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ABSTRACT

Necrotizing enterocolitis (NEC) is one of the most common gastrointestinal emergencies in the 
newborn infant, and the incidence varies between 3% and 15% in neonatal intensive care units 
(NICU). It has a high risk of mortality and both short- and long-term morbidity which severely 
impacts the quality of life in the survivors. Lack of specific clinical and laboratory findings makes 
early diagnosis difficult for the clinician and sometimes results in overtreatment for feeding 
intolerance which is quite frequent in preterms and can easily be confused with NEC. The fact 
that there are many definitions and presentations of NEC even complicates the management. 
This review aims to summarize the guideline of the Turkish Neonatal Society for diagnosis, 
treatment, and prevention of NEC for the clinician taking care of preterms. Etiopathogenesis 
and various clinical pictures of NEC, as well as diagnostic methods, are defined. Treatment and 
prognosis are discussed in detail with reference to current literature and preventive strategies 
are summarized based on evidence. Finally, the approach to baby presenting with suspected 
NEC is summarized in an algorithm.
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INTRODUCTION

Necrotizing enterocolitis (NEC) is one of the most common gastrointestinal emergencies in 
the newborn infant. NEC is a disorder characterized by ischemic necrosis of the intestinal 
mucosa, which is associated with severe inflammation. Although first described in 1965, the 
etiology and pathogenesis still remain uncertain.1

The incidence of NEC is estimated to be approximately 3-15% in neonatal intensive care 
units (NICU). More than 90% of cases occur in very low-birth-weight (VLBW) infants 
born at < 32 weeks gestation, and the incidence decreases with increasing gestational 
age (GA) and birth weight.1 A recent study conducted by the Turkish Neonatal Society in 
2019 revealed that the incidence of NEC in VLBW premature babies was found to be 9.1%.2

Although early recognition and aggressive treatment of this disorder have improved clini-
cal outcomes, the mortality of NEC ranges between 20% and 30%, with the highest mortality 
among those requiring surgery.1 NEC accounts for substantial long-term morbidity in survi-
vors of NICU, particularly in VLBW infants.

DEFINITIONS

Necrotizing Enterocolitis
NEC is a gastrointestinal pathology characterized by inflammation-related ischemic necro-
sis of the intestinal mucosa.1 There are different definitions in the literature other than 
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classical NEC such as hypoxic-ischemic enterocolitis and early 
NEC (ENEC), transfusion-associated NEC (TANEC).

Hypoxic-Ischemic Enterocolitis, ENEC
Prenatal intestinal hypoxia-ischemia is the primary pathologi-
cal factor leading to ENEC in the first week of life in preterm 
infants with intrauterine growth retardation and fetal hemody-
namic disturbances such as absent or reversed end-diastolic 
blood flow in the umbilical artery. Unlike classical NEC, it is 
known to occur earlier, and there are studies showing that it 
progresses with severe inflammation.3

Transfusion-Associated NEC
TANEC has been described as NEC that arises within 48-72 h 
of a blood transfusion. Although the relationship between NEC 
and transfusion has been shown in various studies, it has been 
reported that this relationship is not clear in randomized con-
trolled studies.4

Spontaneous Intestinal Perforation (SIP)
Spontaneous intestinal perforation (SIP) of the newborn, also 
referred to as isolated perforation, is a single intestinal perfo-
ration that is typically found at the terminal ileum. SIP mainly 
affects extremely low-birth-weight (ELBW) infants at an early 
postnatal age. SIP is differentiated from NEC and character-
ized as an isolated perforation without inflammation. Several 
studies have shown that postnatal corticosteroids and/or 
non-steroidal anti-inflammatory agents are associated with 
SIP.5

NEC in Term Infants
Although the majority of infants with NEC are preterm, approx-
imately 10-15% of cases occur in term infants. Term infants who 
develop NEC typically have a preexisting illness and develop 
NEC without being fed. Associated conditions may affect intes-
tinal perfusion and include congenital heart disease, primary 
gastrointestinal disorders, and perinatal hypoxia. Clinical find-
ings occur earlier. In a retrospective study, it was shown that 
the severity of the disease, the need for inotropic, mechanical 
ventilation, and surgical intervention were less in term infants 
compared to preterm.6

