs.

Conclusion Between 2000 and 2009, a substantial increase in the incidence of NAS
and maternal opiate use in the United States was observed, as well as hospital charges
related to NAS.
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the incidence of NAS has been increas-
ing. To date, there are no national es-
timates of the incidence of NAS over
time in the context of incidence of ma-
ternal opiate use at the time of deliv-
ery. Our primary objectives were to ex-
amine patterns in the national incidence
of NAS and maternal opiate use at the
time of delivery using the most recent
national data. In addition, we sought to
describe clinical comorbidities and
health utilization patterns for NAS in
a nationally representative sample.

METHODS
Study Design and Setting

Infants with NAS were identified from
a serial cross-sectional analysis of pe-
diatric discharges in 2000, 2003, 2006,
and 2009, using the Healthcare Cost
and Utilization Project’s (HCUP) Kids’
Inpatient Database (KID), compiled by
the Agency for Healthcare Research and
Quality.13 The KID is a nationally rep-
resentative database that samples 80%
of pediatric discharges and 10% of un-
complicated births to increase the sta-
tistical power to detect and evaluate rare
conditions among hospitalized chil-
dren; the data set has been used widely
for national analyses of children’s hos-
pitalization patterns.14-18 Discharges are
weighted based on the sampling scheme
to permit inferences for a nationally rep-
resentative population. In 2009, the
most recent year for which the KID is
available, the KID contained deidenti-
fied information for 7.4 million
weighted discharges from 4121 hospi-
tals in 44 states. The HCUP provides
additional details to facilitate statisti-
cal analyses that permit national infer-
ences.19 Because the analysis was of de-
identified national data, our study was
considered exempt from institutional
review board approval by the Univer-
sity of Michigan Medical School.

The characteristics of maternal de-
liveries associated with substance abuse
were identified in the National Inpa-
tient Sample (NIS), which was devel-
oped by the Agency for Healthcare Re-
search and Quality’s HCUP in 2000,
2003, 2006, and 2009.20 The NIS is a
nationally representative database that

samples 20% of discharges from US
community hospitals (including pub-
lic hospitals and academic medical cen-
ters). Discharges are weighted based on
the sampling scheme to permit infer-
ences for a nationally representative
population. The NIS contained deiden-
tified information for 7.8 million
weighted discharges from 1100 hospi-
tals and 44 states in 2009 (represent-
ing 96% of the US population). The
HCUP provides additional details to fa-
cilitate statistical analyses in the NIS that
permit national inferences.21

Identification of Sample

Using the KID, hospitalizations for pa-
tients with NAS were identified using
the International Classification of Dis-
eases, Ninth Revision, Clinical Modifi-
cation (ICD-9-CM) diagnosis code of
779.5 (drug withdrawal syndrome in a
newborn) in any 1 of 15 discharge di-
agnosis fields. Using the NIS, deliver-
ing mothers were identified by com-
mon delivery diagnosis related groups
(version 24, groups 370-375). Moth-
ers dependent on opiates (304.0x,
304.7x), using opiates (305.5x), and
taking long-term methadone or other
opiate analgesics (V58.69) were also
identified for the analysis.

Descriptive Variables

Patients with NAS are known to have an
increased incidence of seizures, respira-
tory symptoms, feeding difficulties, and
low birthweight; these diagnoses were in-
cluded to describe the NAS popula-
tion.12,22 After identifying our cohort of
newborns with NAS, these signs of with-
drawal were identified using ICD-9-CM
diagnoses codes for seizure (770.9,
780.3), respiratory symptoms (769.x,
770.x), and feeding difficulties (779.3).

Birthweight was defined using a mul-
tistepprocess. First, birthweight was clas-
sified into 3 categories (very low birth-
weight as �1500 g; low birthweight as
1500-2499 g; and normal birthweight as
�2500 g) using the birthweight vari-
able included in the KID database and
reported by some states. Second, ICD-
9-CM diagnosis codes that indicate birth-
weights were included (764.0x, 764.1x,

764.2x, 764.9x, 765.0x, and 765.1x).
Third, diagnosis related group codes 391
(normal newborn) and 389 (�37 weeks’
gestationand �2500g termneonatewith
problems) were assumed to reflect new-
borns with birthweights of 2500 g or
more. This process reduced the num-
ber of missing values to less than 3% of
all hospital births in all study years. This
level of missing data was thought to be
sufficient for analysis and did not prompt
imputation.

