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Objectives

• Describe the pathophysiology of Necrotizing 
Enterocolitis (NEC)

• Discuss presentation, diagnosis and 
management of NEC

• Identify infants at risk for NEC in the NICU

• Apply preventative measures in own units to 
reduce the incidence of NEC



NECROTIZING ENTEROCOLITIS (NEC)

Acute inflammatory necrosis of the bowel 



NEC

• Most common severe neonatal 
gastrointestinal emergency

• Occurs in 1-3 per 1000 live births
– VLBW infants

– Term infants with CHD

• Morbidity 
– Intestinal stricture

– Short bowel syndrome

– Neurodevelopmental impairment

• Mortality ranges from 25-50%



History

• Pathology was described in 1952, when 
Schmidt and Quaiser labeled it as enterocolitis 
ulcerosa necroticans.

Zani ECollection 2015



Pathophysiology

NEC

Intestinal 
immaturity

Genetic 
predisposition

Microbial 
imbalance

Neu 2014



Intestinal Immaturity

• Premature infants have 
immature:

– Intestinal motility

– Digestion

– Absorption

– Immune defenses

– Barrier function

• Increased risk for 
intestinal injury



Microbes

• Culture
– No single organism 

consistently implicated

• Gas-forming organisms 
 pneumatosis

• “Outbreaks”

• Molecular methods
– Proteobacteria

– Lower diversity of 
microbiota



Neu 2011

Exaggerated Inflammation





Presentation

• Age at onset inversely 
related to GA

• Clinical Presentation

– Abdominal distension

– Feeding intolerance

– Hematochezia

– Non-specific systemic 
signs



R Gonzales-Rivera J Perinatol 2011



Labs

• Anemia
• L shift neutrophils
• Neutropenia
• Thrombocytopenia
• Raised C-reactive protein 

(CRP)
• Metabolic acidosis
• Hyponatremia
• Hyperkalemia
• Glucose instability
• Positive blood culture 

(<40%)

http://www.medical-labs.net/wp-content/uploads/2014/03/band.gif
http://www.medical-labs.net/wp-content/uploads/2014/03/band.gif


Differential Diagnosis

• Septic ileus

• Hirschsprung disease

• Spontaneous intestinal 
perforation 

• Anal fissure

• Milk protein allergy 



Diagnosis

• Pneumatosis intestinalis

• Portal venous gas

• Pneumoperitoneum



Submucosal and Subserosal
Pneumatosis



Portal Venous Gas



Pneumoperitoneum





Cross table lateral

Left lateral decubitus



Ultrasound

a. Portal venous gas in liver
b. Thickening of bowel wall

c. Intramural gas and no blood flow to bowel 



Modified Bell’s Staging Criteria

Systemic Signs Intestinal Signs Radiologic Signs

IA Temperature 
instability, apnea, 
bradycardia

Occult blood in stool,
mild abdominal 
distension

Normal or mild ileus

IB + Gross blood in stool

IIA + Absent bowel 
sounds

+ Pneumatosis

IIB + mild metabolic 
acidosis, mild 
thrombocytopenia

+ Definite abdominal 
tenderness, 
abdominal cellulitis

+ Portal venous gas

IIIA + hypotension, 
respiratory acidosis, 
DIC, neutropenia

+ Generalized 
peritonitis

+ Ascites

IIIB + Pneumoperitoneum

Suspected

Definite

Advanced

Walsh and Kleigman 1986



Management

Medical

• Supportive care

• Bowel rest

• Abdominal decompression

• Broad spectrum antibiotics

Surgical

• Exploratory laparotomy

• Primary peritoneal drainage 



Infants at Risk

• PREMATURITY
• Lower gestational age

• Lower birth weight
• Enteral feedings
• Intrauterine growth restriction



Summary

• NEC is most common severe neonatal 
gastrointestinal emergency

• Pathophysiology of NEC is multifactorial (intestinal 

immaturity, microbial imbalance, exaggerated inflammation) 

• Diagnose with clinical symptoms and 
xray/ultrasound

• Management is supportive

• Prematurity is greatest risk factor for NEC



CONTRIBUTING FACTORS

Can we change our practice to prevent NEC?



Contributing Factors

• Treatment with H2 blockers

• Treatment with antibiotics

• Prolonged NPO

• Transfusion with packed red blood cells



Limited gastric 
acid secretion

Administration 
of H2 blocker

Gastric 
bacterial 

overgrowth
NEC



• Case control study of 
VLBW infants with NEC

– Received Zantac, Pepcid
or Tagament (IV/PO) > 1 
day before diagnosis

• Median 14 days

Guillet Pediatrics 2006



Antibiotics

• Most commonly prescribed medication in 
NICU

• Exposure

→Reduce biodiversity

→Delay beneficial colonization 

→Promote pathogenic and/or resistant organisms



Greenwood J Pediatr 2014



Antibiotics, NEC and ELBW Infants

Cotton Pediatrics 2009

• ELBW infants with ≥ 1 
antibiotic in first 3 days of 
life

• ~ 4000 infants

• Prolonged treatment: ≥ 5 
days with sterile culture 
results

• ~ 4% increase in odds of 
NEC or death with each 
additional day of 
treatment 



Alexander J Pediatr 2011



Prolonged NPO

NEC?

Lack of 
trophic

hormones

Mucosal 
Atrophy

Decreased 
levels of 

mucosal IgA



NPO and NEC

• Cochrane Review 2013

– Nine trials with VLBW 
infants

• No difference in NEC

• Am J Perinatol 2015

– Infants <29 weeks
• 467 without NEC

– NPO 3.7 days

• 234 with NEC

– NPO 5.6 days



TANEC (Transfusion Associated NEC)

Transfusion?