Etiology and Pathogenesis
The main pathological findings in NEC are severe inflam-
mation, bleeding, and transmural necrosis in the intestinal 
mucosa. Other findings are secondary bacterial infiltration 
and vascular thrombus. Terminal ileum and colon are most 
frequently involved, but in severe cases, all intestines may be 
affected.1

Although the pathogenesis of NEC is not known, various mech-
anisms have been suggested. The basic etiology is based on 
intestinal immaturity since 90% of cases are preterm, but it is 
known that multiple factors are effective. These factors include 
microbial dysbiosis, enteral feeding, hypoxia-ischemia, and 
inflammation together with some potential triggers and risk 
factors (Tables 1and 2).7,8

Pathogenesis of NEC is summarized in Figure 1.

Clinical Presentation and Diagnosis
Clinical, laboratory, and radiological findings are important in 
the diagnosis of NEC. The timing of the onset of symptoms var-
ies and appears to be inversely related to GA. The median age 
at onset of NEC in infants with a GA < 26 weeks is 23 days, and 
for those with a GA > 31 weeks is 11 days. The onset time of the 
disease in term babies is 7-12 days on average.9

The most frequent but misleading sign of NEC is feeding intol-
erance whose symptoms include the presence of gastric resid-
uals, vomiting, and abdominal distension.9 These may be signs 
of NEC, but most often it is seen in patients without NEC. While 
gastric residuals are often seen in ENEC, checking for gastric 
residuals is increasingly abandoned for the value of it is not well 
supported by current evidence.10 However, in babies whose 
residual control has been performed, residuals of more than 
5 mL/kg or more than 30-50% of the volume and normal clini-
cal, laboratory, and radiological findings other than abdomi-
nal distension suggest feeding intolerance.

Table 1.  Potential Trigger Factors.
Trigger Factors Mechanism
Formula feeding Immune stimulation

Microbial dysbiosis
Primary infection Bacterial colonization
Anemia and transfusion Reperfusion injury
Circulatory failure Hypoxia-ischemia
H2 blockers Microbial dysbiosis

Bacterial colonization
Antibiotic therapy Microbial dysbiosis
Hyperosmolar agents Mucosal injury

Table 2.  Risk Factors for Necrotizing Enterocolitis (NEC) by Infant 
Category.

All Gestational Ages
Premature Infants 
(<32 weeks)

Late Preterm and 
Term Infants

Formula feeding Very low 
birthweight

Congenital heart 
disease

Hypoxia Small gestational 
age

Chromosomal 
abnormalities

Inotropic support Anemia and 
transfusion

Gastroschisis

Birth asphyxia Patent ductus 
arteriosus

Sepsis

Intrauterine growth 
restriction

Postnatal 
respiratory distress

Polycythemia Hypoxic-ischemic 
encephalopathy

Chorioamnionitis Milk protein allergy
Exchange transfusion Hypothyroidism
Umbilical lines Protracted 

diarrhea
Premature rupture of 
membranes 

Maternal history of 
preeclampsia

Severe anemia Gestational 
diabetes

Maternal cocaine use 

514



Turk Arch Pediatr 2021; 56(5): 513-524 Ergenekon et al.

Findings supportive of NEC are listed below.

CLINICAL FINDINGS

Specific Findings
•	 Abdominal distention,
•	 Gastric residuals,
•	 Tenderness,
•	 Vomiting (usually bilious),
•	 Diarrhea,
•	 Rectal bleeding,
•	 Abdominal wall erythema, crepitus, and induration.

Nonspecific Systemic Findings
•	 Apnea,
•	 Respiratory failure,
•	 Lethargy or temperature instability,
•	 Hypotension resulting from septic shock,
•	 Bacteremia (20-30% of infants with NEC have associated).

Laboratory Findings
There is no definitive diagnostic laboratory test. Laboratory 
tests are used to determine the severity of the disease and fol-
low-up. Thrombocytopenia and leukopenia are common.