Iatrogenic NAS

Prolonged neonatal intensive care unit
care may result in complications and re-
quire extended use of opiate medica-
tions, resulting in withdrawal symp-
toms in newborns not exposed to
opiates in the antenatal period. These
newborns were identified if they were
very low birthweight, had intraven-
tricular hemorrhage (code 772.1x),
periventricular leukomalacia (code
779.7), necrotizing enterocolitis (code
777.5x), spontaneous intestinal perfo-
ration (code 777.6), or bronchopulmo-
nary dysplasia (code 770.7). We clas-
sified these discharges (�1 of the
above) as possible cases of iatrogenic
NAS. In total, these newborns in-
cluded fewer than 5% of all NAS births
in all study years. Given that the etiol-
ogy of withdrawal among iatrogenic
NAS is inherently different than those
newborns with antenatal exposure to
opiates, newborns with iatrogenic NAS
were excluded from our analysis.

Demographics

To describe the socioeconomic status
and burden of health care utilization in
both infants and mothers, primary in-
surance type (payer) and average in-
come quartile for the zip code of the pa-
tient’s residence were included. Primary
payers were grouped into public sources
(Medicaid and Medicare), private
sources, self-pay, and other types (in-
cluding no charge and other sources).
Given that less than 0.2% of hospital
births and NAS were attributed to Medi-
care, public sources are referred to as
Medicaid throughout the study. Addi-
tional demographic information (eg, age
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in days, race/ethnicity, secondary pay-
ers) were also available in the KID but
were missing for more than 20% of
cases or were otherwise inconsistent
across data years and therefore were not
used.

The KID contains hospital charac-
teristics, including urban vs rural hos-
pital and teaching status. The Na-
tional Association of Children’s
Hospitals and Related Institutions clas-
sifies hospitals as (1) not a children’s
hospital, (2) children’s general hospi-
tal, (3) children’s specialty hospital, and
(4) children’s unit in a general hospi-
tal. For our analysis, we defined chil-
dren’s hospital as the National Asso-
ciation of Children’s Hospitals and
Related Institutions classifications 2, 3,
and 4.

Health Care Utilization
and Outcome Variables

Discharge-level information such as
length of stay (LOS) and total hospital
charges were evaluated. Total charges re-
flected the total facility fees reported for
each discharge record (not including

professional fees). Total charges were
missing in less than 5% of discharges.
To estimate aggregate charges for vari-
ous groups, missing total charge values
were treated as missing at random and
estimated using multiple imputation
(based on a regression model that esti-
mates the missing value using known
variables). Age, LOS, and diagnosis re-
lated group were included as covari-
ates in the imputation analysis consis-
tent with prior studies.14 Multiple
imputation of total charges was per-
formed with STATA version 11.1
(STATA Corp) by using imputation by
chained equations.23 All charges were
converted to 2009 US dollars using the
medical consumer price index.24

Data Analysis

Statistical comparisons were performed
using STATA version 11.1. When na-
tionally representative estimates were de-
sired, analyses were weighted by Agency
for Healthcare Research and Quality–
specified discharge values. For 2009 dis-
charges, differences in patient charac-
teristics for NAS discharges vs discharges

for all other hospital births, and for dis-
charge for delivering mothers with opi-
ate use vs all other delivering mothers,
wereassessedusingsurveyweightingand
reported with 95% confidence intervals.

Changes in the number of dis-
charges and health care utilization over
time were described in 2000, 2003,
2006, and 2009 using national esti-
mates. The number of discharges for
NAS in each year was described as the
rate of discharge per 1000 hospital
births per year, as were the number of
maternal discharges complicated by
opiate use. Trends in mean LOS, as well
as mean hospital charges for all NAS
discharges, were described. The trends
in mean LOS and mean hospital charges
for all hospital births are presented for
comparison. The statistical signifi-
cance of all time trends was analyzed
by assessing P for trend across the 4
study years by using variance-
weighted regression for categorical and
continuous variables.14,25 Throughout
our analysis, all testing was 2-sided,
with data reported with SEs or 95% con-
fidence intervals.

