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WELCOME!
Webinar will be recorded and posted.

You are eligible to receive 1 contact hour of continuing 
education credit following this webinar if:
• You attend the entire presentation AND
• Complete the evaluation at the URL identified on the final 

slide. 

All participants are muted during the webinar. We invite you to 
submit your questions using the chat box in Zoom, and we will 
address them at the end of the webinar.
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OUTCOMES

After viewing this webinar, participants will be able to:
• To describe measures that can be employed by healthcare providers 

and parents to prevent and for timely detection of NEC
• Locate and share reliable clinical information about NEC and NEC 

prevention, including that developed by the NEC Zero project and the 
National Library of Medicine

• Locate and share reliable parent and consumer information about 
NEC and NEC prevention



https://cdn.pixabay.com/photo/2017/09/03/09/11/learn-2709648__340.jpg/
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RESOURCES – WEBINAR ONE

• PubMed 
• PubMed Central
• MedlinePLUS
• LactMed



www.pubmed.gov



PUBMED KEYWORD SEARCH
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https://www.ncbi.nlm.nih.gov/pmc/



https://toxnet.nlm.nih.gov/newtoxnet/lactmed.html



https://medlineplus.gov
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RESOURCES – WEBINAR TWO

• PubMed 
• PubMed Clinical Queries
• PubMed Health



www.pubmed.gov



PUBMED MESH SEARCH



PUBMED MESH SEARCH



PUBMED MESH SEARCH



PUBMED – FINDING EVIDENCE BASED LITERATURE
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WHAT’S THE DIFFERENCE?

PubMed Clinical Queries

• Clinical study categories
• Systematic reviews
• Medical genetics

PubMed Health

• Reviews of clinical 
effectiveness research for 
clinicians and consumer



PubMed Clinical Queries

Clinical study categories
Citations filtered to a specific study focus & scope

Systematic reviews
Systematic reviews, meta analyses, reviews of clinical trials, EB 
medicine, consensus development and guidelines

Medical genetics
Topics in medical genetics

20

WHAT’S THE DIFFERENCE?



PubMed Health

• Information for consumers and clinicians on prevention and 
treatment of diseases and conditions. 

• PubMed Health specializes in reviews of clinical effectiveness 
research, with easy-to-read summaries for consumers as well 
as full technical reports for clinicians.

21

WHAT’S THE DIFFERENCE?



PUBMED CLINICAL QUERIES



PUBMED CLINICAL QUERIES



PUBMED CLINICAL QUERIES



PUBMED HEALTH



https://www.ncbi.nlm.nih.gov/pubmedhealth/



PUBMED HEALTH

Gephart, S.M., Hanson, C., Wetzel, C.M., Fleiner, M., Umberger, E., Martin, L. Rao, S., Agrawal, A., Marin, T., 
Kirmani, K., Quinn, M., Quinn, J., Dudding, K., Clay, T., Sauberan, J., Eskenazi, Y., Porter, C., Msowoya, A., 
Wyles, C., Ruiz, M., Vo; S., Reber, K., & Duchon, J. (2017). NEC-Zero recommendations from scoping 
review of evidence to prevent and foster timely recognition of necrotizing enterocolitis. Maternal 
Health, Neonatology & Perinatology. Dec 2017, Vol. 3, No. 1. Available FREE at 
https://mhnpjournal.biomedcentral.com/articles/10.1186/s40748-017-0062-0
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WHAT IS NEC?
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9000

3000

0%-6%-12%



NECENTERAL 
FEEDING- WHAT 

AND HOW

DYSBIOSIS
Too few helpful 
bacteria and too 

many harmful 
bacteria in the 

intestine

HYPOXIA
Conditions that 

involve low oxygen to 
the body that draw 
oxygen away from 

the intestine

INTESTINAL 
MUCOSAL 

IMMATURITY
Immature mucosa 

(lining) of the 
intestine 

Exaggerated and 
un-regulated 

INFLAMMATION
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NEC WARNING SIGNS

• Lethargy or irritability
• Temperature unstable
• Decreasing oxygen levels, apnea or 

bradycardia
• “Not acting right”
• Not tolerating feeding (vomiting, 

milk not digesting in stomach from 
last feeding, increased abdominal 
girth)

