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Background
Necrotising enterocolitis (NEC) is the most common gastrointestinal emergency in neonates. The pathogenesis of NEC is multi-factorial and has an unknown aetiology. A unifying hypothesis that may explain NEC is: 1 2 
hypoperfusion or intestinal ischemia in an immature gut as a result of a perinatal insult, either antenatal and/or postnatal, causing mucosal injury  
the presence of intestinal pathogenic bacteria and 
excess of protein substrate (milk) 
These factors will result in breaching the mucosal barrier, as well as a complex interaction of inflammatory cascade as a response to the injury.1 2 Immunological immaturity of the gut in premature babies may represent a crucial risk factor. 
The most frequently isolated bacteria are gram-negative (e.g. Klebsiella, E coli, Enterobacter), anaerobes (e.g. Clostridia, bacteroides) and gram-positive (e.g. Staph epidermidis, Enteroccoci).  
Key Objective
This document provides clinical guidance on detecting, preventing, and treating NEC in neonates. This guideline applies to neonates born in, transferred to, or admitted to Canberra Health Services (CHS). 
Alerts
It is crucial to recognise NEC promptly because it can lead to life-threatening complications, including death. 
A high level of suspicion is paramount. 
If a neonate has symptoms and signs of NEC or is suspected to have NEC, the neonatal Registrar must be notified immediately. 
For doses and guidelines regarding medication used in the treatment of NEC mentioned in this document, please refer to the Neonatal Intensive Care Unit (NICU) Drug Manual, which can be found on the CHS Policy and Guidance Documents Register and via the Australian Neonatal Medicines Formulary (ANMF) at www.anmfonline.org
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This document applies to neonates (aged less than 28 days or less than 44 weeks corrected age) cared for in CHS. 
This document applies to the following CHS staff working within their scope of practice: 
medical officers  
registered nurses
midwives 
students working under supervision. 
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The incidence of NEC in preterm infants is reported to vary between 3% to 12%,3-5 and the estimated mortality rate ranges between 15% and 50%.6 7 
NEC also occurs in term infants with a reported incidence of 0.05 / 1000 live births.8 
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Mucosal injury, bacterial colonisation and formula feeding are the three major pathogenetic factors that have been documented in most infants who have developed NEC. On rare occasions, NEC can develop in healthy preterm or term infants with no identifiable risk factors. The risk factors for NEC are listed below.1 2 9-11 
Proven risk factors
prematurity
absent or reversed umbilical artery flow antenatally
hypotension in the neonatal period
enteral feeding (less than 10% of NEC occurs in infants who have never been fed)
formula feed: NEC is more common among formula-fed and formula-plus breast milk-fed infants than those fed breast milk alone. The incidence of NEC also appears to be related to the quantity of formula milk fed. Although NEC is rare amongst infants fed breast milk alone, it can occur. 
Suggested risk factors
1. intrauterine growth restriction
no antenatal steroids
perinatal asphyxia
pathogenic organisms
congenital heart disease
polycythaemia
exchange blood transfusion
inflammatory mediators
Umbilical Arterial Catheter (UAC) - rare. 
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Pathology
NEC most commonly affects the jejunum, terminal ileum, and proximal colon, but it can also affect any part of the bowel. Gut necrosis and dead bowel are the severe end of changes.12
The consequences of NEC include: 
1. mortality: The mortality rate of NEC overall is 15% and 50%6 7 
GIT sequelae: adverse GIT sequelae include: 
· strictures
· short bowel syndrome
· bowel obstruction
· cholestasis
· other rare sequelae such as abscess and recurrence
neurodevelopmental sequelae 
impaired growth.
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Clinical presentation
NEC presentations are variable and may be sudden with rapid clinical deterioration or evolve slowly over a couple of hours to days. Furthermore, the presentation may be non-specific, and a high level of suspicion may be important. The clinical presentation includes: 
