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Objectives
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• Review existing definitions for NEC reported in the 
literature

• Highlight key similarities and differences 

• Discuss considerations regarding redefining and 
diagnosing NEC, utilizing lessons from efforts to 
redefine BPD and diagnose and treat early-onset sepsis



Definitions matter
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“Type 2 diabetes is a disease in search of a definition. It has no 

hallmark clinical features … has very heterogeneous 

pathophysiological features, and varies widely between 

populations in clinical presentation and consequences. Despite 

this obvious heterogeneity, laboratory and clinical research is 

typically done as if type 2 diabetes were one disease entity with 

uniform characteristics, thus assuming standard causal 

mechanisms and universal treatment pathways.”

-Edwin Gale (Lancet, 2013)



Definitions matter
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HbA1C >6.5% = Type 2 Diabetes

Cheng et al. Diabetes Care. 2013

Data from 1,066 individuals aged ≥40 years



Definitions matter

HbA1C >6.5% = Type 2 Diabetes

Pre-diabetes
HbA1C >5.7-6.4%
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Data from 1,066 individuals aged ≥40 years



Outcomes often exist across a spectrum

N=407,503
School age children
In 19 Scottish Local 
Authority areas

MacKay. PLOS One. 2010
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Initial report of NEC staging

Ann Surg. 1978.



Initial report of NEC staging

“Necrotizing enterocolitis can be recognized at 

various stages; a spectrum exists between a 

fulminant form, progressing to intestinal necrosis in 

12-24 hours, and a more slowly evolving and 

benign form. In fact, in its earliest stages NEC may 

resemble a number of other conditions prevalent in 

the neonatal population.”

Bell et al. Ann Surg. 1978.



“Comparison of the results of 
various treatment programs 
for NEC is hampered by the 
lack of a uniformly accepted 
set of diagnostic criteria and 
failure to delineate precisely 
the stage of the disease at the 

time of diagnosis.”

Initial report of NEC staging

Bell et al. Ann Surg. 1978.



Bell stage and outcomes

Bell et al. Ann Surg. 1978.



Initial report of NEC staging

Bell et al. Ann Surg. 1978.



Modified Bell Staging

Walsh and Kliegman. Pediatr Clinics N Am. 1984.

“The true nature or clinical course that 

NEC will follow is usually not known 

until 24 to 48 hours of onset.”

“Studies of the pathogenesis and 

treatment of NEC have been hampered 

by the failure to define the stage of the 

disease at the time of diagnosis.”



Modified Bell Staging

Walsh and Kliegman. Pediatr Clinics N Am. 1984.



Modified Bell staging criteria for NEC

Walsh and Kliegman. Pediatr Clinics N Am. 1984.



Bell staging predominant definition used

Country Case-definition

Australia / New Zealand Bell stage ≥ 2

Canada Bell stage ≥ 2

Finland Bell stage 1-3

Germany At least 1 radiologic and 2 clinical findings

Italy Bell stage ≥ 2

Japan Bell stage ≥ 2

South Korea At least 1 radiologic and 2 clinical findings

Poland At least 2 of a list of clinical/radiologic findings

Spain Bell stage ≥ 2

Sweden ICD-9 code

Switzerland Bell stage ≥ 2

USA At least one clinical and one radiologic finding (VON definition)

Battersby et al. Arch Dis Child Fetal Neonatal. 2018
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Limitations of Bell staging

• Presence of pneumoperitoneum 
may be from spontaneous 
intestinal perforation

• High incidence of Stage I

• Uncertainty of presence of 
pneumatosis

• Case definition not explicit

• Baseline risk not accounted for
• Degree of prematurity
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Inclusion of Bell Stage I into Cochrane for DCC

88%?

Rabe et al. Cochrane Database Syst Rev. 2012 



Additional definitions

• Gestational age-specific case definition

• Severe NEC 

• VON 

• CDC 

• Two of 3 rule

• Stanford NEC score

• Not discussed: INC definition (working)



Gestational age specific case definition (UK)

Battersby et al. JAMA Pediatr. 2017



Gestational age specific case definition (UK)

Battersby et al. JAMA Pediatr. 2017

99.9



Gestational age specific case definition (UK)

Battersby et al. JAMA Pediatr. 2017



Severe NEC definition (UK population based study)

Battersby et al. Lancet Gastroenterol Hepatol. 2016

• Disease confirmed by laparotomy, histology, or autopsy

• If no tissue evidence was available, the reported primary 
cause of death on the death certificate. 

• Infants who received a diagnosis of spontaneous intestinal 
perforation at laparotomy were excluded.



VON NEC definition 

Source: https://public.vtoxford.org/wp-content/uploads/2014/11/Manual_of_Operations_Part2_v19.pdf (Accessed Oct 2018)

• NEC diagnosed at surgery or at postmortem examination 

• OR diagnosed clinically and radiographically using following criteria: 

• At least one of the following clinical signs present: 
• Bilious gastric aspirate or emesis 

• Abdominal distension 

• Occult or gross blood in stool (no fissure) 

And at least one of the following radiographic findings present: 
• Pneumatosis intestinalis 

• Hepato-biliary gas 

• Pneumoperitoneum

Note: Infants who satisfy the definition of NEC but are found 
at surgery or post-mortem examination for that episode to 
have a “Focal Intestinal Perforation” should be coded as 
having “Focal Intestinal Perforation”, not as having NEC. 

https://public.vtoxford.org/wp-content/uploads/2014/11/Manual_of_Operations_Part2_v19.pdf


CDC NEC definition 

Source: https://www.cdc.gov/nhsn/PDFs/pscManual/17pscNosInfDef_current.pdf (Accessed Oct 2018)

• Definition used by the US Centers for Disease Control and 
Prevention (CDC) for surveillance (up to 1 year of age)

https://www.cdc.gov/nhsn/PDFs/pscManual/17pscNosInfDef_current.pdf


Two of three rule

Gordon et al. Sem Perinatol. 2017

Gephardt et al. Sem Ped Surg. 2018



Stanford NEC score

Ji et al. PLOS One. 2014



Stanford NEC score

Ji et al. PLOS One. 2014



Stanford NEC score

Ji et al. PLOS One. 2014



Comparisons of definitions

• Only 2 variables consistent across all definitions: presence of 
pneumatosis intestinalis and portal venous gas

• Two definitions stratify baseline risk by gestational-age 
grouping

• Two of 3 rule, severe NEC and VON definitions provide 
explicit guidance regarding exclusion of SIP



When is the diagnosis being determined

Walsh and Kleigman. Pediatr Clinics N Am. 1984

“The true nature or clinical course that 

NEC will follow is usually not known 

until 24 to 48 hours of onset.”



When is the diagnosis (onset) being determined

Gephardt et al. Sem Ped Surg. 2018

At early onset
(for diagnostic 

biomarkers)

At autopsy
(for epidemiologic studies 

and surveillance)

At a certain severity
(for interventional 

studies)



Seven considerations regarding redefining NEC

1. Address possible contamination by spontaneous intestinal 
perforation

2. Avoid inclusion of Bell stage I

3. Risk-stratification incorporated into definitions

4. Assessment of predictive ability of measures to guide inclusion

5. Need to compare performance of case-definitions in classifying an 
important set of outcomes among infants with NEC

6. Describe how uncertainty addressed (e.g. findings of questionable 
or possible pneumatosis)

7. Better tools to estimate pre-test probability of NEC before 
diagnostic testing
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Thank you !


