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Disclosures

• I received a grant from the Cardinal Health 
Foundation for an ADE reduction QI project, a 
portion of which was used to provide consultation 
services to the NICU LOS reduction project.

• Few pharmaceuticals routinely used in the NICU are 
FDA approved for use in neonates.  The reference to  
medications used in this work will be identified by  
generic names.  Their use are based on accepted 
pharmacology and neuropharmacology concepts.

• I have no other conflicts to disclose.
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In the beginning…
• Summer 2009

– Directed by the CEO 
to establish a QI 
team to decrease the 
LOS in the NICU

– Neonatal LOS 
exceeded the 75 th

percentile for 
benchmark hospitals
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Background

• Nationwide Children’s Hospital is a large, 
free-standing academic pediatric facility in 
Columbus, Ohio with 450 licensed beds

• Neonatal Services
– 8 Intensive care nurseries

• 191 Neonatal beds
• 2200 admissions/year
• 22% < 1500 g birth weight
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� Increase risk of medication errors, other adverse e vents like 
CLABSI, VAP, pressure ulcers, and serious safety ev ents 

� Increased stress on families already emotionally dr ained.
� Impaired parent-infant attachment
� Increased financial burden on families and society.   

• Hospitalization for a healthy, growing premature in fant is 
$1500-2000 per day. 

• The  daily cost for those infants dependent on life  support 
exceeds $5,000.

• In 2005, the Institute for Medicine estimated the t otal 
preterm birth cost at more than $26.2 billion.

� At NCH, nearly half of the our neonates are capitat ed 
Medicaid manage care patients.

� We got our money and we ain’t getting any mo.’
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Background

• Neonatal Abstinence Syndrome (NAS) refers 
to a constellation of typical signs and 
symptoms of withdrawal that occurs in 
infants that have been exposed to, and have 
developed dependence to certain illicit drugs 
or prescription medications during fetal life. 
These symptoms are characterized by CNS 
irritability, gastrointestinal dysfunction, and 
autonomic abnormalities.  Symptoms require 
drug-specific pharmacologic intervention.
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Substance abuse in Pregnant Women

• 2009 National 
Survey on Drug Use 
and Health
– 4.5% of pregnant 

women. 15-44 years of 
age, reported recent use 
illicit drugs

• 16.2% among pregnant 
teens

• 7.4% of pregnant women 
18-25 years

– Nationally, the number of  
infants with NAS 
increased from 7653 in 
1995 to  11,937 in 2008
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Substance Abuse in Pregnant Women

• Associated with “ a more liberal use of 
opiates in pregnant women to palliate a 
wide varieties of acute and chronic 
pain.” Hudak & Tan 2012
– Kellogg et al (2011) report a 5 fold increase 

in narcotic prescriptions among pregnant 
women.
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Children born to parents who 
abuse drugs and alcohol

• More likely to suffer substantiated harm, 
enter foster care, and have more negative 
child protection outcomes.
– McGlade, Ware, & Crawford (2009)

• Substance abuse is associated with 7 of 10 
cases of child abuse (3-fold higher) and 
neglect (4-fold higher).
– UDHHS National Household Survey 1996.
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Highlights:
• 16 states consider substance abuse during pregnancy  to be child 

abuse under civil child-welfare statues, and 3 cons ider it grounds for 
civil commitment.

• 14 states require health care professionals to repo rt suspected 
prenatal drug abuse, and 4 states require them to t est for prenatal 
drug exposure if they suspect abuse.

• 18 states have either created or funded drug treatm ent programs 
specifically targeted to pregnant women, and 9 prov ide pregnant 
women with priority access to state-funded drug tre atment programs.