Complete blood count, serum chemistries (serum electrolytes, 
blood urea nitrogen, creatinine), coagulation studies, and 
blood gas analysis are performed when NEC is suspected.

Sepsis evaluation is performed because sepsis is a common 
concomitant finding or one of the main differential diagnoses. 
Stool tests, generally not useful. Peritoneal culture is not rou-
tinely recommended.11

Radiological Findings
The main radiological findings are nonspecific such as gas 
distension, dilated bowel loops, and edema in the intesti-
nal wall in the early period. Diagnostic radiological finding 
for NEC is pneumatosis intestinalis characterized by gas in 
the intestinal wall produced by bacteria (Figure 2). Portal 
venous gas, acid, and pneumoperitoneum are other radio-
logical findings (Figure 3). Left lateral decubitus radiogra-
phy may be helpful when pneumoperitoneum is suspected 
(Figure 4).6

Abdominal radiographs are usually used to confirm the 
diagnosis of NEC and follow the progression of the disease. 
However, they often lack sensitivity and specificity. Abdominal 
ultrasonography is being increasingly used for assessing pneu-
matosis intestinalis, pneumoperitoneum, ascites, bowel wall 

Figure 1.  Necrotizing enterocolitis pathogenesis.
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thickness bowel dilatation, and presence or absence of peri-
stalsis with high sensitivity and specificity.12 However, expertise 
in abdominal sonography may not be widely available.

Classification
NEC was classified by Walsh and Kliegman.13 They modified 
the Bell criteria based on clinical, radiological, and laboratory 
findings.13 The modified Bell staging criteria provide a uniform 
clinical definition of NEC based upon the severity of systemic, 
intestinal, radiographic, and laboratory findings and are the 
most commonly used diagnostic and staging tool in practice 
(Table 3).

Risk Scores
Various scoring systems have been developed in order to pre-
dict the development of NEC and to provide early diagnosis and 
treatment. Although there are many risk scores that are in the 
research until today, none is routinely recommended. “eNEC” 

risk score, which includes GA, birth weight, and prenatal and 
postnatal characteristics, seems to be practical and usable.14

Treatment
Treatment of NEC includes medical management for all 
patients and surgical intervention for certain cases. However, 
there is no evidence-based consensus as to which patients 
require surgical intervention, except for those with evidence 
of bowel perforation. Therefore, modified Bell staging criteria 
continue to be used to make decisions regarding the severity of 
the disease.15-17

Medical Management
Medical management should be started immediately as soon 
as NEC is suspected. Supportive care, empirical antibiotic 

Figure 3.  Yellow arrow: portal venous gas, red ring: pneumoperitoneum

Figure 4.  Left lateral decubitis radiography and free air above liver.

Figure 2.  Arrows pointing pneumatosis intestinalis.
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therapy, serial physical examination, close laboratory, and 
radiological follow-up should be provided. Supportive care 
and antibiotic therapy should be used in all patients, includ-
ing those who subsequently undergo surgery, in order to 
limit the progression of the disease.16-19 Medical manage-
ment and follow-up of babies with NEC is summarized in 
Table 4.

Supportive Care
Components of supportive care include cessation of enteral 
feeding, gastric decompression, total parenteral nutrition 
(TPN), fluid and electrolyte support, cardiovascular and respi-
ratory support, other supportive treatments for multi-organ 
failure.

•	 Cessation of enteral feeding: Enteral feeding should be 
stopped immediately, and the intestines should be rested. 
The duration to start enteral feeding depends on the sever-
ity and extent of the disease. The duration of bowel rest is 
7 days for stage II NEC and about 14 days for advanced 
(stage III) NEC and is administered in parallel with 10-14 days 
of antibiotic treatment.20 As the patient’s clinical condition 
improves, enteral nutrition can be restarted and gradually 
increased.8,16,17,20

