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tification, and treatment. Approaches to care that recognize the importance of the
infant-mother dyad are emphasized when possible.

EPIDEMIOLOGY

The incidence of the neonatal abstinence syndrome has increased substantially in
the past decade.>” In 2012, the syndrome was diagnosed in 21,732 infants in the
United States,® which represents an increase by a factor of 5 during the previous
12 years.’ This is consistent with the increased prevalence of the neonatal absti-
nence syndrome in other locations, including England, Canada, and Western
Australia,® and reflects an increasing global problem. The increase in cases of the
neonatal abstinence syndrome corresponds with the reported rise in opioid use
during pregnancy,”*! which is attributed to the more liberal use of prescribed opioids
for pain control in pregnant women,'** illicit use of opioids such as oxycodone
and heroin,”!® and a dramatic increase in opioid-substitution programs for the
treatment of opioid addiction.” The pattern of opioid use has also shifted from an
inner-city, low-income population to a more socioeconomically and demographi-
cally diverse population that includes pregnant women.'*!® The causes of the neo-
natal abstinence syndrome are similarly diverse, including in utero exposure to
prescribed or illicit opioids and to agents used for the treatment of maternal opioid
addiction.

Research on opioid use during pregnancy has documented the negative effects
on the pregnant woman, fetus, and neonate (Table 1).1* Illicit opioid use is often
complicated by a chaotic lifestyle that includes drug-supporting and drug-seeking
behaviors.* This lifestyle may hinder access or commitment to medical and social
services,” leading to substantial risks of illness and death. These risks can be
mitigated with opioid-substitution treatment, which has benefits for both health
and social outcomes.’*?' Methadone is currently the most commonly prescribed
treatment for opioid addiction during pregnancy,” although the evidence suggests
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Table 1. Clinical and Other Consequences of Maternal
Opioid Use.*

Outcomes in the pregnant woman
Sexually transmitted infections

HIV infection

Hepatitis

Endocarditis

Osteomyelitis

Sepsis

Cellulitis

Chaotic lifestyle (e.g., prostitution, violence, and theft)
Decreased commitment to health care
Decreased receptiveness to social services
Outcomes in the fetus

Growth restriction

Abruptio placentae

Preterm labor

Abnormal heart patterns

Death

Outcomes in the newborn

Low birth weight

Preterm delivery

Small head circumference

Sleep myoclonus

Child maltreatment

Visual disturbances

%

* The information provided in the table is from Wong,
Ordean, and Kahan,* Patrick et al.,”* the ACOG Committee
on Health Care for Underserved Women,?! Visconti et al.,??
Jansson and Velez,” Lee et al.,* and O’Donnell et al.?®

that buprenorphine may be associated with less
severe neonatal withdrawal than methadone.?3°
Regardless of whether the fetus is exposed to
prescribed or illicit opioids, the neonatal absti-
nence syndrome is a prevalent outcome.

TERMINOLOGY

The neonatal abstinence syndrome refers to a
postnatal opioid withdrawal syndrome that can
occur in 55 to 94% of newborns whose mothers
were addicted to or treated with opioids while
pregnant.’?” Other terms have also been used to
describe the syndrome, including the neonatal
withdrawal syndrome,” the neonatal drug with-
drawal syndrome,® and neonatal withdrawal.”

Although the neonatal abstinence syndrome is
the term used most frequently in the literature,
neonatal withdrawal is probably a more accurate
description of the syndrome, since abstinence
implies an intention to abstain, and neonates
lack the capacity for such an intention.

Some researchers have used a more liberal
definition of the neonatal abstinence syndrome
that includes exposure to nonopioid substances.
This can be problematic because the assessment
tools for the neonatal abstinence syndrome were
developed for infants exposed to opioids.! How-
ever, polysubstance use is common among those
who use opioids,'®* and it is not always possible
to attribute the cause of the neonatal abstinence
syndrome to exposure to opioids alone.

The inconsistent terminology can lead to
challenges in understanding the magnitude and
complexity of the syndrome, the presenting signs,
and the most effective treatment strategies.”” In
this review, we focus on the neonatal abstinence
syndrome as a result of opioid exposure, recog-
nizing that many cases involve the use of one or
more substances in addition to opioids, which
may complicate the evaluation and treatment of
the syndrome.*

CLINICAL FEATURES AND OUTCOMES

The neonatal abstinence syndrome has been de-
scribed as a complex disorder that primarily in-
volves the central and autonomic nervous systems
and the gastrointestinal system.*>!! The clinical
manifestations of the syndrome vary (Table 2),34%
ranging from mild tremors and irritability to
fever, excessive weight loss, and seizures. Clini-
cal signs typically develop within the first few
days after birth, although the timing of their
onset, as well as their severity, can vary.?> This
variation is poorly understood and is believed to
be multifactorial.’**® In particular, the type of
opioid and the dose and timing of exposure may
alter the risk of withdrawal.*® Clinical manifesta-
tions may develop later in infants who have been
exposed to opioids with a longer half-life (e.g.,
methadone and buprenorphine) than in infants
exposed to short-acting opioids.> Exposure to ad-
ditional substances, such as selective serotonin-
reuptake inhibitors (SSRIs), benzodiazepines, and
nicotine, may also alter the onset of the syn-
drome, as well as the severity of symptoms.2%3!
Furthermore, other variables may influence the
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Table 2. Clinical Manifestations and Outcomes of the
Neonatal Abstinence Syndrome.*