• 4 states prohibit publically funded drug treatment programs from 
discriminating against pregnant women.
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Analysis of 2009 HCUP-KIDS 
Administrative Database

• 7.4 million discharges in 2009, 4121 hospitals in 
44 states

• NAS diagnosed in 3.39% of newborns 
– n=288,600
– Compared to other hospital births, NAS Infants are 

more likely to:
• have respiratory diagnoses (30.9%)
• have low birth weight (19.1%)
• have feeding difficulties (18.1%)
• have seizures (2.3%)
• have Medicaid coverage (78.1%)
• reside in a low SES zip code (36.3%)

Patrick, SW (2012)
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NAS* Patients admitted to  43 Children’s Hospitals
2007-2011
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NAS* Patients admitted to  Children’s Hospitals
2007-2011
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Back to the baby! 
After Delivery…

• In utero drug exposure, followed by an 
abrupt cessation at birth, may cause infants 
to suffer from withdrawal symptoms, known 
as neonatal abstinence syndrome (NAS).

• Maternal use of opioids is the most common 
cause of NAS
– May be seen with barbiturates, alcohol, nicotine 

and other psychoactive drugs.
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After Delivery…

• Drug withdrawal in the neonate is self-
limiting. 
– Withdrawal symptoms develop in 55% to 94% of 

infants exposed to opioids or heroin in utero .
– Severe cases require pharmacological 

intervention.
– Presentation of withdrawal symptoms are variable 

and dependent upon the type of drug, amount of 
last maternal dose, timing of the last maternal 
dose, and infant and maternal metabolism.
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Neonatal Abstinence Syndrome
Withdrawal symptoms

� High pitch crying       
� Sleeplessness /Cranky           
� Feeding problems
� Diarrhea/vomiting
� Shakes/tremors
� Overactive suck

�		�C//***�����&�����/���	�/�
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Neonatal Abstinence Syndrome
The Problem

• AAP recommends therapy with same 
class as the prenatal substance used, 
and based on symptom severity.
– No standardized therapy
– High variability in practices among 

providers
– Best approach has not been determined
– Hospitalization is often prolonged (8-79 

days).
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Neonatal Abstinence Syndrome
Our Specific Problem

• 6-fold increase in the number of patients at NCH 
with NAS from 2004-2008
– 200 NAS patients in 2008
– NAS LOS exceed 58 days prior to 2009
– Methadone protocol established in early 2009

• LOS decreased to 31 days
• Literature suggested decreased LOS with oral morphi ne

• Established QI Team to reduced LOS for 
neonates with NAS

• Used Model for Improvement and PDSA cylces
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NICU LOS Reduction Team

Adeline Cursio     
Amy Jones     
Beth Davidson     
Beth Martin      
Vicki Armstrong    
Edward Shepherd   
Elizabeth Martin   
Erika Osborn   
John Hitchner

Patty Luzader   
Paula Sharpin   
Renee Gardikes
Roberta Thomas   
Ryan Steele 
Sean Gleeson   
Sudarshan Jadcherla
Tria Shadeed  
Erin Keels   

Facilitators:  Rick McClead, Jim Dail

Jackie Schneider   
Jennifer Aldrink   
Jon Wispe  
Katherine 
Garrison
Kim Samson   
Kimberly Farney   
Leif Nelin   
Leslie Thomas   
Mary Gossard    
Melissa Bridgett

Reduction in Length of Stay for 
Neonatal Patients Collaborative
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PDSA Cycles

Also known as:

• Shewhart Cycle

• Deming Cycle

• Learning and  
Improvement 
Cycle
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It is all about 
creating a 
belief that your 
changes will 
result in 
improvement!!
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Developing Key Driver Diagrams

• Simply a project summary
Goal  -- Specific (SMART*) Aim
Influencing Factors  -- Key Drivers
Specific Changes  -- Interventions (PDSAs)

“A framework to effectively focus change efforts”

* Specific, Measurable,  Actionable, Realistic and Timely
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Monitoring for Improvement

• LOS and other data are tracked using run charts and  
statistical process control (SPC) charts (aka 
Shewhart Charts).