RESULTS
Discharges for NAS vs All Other
Hospital Births in 2009

In 2009, NAS was diagnosed in new-
borns at a rate of 3.39 (95% CI, 3.12-
3.67) per 1000 hospital births per year.
Compared with all other hospital births,
newborns with NAS were signifi-
cantly more likely to have respiratory
diagnoses (30.9%; SE, 0.7%), to have
low birthweight (19.1%; SE, 0.5%),
have feeding difficulties (18.1%; SE,
0.7%), and have seizures (2.3%; SE,
0.2%). Newborns with NAS were also
more likely to be covered by Medicaid
(78.1%; SE, 0.8%) and reside in zip
codes within the lowest income quar-
tile (36.3%; SE, 1.3%) (TABLE 1).

Discharges for Delivering Mothers
Using Opiates vs All Other Births
in 2009

In 2009, delivering mothers were
diagnosed as dependent on or using
opiates at the time of delivery at a
rate of 5.63 (95% CI, 4.40-6.71)

Table 1. Characteristics of Newborns Diagnosed With Neonatal Abstinence Syndrome vs All
Other US Hospital Births in 2009a

Characteristics

Neonatal Abstinence Syndrome All Other US Hospital Births

Unweighted, No.
(n = 9674)

Weighted %
(SE)

Unweighted, No.
(n = 1 113 123)

Weighted %
(SE)

Male sex 5309 55.0 (0.5) 585 755 51.1 (0.8)

Clinical conditions
Respiratory diagnoses 2993 30.9 (0.7) 255 623 8.9 (0.1)

Low birthweight, �2500 g 1733 19.1 (0.5) 174 038 7.0 (0.2)

Feeding difficulty 1749 18.1 (0.7) 67 582 2.8 (0.1)

Seizure 207 2.3 (0.2) 3385 0.1 (�0.1)

Insurance
Medicaid 7510 78.1 (0.8) 500 384 45.5 (0.7)

Private payers 1541 15.5 (0.7) 529 351 47.5 (0.7)

Self-pay 453 4.7 (0.3) 44 725 4.3 (0.2)

Other 162 1.7 (0.2) 29 509 2.7 (0.1)

Zip code income quartile
1 (lowest) 3309 36.3 (1.3) 295 761 28.0 (0.6)

2 2547 26.9 (0.8) 274 445 26.2 (0.4)

3 2228 23.1 (0.9) 269 044 24.8 (0.4)

4 (highest) 1344 13.7 (0.7) 243 501 21.1 (0.7)

Hospital characteristics
Urban 8257 88.6 (1.1) 963 206 87.7 (0.4)

Teaching 5036 54.3 (2.1) 510 141 44.0 (1.0)

Children’s 1720 19.8 (2.1) 142 853 11.8 (1.2)
aData were obtained from the Kids’ Inpatient Database. Subcategories of the unweighted numbers may not sum to total

because of missing values.
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per 1000 hospital births per year.
Similar to newborns diagnosed
with NAS, mothers using opiates
were more likely than mothers
not using opiates to be covered by
M e d i c a i d ( 6 0 . 0 % ; S E , 6 . 3 % )
(TABLE 2).

Change in Incidence of NAS,
2000-2009

Between 2000 and 2009, the rate of
newborns diagnosed with NAS
increased from 1.20 (95% CI, 1.04-
1.37) to 3.39 (95% CI, 3.12-3.67) per
1000 hospital births per year (P for
trend � .001) (FIGURE 1). Between
2000 and 2009, the number of moth-
ers using or dependent on opiates
increased from 1.19 (95% CI, 1.01-
1.35) to 5.63 (95% CI, 4.40-6.71) per
1000 hospital births per year (P for
trend� .001) (FIGURE 2).