Metabolic, vasomotor, and respiratory manifestations
Fever

Frequent yawning

Sneezing

Sweating

Nasal stuffiness

Respiratory rate >60 breaths per minute, with or without
retractions

Mottling

Tachypnea

Gastrointestinal manifestations

Projectile vomiting

Regurgitation

Loose or watery stools

Weight loss

Poor feeding

Excessive sucking

Central nervous system manifestations
Tremors

High-pitched crying

Sleep disturbances

Increased muscle tone

Excoriation

Myoclonic jerks

Irritability

Seizures

Outcomes

Admission to neonatal intensive care unit
Pharmacologic treatment for 60-80% of infants
Prolonged hospitalization (average, 17 days)

Increased risk of birth complications (e.g., low birth
weight, jaundice, and feeding difficulties)

Disrupted bonding

Child-safety concerns

3

Data on manifestations are from Finnegan et al.,' New-
nam et al.,** and D’Apolito,** and data on outcomes are
from Patrick et al.,*® Jansson and Velez,? Lee et al.,*
Uebel et al.,*® Cleary et al.,*” and Wachman et al.’®

development of the neonatal abstinence syn-
drome, including maternal factors (poor nutri-
tion or stress), placental opioid metabolism, ge-
netic variables, neonatal conditions (prematurity
or infection), and environmental factors such as
the early care that neonates receive (extent of

stimulation and rooming-in vs. care in a nurs-
ery).113%442 With these considerations in mind,
the typical hospital stay of 24 to 48 hours for
term neonates should be extended for opioid-
exposed neonates. The American Academy of
Pediatrics has recommended that opioid-exposed
neonates be observed for 3 to 7 days before dis-
charge,” whereas recent evidence suggests that
a period of 5 days is adequate.”

Infants with the neonatal abstinence syn-
drome are at increased risk for admission to the
neonatal intensive care unit,”**¥ birth complica-
tions,® the need for pharmacologic treatment,”*
and a prolonged hospital stay***® (Table 2), out-
comes that separate the mother and her infant
at a critical time for infant development and
bonding. The average length of stay for infants
with the neonatal abstinence syndrome is 17
days overall and 23 days for those requiring
treatment.® Prolonged hospitalization results in
the use of a greater portion of health care re-
sources for the care of infants with the neonatal
abstinence syndrome’ than for those without the
syndrome.

PREVENTION

Primary-prevention strategies are needed to ad-
dress the epidemic of opioid use and the associ-
ated development of the neonatal abstinence
syndrome. Ongoing surveillance is essential to
inform public health-related efforts aimed at
prevention.™ Evidence suggests that in the Unit-
ed States, states with the highest rates of pre-
scription opioid use also have the highest rates
of the neonatal abstinence syndrome.® There-
fore, targeted initiatives to address prescribing
practices may help to reduce opioid use in
women of childbearing age and prevent the sub-
sequent development of the neonatal abstinence
syndrome.!! Efforts are under way to address the
overprescribing of opioids, such as the introduc-
tion of programs to monitor opioid-drug pre-
scribing practices, regulation of pain-manage-
ment clinics, and establishment of opioid dosage
thresholds.** Health care providers are encour-
aged to practice safe and judicious prescribing of
opioids to women of childbearing age. Since
various medications, such as SSRIs and benzodi-
azepines, can exacerbate signs of the neonatal
abstinence syndrome,”?° the risks and benefits
of all medications taken during pregnancy
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should be evaluated, with subsequent educa-
tion provided for pregnant women who use sub-
stances associated with the syndrome. In addi-
tion, smoking-cessation strategies should be
offered to women who smoke.’3! Since few juris-
dictions have substance abuse treatment pro-
grams specifically designed for pregnant women,
establishing such programs and increasing the
accessibility of methadone treatment may also
help to prevent the neonatal abstinence syn-
drome.” Punitive legislation for women using
substances during pregnancy should be discour-
aged, since negative consequences of disclosing
substance use may prevent women from seeking
prenatal care.” All these suggested interventions
should be part of a program of comprehensive
care that is sensitive to the needs of women who
use substances that are associated with the neo-
natal abstinence syndrome.

IDENTIFICATION OF INFANTS
AT RISK

MATERNAL HISTORY

Identification of infants at risk for the neonatal
abstinence syndrome is important to ensure ac-
curate clinical assessment, promote early inter-
vention, and mitigate signs of withdrawal in the
newborn.*** However, many women are reluctant
to divulge substance use because of the social
and legal consequences.”* A recent systematic
review of “relational care” showed that engage-
ment with perinatal services for women who use
substances is improved when clinicians estab-
lish respectful, empathic, and collaborative re-
lationships with patients.” Thus, the use of a
nonjudgmental and open-ended approach to inter-
viewing all pregnant women (versus only those
with risk factors) about substance use during
pregnancy, while encouraging them to report
substance use, is recommended to facilitate dis-
closure.”?! In the absence of maternal self-report,
assessment tools are available to assist practi-
tioners in identifying substance use during preg-
nancy'; however, the effectiveness of the tools
may be enhanced when they are used in a non-
judgmental manner.