• SPC charts help an improvement team distinguish 
between variation in data that is common due to the  
process and that which is special due to a change i n 
the process.
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Control Chart (Shewhart Chart)
• Statistical Process Control (SPC)
• Graphical time-series analysis
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Specific Aim
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Aim & Key Drivers for NAS
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Oral Morphine Initiation Protocol
Protocol should be initiated if an infant has 2 con secutive scores > 8 or 1 score > 12 

within a 24 hour period (just as was done previousl y with the methadone taper).
Concentration of Enteral Morphine to be used for AL L doses: 0.2 mg/mL

Starting Dose:
Enteral: 0.05 mg/kg/dose PO q3h
IV: 0.02 mg/kg/dose IV q3h

(IV morphine and enteral morphine doses are not equivalent)

Titration:
Enteral: Increase by 0.025-0.04 mg/kg every 3 hrs until controlled (NAS <8 )
IV: increase by 0.01 mg/kg every 3 hrs until controlled (NAS <8)

*Rescue Dose*: If infant has 1 score of > 12, double the previous dose given (enteral or IV) x 
1 and then adjust accordingly:

- If NAS score now < 12: make the scheduled maintenance dose (MD) the same as the 
rescue dose that was just administered.  The first higher MD should be given at the next 
scheduled care/feed.
- If NAS score still > 12: increase next dose by 50%.  Continue to do so until score is < 
12.  Once <12. then follow guideline listed above.
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Oral Morphine Weaning Protocol
Wean: Once stabilized on a dose for 72-96 hours, use this dose as the starting point of the 
wean (please note this dose on infant’s card). Begin weaning the dose by 10% (of the original 
dose when the first wean was started) every 24-48 hours.  Drug may be discontinued when a 
single enteral dose is < 0.02 mg/kg/dose.  

*Ad lib infants*: Given the shorter duration of action of enteral morphine, it is best suited to 
be dosed on a q3hr schedule.  Infants should be allowed to ad lib feed volumes but kept on a 
q3hr schedule.

*Backslide*: If infant’s NAS scores become consistently elevated (ex: 2 consecutive  > 8) 
during the weaning process, assure that nonpharmacological measures are optimized (ie: 
swaddling, holding, decreased stimuli, etc.) before going back to pervious dose at which 
patient was stable.  If infant’s scores continue to be elevated (even after physical exam to 
ensure nothing else is wrong/bothering the infant), either weight adjust medication and/or 
continue to back up in a stepwise fashion until patient’s scores are < 8.  Once stabilized on a 
new dose for minimum 48 hrs. resume 10% wean but consider weaning at longer intervals.

Discharge: Observe in-house x 48-72 hours off of medication before discharge.
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Adjunct Therapy - Phenobarbital
• Consider starting phenobarbital if:

– Polysubstance exposure is suspected/confirmed or if majority of NAS score is 
due to CNS disturbances (hyperactive reflexes, tremors, increased muscle 
tone, presence of jerks, etc). 

• Loading Dose (up to physician discretion if needed) : 10 mg/kg/dose PO q12hr x 
2 doses 

– Enteral formulation contains a high percentage of alcohol. Recommend dividing 
dose to decrease risk of emesis and/or sedation. 

• Maintenance Dose: 5 mg/kg/dose PO once daily, preferably in the evening. Dose 
may be divided BID if concern for excess sedation. Do NOT routinely weight adjust. 

• Wean: Recommend discharging infant home on phenobarbital with subsequent 
weaning to be done either in Neo Clinic or by infant’s PCP. 

• Phenobarbital levels should not be needed for this indication unless the infant 
experiences seizures or seizure-like activity. If suspected, a phenobarbital level 
and/or a neurology consult may be warranted at that time. 
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Adjunct Therapy - Clonidine
• Consider starting clonidine if: 

– Majority of NAS score is due to autonomic over-stimulation (sweating, fever, yawning, 
mottling, sneezing, etc.)

– Infant is requiring > 0.1 mg/kg/dose of morphine q3hr and is still not stabilized. 

• Maintenance Dose (0.1 mg/mL suspension): 
– Given that the infant will be receiving morphine on a q3hr basis, for ease of 

administration recommend 1 mcg /kg/dose PO every 6 hrs (range: 4-6 mcg /kg/DAY 
divided q4-6hr) 

• Side effects of clonidine include bradycardia, hypotension upon initiation and 
then rebound hypertension when drug is discontinued. 