•	 Gastric decompression: Since ileus develops in patients due 
to intestinal inflammation and intestinal wall thickening, 
intermittent orogastric aspiration and gastric decompres-
sion are continued until the ileus is resolved and pneumato-
sis intestinalis disappeared on the abdominal radiography. 
The amount of gastric fluid obtained after decompression 
should be replaced with 0.9% sodium chloride added with 
potassium chloride or Lactated Ringer’s solution. An increase 
in the abdominal circumference may indicate the onset of 
pneumoperitoneum and should be excluded by imaging 
studies.8,17,20,21

•	 TPN: During the period when enteral feeding cannot be per-
formed, a central venous catheter of appropriate size should 
be placed, and sufficient calorie, lipid, protein, and electro-
lyte support should be provided with TPN until enteral nutri-
tion is initiated.8,21

•	 Fluid and electrolyte support: Hydration status should be 
closely monitored and necessary fluid management should 
be provided meticulously. Transmural intestinal inflam-
mation and capillary leak can lead to intravascular fluid 
loss.17,20,21 Patients with multiple organ failure may develop 
renal failure and electrolyte imbalances such as hyponatre-
mia, hyperkalemia, and lactic acidosis.21

Table 3.  Modified Bell Staging in Necrotizing Enterocolitis (NEC).
Stage Clinical Abdominal Radiographic
Suspected NEC
  IA Apnea and bradycardia, instability 

temperature
Gastric residuals, occult blood in 
stool, abdominal distention

Normal gas pattern or mild ileus

  IB Stage IA signs Grossly bloody stools Stage IA signs
Defınite NEC
  IIA Stage IA signs Prominent abdominal distention, 

absent bowel sounds
Ileus gas pattern with ≥ 1 dilated 
loops and focal pneumatosis

  IIB Thrombocytopenia and mild metabolic 
acidosis

Abdominal wall edema with 
palpable loops and tenderness

Widespread pneumatosis, 
ascites, portal venous gas

Advanced NEC
  IIIA Mixed acidosis, oliguria, hypotension, 

coagulopathy shock
Worsening wall edema, erythema, 
and induration

Prominent bowel loops, 
worsening ascites, no free air

  IIIB Stage IIIA signs Perforated bowel Pneumoperitoneum
NEC, Necrotizing enterocolitis.

Table 4.  Management and Follow-Up.

Supportive Care Antibiotic Treatment
Monitoring Response to Treatment 

and Surgical Treatment
•	 Cessation of enteral feeding

-	 48-72 h for stage I NEC
-	 7 days for stage 2 NEC
-	 10-14 days for stage 3 NEC

•	 Gastric decompression: Until 
enteral feeding begins

•	 Total parenteral nutrition
•	 Fluid and electrolyte support
•	 Cardiovascular and 

respiratory support
•	 Other supportive treatments

•	 Broad-spectrum antibiotics, including gram (−) and 
anaerobic bacteria: ampicillin, gentamicin (or amikacin), 
and metronidazole

•	 Vancomycin can be used instead of ampicillin for CNS and 
MRSA or ampicillin-resistant enterococci (+).

•	 If cultures from blood or other sterile sites are (+), 
treatment can be narrowed or extended if necessary to 
treat isolated organisms.

•	 For NEC stage I, early discontinuation of antibiotics at the 
end of 48-72 h and resumption of enteral feeding can be 
chosen depending on the course of the disease.

•	 For NEC stage ≥ 2, a 10-14 day course of antibiotics is 
recommended, even if the culture results are (−).

•	 Serial physical examination and 
follow-up

•	 Laboratory follow-up
•	 Imaging of the abdomen 

(radiography and ultrasonography)

Surgical intervention: (Laparotomy, 
PPD)

•	 Pneumoperitoneum
•	 Inadequate response to maximum 

medical treatment

CNS, coagulase negative staphylococcus; MRSA, methicillin resistance sataphylococcus aureus; PPD, primary peritoneal drainage; NEC, necrotizing enterocolitis.
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•	 Cardiovascular and respiratory support: Multi-organ failure 
often develops in severe disease. These patients need both 
cardiovascular and respiratory support.8,21