Trends in Health Care Utilization
and Expenditures for NAS,
2000-2009
Between 2000 and 2009, mean hospi-
tal charges for newborns diagnosed with
NAS increased from $39 400 (95% CI,
$33 400-$45 400) to $53 400 (95% CI,
$49 000-$57 700; 35% increase; P for
trend� .001), and charges for all other
hospital births increased from $6600
(95% CI, $5800-$7300) to $9500 (95%
CI, $9000-$9900; 30% increase; P for
trend� .001). The LOS remained rela-
tively unchanged for NAS during the
study period (approximately 16 days;
P for trend = .06) compared with a
slightly increasing LOS for all other hos-
pital births of approximately 3 days dur-
ing the study period (P for trend� .001)
(TABLE 3). Medicaid was the primary
payer for the majority of hospital
charges for NAS in infants, increasing
from 68.7% of aggregate charges in
2000 to 77.6% of aggregate charges in
2009 (TABLE 4).

Change in National Estimates

Between 2000 and 2009, total hospi-
tal charges for NAS are estimated to
have increased from $190 million
(95% CI, $160-$230 million) to $720
million (95% CI, $640-$800 mil-

lion), adjusted for inflation (P for
trend� .001). In 2009, the estimated
number of newborns with NAS was
13 539 (95% CI, 12 441-14 635), or
approximately 1 infant born per hour
in the United States with signs of
drug withdrawal.

COMMENT
Increasing Incidence
and Expenditures

To our knowledge, this is the first study
to assess US trends in NAS and mater-
nal opioid use using nationally repre-
sentative data. Between 2000 and 2009,
the annual rate of NAS diagnosis among
newborns in the United States in-
creased almost 3-fold. These findings
are consistent with other studies that
found similar increases in smaller geo-
graphic areas.12 Our study also finds that
the rate of maternal opiate use in-
creased nearly 5-fold, similar to a single-
center study by Kellogg et al.26 This ob-
servation is consistent with the trend
of increasing opiate use across the
United States, which is not limited to
illicit drugs. The Centers for Disease
Control and Prevention found that sales
and deaths related to opiate pain re-
lievers quadrupled between 1999 and
2008 in the United States.27 The growth
of maternal opiate use outpaces the in-
cidence of NAS, likely reflecting that not
all opiate-exposed newborns exhibit
signs of withdrawal.11

In our study, state Medicaid pro-
grams were the predominant payer for
mothers using opiates (60.0%) and
newborns with NAS (78.1%). As a
consequence, our data have specific
relevance to state Medicaid budgets. In
the state of Florida, where opiate pain
reliever–related deaths now account
for 4 times the number of deaths as all
illicit drugs28 and the number of new-
borns diagnosed with NAS has
increased 5-fold in the last 6 years
(D. Aronberg, JD, written communica-
tion, November 30, 2011), the situa-

Figure 1. Weighted National Estimates of
the Rates of NAS per 1000 Hospital Births
per Year
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NAS indicates neonatal abstinence syndrome. Error bars
indicate 95% CI. P for trend� .001 over the study pe-
riod. The unweighted sample sizes for rates of NAS
and for all other US hospital births are 2920 and
784 191 in 2000; 3761 and 890 582 in 2003; 5200
and 1 000 203 in 2006; and 9674 and 1 113 123 in
2009; respectively.

Table 2. Characteristics of Mothers With a Diagnosis of Antepartum Opiate Use vs All Other
Mothers With Hospital Deliveries in 2009a

Characteristics

Mothers Diagnosed With
Antepartum Opiate Use

All Other Mothers With
Hospital Deliveries

Unweighted, No.
(n = 4563)

Weighted %
(SE)

Unweighted, No.
(n = 816 554)

Weighted %
(SE)

Insurance
Medicaid 2743 60.0 (6.3) 365 226 44.7 (1.3)

Private payers 1568 34.7 (6.6) 396 049 48.7 (1.5)

Self-pay 144 3.1 (0.5) 30 052 3.8 (0.6)

Other 104 2.2 (0.4) 23 362 2.9 (0.3)

Zip code income quartile
1 (lowest) 1272 28.3 (3.6) 206 819 26.2 (1.3)

2 1222 27.0 (2.5) 208 395 26.2 (1.0)

3 1106 24.7 (1.6) 194 435 24.4 (0.9)

4 (highest) 871 20.0 (6.0) 185 050 23.3 (1.8)
aData were obtained from the Nationwide Inpatient Sample. Subcategories of the unweighted numbers may not sum to

total because of missing values.
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tion has garnered special attention.
Recently, both the Florida House of
Representatives and Senate passed leg-
islation that will form a task force to
evaluate the relationship between
maternal opiate pain reliever use and
NAS in the state and propose strate-
gies for NAS treatment and preven-
tion.29 At the time of this writing, the
measure awaits the governor to sign it
into law.