Non-specific for GIT: feed intolerance, abdominal distension, occult blood in stool 
Specific GIT: increased abdominal distension with tenderness, abdominal wall oedema, decreased or absent bowel sounds, bile-stained gastric aspirates, bloody stool. 
Systemic: temperature instability, apnoea, persistent acidosis, thrombocytopenia, anaemia, neutropenia and cardiovascular compromise such as hypotension, oliguria, and shock. 
Differential diagnosis
feed intolerance
sepsis with or without ileus
bowel obstruction
other GIT pathologies, such as volvulus and malrotation
spontaneous intestinal perforation without NEC13 
systemic candidiasis (rare).13 
Investigations
If NEC is suspected in a baby at North Canberra Hospital (NCH), consult with the primary care team at Canberra Hospital (CH) for ongoing management and plan.
Laboratory
Full blood count (FBC) 
C-reactive protein (CRP) 
Blood glucose level (BGL) 
Electrolytes
Arterial or venous blood gas (including lactate)
Coagulation profile
Blood cultures
Once a NEC diagnosis is suspected, serial monitoring of clinical status including heart rate and blood pressure, blood parameters (FBC, electrolytes, CRP and blood gas) and X-rays are required to monitor progression. Frequency to be determined by the clinical team.  
Radiological investigations and imaging
Abdominal X-rays
Supine anterior-posterior (AP) and shoot-through (left lateral decubitus is preferred if practical). X-ray findings may be delayed, and serial X-rays should be considered. X-ray findings include: 
dilated and thickened bowel loops with/without air-fluid levels
pneumatosis intestinalis (intramural gas): the radiological hallmark of NEC
pneumoperitoneum: best seen under the diaphragm in the left lateral decubitus abdominal X-ray (AXR). Less common, on the AP film, it is seen as a central collection of free air ('football sign')
persistently (fixed) distended loop of bowel
portal venous gas
gasless abdomen. 
Ultrasound
Bowel ultrasound is increasingly recognised for its crucial role in diagnosing and managing NEC in neonates. This imaging technique offers several advantages over traditional radiography, such as visualising bowel wall thickness, detecting free fluid, and assessing bowel perfusion using Doppler imaging. Emerging data highlights the benefits of bowel ultrasound, including real-time assessment of bowel health, earlier diagnosis, and identification of critical findings. Bowel ultrasound can also reduce unnecessary antibiotic use by providing more accurate diagnoses when AXR results are equivocal. Additionally, bowel ultrasound aids in monitoring disease progression and response to treatment, potentially preventing severe complications like bowel perforation. However, bowel ultrasound requires significant expertise in interpretation, often limited by low case volumes and clinicians' unfamiliarity with the technique. Alexander KM et al. summarised key bowel ultrasound findings and correlation with AXR and outcomes from previous meta-analyses, underscoring the potential of bowel ultrasound to enhance diagnostic accuracy.14
At CH, bowel ultrasound is used clinically to build clinical acumen, but it is recommended that other diagnostic modalities be obtained to ensure a comprehensive evaluation.
NEC imaging protocol
During business hours:  
order a bowel ultrasound specifically for NEC (request: “bowel ultrasound for NEC”)
as part of the protocol, the sonologist will also assess SMA/SMV orientation during the NEC ultrasound. 
After hours clinical point-of-care ultrasound (CPU) may be performed by a trained neonatologist if deemed necessary by clinical staff. 
Role of scoring system to identify surgical NEC
Scoring systems are shown to predict the need for surgery earlier. Various scoring systems, biochemical markers, imaging methods and invasive techniques have been reported with variable success rates.15 External validation in a large prospective multicentre is needed to evaluate accuracy and impact on clinical outcomes.15 
At CH, the ‘comprehensive score of risk factors for evaluating the timing of NEC surgery’ is used as a complement to clinical evaluation.16 Discussion with the surgical team is essential. 
The item of the comprehensive score of risk factors for evaluating the timing of NEC surgery is shown in the table below: 
	Clinical criteria: 
	Definition 
	Score 

