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IN THIS ISSUE OF JAMA, PATRICK ET AL1 DESCRIBE THE EF-
fects on newborn infants of the widespread availability
of prescription opiate medications. These medications
provide superior pain control for cancer and chronic

pain, but have been overprescribed, diverted, and sold ille-
gally, creating a new opiate addiction pathway and a public
health burden for maternal and child health.2 Overdose mor-
tality and dependence rates are highest among disadvan-
taged, young adults in rural areas (eg, Maine and Kentucky).3

Young women are nearly as likely as men to abuse opiate
medications, leading to an increase in opiate-dependent new-
borns treated for withdrawal syndrome or neonatal absti-
nence syndrome (NAS). The standard of care for opiate ad-
diction during pregnancy is methadone maintenance and
psychiatric care.

Patrick et al1 demonstrate that the increase in NAS (from
an incidence of 1.20 [95% CI, 1.04-1.37] per 1000 hospital
births per year in 2000 to 3.39 [95% CI, 3.12-3.67] per 1000
hospital births per year in 2009) has created a health care
encumbrance primarily for state Medicaid budgets. In af-
fected states, methadone treatment programs have ex-
panded rapidly and voluntary prescription monitoring pro-
grams identify opiate medication use patterns (ie, opiate
prescriptions are tracked and individuals who are “shop-
ping” for physicians to prescribe opiates can be identified).
However, the burden of addiction on state Medicaid bud-
gets threatens retrenchment of recently established pro-
grams despite increased need. This poses a crisis of care for
affected fetuses and newborns. However, without acces-
sible treatment of both maternal opiate addiction and new
methods of treating NAS, state and federal systems may pay
in the future because many of these infants require special
services for developmental and behavioral disorders.4

Patrick et al1 also observed that over the last decade, there
has been no improvement in NAS treatment efficiency as mea-
sured by length of stay (LOS). Furthermore, health care ex-
penditures for NAS have increased during the same period.
Even within the context of the status quo of medically man-
aged prenatal methadone treatment, opiate-exposed infants

risk adverse effects besides the specter of protracted with-
drawal. In their analyses of hospital complications of infants
with NAS, Patrick et al confirmed other data demonstrating
increased rates of prematurity, respiratory disease, and sei-
zures.5,6 Opiate withdrawal is often compounded by comor-
bid polydrug exposure and maternal psychiatric medica-
tions, such as antidepressants and benzodiazepines, which have
their own withdrawal syndromes.7,8 Although the with-
drawal from these agents is milder than opiates, such combi-
natorial withdrawal complicates neonatal care and often ex-
tends LOS. Neonatal abstinence syndrome withdrawal severity
affects adaptation to postnatal life in critical regulatory areas
of sleep, feeding, and autonomic function.9,10

Although 60% to 80% of infants exposed in utero to opi-
ates develop NAS and require prolonged hospitalization, av-
eraging 16 days in the study by Patrick et al,1 there is still
considerable uncertainty regarding optimal detoxification
protocols and criteria for opiate withdrawal status typi-
cally based on symptoms assessed by the Finnegan score cal-
culated every few hours from birth to day 5. Hospitals and
clinicians burdened by the increase in NAS incidence can
expend substantial efforts to develop treatment protocols
to decrease LOS. As outlined by Patrick et al, most clini-
cians use oral opiate medication (eg, methadone or mor-
phine) and, in difficult cases, a second-line nonopiate drug
with �-aminobutyric acid (eg, phenobarbital), benzodiaz-
epine (eg, clonazapam), or anti-adrenergic (eg, clonidine)
action. Novel pharmacotherapy research is needed to im-
prove maternal opiate maintenance strategies to protect the
fetus from in utero withdrawal, and to reduce the inci-
dence and severity of NAS. These efforts have been frus-
trated by lack of controlled clinical trials.

Methadone maintenance therapy during pregnancy is cur-
rently idiosyncratic (eg, lack of standardization in maternal
care related todosing)andbasedonmaternalwithdrawal symp-
toms as gestation progresses. Research aimed at predicting
which newborns are most at risk for a difficult withdrawal,
or will require prompt treatment, has yielded few leads. In the
adult pain management literature,11 individual genetic differ-
ences have been found to predict opiate response and dose
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requirements. A pilot study of newborns with NAS found a
relationship between withdrawal severity, replacement opi-
ate dose requirements, need for a second drug, and LOS based
on allelic variants of OPRM1 (opioid receptor, mu 1) and
COMT (catechol-o-methyltransferase), which affect auto-
nomic instability during withdrawal.12

Neonatal withdrawal status is monitored every few hours
after birth by nursing personnel using the Finnegan scor-
ing system, a clinical measure that rates sleep, movement,
and feeding difficulty, as well as signs of opiate withdrawal
similar to those established in withdrawing adults, such as
yawning, tremors, and watery stools.13 Standardization and
interrater reliability of scoring is challenging and addi-
tional complementary tools are needed. Currently, this is
the best method of diagnosing NAS, evaluating severity, and
titrating dose change during neuropharmacological wean-
ing, but it is inadequate.

In the face of maternal addiction and psychiatric dis-
ease, characterizing the fetus’ exposure to opiates and other
drugs, and thereby inferring risk of NAS, is exceedingly com-
plex. In many studies, comorbid nicotine, alcohol, and il-
licit drug use is not assessed because it is unknown or deemed
too costly to conduct standard interview and bioassays of
maternal urine and infant meconium. The lack of this in-
formation precludes the ability to isolate the effects of opi-
ate withdrawal. Jones et al14 assessed comorbid alcohol and
drug use in a clinical trial comparing methadone vs bu-
prenorphine, an opiate with less severe withdrawal in adults.
Although buprenorphine reduced morphine requirements
and duration of NAS, including LOS, there was no differ-
ence in the rate of NAS diagnosis.15 The buprenorphine group
demonstrated a higher dropout rate from the study, sug-
gesting that this agent may not treat maternal addiction as
effectively as methadone and may not be appropriate for all
women with narcotic addiction.

A recent Substance Abuse and Mental Health Services Ad-
ministration report16 found that Maine was among the high-
est states in the nation in rates of prescription opiate abuse
(45/100 000 vs 386/100 000 admissions per year). Low socio-
economic status is coupled with intergenerationally high al-
cohol, tobacco, and drug use.17,18 During pregnancy and the
periconceptionalperiod,povertyassociatedmalnutrition isonly
partially addressed by Women, Infants, and Children pro-
gram and other assistance programs. Therefore, covariates re-
lated to deprivation in the environment, prenatal and post-
natal psychiatric stress, and teratogenic effects of alcohol are
critical to include inevaluation of long-term outcomesof NAS.19

Future directions in NAS research must address the need
for clinical trials of new medications to establish optimal
protocols for maternal opiate dependence with particular
focus on methadone treatment induction of the mother early
in pregnancy, maternal adherence to treatment, ancillary al-
cohol use monitoring, and psychiatric care. Postnatally, early
identification and aggressive opiate replacement in infants
with early signs of NAS may help to decrease severity and

LOS. As suggested by Patrick et al1 and other studies, breast-
feeding may reduce treatment rate and LOS in opiate-
exposed infants in all categories.5,20 Clues to fetal-neonatal
dependence and NAS risk are emerging from studies of pla-
cental transfer of opiates across gestation, relation to ma-
ternal dose change, infant pharmacogenomics, and meco-
nium metabolites to determine other exposures. This
additional information may lead to better postnatal care of
infants with NAS.
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