TOXICOLOGIC TESTING

In addition to self-report, results of biologic test-
ing of the pregnant woman or the newborn can
ensure accurate assessment of substance expo-

sure and can guide treatment.””*° Evidence sug-
gests that when biologic specimens are tested for
the presence of drugs, the rate of positive results
is higher than the rate of self-reported substance
use.”! Toxicologic testing of the pregnant woman
requires her consent, whereas there is no consis-
tent policy regarding maternal consent for bio-
logic testing in the neonate.’*' Health care pro-
viders should be aware of the specific policy in
their practice setting. Furthermore, recommenda-
tions regarding universal versus targeted screen-
ing are lacking.’> The primary advantage of univer-
sal screening over targeted screening is increased
sensitivity and specificity.’® Targeted screening
enables identification of women at highest risk
and is believed to be more cost-effective than
universal screening.’>>

Biologic specimens from the neonate include
meconium, hair, cord blood, and urine.’® Each
method of toxicologic testing is beneficial in
identifying substance exposure in the newborn,
but the tests have limitations, including the tim-
ing of sample collection and the period of detec-
tion of drug exposure (Table 3).°»**> Thus, al-
though testing of biologic samples is useful for
increasing the detection of substance exposure,
it should be considered an adjunct to clinical as-
sessment. A multimethod approach to identifying
infants at risk for the neonatal abstinence syn-
drome and a protocol for newborn screening are
recommended for consistency and accuracy.”

ASSESSMENT TOOLS

The objective assessment of newborns who have
signs of the neonatal abstinence syndrome is es-
sential for quantifying the severity of signs and
symptoms, providing guidance for pharmacolog-
ic treatment, and facilitating structured wean-
ing.3*% Several tools are available to aid in the
assessment of newborns for the syndrome, each
with strengths and limitations**>*°” (Table 4).
The Finnegan Neonatal Abstinence Scoring Tool
is the most widely used assessment tool® in either
its original 1975 format! or a modified version
as recommended by the American Academy of
Pediatrics.” Critiques of the original Finnegan
tool point to its complexity, with too many items
for practical use.>® Thus, the modified version was
developed for practicality and ease of use.?%
However, one concern is that there have been
many adaptations of the modified tool, and no
single modified version has been applied univer-
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infant has the potential to benefit both mother
and infant, with improvement in the manifesta-
tions of the syndrome and enhanced bonding
and parenting.'”®> Although many mothers are
able to provide consistent care for the neonate, a
comprehensive psychosocial assessment of the
family is needed to ensure adequate support and
safety of the newborn. If maternal participation
is compromised, efforts should be made to en-
gage the family in the plan of care. If there is
concern about the safety of the neonate that re-
quires a report to child protective services, clini-
cians are encouraged to promote open dialogue
in a collaborative approach involving health care
team members, the mother, and child protective
services, with the goals of ensuring the child’s
safety and providing psychosocial support for
the family.

SUPPORTIVE CARE
The initial care of all infants who have been ex-
posed to substances in utero should be individual-
ized, supportive, and nonpharmacologic.”* This
approach involves creating a gentle, soothing en-
vironment with minimal stimulation in an effort
to calm and soothe the infant.*™ The current
standard care for opioid-exposed infants involves
limiting exposure to lights and noise, promoting
clustering of care to minimize handling and
promote rest, swaddling and holding the infant,
and providing opportunities for non-nutritive suck-
ing.*%® Adequate nutrition to minimize weight
loss should also be part of the initial therapy.”
For infants who have inadequate weight gain, an
increase in the frequency of feedings with high-
calorie, lactose-free formula may be required to
mitigate some of the effects of the neonatal absti-
nence syndrome, including increased energy ex-
penditure, reflux, vomiting, and diarrhea.”* Ad-
ditional supportive interventions include music
therapy, massage, use of a water bed, and re-
cruitment of volunteers to cuddle the infant.*
Although soothing techniques are commonly
used to comfort infants, these interventions have
not been evaluated in relation to such outcomes
as the severity of the neonatal abstinence syn-
drome or the length of the hospital stay.?' The
strongest evidence from systematic reviews for
improving outcomes is in support of breast-
feeding, with emerging evidence that favors
rooming-in.**® Studies have consistently shown
that infants with the neonatal abstinence syn-
drome who are breast-fed tend to have less se-

vere symptoms, require less pharmacologic treat-
ment, and have a shorter length of stay than
formula-fed infants.**%% Breast-feeding should
therefore be encouraged for mothers who are sta-
ble and receiving opioid-substitute treatment,’*"*
unless there are contraindications, such as human
immunodeficiency virus infection or concurrent
use of illicit substances. Similarly, emerging evi-
dence suggests that infants who stay in the room
with their mothers have a shorter hospital stay
and duration of therapy and are more likely to be
discharged home with their mothers.*”>”* Room-
ing-in has also been associated with improved
breast-feeding outcomes,” enhanced maternal
satisfaction,” and greater maternal involvement
in the care of the newborn.*

Despite the benefits of breast-feeding and
rooming-in with respect to outcomes of the neo-
natal abstinence syndrome, there are barriers to
the implementation of these recommendations.
Among mothers receiving opioid-replacement
treatment, breast-feeding rates remain low’"®
because of difficulties with infant feeding,®
separation of the newborn from the mother re-
sulting from admission to special care nurseries,
lack of encouragement from health care provid-
ers who are unaware of the benefits of breast-
feeding during opioid-replacement treatment,”
and concerns regarding neonatal sedation or ad-
verse effects.”® Similarly, institutional limitations
such as lack of funding, lack of personnel, poor
design of hospital units, and reluctance to intro-
duce practices based on new evidence may pre-
vent many hospitals from providing rooming-in
as a standard practice.*® These barriers need to be
addressed, since current practices may be hinder-
ing progress in improving outcomes.