Despite this recent attention, litera-
ture regarding health care utilization of
newborns with NAS is limited. A re-
port by the US General Accounting
Office, now 2 decades old, estimated
median hospital charges of drug-
addicted newborns at $5500.30 A study
by Backes et al31 describes mean cost for
newborns with NAS traditionally
treated at a single institution to be
$27 000. When adjusted for inflation,
both estimates are less than our esti-
mates of mean hospital charges, which
exceeded $53 000 in 2009. Through-
out all study years, hospital charges for
NAS and other hospital charges in-
creased by similar rates; however, mean
hospital charges for NAS exceed those
of other hospital charges by at least
5-fold in each year. Our analysis has ad-
vantages when compared with previ-
ous analyses given that our sample is
(1) nationally representative, and (2)
derived from the most recent decade
of data.

Improving Efficiency
and Outcomes in NAS Care

Our study finds that LOS for new-
borns diagnosed with NAS has not de-
clined during the last decade. The mean
LOS for NAS was 16 days, identical to

reports by Burns and Mattick32 (16
days) and Agthe et al33 (15-17 days).
This finding raises the possibility that
care for expectant mothers using opi-
ates and their newborns might be able
to be delivered in a more efficient and
effective manner, which could shorten
LOS and reduce expenditures.

The standard treatment for opioid-
dependence during pregnancy is pro-
viding methadone maintenance
therapy.34 Methadone is intended to pre-
vent withdrawal and reduce the risk of
accidental overdose by providing a stable
dosing regimen supervised by health care
professionals.35 By enrolling in metha-
done programs, pregnant women are
given the added benefit of improved ac-
cess to the health care system, includ-
ing drug treatment, obstetric, and medi-
cal care. Despite acceptance into the
health care system, women enrolled in
methadone treatment programs con-
tinue to have higher rates of adverse ma-
ternal and neonatal outcomes than the
general population, likely related to their
underlying medical and social circum-
stances than treatment programs
alone.36-38 Treatment with methadone re-
quires intensive antepartum manage-
ment, consisting of obstetric manage-
ment, substance abuse counseling, as

Figure 2. Weighted National Estimates of
the Rates of Maternal Opiate Use per 1000
Hospital Births per Year
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Error bars indicate 95% CI. P for trend� .001 over the
study period. The unweighted sample sizes for moth-
ers diagnosed with and without antepartum opiate use
are 987 and 833 494 in 2000; 1058 and 849 133 in
2003; 2160 and 879 910 in 2006; and 4563 and
816 554 in 2009; respectively.

Table 3. Mean Hospital Charges and Length of Stay for Neonatal Abstinence Syndrome vs All Other US Births

Mean (95% CI)
P for
Trend2000 2003 2006 2009

Neonatal Abstinence Syndrome
Unweighted sample, No. 2920 3761 5200 9674

Length of stay, d 15.8 (14.2-17.3) 15.9 (14.5-17.3) 15.3 (14.6-16.0) 16.4 (15.8-17.1) .06

Hospital charges, 2009 US $ 39 400 (33 400-45 400) 47 900 (40 800-55 100) 44 600 (40 400-48 900) 53 400 (49 000-57 700) �.001

All Other US Births
Unweighted sample, No. 784 191 890 582 1 000 203 1 113 123

Length of stay, d 3.1 (3.0-3.1) 3.2 (3.1-3.2) 3.2 (3.2-3.3) 3.3 (3.3-3.4) �.001

Hospital charges, 2009 US $ 6600 (5800-7300) 7300 (6900-7600) 8200 (7800-8600) 9500 (9000-9900) �.001

Table 4. Proportions of US Hospital Charges for Neonatal Abstinence Syndrome by Payera

Year Unweighted Sample, No.