	Respiratory failure 
	Under the conditions of sea level, rest and breathing air, and excluding intracardiac anatomical shunt and primary reduction of blood output: arterial partial pressure of oxygen less than 50mmHg, with or without arterial partial pressure of carbon dioxide greater than 60mmH.17 
	0 = absent  
1 = present 

	Septicaemia 
	Blood culture was positive within 96 hours after NEC diagnosis.18 
	0 = absent  
1 = present 

	Faecal occult blood 
	 
	0 = absent  
1 = present 

	Redness or purple abdominal wall 
	 
	0 = absent  
1 = present 

	Abdominal induration 
	 
	0 = absent  
1 = present 

	Abdominal muscle tension 
	 
	0 = absent  
1 = present 

	Abdominal tenderness 
	 
	0 = absent  
1 = present 

	Abdominal wall vein exposure 
	 
	0 = absent  
1 = present 

	Disappearance of bowel sounds 
	 
	0 = absent  
1 = present 

	Poor microcirculation perfusion 
	Capillary filling time greater than or equal to 3 seconds.19 
	0 = absent  
1 = present 

	Hypotension 
	 
	0 = absent  
1 = present 

	Laboratory criteria: 
	 
	 

	Metabolic acidosis 
	Ph less than 7.25 or need to be treated with sodium bicarbonate.18 
	0 = absent  
1 = present 

	Neutropenia 
	The absolute neutrophil count is less than 2.0× 109/L.18 
	0 = absent  
1 = present 

	Hyponatremia 
	Sodium less than 130 mmol/L in the past 24 hours.19 
	0 = absent  
1 = present 

	Hyperglycaemia 
	Neonatal whole blood glucose greater than 7.0mmol/L, or plasma glucose greater than 8.0mmol/L.19 
	0 = absent  
1 = present 

	Disseminated Intravascular Coagulation (DIC) 
	 
	0 = absent  
1 = present 

	Radiographic criteria: 
	 
	 

	Fixed loop of intestine 
	 
	0 = absent  
1 = present 

	Intestinal obstruction 
	 
	0 = absent  
1 = present 

	Intestinal wall gas and portal vein gas 
	 
	0 = absent  
1 = present 

	Total score 
	 
	Up to 19 


Note: Pneumoperitoneum is not part of the scoring system as it is considered an independent absolute indication for surgery. 
The comprehensive score of risk factors is interpreted as follows:16 
	Score (points) 
	Interpretation  
	Sensitivity and specificity (respectively) 

	Less than or equal to 3 
	Likely not to need surgical intervention 
	97.2% and 52.8% 