PHARMACOLOGIC TREATMENT

Pharmacologic treatment is an important compo-
nent of management when nonpharmacologic care
is insufficient to mitigate signs and symptoms of
the neonatal abstinence syndrome. Approximate-
ly 60 to 80% of infants with the syndrome do
not have a response to nonpharmacologic treat-
ment and require medication.> The main objec-
tive of pharmacologic treatment is to relieve
moderate-to-severe signs such as seizures, fever,
and weight loss or dehydration.” Despite the
importance of pharmacologic treatment, there
is no universally accepted standard of care, and
variations exist in current practice’*®® regarding
the use of doses based on weight or symptoms,
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as well as the threshold for initiating treatment,
starting doses, weaning protocols, and adjunctive
medications.#

There is current consensus in practice that
first-line pharmacotherapy consists of opioid re-
placement with either oral morphine solution or
methadone.?82 Oral morphine is the most com-
mon treatment in the United States.* Morphine
is a full mu-opioid receptor agonist with well-
established pharmacokinetic features and a short
half-life, which may facilitate dose adjustment.>*°
Methadone is a synthetic full mu-opioid—receptor
agonist with a longer half-life (25 to 32 hours),
which may provide a more consistent blood con-
centration over time and result in less frequent
dosing.* The disadvantages of each medication
must also be considered. Morphine is associated
with increased risks of sedation and respiratory
depression and a prolonged hospital stay, and
methadone contains ethanol.>*

Recent evidence suggests that the use of a
standardized protocol for pharmacologic treat-
ment of the neonatal abstinence syndrome may
be more important than the choice of drug* 7%
(Table 5). Hall and colleagues™ found that, regard-
less of the opioid used for treatment, infants
who underwent protocol-specified weaning had
significantly fewer treatment days and a shorter
length of stay than infants who were weaned
without the use of a protocol. Similarly, Patrick
and colleagues® found that improved standard-
ization of care through participation in a quality-
improvement collaboration led to a shorter dura-
tion of pharmacologic treatment, a reduced length
of stay, and a smaller number of infants who
were receiving medication at the time of dis-
charge. In addition, evaluation of a revised pro-
tocol for methadone weaning based on a phar-
macokinetic model for oral methadone® showed
that infants who received treatment according to
the revised protocol had a shorter duration of
methadone treatment and a shorter hospital stay,
as compared with infants who underwent stan-
dard weaning.®® Overall, these findings suggest
that decisions regarding pharmacologic treat-
ments should be based on protocols,”348¢ since
they may have the greatest effect on neonatal
outcomes. These recent studies are noteworthy
contributions to the literature, given that efforts
to reduce length of stay have not been successful
for the past several years.®

Emerging evidence exists regarding the effects
of sublingual buprenorphine to treat infants who

have the neonatal abstinence syndrome. As com-
pared with morphine, buprenorphine, a partial
agonist, has been associated with significant
reductions in the duration of treatment (23 days
vs. 38 days) and of hospitalization (32 days vs.
42 days).® Similarly, sublingual buprenorphine
was found to be superior to methadone in a re-
cent cohort study.®® Infants treated with buprenor-
phine had a significantly shorter course of treat-
ment and decreased hospital stay, as compared
with infants who received methadone. Given these
findings, as well as current evidence of the ef-
fectiveness of buprenorphine for the treatment
of opioid addiction in pregnancy and potentially
less severe neonatal withdrawal,®® the benefits of
treatment with buprenorphine look promising.
Moreover, a pharmacokinetic model exists for
buprenorphine, which may assist in the develop-
ment of an evidence-based dosing protocol.®’
However, since buprenorphine contains a sub-
stantial amount of ethanol, safety is a primary
concern.” Safety issues, lack of efficacy, and side
effects have led to recommendations against treat-
ment with paregoric, tincture of opium,***° or
diazepam?®! for infants with the neonatal absti-
nence syndrome.

Adjunctive second-line agents may be consid-
ered if the infant does not have a response to
monotherapy regimens.*’ Specific guidelines are
lacking on when to add second-line agents, and
diverse situations in practice are often observed.
Phenobarbital, a long-acting barbiturate, and
clonidine, an «_-adrenergic agonist, have been
identified as second-line agents that may be use-
ful in reducing the severity of the neonatal absti-
nence syndrome.’ Phenobarbital has several dis-
advantages. It is not effective for gastrointestinal
manifestations of the syndrome, it results in cen-
tral nervous system depression and impairment
of the sucking reflex, and it has a prolonged
half-life (45 to 100 hours).*®* Limited data from a
systematic review suggest that clonidine may be
as effective as an opioid in the treatment of the
neonatal abstinence syndrome.”” This finding
provides some optimism regarding the potential
for a non-narcotic treatment option; however,
further evaluation must be completed before
clonidine can be recommended as monotherapy.*°

OUTPATIENT WEANING

We are unaware of any data from randomized
studies regarding outpatient weaning of infants
from pharmacologic treatment of the neonatal
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for treatment, which have positive effects on
important outcomes such as the duration of
opioid treatment, the length of the hospital stay,
and the use of adjunctive drugs. In addition,
evidence from pharmacokinetic models supports
the development of empirically based dosing
protocols. Breast-feeding and rooming-in are
promising nonpharmacologic strategies that may
also improve outcomes for infants and mothers,
including maternal satisfaction with and involve-
ment in the care of the newborn. However, there
are barriers to the implementation of these prac-
tices. Rigorous research is needed to provide

evidence supporting the development of proto-
cols, including a validated, standardized assess-
ment tool and evidence-based guidelines for non-
pharmacologic and pharmacologic treatment.
More research is also needed on drugs, including
clonidine and buprenorphine, for the treatment
of affected infants and on alternative methods of
care, such as outpatient weaning from pharma-
cologic treatment of the neonatal abstinence

syndrome.

