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Objectives
• What is Neonatal Abstinence Syndrome?
• Facts and stats: newborns and opiates in Maine
• Innovation projects at Maine Medical Center

– Qualitative work
– Changing the paradigm of assessing NAS
– Bonding study of mothers 
– Hepatitis C work
– Head circumference and developmental outcomes
– Foster care



Mu Receptors

Directly activated by positive reinforcement  from opioid or indirectly  by 
alcohol, cannabinoids, nicotine activation



McQueen, K. et al. N Engl J Med 2016; 375:2468-2479



Video



December 2016 “Effective management strategies have 
been developed. However, gaps still exist, including lack 

of clarity and consistency in how the syndrome is 
defined, measured, and managed. 

In addition, much of the research has focused on the 
infant in isolation from the mother……”



Facts and Stats



2004-2013- rate 
of NAS NICU 

admissions when 
from 7 to 27 

cases per 1000 
admission 

NAS: Number of Admissions

Tolia VN et al. N Engl J Med 2015;372:2118-2126



NAS: Length of Stay

2004-2013 
median LOS 

increased from 13 
to 19 days

Tolia VN et al. N Engl J Med 2015;372:2118-2126
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From: Rural and Urban Differences in Neonatal Abstinence Syndrome and Maternal Opioid Use, 2004 to 2013
JAMA Pediatr. 2017;171(2):194-196. doi:10.1001/jamapediatrics.2016.3750

Changes in Opioid-Related Diagnoses Among Infants and Mothers by Urban/Rural StatusFrequency of neonatal abstinence 
syndrome (A) and maternal opioid use (B) per 1000 hospital births by rural vs urban status, displayed as 2-year combined 
estimates.

Figure Legend: 



NAS Incidence Rates per 1,000, 25 
states from 2012-2013

Ko JY, Patrick SW, Tong VT, Patel R, Lind JN, Barfield WD. Incidence of Neonatal Abstinence 
Syndrome — 28 States, 1999–2013. MMWR Morb Mortal Wkly Rep 2016;65:799–802. DOI



NAS in Maine by County



Our 
Rural 
State

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjYkqyylqbRAhWp6YMKHSN3DBAQjRwIBw&url=http://geology.com/county-map/maine.shtml&bvm=bv.142059868,d.amc&psig=AFQjCNEk0omwW0esL53TdnuumzBHau8Vug&ust=1483539751091961


• 4 Million birth in US/year
– 24,000 NAS infants born in US (66 per day!)

• Mean length of stay 23 days
– Each day in the US, there are >1500 hospitalized 

NAS infants

• Cost $93,400/infant 
– $2.2 billion in costs for initial hospitalization
– >80% are Medicaid

National Statistics on Cost



2013 2014 2015 2016 Total 
LOS tx 18 24 24 20 21
LOS not tx 7 7 6 6 6.6
Charges tx $71,012 $104,561 $102,451 $86,863 $88,716
Charges 
not tx

$22,889 $22,037 $21,711 $21,501 $22,252

Payments 
tx

$16,216 $15,904 $13,897 $9,077 $15,120

Payments 
not tx

$7,229 $6,668 $62,07 $7,084 $6,868

Treatment 
rate

43% 45% 42% 35% 43%

“Costs” at Maine Medical Center

Slide adapted from Olivia Avidan, MS2



Research and Quality Improvement;
Parent and Provider



New handout (pre-natal)



New handout (post-natal)



Finnegan 
Scoring 
System:

31 items
Score Q4 hrs

Treat for >8 on 
2-3 occasions 

or >12 
on 

1-2 occasions



• Skin to skin contact with parents
• Decreased stimulation (light, noise, and tactile)
• Swaddling
• Use of pacifiers
• Breastfeeding

Non-pharmacological Care



• Contract with the parents for 24/7 non 
pharmacologic care

• Evaluate for treatment based on:
1) Can the infant eat?
2) Can the infant be consoled?
3) Can the infant sleep?

Yale approach to NAS



• “Potential long-term effects of prenatal methadone exposure 
on infant and toddler development are not known”

• Hunt et al assessed opiate-exposed infants at both 18 and 36 months using the 
Bayley Scales of Infant Development, Second Edition (BSID-II). Mental Development 
Index (MDI) was significantly lower in opiate-exposed children at 12 and 18 months

• Comorbidities that make assessment challenging
– other substance exposure (e.g., alcohol, tobacco, other illicit drugs)
– environmental risk factors (lead)
– medical risk factors (poor maternal nutrition, SGA)
– low socioeconomic status (poor prenatal care)
– mental health issues

Long term outcomes?

Hunt RW, Tzioumi D, Collins E, et al. Adverse neurodevelopmental outcome of 
infants exposed to opiate in-utero. Early Hum Dev. 2008; 84(1):29–35.

Clin Obstet Gynecol. 2013 March ; 56(1): 186–192.



Maine Office of Child and Family 
Services (OCFS)



Parental Drug Abuse and Neglect



• https://www.ted.com/talks/johann_hari_everything_you_think_you_know_about_
addiction_is_wrong/transcript?language=en#t-251438

Are we doing all that can be done?

https://www.ted.com/talks/johann_hari_everything_you_think_you_know_about_addiction_is_wrong/transcript?language=en#t-251438


Rat Park Experiment, 
Bruce Alexander, 
Canadian 
Psychologist, 
published 1981



Questions??
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