Antibiotic Treatment
After obtaining appropriate samples for culture, broad-
spectrum antibiotics, with gram-negative and anaerobic 
bacteria (often intestinal bacterial flora) coverage, should 
be initiated.8,16,22 Since 20-30% of patients have accompany-
ing bacteremia, empirical antimicrobial regimens are used 
to include pathogens that cause late-onset bacteremia.17,20 
Antibiotic selection should be made by considering the suscep-
tibility patterns of the organisms in the NICU. Antifungal drugs 
should be considered in severely ill patients or patients who do 
not respond to antibiotic treatment.8,23 The results of cultures 
of blood, peritoneal fluid, or surgical specimens will help to 
narrow the antimicrobial coverage and guide the duration of 
treatment.8,24 Unless complicated by abdominal abscess for-
mation, a treatment regimen of 10-14 days is usually sufficient. 
For NEC stage ≥ 2, treatment is continued for a total of 10-14 
days, even if the culture results are negative. Depending on the 
course of the disease in stage I NEC cases, early discontinua-
tion of antibiotics at the end of 48-72 h and resumption of feed-
ing can be chosen.20

MONITORING RESPONSE TO TREATMENT

Serial physical examination, laboratory, and radiological stud-
ies are used to help monitor the course of the disease and to 
determine whether there is clinical improvement or deteriora-
tion. Surgical intervention may be considered for the disease 
which progresses or does not respond to medical manage-
ment. Since the course of the disease can change rapidly, it 
helps to make early surgical evaluation.25

SURGICAL TREATMENT

Despite all interventions, approximately 30-50% of patients 
require surgical intervention.16,18 Since it is desired to preserve 
the maximum bowel length as possible in advanced NEC, the 
necessity and timing of surgical intervention should be decided 
carefully. The ipurpose of surgical treatment involves: (1) resec-
tion of the necrotic intestine to reduce the risk of systemic sepsis 
and subsequent multiple organ failure, (2) early intervention to 
reduce the degree of contamination and sepsis, (3) prevention 
of short bowel syndrome.17-19

INDICATIONS FOR SURGICAL TREATMENT

The absolute indication and timing for surgical intervention is 
the presence of pneumoperitoneum showing intestinal perfo-
ration detected by abdominal imaging.8,19,26 However, surgical 
intervention may be required in the absence of pneumoperito-
neum in patients whose clinical deterioration persists despite 
maximum medical support, with worsening laboratory and 
imaging findings.17-19 In addition, positive paracentesis (pres-
ence of brown fluid or positive bacteria in gram staining) has 
a positive predictive value of 100% for surgical intervention.19

TECHNIQUES FOR SURGICAL TREATMENT

In surgical treatment, laparotomy or primary peritoneal drain-
age (PPD) is performed. Although laparotomy is the standard 

approach used in infants with perforation, PPD can be used 
as a salvage procedure or as a definitive method in some 
cases. Currently, it is unclear which of these 2 procedures is 
the most effective.18,19 Enterostomy formation with resection 
of the affected bowel regions with laparotomy and intestinal 
primary anastomosis can be applied in limited NEC. Stricture 
formation may occur as a result of the healing of intestinal 
damage by scarring in patients with uncomplicated NEC or 
after surgical treatment and may require additional surgical 
intervention.8

POST-SURGICAL TREATMENT

Intensive cardiovascular, hemodynamic, and respiratory sup-
port is required in the early period after surgical treatment. 
After orogastric decompression or dissolution of the ileus, 
large gastrointestinal fluid loss with high stoma output can be 
experienced. Fluid-electrolyte resuscitation, bowel rest, broad-
spectrum antibiotics, and TPN support should be continued. In 
addition, possible postoperative complications such as sepsis, 
intestinal stenosis, wound infection, adhesive bowel obstruc-
tions, delayed anastomotic strictures, anastomotic ulcers, and 
short bowel syndrome should be recognized early and neces-
sary treatments should be implemented.17

Restarting Enteral Feeding
The time to initiate enteral feeding after surgery depends on 
the clinical stability of the newborn, other comorbidities, stool/
ostomy outputs, and bowel anatomy. Short bowel syndrome is 
the most common cause of bowel failure in infants with severe 
NEC. Enteral nutrition is aimed to start as soon as possible after 
bowel resection and after NEC cases that are not complicated 
by surgery.21