	4–7  
	May need surgical intervention 
	 

	Greater than 7  
	Very likely to need surgical intervention 
	91.4% and 100% 


For neonates with a borderline score (4-7), certain features on bowel ultrasound can help diagnose NEC, especially when findings on AXR are equivocal. Key sonographic findings include bowel wall echogenicity and thickening, which are signs of bowel inflammation and can assist in clinical scoring without necessarily indicating the need for surgery. 
However, bowel ultrasound can also help predict the need for surgery by identifying more severe features. These include bowel wall thinning, absence of perfusion, absence of peristalsis, and the presence of portal venous gas. These findings are indicative of advanced disease and strongly suggest the need for surgical intervention. 
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The majority of infants with NEC can be managed conservatively however, around 30 to 50% will require surgery. Frequent physical examinations and investigations are essential as the disease can progress rapidly. Consultation with a paediatric surgeon is essential. Also, discussions with radiologists and clinical microbiologists should be sought when needed. 
Below is a brief account of conservative and surgical treatments. 
Bowel rest and nutrition
Bowel rest aims to prevent further gut injury and allow the bowel to recover. This includes: 
Cessation of enteral feeding. Conventionally, the duration of no enteral feed is usually 5 to 10 days. If the gut function is returned to normal, i.e., soft, non-distended, non-tender abdomen with normal bowel sounds and minimal gastric residuals, earlier feed recommencement should be considered. In these cases, gradual reintroduction of feeds should be standard practice. Ideally, feeds should start with breast milk - either the mother’s own or donor milk. Refer to the Neonatal Nutrition Guideline.
Gastric decompression with a large bore 8 -10F orogastric tube. 
Commencement of intravenous fluids or total parenteral nutrition (TPN) 
Correction of electrolyte disturbances 
Intravenous antibiotics
Broad-spectrum intravenous antibiotic cover against gram-positive and negative organisms should be commenced as soon as the diagnosis is considered.
Antibiotic usage should be determined by the sensitivity of local organisms and blood culture results when available.
At CH, there are four recommended antibiotic regimen options. The NICU Consultant should authorise deviation from the first option and discuss with a clinical microbiologist when practical.
NEC may occur as a result of bloodstream infection or cause a bloodstream infection, and the signs and symptoms may overlap with those of sepsis or septic shock. When there is doubt, both conditions should be treated until the clinical situation is clarified 
The recommended four options for the antibiotic regime at CH are summarised below: 
· Triple therapy of Ampicillin, Gentamicin and Metronidazole
· Recommended as a first line of treatment. 
· Single therapy of: Piperacillin/Tazobactam (known as Piptaz or Tazocin) 
· This option should be used if there is an absolute or relative contraindication for the first line above. For example, if a baby has received multiple courses of gentamicin in the past, limiting exposure to gentamicin may be advisable. Also to be used if resistant bacteria is suspected, e.g. resistant E. Coli. 
· Double therapy of Piperacillin/Tazobactam (known as Piptaz or Tazocin) and Vancomycin 
· It is to be used if susceptible organism is suspected, e.g., Enterococcus faecalis. A further consideration for this combination includes line sepsis. 
· Double therapy of Meropenem and Vancomycin 
· This combination is reserved for severe cases that do not respond to usual treatment. Consultation with a paediatric infectious disease specialist or microbiologist may be considered at the discretion of the treating team. 
The duration of antibiotic treatment is usually 5 to 7 days. Extension beyond this duration should be authorised by the NICU Consultant and should be discussed with a clinical microbiologist when practical. Consideration of stopping earlier may be considered if the baby is clinically improved.
Consultation with other specialists such as paediatric surgeons, clinical microbiologists, paediatric infectious disease or radiologists may be considered at the discretion of the NICU Consultant. In severe cases or non-response, consulting with a paediatric infectious disease specialist or microbiologist is strongly recommended. 
Fluids and cardiovascular support
Infants with NEC often develop a capillary leak, third spacing and hypoalbuminaemia, leading to hypovolaemia. In such cases, fluid resuscitation is paramount. Consider the following points a general guide if this situation arises:  