No potential conflict of interest relevant to this article was
reported.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

REFERENCES

1. Finnegan LP, Connaughton JF Jr, Kron
RE, Emich JP. Neonatal abstinence syn-
drome: assessment and management. Ad-
dict Dis 1975;2:141-58.

2. Patrick SW, Kaplan HC, Passarella M,
Davis MM, Lorch SA. Variation in treat-
ment of neonatal abstinence syndrome in
US children’s hospitals, 2004-2011. J Peri-
natol 2014;34:867-72.

3. Kocherlakota P. Neonatal abstinence
syndrome. Pediatrics 2014;134(2):e547-61.
4. Bagley SM, Wachman EM, Holland E,
Brogly SB. Review of the assessment and
management of neonatal abstinence syn-
drome. Addict Sci Clin Pract 2014;9:19.

5. Patrick SW, Schumacher RE, Benney-
worth BD, Krans EE, McAllister JM, Davis
MM. Neonatal abstinence syndrome and
associated health care expenditures:
United States, 2000-2009. JAMA 2012;307:
1934-40.

6. Patrick SW, Davis MM, Lehmann CU,
Lehman CU, Cooper WO. Increasing inci-
dence and geographic distribution of neo-
natal abstinence syndrome: United States
2009 to 2012. J Perinatol 2015;35:650-5.
7. Tolia VN, Patrick SW, Bennett MM,
et al. Increasing incidence of the neonatal
abstinence syndrome in U.S. neonatal
ICUs. N EnglJ Med 2015;372:2118-26.

8. Davies H, Gilbert R, Johnson K, et al.
Neonatal drug withdrawal syndrome:
cross-country comparison using hospital
administrative data in England, the USA,
Western Australia and Ontario, Canada.
Arch Dis Child Fetal Neonatal Ed 2016;
101:F26-30.

9. Epstein RA, Bobo WV, Martin PR, etal.
Increasing pregnancy-related use of pre-
scribed opioid analgesics. Ann Epidemiol
2013;23:498-503.

10. Krans EE, Cochran G, Bogen DL. Car-
ing for opioid-dependent pregnant women:
prenatal and postpartum care consider-
ations. Clin Obstet Gynecol 2015;58:370-9.
11. Stover MW, Davis JM. Opioids in preg-
nancy and neonatal abstinence syndrome.
Semin Perinatol 2015;39:561-5.

12. Ailes EC, Dawson AL, Lind JN, et al.
Opioid prescription claims among wom-
en of reproductive age — United States,
2008-2012. MMWR Morb Mortal Wkly
Rep 2015;64:37-41.

13. Yazdy MM, Desai RJ, Brogly SB. Pre-
scription opioids in pregnancy and birth
outcomes: a review of the literature. J Pedi-
atr Genet 2015;4:56-70.

14. Warren MD, Miller AM, Traylor J,
Bauer A, Patrick SW. Implementation of
a statewide surveillance system for neo-
natal abstinence syndrome — Tennessee,
2013. MMWR Morb Mortal Wkly Rep
2015;64:125-8.

15. Cicero TJ, Ellis MS, Harney J. Shifting
patterns of prescription opioid and heroin
abuse in the United States. N Engl ] Med
2015;373:1789-90.

16. Gomes T, Juurlink DN. Opioid use and
overdose: what we’ve learned in Ontario.
Healthc Q 2016;18:8-11.

17. Jansson LM, Velez M. Neonatal absti-
nence syndrome. Curr Opin Pediatr 2012;
24:252-8.

18. Jumah NA. Rural, pregnant, and opi-
oid dependent: a systematic review. Subst
Abuse 2016;10:35-41.

19. Wong S, Ordean A, Kahan M, et al.
Substance use in pregnancy. J Obstet Gy-
naecol Can 2011;33:367-84.

20. Patrick SW, Dudley J, Martin PR, et al.
Prescription opioid epidemic and infant
outcomes. Pediatrics 2015;135:842-50.

21. ACOG Committee on Health Care for
Underserved Women, American Society
of Addiction Medicine. ACOG committee
opinion no. 524: opioid abuse, depen-
dence, and addiction in pregnancy. Obstet
Gynecol 2012;119:1070-6.

22. Visconti KC, Hennessy KC, Towers CV,
Howard BC. Chronic opiate use in preg-
nancy and newborn head circumference.
Am J Perinatol 2015;32:27-32.

23. Jansson LM, Velez ML. Infants of drug-
dependent mothers. Pediatr Rev 2011;32:
5-12.

24. Lee ], Hulman S, Musci M Jr, Stang E.

Neonatal abstinence syndrome: influence
of a combined inpatient/outpatient meth-
adone treatment regimen on the average
length of stay of a Medicaid NICU popula-
tion. Popul Health Manag 2015;18:392-7.
25. O’Donnell M, Nassar N, Leonard H,
et al. Increasing prevalence of neonatal
withdrawal syndrome: population study of
maternal factors and child protection in-
volvement. Pediatrics 2009;123(4):e614-21.
26. Worley J. Identification and manage-
ment of prescription drug abuse in preg-
nancy. J Perinat Neonatal Nurs 2014;28:
196-203.