In the presence of hemodynamic stability without the need for 
vasoactive agents, reassuring abdominal examination find-
ings, absence of serious respiratory support or presence of 
stable respiratory system with appropriate support, absence 
of electrolyte disturbance, discontinuation of antibiotics can 
be considered, and enteral nutrition can be increased gradu-
ally.8 Breast milk is the most suitable nutritional option pre-
ferred in patients with NEC during the healing process. The 
enteral nutrition recommendations of the American Society for 
Parenteral and Enteral Nutrition (ASPEN) are summarized in 
Table 5.21

Prognosis
The prognosis of patients with stage II or above NEC accord-
ing to modified Bell staging varies based on whether surgery is 
required or not. Both short- and long-term complications and 
mortality are more frequent if surgery is required. Surgery is 
performed in 30-50% of cases. Overall mortality is reported 
between 20% and 30%.27 The factors determining mortal-
ity, especially in patients who require surgical treatment, are 
smaller GA, being small for GA, inotropic treatment require-
ment, and congenital anomalies.27 In nonsurgical patients, the 
presence of hemodynamic instability and DIC are noted to 
impact mortality. 

Patients with NEC, especially if they require surgery with enter-
ostomy, have a 40-70% risk of developing short- and long-term 
morbidity, including leakage from anastomosis site, peritonitis, 
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sepsis, strictures, adhesions, short bowel syndrome, long-term 
TPN dependency, failure to thrive, liver failure, intraventricu-
lar hemorrhage, white matter injury, and neurodevelopmental 
problems.28-30 Therefore, babies who suffer from NEC should be 
followed with a multidisciplinary approach for possible prob-
lems. Gastrointestinal problems should be paid attention to. 
Potential neurodevelopmental impairment should be kept in 
mind, and early intervention should be started to improve the 
prognosis.

PREVENTION

Despite technological advances and increased survival in neo-
natology, NEC incidence has not decreased significantly over 
the years. Moreover, the mortality and morbidity of the disease 
remain high underlining the importance of protective mea-
sures rather than focusing on potential treatment modalities. 
With this in mind, protective methods starting from the ante-
natal period have been studied in small- and large-scale clini-
cal trials. Here, evidence-based methods for the prevention 
of stage II or above NEC according to Bell classification have 
been summarized.

Antenatal Methods
Prevention of prematurity is the most important intervention to 
avoid many complications of prematurity, including NEC, how-
ever, this topic is beyond the scope of this review.

Antenatal Corticosteroids
Antenatal corticosteroid administration has been shown to be 
effective in NEC prevention.31

Delivery Room Management
Standard neonatal resuscitation program (NRP) guidelines 
should be applied to all babies. There is not one specific inter-
vention in DR shown to prevent NEC.

Delayed Cord Clamping/Cord Milking
A low grade of evidence has shown decreased incidence of NEC 
in preterms who have been exposed to delayed cord clamping 

or cord milking, however, these interventions should be based 
according to the NRP guidelines.32,33

Postnatal Methods
Ventilation and Oxygen Management
Ventilation techniques have not been shown to impact the 
occurence of NEC so far. However, oxygenation seems to have 
some effect. Clinical trials investigating the role of oxygen satu-
ration targets in preterm newborns with regards to mortality 
and morbidity have revealed that the group with the target 
oxygen saturation between 91% and 95% had decreased NEC 
incidence compared to the group with the target saturation 
between 85% and 89%.34

PDA Management
PDA management and feeding practices during PDA have been 
studied with regards to impact on NEC, however, the results 
have not revealed concrete findings. In some studies, minimal 
feeding is suggested during PDA whereas, in others, feeding 
during PDA is reported to have no impact on the development 
of NEC.35 Until we have better evidence, it seems reasonable 
to consider feeding on a case-by-case basis to prevent NEC in 
patients with PDA. On the other hand, therapeutic agents used 
for the treatment of PDA have also been studied, and Cochrane 
metanalysis has concluded that patients who received oral/IV 
ibuprofen have less NEC compared to patients who received 
oral/IV indomethacin.36 Another metaanalysis comparing oral/
IV paracetamol and ibuprofen has reported no difference in 
NEC incidence.37