• Bloody stool
• Vomiting
• Red or dusky abdomen
• Abdomen is taut, tender to touch



32

DIAGNOSING AND TREATING NEC
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THE CHALLENGE

• Necrotizing enterocolitis (NEC) is among the chief causes of 
emergency surgery and premature death in infants born very 
low birth weight

• Gaps between what we know and consistently do
• Feeding exclusive human milk, using feeding protocols, 

stopping antibiotics, watching for deterioration, engaging 
with parents

• NICU NEC rates vary and some NICUs are reducing to “zero”



DO NEC RATES VARY? 

• Vermont-Oxford Network reports that in 2008 in 750 
NICUs, NEC rates for infants weighing 501-1500 gm 
varied (N=53, 440). Mean 5.3% (range 0-13.2 %+)

• In 2017, Horbar et al. showed that it took 8 years for 
75% of NICUs to achieve 2005 rates for the top 25% of 
NICU performers for NEC. 

Percentile 10th 25th 50th 75th 90th

NEC  (%) 0.0 2.6 5.3 9.1 13.2

Horbar JD et al. J Perinatol;37 (2010), 29-47.
Horbar JD et al. JAMA Pediatrics; 2017;171(3):e164396.



Canadian Neonatal Network: Risk adjusted incidence of NEC by hospital for neonates <33 weeks’ 
GA. (Adjusted for GA, Apgar score at 5 minutes, SNAP-II, girl, cesarean delivery, and SGA.) Hospital 

sites are on the x-axis, and the odds ratio (95% CI) is on the y-axis.

Yee W H et al. Pediatrics 2012;129:e298-e304©2012 by American Academy of Pediatrics



IF NEC IS PREVENTABLE- OR AT LEAST REDUCIBLE- HOW 
DO WE DO IT?
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Gephart, S.M., Hanson, C., Wetzel, C.M., Fleiner, M., Umberger, E., Martin, L. Rao, S., Agrawal, A., Marin, T., Kirmani, K., 
Quinn, M., Quinn, J., Dudding, K., Clay, T., Sauberan, J., Eskenazi, Y., Porter, C., Msowoya, A., Wyles, C., Ruiz, M., Vo; S., 
Reber, K., & Duchon, J. (2017). NEC-Zero recommendations from scoping review of evidence to prevent and foster 
timely recognition of necrotizing enterocolitis. Maternal Health, Neonatology & Perinatology. Dec 2017, Vol. 3, No. 1. 
Available FREE at https://mhnpjournal.biomedcentral.com/articles/10.1186/s40748-017-0062-0
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NICU PRACTICES???



DOSE-RESPONSE OF NEC TO HUMAN MILK

Meinzen-Derr J et al. J Perinatol. 2009 Jan;29(1):57-62. 





HIGHER RISK FOR NEC WITH FORMULA COMPARED TO 
DONOR HUMAN MILK



EVIDENCE FOR HUMAN MILK: DONOR HUMAN MILK 
FORTIFIER

Gephart, S.M., Hanson, C., Wetzel, C.M., Fleiner, M., Umberger, E., Martin, L. Rao, S., Agrawal, A., Marin, T., Kirmani, K., Quinn, 
M., Quinn, J., Dudding, K., Clay, T., Sauberan, J., Eskenazi, Y., Porter, C., Msowoya, A., Wyles, C., Ruiz, M., Vo; S., Reber, K., & 

Duchon, J. (2017). NEC-Zero recommendations from scoping review of evidence to prevent and foster timely recognition of 
necrotizing enterocolitis. Maternal Health, Neonatology & Perinatology. Dec 18 2017, 3:23. doi: 10.1186/s40748-017-0062-0. 

eCollection 2017



PROCESSES TO SUPPORT HUMAN MILK IN CALIFORNIA 
DURING QUALITY COLLABORATIVE

Lee H C et al. Pediatrics 2012;130:e1679-e1687
©2012 by American Academy of Pediatrics



PERCENT OF ELIGIBLE INFANTS WITH NEC BY 
COLLABORATIVE PARTICIPATION.