27. Hudak ML, Tan RC, Committee on
Drugs, Committee on Fetus and New-
born. Neonatal drug withdrawal. Pediat-
rics 2012;129(2):e540-60.

28. Jones HE, Kaltenbach K, Heil SH, et al.
Neonatal abstinence syndrome after meth-
adone or buprenorphine exposure. N Engl
J Med 2010;363:2320-31.

29. Brogly SB, Saia KA, Walley AY, Du HM,
Sebastiani P. Prenatal buprenorphine ver-
sus methadone exposure and neonatal out-
comes: systematic review and meta-analy-
sis. Am J Epidemiol 2014;180:673-86.

30. Gawronski KM, Prasad MR, Backes
CR, Lehman KJ, Gardner DK, Cordero L.
Neonatal outcomes following in utero
exposure to buprenorphine/naloxone or
methadone. SAGE Open Med 2014;2:
2050312114530282.

31. Kaltenbach K, Jones HE. Neonatal ab-
stinence syndrome: presentation and treat-
ment considerations. ] Addict Med 2016;
10:217-23.

32. Whiteman VE, Salemi JL, Mogos MF,
Cain MA, Aliyu MH, Salihu HM. Maternal
opioid drug use during pregnancy and its
impact on perinatal morbidity, mortality,
and the costs of medical care in the United
States. J Pregnancy 2014;2014:906723.

33. Siu A, Robinson CA. Neonatal absti-
nence syndrome: essentials for the practi-
tioner. ] Pediatr Pharmacol Ther 2014;19:
147-55.

34. Newnam KM. The right tool at the

N ENGLJ MED 375,25 NEJM.ORG DECEMBER 22, 2016

2477

The New England Journal of Medicine
Downloaded from nejm.org at HENNEPIN COUNTY MEDICAL CENTER on April 11, 2018. For personal use only. No other uses without permission.
Copyright © 2016 Massachusetts Medical Society. All rights reserved.



The NEW ENGLAND JOURNAL of MEDICINE

right time: examining the evidence sur-
rounding measurement of neonatal absti-
nence syndrome. Adv Neonatal Care 2014;
14:181-0.

35. D’Apolito KC. Assessing neonates for
neonatal abstinence: are you reliable?
J Perinat Neonatal Nurs 2014;28:220-31.
36. Uebel H, Wright IM, Burns L, et al.
Reasons for rehospitalization in children
who had neonatal abstinence syndrome.
Pediatrics 2015;136(4):e811-20.

37. Cleary BJ, Donnelly JM, Strawbridge
JD, et al. Methadone and perinatal out-
comes: a retrospective cohort study. Am J
Obstet Gynecol 2011;204(2):139.e1-9.

38. Wachman EM, Newby PK, Vreeland J,
et al. The relationship between maternal
opioid agonists and psychiatric medica-
tions on length of hospitalization for neo-
natal abstinence syndrome. J Addict Med
2011;5:293-9.

39. Jansson LM, Garcia-Prats J, Kim S.
Neonatal abstinence syndrome. UpToDate.
August 3, 2016 (http://www.uptodate.com/
contents/neonatal-abstinence-syndrome#
H17).

40. Wiles JR, Isemann B, Ward LP, Vinks
AA, Akinbi H. Current management of
neonatal abstinence syndrome secondary
to intrauterine opioid exposure. J Pediatr
2014;165:440-6.

41. Kraft WK, Stover MW, Davis JM. Neo-
natal abstinence syndrome: pharmaco-
logic strategies for the mother and infant.
Semin Perinatol 2016;40:203-12.

42. Wachman EM, Hayes MJ, Brown MS,
et al. Association of OPRM1 and COMT
single-nucleotide polymorphisms with hos-
pital length of stay and treatment of neo-
natal abstinence syndrome. JAMA 2013;
309:1821-7.

43. Smirk CL, Bowman E, Doyle LW, Kam-
lin COF. How long should infants at risk
of drug withdrawal be monitored after
birth? J Paediatr Child Health 2014;50:
352-5.

44, Garcia AM. State laws regulating pre-
scribing of controlled substances: balanc-
ing the public health problems of chronic
pain and prescription painkiller abuse
and overdose. ] Law Med Ethics 2013;41:
Suppl 1:42-5.

45. Krans EE, Patrick SW. Opioid use dis-
order in pregnancy: health policy and
practice in the midst of an epidemic. Ob-
stet Gynecol 2016;128:4-10.

46. Lendoiro E, Gonzdlez-Colmenero E,
Concheiro-Guisdn A, et al. Maternal hair
analysis for the detection of illicit drugs,
medicines, and alcohol exposure during
pregnancy. Ther Drug Monit 2013;35:296-
304.

47. Narkowicz S, Plotka J, Polkowska Z,
Biziuk M, Namie$nik J. Prenatal exposure
to substance of abuse: a worldwide prob-
lem. Environ Int 2013;54:141-63.

48. Clark L, Rohan A. Identifying and as-
sessing the substance-exposed infant.

MCN Am J Matern Child Nurs 2015;40(2):
87-95.