Weighted % (95% CI)

Medicaid Private Payer Self-pay Other Payer

2000 2920 68.7 (63.3-76.7) 18.2 (14.6-22.5) 8.7 (5.6-13.3) 4.4 (2.0-9.3)

2003 3761 69.9 (65.9-73.6) 19.8 (16.9-23.1) 6.5 (4.5-9.3) 3.8 (1.6-8.7)

2006 5200 73.7 (70.4-76.7) 19.0 (16.4-22.0) 5.5 (4.4-6.9) 1.9 (1.3-2.8)

2009 9674 77.6 (74.4-80.4) 17.6 (15.1-20.4) 2.9 (2.4-3.4) 2.0 (1.4-2.9)
aPercentages may not sum to 100 because of rounding.
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well as the evaluation and treatment of
medical comorbidities such as psychi-
atric disorders, hepatitis C, human im-
munodeficiency virus/AIDS, and psy-
chosocial risk factors (alcohol and
tobacco use). Relapse and continued il-
licit drug use is common and many co-
existing psychosocial risk factors fail to
be addressed.39

During the last several years, bu-
prenorphine has emerged as an alterna-
tive to methadone for narcotic replace-
ment therapy. A recent randomized,
double-blind trial found that new-
borns whose mothers were treated with
buprenorphine required 89% less mor-
phine and spent 43% less time in the
hospital.38 Possible advantages to bu-
prenorphine include patient-adminis-
tered dosing, which relieves patients
from daily visits to outpatient metha-
done distribution clinics and has the po-
tential to decrease health care utiliza-
tion and costs.

Although there is consensus that
opiates (oral morphine, methadone)
should be first-line treatment for new-
borns with NAS,10,40 there remains
considerable variation in treatment in
the United States.41 Some studies have
suggested that combinations of an opi-
ate plus phenobarbital42 or clonidine33

might decrease symptom duration and
decrease LOS. In addition, studies sug-
gest that breastfeeding of newborns
with NAS might be beneficial,43 but
described breastfeeding rates for new-
borns with NAS are quite low.44

An additional consideration is that
newborns with NAS are frequently
cared for in neonatal intensive care
units, which are more costly than care
in a general pediatric ward. Studies sug-
gest that care for NAS delivered in hos-
pital settings outside of the neonatal in-
tensive care unit45 and outpatient
management reduces LOS and cost.31

Study Limitations

Our study has several limitations, com-
mon to studies using nationally repre-
sentative discharge data obtained from
hospital discharge abstracts. These data
rely on accurate coding and errors of
omission and commission may occur.

One study32 suggests that hospital bill-
ing data underreport the clinical diag-
nosis of NAS. Therefore, we may un-
derestimate both national incidence and
aggregate hospital-related expendi-
tures attributed to NAS. In addition, un-
like NAS, maternal opiate use might oc-
cur without any symptoms. Unless a
mother reports opiate use and it is docu-
mented in the medical record, it would
not be coded in the discharge abstract;
therefore, we likely underestimated
maternal opiate use at the time of
delivery.

It is also possible that the increased
incidence of NAS during the study pe-
riod, as well as complications attribut-
able to NAS, is attributable to height-
ened clinician awareness of the
syndrome and its complications. How-
ever, the associated increase of mater-
nal opiate use described in our study,
and the general population trend de-
scribed by the Centers for Disease Con-
trol and Prevention,27 makes this phe-
nomenon less likely. Because part of our
exclusion criteria included birth-
weight of less than 1500 g, we possi-
bly underreported low birthweight as-
sociated with NAS. Our study used data
on hospital charges, which may not ac-
curately reflect actual hospital costs. In
addition, hospital billing practices
might change over time accounting for
the reported increase hospitals charge
for NAS.

CONCLUSION
In conclusion, newborns with NAS ex-
perience longer, often medically com-
plex and costly initial hospitaliza-
tions. The increasing incidence of NAS
and its related health care expendi-
tures call for increased public health
measures to reduce antenatal expo-
sure to opiates across the United States.
In addition, further innovation and
standardization of treatment of NAS
may mitigate NAS symptoms and re-
duce hospital LOS. States are poised to
seek innovative solutions to decreas-
ing the burden of NAS, because the ma-
jority of hospital expenditures for this
condition are shouldered by state Med-
icaid programs.
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