Lee H C et al. Pediatrics 2012;130:e1679-e1687
©2012 by American Academy of Pediatrics

6.5% 
NEC 
rate



EVIDENCE FOR FEEDING PROTOCOLS TO PREVENT NEC

Gephart et al. Maternal Health, Neonatology & Perinatology. Dec 18 2017, 3:23. doi: 10.1186/s40748-017-0062-0. 

Patole & deKlerk (2005) showed that 
among all LBW infants, using a feeding 
protocol reduced odds of NEC by 87%. 
When only VLBWs used, risk was 
reduced by approx. 40% but effect 
was not stable (CI 0.31, 1.06). In 
2017, Gephart et al. showed reduced 
risk of 67% for VLBWs (P=0.001).



EVIDENCE FOR AVOIDING PROLONGED ANTIBIOTIC USE 
WHEN BLOOD CULTURES ARE NEGATIVE

From Bizarro et al. 2011

From Cotten et al 2009



EVIDENCE FOR AVOIDING H2 BLOCKERS 

H2 Blockers were associated 
with 1.78 higher odds of NEC 

compared to no exposure. 



Photo courtesy of NEC Society, taken at NEC Symposium in Davis, CA April 2017



SUCCESS STORIES…



EARLY RECOGNITION TOOLS



• Identified 66 unique NEC risk factors through narrative 
review of literature (which mattered most?)1

• Study 1: applied 3 Delphi rounds reduced to 33 most 
important risk factors(long GNEC version)2

• Study 2: applied modeling to big data to weight and identify 
risk factors most important3 

• 284 NICUs, 170k babies <2500 g, 60 k babies < 1500 g

• NICU NEC rate highest weight in the score

GUTCHECKNEC STORY

1. Gephart et al. (2012). Necrotizing enterocolitis risk: State of the science. Advances 
in Neonatal Care, 12(2), 77-87

2. Gephart et al.  (2013). Expert consensus building using e-Delphi for necrotizing 
enterocolitis risk assessment. JOGNN, 42(3), 332-347. 

3. Gephart et al. (2014). Discrimination of GutCheckNEC: a clinical risk index for 
necrotizing enterocolitis. Journal of Perinatology, 34(6), 468-475. 



• Study 3: 3 Arizona NICUs (N=132 babies) identified timing for scoring, that early (72 
hrs. of age) score predicted worst NEC and that clinical signs were present up to 36 hrs. 
before diagnosis (Gephart, Fleiner & Kijewski, 2017) . Identified risk thresholds and 
showed that the score was related to severity of illness (SNAPPE-II) and clinical 
deterioration (PEWS) but that neither improved the score.

• Expert group (NEC-Zero): found that 3 NEC risk scores were available, GNEC was 
best validated, recommended that communication about NEC concern be standardized 
(SBAR tool developed) (Gephart et al. 2017)

• Study 4: Focus groups with 27 clinicians showed that NEC risk awareness is limited, 
putting the story together in the EHR is HARD and that timely recognition is deeply 
affected by team trust, communication effectiveness and early action. 

• Study 5: Intl. survey of parents of infants with NEC- parents WANT to know NEC risk 
factors and they WANT to know NEC warning signs (Gadepelli et al. Adv Neo Care, 
2017)

Gephart, S. M., Fleiner M, & Kijewski, A. (2017).  The conNECtion between clinical signs and necrotizing enterocolitis in infants 501-1500 grams. Advances in Neonatal Care. 
2017 Feb;17(1):53-64. doi: 10.1097/ANC.0000000000000345. 