49. Kramlich D, Kronk R. Relational care
for perinatal substance use: a systematic
review. MCN Am J Matern Child Nurs
2015;40:320-06.

50. Wexelblatt SL, Ward LP, Torok K, Tis-
dale E, Meinzen-Derr JK, Greenberg JM.
Universal maternal drug testing in a high-
prevalence region of prescription opiate
abuse. J Pediatr 2015;166:582-6.

51. Cotten SW. Drug testing in the neo-
nate. Clin Lab Med 2012;32:449-66.

52. Eichel MM, Johannemann TR. Imple-
mentation of universal maternal drug
screening to identify neonatal abstinence
syndrome candidates. Newborn Infant
Nurs Rev 2014;14:17-22.

53. Murphy-Oikonen J, Montelpare WJ,
Southon S, Bertoldo L, Persichino N.
Identifying infants at risk for neonatal
abstinence syndrome: a retrospective co-
hort comparison study of 3 screening ap-
proaches. J Perinat Neonatal Nurs 2010;
24:366-72.

54. Farst KJ, Valentine JL, Hall RW. Drug
testing for newborn exposure to illicit
substances in pregnancy: pitfalls and
pearls. IntJ Pediatr 2011;2011:951616.

55. Lozano J, Garcia-Algar O, Vall O, de la
Torre R, Scaravelli G, Pichini S. Biological
matrices for the evaluation of in utero
exposure to drugs of abuse. Ther Drug
Monit 2007;29:711-34.

56. Orlando S. An overview of clinical
tools used to assess neonatal abstinence
syndrome. J Perinat Neonatal Nurs 2014;
28:212-9.

57. Jones HE, Seashore C, Johnson E, et al.
Psychometric assessment of the Neona-
tal Abstinence Scoring System and the
MOTHER NAS Scale. Am J Addict 2016;
25:370-3.

58. Lipsitz PJ. A proposed narcotic with-
drawal score for use with newborn in-
fants: a pragmatic evaluation of its effi-
cacy. Clin Pediatr (Phila) 1975;14:592-4.
59. Green M, Suffet F. The Neonatal Nar-
cotic Withdrawal Index: a device for the
improvement of care in the abstinence syn-
drome. Am J Drug Alcohol Abuse 1981;8:
203-13.

60. Zahorodny W, Rom C, Whitney W,
et al. The Neonatal Withdrawal Inventory:
a simplified score of newborn withdrawal.
J Dev Behav Pediatr 1998;19:89-93.

61. Maguire D, Cline GJ, Parnell L, Tai
C-Y. Validation of the Finnegan Neonatal
Abstinence Syndrome Tool-short form.
Adv Neonatal Care 2013;13:430-7.

62. Dow K, Ordean A, Murphy-Oikonen J,
et al. Neonatal abstinence syndrome clin-
ical practice guidelines for Ontario. J Popul
Ther Clin Pharmacol 2012;19(3):e488-506.
63. Jansson LM, Velez M, Harrow C. The
opioid-exposed newborn: assessment and
pharmacologic management. J Opioid
Manag 2009;5:47-55.

64. Patrick SW. The triple aim for neona-
tal abstinence syndrome. J Pediatr 2015;
167:1189-91.

65. Velez ML, Jansson LM, Schroeder J,
Williams E. Prenatal methadone exposure
and neonatal neurobehavioral function-
ing. Pediatr Res 2009;66:704-9.

66. MacMullen NJ, Dulski LA, Blobaum P.
Evidence-based interventions for neonatal
abstinence syndrome. Pediatr Nurs 2014;
40:165-172, 203.

67. McQueen KA, Murphy-Oikonen J,
Gerlach K, Montelpare W. The impact of
infant feeding method on neonatal absti-
nence scores of methadone-exposed in-
fants. Adv Neonatal Care 2011;11:282-90.
68. Welle-Strand GK, Skurtveit S, Jansson
LM, Bakstad B, Bjarke¢ L, Ravndal E.
Breastfeeding reduces the need for with-
drawal treatment in opioid-exposed in-
fants. Acta Paediatr 2013;102:1060-6.

69. Pritham UA, Paul JA, Hayes MJ. Opi-
oid dependency in pregnancy and length
of stay for neonatal abstinence syndrome.
J Obstet Gynecol Neonatal Nurs 2012;41:
180-90.

70. Wachman EM, Schiff DM. Bringing
attention to a need for a standardized
treatment and weaning protocol for neo-
natal abstinence syndrome. Transl Pedi-
atr 2016;5:12-5.

71. Reece-Stremtan S, Marinelli KA. ABM
clinical protocol #21: guidelines for breast-
feeding and substance use or substance
use disorder, revised 2015. Breastfeed Med
2015;10:135-41.

72. McKnight S, Coo H, Davies G, et al.
Rooming-in for infants at risk of neonatal
abstinence syndrome. Am J Perinatol
2016;33:495-501.

73. Holmes AV, Atwood EC, Whalen B, et
al. Rooming-in to treat neonatal absti-
nence syndrome: improved family-cen-
tered care at lower cost. Pediatrics 2016;
137(6):e1-9.

74. Tsai LC, Doan TJ. Breastfeeding
among mothers on opioid maintenance
treatment: a literature review. ] Hum Lact
2016;32:521-9.

75. Newman A, Davies GA, Dow K, et al.
Rooming-in care for infants of opioid-
dependent mothers: implementation and
evaluation at a tertiary care hospital. Can
Fam Physician 2015;61(12):e555-61.