Crystalloid fluids should be used for initial volume expansion in NEC. Administer 10 to 20 mL/kg per bolus, reassessing after each dose. Additional boluses may be required, but total volume rarely exceeds 40 to 60 mL/kg and should be given only under close specialist supervision using frequent clinical assessment, laboratory monitoring, and point-of-care ultrasound to guide therapy. Blood products should be considered for volume expansion where clinically appropriate. Consider inotropes or vasopressors early if there is inadequate response to volume expansion, guided by clinical assessment and clinician-performed ultrasound in accordance with the ultrasound guideline. The choice of agent should be tailored to the clinical situation and discussed with a fellow or consultant. 
Correction of thrombocytopaenia if platelets less than 25, or less than 50 if active bleeding/high risk or if surgery is required.
Correction of anaemia with packed cells 20ml/kg.
Rarely, plasma-free red blood cells with low titer Ag. maybe needed if there is haemolysis on the blood film and the Tk Ag Activation test is positive. However, this is not part of standard investigation/management.
Fresh Frozen Plasma (aliquots of 10 ml/kg) may be needed if there is active bleeding and/or an abnormal coagulation profile. 
Respiratory support
Mechanical ventilation is required if there is increasing apnoea, oxygen requirements, or severe acidosis. 
Correction of acidosis
The acidaemia in NEC is mixed. Correct the respiratory component (hypercarbia and acidosis from hypoventilation) with appropriate ventilatory support. The metabolic component is from hypoperfusion and requires fluid and volume expansion and in some cases inotrope or vasopressor support. 
Analgesia
If required, commence morphine infusion. Monitor for apnoea or respiratory deterioration. 
Surgery
Consultation with a paediatric surgeon is essential once the diagnosis has been considered.
Indications for surgery
Absolute indication:
Intestinal perforation (diagnosed by pneumoperitoneum on abdominal X-ray).
Relative indications, depending on clinical situation:
Clinical deterioration or failure to respond to optimal medical management, as evidenced by: 
· persistent thrombocytopenia, leucopenia or leucocytosis, progressive neutropenia, severe gastrointestinal bleeding, oliguria, hypotension, or persistent acidosis. 
· abdominal induration, tenderness, fixed abdominal mass, or abdominal wall erythema/rigidity. 
· fixed loop on serial abdominal X-rays. 
· presence of portal venous gas (especially if clinically unstable), or positive paracentesis (brown fluid/bacteria) which is highly suggestive of intestinal gangrene. 
· high comprehensive score of risk factors for NEC surgery (see above).16
Note: Consider earlier surgical intervention in infants not responding to medical therapy, as delay is linked to worse outcomes. 
The optimal surgical procedure is determined by the paediatric surgeon and may include:
laparotomy with resection of necrotic bowel with formation of enterostomy and mucosal fistula
laparotomy with resection of necrotic bowel without formation of enterostomy and mucosal fistula
peritoneal drainage in some clinical circumstances.20 21 
The location of the surgical procedure (bedside, NICU Procedure Room or main theatre) should be discussed and agreed on by the surgical, anaesthetic and neonatal teams as transporting clinically unstable neonate may be challenging.
Long-term management of NEC
parents should be informed of the current and anticipated problems
parents must be instructed about the signs of bowel obstruction
medical and surgical follow up after discharge
contrast studies should only be done if clinically indicated for stenosis or obstruction 
appropriate developmental follow-up. 
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The following measures have been suggested for the prevention of NEC: 
human breast milk
probiotics
restricted fluid intake
antenatal corticosteroids
standardised feeding regimen
antimicrobial stewardship
avoidance of certain medications such as H2 blockers and PPI
care bundles combining several of the above interventions.
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[bookmark: _Hlk170467240]Treatment for NEC in neonates is initiated according to this procedure.
Measures
NEC (including surgical interventions) benchmarking (completed by NICUS and ANZNN) is regularly reviewed at safety and quality meetings, 
Annual audit of NEC cases to assess: 
· protocol adherence 
· timeliness of diagnosis and intervention 
· outcomes (medical vs. surgical NEC, mortality). 
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Policies
Health Directorate Nursing and Midwifery Continuing Competence  
Consent and Treatment 
Medication Handling 
Preventing and Controlling Healthcare Associated Infections 
Recognising and Responding to Acute Deterioration National Standard 
Procedures
Venous and Arterial Access Management in the Department of Neonatology 
Patient Identification and Procedure Matching 
Guidelines 
Acutely Unwell and Deteriorating Paediatric Patient (Excluding Psychiatric Behaviour Deterioration)
Total Parenteral Nutrition and Lipids (Neonates)
Neonatal Nutrition Guide 
Neonatal Bacterial Sepsis
Legislation
Health Records (Privacy and Access) Act 1997
Human Rights Act 2004
Work Health and Safety Act 2011
Other
Australian Charter of Healthcare Rights
Neonatal Intensive Care Drug Manual (www.anmfonline.org)
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