Gephart, S.M., Hanson, C., Wetzel, C.M., Fleiner, M., Umberger, E., Martin, L. Rao, S., Agrawal, A., Marin, T., Kirmani, K., Quinn, M., Quinn, J., Dudding, K., Clay, T., Sauberan, 
J., Eskenazi, Y., Porter, C., Msowoya, A., Wyles, C., Ruiz, M., Vo; S., Reber, K., & Duchon, J. (2017). NEC-Zero recommendations from scoping review of evidence to prevent 

and foster timely recognition of necrotizing enterocolitis. Maternal Health, Neonatology & Perinatology. Dec 18 2017, 3:23. doi: 10.1186/s40748-017-0062-0. eCollection 2017.
Gadepalli, S.K., Canvasser, Eskenazi, Y., Quinn, M., J., Kim, J. & Gephart, S.M. (2017).  Roles and experiences of parents in necrotizing enterocolitis: an international survey of 

parental perspectives of communication in the NICU. Advances in Neonatal Care, 17(6): 489-498. doi: 10.1186/s40748-017-0062-0. eCollection 2017.

GUTCHECKNEC STORY



DiCenso A, Bayley L, Haynes RB (2009). Accessing pre-appraised evidence: fine-
tuning the 5S model into a 6S model. Evidence-Based Nursing, 12(4),99-101.

Level II-Level VI

Level 
I

*Melnyk Hierachy mapped to 6S Model



• GutCheckNEC risk score 
• SBAR communication tool for NEC 

concern
• NEC Prevention Checklist
• NEC-Zero prevention adherence 

score (0-10)
• Parent support and education 

materials
• Coming soon: Video!!
• Electronic tools: clinical decision 

support logic, NEC-Zero dashboard

NEC-Zero Toolkit



NEC-ZERO ELECTRONIC HEALTH RECORD (EHR) CLINICAL 
DECISION SUPPORT INTERVENTION

Medication  
stewardship of 
early antibiotics 

and avoiding 
antacids

Human milk 
promotion 

beginning with 
colostrum for oral 

care

Early recognition 
with GutCheckNEC 

+ SBAR

Standardized 
Feeding Protocol

Clinical Decision 
Support:

• Reminders 
• Neonatal trend 

data 
• Adherence data to 

be used in audit 
and feedback 
based on 
adherence score

• Early warning 
with 
GutCheckNEC

NEC-Zero 
Practices

AHRQK08 HS22908-01A1 & RWJF Nurse Faculty Scholars Program (72114)



WHAT ABOUT TRANSFUSION AND NEC?

No dinner? That 
is a bridge too 

far… But of 
course do 

whatever it 
takes to avoid 

ANEMIA…
Bob Christensen

Plausible? Yes. But what is 
the mechanism? Check out 
my animal model… Akhil 

Maheshwari



IF WE EDUCATE, WILL THEY COMPLY?



Low risk= <20 points, Moderate risk= 20-32 points, High risk= 33-36 points, 
Very high risk > 36 points. Scores typically range from 8-58 points.  
Request form via http://neczero.nursing.arizona.edu/gutchecknec





INTEGRATING GUTCHECKNEC INTO WORKFLOW

Gephart et al. Journal of Perinatology, 2014, 34(6), 468-475. 
doi:10.1038/jp.2014.37



• NEC-Zero integrates risk awareness, comprehensive NEC evaluation 
and adherence monitoring

• NEC-Zero being designed to plug in across EHRs 
• App can be used at individual, group or organizational level
• Designed to “hook into” with a clinical decision support hook your 

existing EHRGOAL is open source, free tool for broad use
• GOAL is open source, free tool for broad use
• Logic will be hosted on University of Arizona repository 
• For examples of other SMART apps, see https://smarthealthit.org/

CLINICAL DECISION SUPPORT FOR ADHERENCE AND 
CASE ANALYSIS

https://smarthealthit.org/


www.neczero.nursing.arizona.edu



PREVENT AND MINIMIZE



www.neczero.nursing.arizona.edu/parents/what-is-nec



PARENT EDUCATION MATERIALS



ASK QUESTIONS



MINIMIZE



• Peekaboo ICU App
• NEC Society*
• The Morgan Learly Vaughen

Fund
• Team Grayson
• Preemie Parent Alliance
• Hand to Hold
• Graham’s Foundation
• NEC Society Inspire Group

RESOURCES FOR PARENTS



RESOURCES AND SUPPORT GROUPS



www.neczero.nursing.arizona.edu/healthcare
-professionals

RESOURCES FOR HEALTH PROFESSIONALS



• American Academy 
of Pediatrics

• Healthychildren.org
• La Leche League
• Medline Plus
• Womenshealth.gov
• LactMed
• Workplace & 