• Meta-analysis 
published in 
Pediatrics 
2012

Feeding 
during 

transfusion?

Severe 
Anemia?

(<8 g/dL)
• JAMA 2016



Choosing Wisely in Newborn Medicine

1. Avoid routine use of antireflux medications 
for treatment of symptomatic 
gastroesophageal reflux disease or for 
treatment of apnea and desaturation in 
preterm infants

2. Avoid routine continuation of antibiotic 
therapy beyond 48 hours for initially 
asymptomatic infants without evidence of 
bacterial infection

Ho Pediatrics 2015



Potential Changes

• Reflux

– Reflux precautions

– If trial medication STOP use if no documented 
change

• Antibiotics

– Consider monitoring (with or without blood 
culture)

– STOP antibiotics after 48 hours with stable infant 
and negative culture



Potential Changes

• NPO

– Minimal enteral feeding, 
gut priming, or trophic 
feeding

– ≤ 24 mL/kg/day

– SAFE
• Treatment indomethacin

Clyman Journal Pediatrics 2013



Potential Changes

• Anemia

– Threshold for transfusion (asymptomatic)

• 11.5/34.5 young, sick babies

• 9.5/28.5 for low FiO2 with NC

• 7.5/22.5 older, stable babies



Potential Changes

Gephart Adv Neonatal Care 2012



PREVENTATIVE STRATEGIES

What else can we do?



Prevention of NEC

• Antenatal corticosteroids

• Mother’s own milk (MOM)

• Donor breastmilk

• Standardized feeding protocols

• Probiotics

• Future directions



Antenatal Corticosteroids

Reduces the incidence of respiratory distress syndrome, intraventricular

hemorrhage, necrotizing enterocolitis, sepsis, and neonatal 

mortality.



MOTHERS’ OWN MILK

Feeding preterm infants human milk is 
associated with a significant reduction 

in the incidence of NEC

http://blogs.babycenter.com/mom_stories/breastfeeding-triplets-photo-04302015-nursing-multiples-story/
http://blogs.babycenter.com/mom_stories/breastfeeding-triplets-photo-04302015-nursing-multiples-story/
http://blogs.babycenter.com/mom_stories/breastfeeding-triplets-photo-04302015-nursing-multiples-story/
http://blogs.babycenter.com/mom_stories/breastfeeding-triplets-photo-04302015-nursing-multiples-story/
https://www.sciencenews.org/sites/default/files/main/blogposts/LS_iStock_000026752385_free.jpg
https://www.sciencenews.org/sites/default/files/main/blogposts/LS_iStock_000026752385_free.jpg


Liquid Gold

• Bioactive components
– Anti-infectious

• Immunoglobulins
• Oligosaccharides

– Trophic effects
• Epidermal growth factor
• Lactoferrin

– Hormones
• Pituitary
• Thyroid
• Steroid

– Cells
• Neutrophils
• Macrophages
• T-lymphocytes

Ziegler Karger 2014



Got Breastmilk?

• Pumping within first hour

• Support for moms

• Breast pumps available 
through insurance

• Lactation consultants



Pasteurized Donor Human Milk 
(PDHM)

• Strict screening process

• Holder pasteurization 

– ↓ Secretory IgA

– ↓ Lactoferrin

– Inactivates lipase



Forest Plots

No effect



Formula versus donor breast milk for feeding preterm or low birth weight infants

Cochrane Database of Systematic Reviews
22 APR 2014 DOI: 10.1002/14651858.CD002971.pub3
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD002971.pub3/full#CD002971-fig-0006

http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD002971.pub3/full


Standardized Feeding Protocols

Patole Arch Dis Child Fetal Neonatal Ed 2005



“ON THE BASIS OF THAT, STANDARDIZED FEEDING PROTOCOLS ARE 
SIMPLE, CHEAP, EFFECTIVE, AND TRANSMISSIBLE; FURTHERMORE, THEY 
REDUCE THE RISK OF NEC, IT IS TIME THAT ADOPTION OF 
STANDARDIZED FEEDING PROTOCOLS IS NO LONGER OPTIONAL BUT 
IMPERATIVE IN THE QUEST TO PREVENT NEC.”

Preventing Necrotizing Enterocolitis With Standardized Feeding Protocols: 
Not Only Possible, But Imperative 
Sheila M. Gephart, PhD, RN; Corrine K. Hanson, PhD, RD 



Culpepper Advances Neonatal Care 2016 



Probiotics

• Live microorganisms

– Protective barrier

– Modulate inflammatory 
response

– Improved intestinal 
motility 



Probiotics for prevention of necrotizing enterocolitis in preterm infants

Evidence‐Based Child Health: A Cochrane Review Journal
Volume 9, Issue 3, pages 584-671, 19 SEP 2014 DOI: 10.1002/ebch.1976
http://onlinelibrary.wiley.com/doi/10.1002/ebch.1976/full#fig1

http://onlinelibrary.wiley.com/doi/10.1002/ebch.v9.3/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/ebch.1976/full


Why isn’t everyone on probiotics?

• Trend for higher 
incidence sepsis (infants 
<750g)

• Poor quality control

• Appropriate probiotic
and dose?



Future Directions

• Stem cells in amniotic fluid as a protective 
agent against the development of NEC



Conclusion

• NEC is multifactorial

• Prevention is key!
– Your unit’s incidence of NEC compared to other 

similar units

– Quality Improvement Project
• Feeding protocol

– Use of MOM

– Decrease days NPO

• Decrease antibiotic and H2 blocker use

• Transfusion practice

• Probiotics



Thank You!
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