76. Wachman EM, Byun J, Philipp BL.
Breastfeeding rates among mothers of in-
fants with neonatal abstinence syndrome.
Breastfeed Med 2010;5:159-64.

77. Balain M, Johnson K. Neonatal absti-
nence syndrome: the role of breastfeed-
ing. Infant 2014;10:9-13.

78. Lefevere J, Allegaert K. Question: is
breastfeeding useful in the management
of neonatal abstinence syndrome? Arch
Dis Child 2015;100:414-5.

79. Hall ES, Wexelblatt SL, Crowley M, et al.
A multicenter cohort study of treatments
and hospital outcomes in neonatal absti-

2478 N ENGL ) MED 375;25 NEJM.ORG DECEMBER 22, 2016

The New England Journal of Medicine
Downloaded from nejm.org at HENNEPIN COUNTY MEDICAL CENTER on April 11, 2018. For personal use only. No other uses without permission.
Copyright © 2016 Massachusetts Medical Society. All rights reserved.



nence syndrome. Pediatrics 2014;134(2):
€527-34.

80. Jones HE, Fielder A. Neonatal absti-
nence syndrome: historical perspective,
current focus, future directions. Prev Med
2015;80:12-7.

81. Grim K, Harrison TE, Wilder RT.
Management of neonatal abstinence syn-
drome from opioids. Clin Perinatol 2013;
40:509-24.

82. Osborn DA, Jeffery HE, Cole MJ. Opiate
treatment for opiate withdrawal in new-
born infants. Cochrane Database Syst Rev
2010;10:CD002059.

83. Ohio Children’s Hospitals Neonatal
Research Consortium. Enternal morphine
or methadone protocol for neonatal absti-
nence syndrome (NAS) from maternal ex-
posure. August 22, 2013 (https://opqc.net/
sites/bmidrupalpopqc.chmcres.cchme.org/
files/NAS/Ohio%20Childrens%20NAS%
20Treatment%20Protocol%200822%20
2013%20%20FINALrev2.pdf).

84. Patrick SW, Schumacher RE, Horbar JD,
et al. Improving care for neonatal absti-
nence syndrome. Pediatrics 2016;137:1-8.
85. Wiles JR, Isemann B, Mizuno T, et al.

NEONATAL ABSTINENCE SYNDROME

Pharmacokinetics of oral methadone in
the treatment of neonatal abstinence syn-
drome: a pilot study. J Pediatr 2015;167(6):
1214-20.e3.

86. Hall ES, Meinzen-Derr ], Wexelblatt
SL. Cohort analysis of a pharmacokinetic-
modeled methadone weaning optimiza-
tion for neonatal abstinence syndrome.
J Pediatr 2015;167(6):1221-5.e1.

87. Kraft WK, Dysart K, Greenspan ]S,
Gibson E, Kaltenbach K, Ehrlich ME. Re-
vised dose schema of sublingual buprenor-
phine in the treatment of the neonatal
opioid abstinence syndrome. Addiction
2011;106:574-80.

88. Hall ES, Isemann BT, Wexelblatt SL,
et al. A cohort comparison of buprenor-
phine versus methadone treatment for
neonatal abstinence syndrome. J Pediatr
2016;170:39-44.e1.

89. Ng CM, Dombrowsky E, Lin H, et al.
Population pharmacokinetic model of sub-
lingual buprenorphine in neonatal absti-
nence syndrome. Pharmacotherapy 2015;
35:670-80.

90. Bio LL, Siu A, Poon CY. Update on the
pharmacologic management of neonatal

abstinence syndrome. J Perinatol 2011;31:
692-701.

91. Osborn DA, Jeffery HE, Cole MJ. Seda-
tives for opiate withdrawal in newborn
infants. Cochrane Database Syst Rev 2010;
10:CD002053.

92. Streetz VN, Gildon BL, Thompson DF.
Role of clonidine in neonatal abstinence
syndrome: a systematic review. Ann Phar-
macother 2016;50:301-10.

93. Kelly LE, Knoppert D, Roukema H,
Rieder MJ, Koren G. Oral morphine wean-
ing for neonatal abstinence syndrome at
home compared with in-hospital: an ob-
servational cohort study. Paediatr Drugs
2015;17:151-7.

94, Liu A, Bjorkman T, Stewart C, Nanan
R. Pharmacological treatment of neonatal
opiate withdrawal: between the devil and
the deep blue sea. Int J Pediatr 2011;2011:
935631.

95. Smirk CL, Bowman E, Doyle LW, Kam-
lin O. Home-based detoxification for neo-
natal abstinence syndrome reduces length
of hospital admission without prolonging
treatment. Acta Paediatr 2014;103:601-4.
Copyright © 2016 Massachusetts Medical Society.

IMAGES IN CLINICAL MEDICINE

The Journal welcomes consideration of new submissions for Images in Clinical
Medicine. Instructions for authors and procedures for submissions can be found
on the Journal’s website at NEJM.org. At the discretion of the editor, images that
are accepted for publication may appear in the print version of the Journal,

the electronic version, or both.

N ENGLJ MED 375,25 NEJM.ORG DECEMBER 22, 2016

2479

The New England Journal of Medicine
Downloaded from nejm.org at HENNEPIN COUNTY MEDICAL CENTER on April 11, 2018. For personal use only. No other uses without permission.
Copyright © 2016 Massachusetts Medical Society. All rights reserved.