Breastfeeding Law 

MORE RESOURCES
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SUMMING UP… TO PREVENT AND SUPPORT TIMELY NEC 
RECOGINITION

Do…
• Stop antibiotics before 5 

days if there is no 
infection

• Use a feeding protocol
• Give mother’s milk and 

donor milk if don’t have 
mother’s milk

• Try to avoid anemia (e.g. 
with delayed umbilical 
cord clamping)

• Use a risk score for NEC

Don’t…
• Use antacids
• Ignore early warning 

signs
• Ignore parents as 

partners
• Avoid talking about NEC 

as a potential 
complication because of 
being afraid to scare 
parents



THANK YOU!

• Alan Carr, Associate Director of the NNLM Pacific Southwest 
Region, The UCLA Library and the staff at the Darling Biomedical 
Library who are assisting us in this project 

• The University of Arizona, CON, Office of Learning and Healthcare 
Technology Innovations Staff – Peg, David, Stephen, and Princess 
– Thank you so much!

• The University of Arizona, CON, Continuing Professional Education 
Staff – Janelle, Paula and Dr. Koithan

• Parent advocates who graciously shared their stories and pictures. 



Evaluation: Let us know what you 
think and get Continuing Nursing 
Education hours. Please complete 
the evaluation by May 10 at 5 pm 

MST.
https://uarizona.co1.qualtrics.com/

jfe/form/SV_6KZjMIP4Td6xJqJ

https://uarizona.co1.qualtrics.com/jfe/form/SV_6KZjMIP4Td6xJqJ


Link to post-
webinar survey: 
https://uarizona.co1.qualtrics.com/jfe/form/SV_6KZj
MIP4Td6xJqJ

Please ask your questions via the 
chat box. Thanks for joining 
today!

Sheila Gephart, PhD, RN
gepharts@email.arizona.edu

NEC-Zero website: 
https://neczero.nursing.arizona.edu/

https://uarizona.co1.qualtrics.com/jfe/form/SV_6KZjMIP4Td6xJqJ
mailto:gepharts@email.arizona.edu
https://neczero.nursing.arizona.edu/


To obtain your Continuing Nursing Education 
certificate you can complete the evaluation at 
https://uarizona.co1.qualtrics.com/jfe/form/SV_
6KZjMIP4Td6xJqJ

Print the certificate at the end
OR go to cne.nursing.arizona.edu and find 
your event under the “Quick Links CPE 
Evaluations” tab.

https://uarizona.co1.qualtrics.com/jfe/form/SV_6KZjMIP4Td6xJqJ


Timely Recognition

• Gephart SM, Wetzel C, Krisman B: Prevention and early recognition of necrotizing enterocolitis: a tale of 2 tools--eNEC and GutCheckNEC. Adv 
Neonatal Care 2014, 14(3):201-210; quiz 211-202.

• Gephart SM, Spitzer AR, Effken JA, Dodd E, Halpern M, McGrath JM. Discrimination of GutCheck(NEC): a clinical risk index for necrotizing 
enterocolitis. J Perinatol. 2014;34(6):468-475.
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Perinatol. 2015;32(10):927-932.

• Gephart, S. M., McGrath, J. M., Effken, J. A., & Halpern, M. D. (2012). Necrotizing enterocolitis risk: state of the science. Adv Neonatal Care, 12(2), 77-
87. doi: 10.1097/ANC.0b013e31824cee94

NEC to Zero

• Gephart, S.M., Hanson, C., Wetzel, C.M., Fleiner, M., Umberger, E., Martin, L. Rao, S., Agrawal, A., Marin, T., Kirmani, K., Quinn, M., Quinn, J., Dudding, K., 
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Perinatology. Dec 18 2017, 3:23. doi: 10.1186/s40748-017-0062-0. eCollection 2017.
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Costs of Necrotizing Enterocolitis in Extremely Low Birthweight Infants. J Pediatr 2016.
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NEC pathophysiology
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preterm infants. Pediatrics 2012, 129(2):e298-304.
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