• Do NOT recommend discharging patient home on clonidine. After patient has 
shown stabilization off of morphine for minimum of 24hrs, discontinue the 
clonidine and monitor in-house for minimum of 48hrs due to risk of rebound 
hypertension. 
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Aim & Key Drivers for NAS
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PDSA / Interventions / Actions
1. Develop Awareness and Achieve Buy In:
• Intervention: 
• Designed & implemented monthly, interdisciplinary N AS                  

Taskforce: 12/2009

2. Education and Training: 
• Intervention: 
• Two half day NAS Workshops provided 3/24-25/2010  w ith 

nationally recognized nursing expert              
• Train the trainer-completed in 4/2010
• Implement standardized training of new staff
• Conduct reliability testing using video assessments
• Conduct nursing documentation audits     
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Nursing Assessment & Documentation of 
NAS Symptoms

• Finnegan Scoring system (1975)
– Inconsistency in symptom definitions
– Interpretation of definitions left to staff
– Wide variability in scores from nurse to nurse 

and shift to shift
– Difficult for practitioners to make decisions 

regarding medication weaning
– Infants may be under-treated or over-treated
– Weaning may be prolonged

K. D’Apolito, 2011



………………..……………………………………………………………………………………………………………………………………..

II. NCH NAS Taskforce

• Repository of information, resources, and ideas for  
potentially better practices

• Monthly interdisciplinary collaborative meetings:
• Inter-professional education 
• Developed practice guidelines
• Enhanced antenatal professional communication, 

collaboration
• Provided education and training of L/D and WBN staf f
• Outreach education and support for providers in the  Region. 
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Other PDSA / Interventions / Actions

3. Train Mother-Infant Staff in Finnegan scoring sy stem
4. Established relationships with Maternal Provider s
5. Develop additional tools at offsite nurseries
6. Obtained March of Dimes grant to educate pregnan t 
women attending a local methadone clinic re NAS
9. Established an NAS Developmental Follow up clini c 
10. Developed NAS Clinical Guideline



………………..……………………………………………………………………………………………………………………………………..

Content of NAS Guidelines
• Maternal History Taking and Drug Testing 

Recommendations
• Neonatal Testing and Assessment
• General Supportive and Environmental Care of the 

Infant with NAS                  
• Creating Collaborative Relationships with Families
• Nutrition
• Pharmacologic Treatment
• Discharge Planning
• Follow Up
• Prevention and Outreach
• Appendices
• References
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All Cause Readmissions

• 28 Readmissions 2010-2012 (N= 440)
– NAS symptoms (2)
– CNS symptoms unrelated to NAS Hx (3)
– Feeding issues unrelated to NAS Hx (4)
– BPD exacerbation (1)
– Infections (13)
– Surgical problems (5)
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Where do we go from here?
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2013 NAS LOS for all of Neonatal Services
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Summary

• There is an epidemic of substance abuse during preg nancy that 
probably results from a more liberal attitude towar ds 
prescription opioids for managing acute and chronic  pain.

• Children born to substance abusing parents are more  likely to 
suffer substantiated harm, enter foster care, and h ave more 
negative child protection outcomes.

• The resultant cases of NAS is a major financial bur den for the 
country and is stress on the healthcare system due to 
prolonged hospitalizations.

• QI methodology can be used to relieve the burden on  hospitals 
via standardized treatment and monitoring protocols  and and
education of staff. 
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Lessons Learned
1. Understand your data!
2. Start with something that already is of interest to the 

staff, and has a physician and nurse champion!
3. Have quality improvement infrastructure!
4. Use statistical process control charts to underst and 

variability in your data and potential consequences  of 
“improvement”!

5. When you find something that works to improve a 
process, spread the learning to another area!

6. When you introduce a “test of change,” monitor 
compliance!

7. Track the performance of the teams!
8. For big QI projects, you need senior leadership o n 

board!