Limited Antibiotic Use
It is known that disrupted intestinal microbiota is associated 
with increased NEC. Therefore, antibiotics may have a neg-
ative impact by changing intestinal flora. A limited number 
of studies have investigated the role of prolonged empiri-
cal antibiotic use in the postnatal period and have reported 
increased risk of NEC if antibiotics are used for more than 5 
days. One of the studies has reported a 7% increase in NEC 
for each extra day of antibiotics.38 Therefore, it might be 

Table 5.  Nutritional Recommendations during the Treatment for Necrotizing Enterocolitis (NEC).
Fluid and Electrolyte 
Management during NEC Enteral Nutrition > Stage 2 NEC Enteral Nutrition after Bowel Resection
•	 Central venous catheter 

placement
•	 Adequate nutritional 

support with TPN
•	 Considering that capillary 

leaks and secondary fluid 
need will increase

•	 Close monitoring of serum 
sodium and potassium, 
appropriate correction of 
hyponatremia and 
hyperkalemia

•	 Proper treatment of 
metabolic acidosis

•	 Trophic feeding (<20 mL/kg/day) can be initiated with an 
orogastric/gastrostomy tube after at least 7 days of bowel 
rest.

•	 Enteral nutrition may increase based on clinical indicators.
•	 Breast milk is the preferred enteral food.
•	 If breast milk is not available, a preterm formula containing 

a high proportion of medium and long chain triglycerides 
can be used.

•	 Term babies can be fed with the standard term formula.
•	 If cow’s milk protein allergy is suspected, IHF may be 

considered (in patients with recurrent NEC or in the 
absence of typical risk factors for NEC).

•	 Bolus feeds can be started at 20 mL/kg/day orally or with 
an orogastric/gastrostomy tube.

•	 The volume of feeds should be increased gradually at a 
rate of 10-20 mL/kg/day.

•	 Trophic nutrition is started after 10-14 
days of bowel rest. The indications 
for progression are the same as for 
uncomplicated NEC.

•	 Breast milk is the preferred food.
•	 If they are intolerant to standard 

preterm/term formulas, IHF can be 
considered with a semi-elemental or 
amino acid-based formulation.

•	 Continuous feeds can be started with 
a 20 mL/kg/day orogastric/
gastrostomy tube.

•	 The feed volume should be increased 
gradually to 10-20 mL/kg/day.

TPN, total parenteral nutrition; NEC, necrotizing enterocolitis; IHF, intensive hydrolyzed formula.
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reasonable to limit empirical antibiotic use to < 5 days as a 
preventive strategy.

Limited H2 Blocker Use
H2 blocking agents increase gastric PH and change intestinal 
flora both causing an increased risk of NEC as shown in retro-
spective case-control or small prospective studies.39 Therefore, 
it might be suggested to limit H2 blocker use, especially in new-
borns at a higher risk of developing NEC.

Enteral Nutrition
•	 Breast milk: Breast milk feeding is the most effective protec-

tive intervention for NEC prevention due to its content rich 
in many protective factors.40 It is ethically unacceptable to 
perform RCT comparing breast milk with any other nutrient. 
However, in studies where mother’s milk was not available, 
it has been shown that the protective effect of breast milk is 
dose-dependent. In the first 2 weeks of life, providing more 
than 50% of enteral nutrition with breast milk decreases NEC 
incidence significantly, and each 10% increase results in a 
further decrease.41 Therefore, promoting breast milk supply 
for the preterm by maternal education and support is very 
important. 

•	 Donor milk: Feeding with donor milk has been shown to result 
in a lower incidence of NEC when compared to feeding with a 
preterm formula when a mother’s own milk is not available.42

•	 Breast milk fortifiers (BMF): BMF, both cow’s milk-based 
and human milk-based, have not been associated with 
increased incidence of NEC.43,44 The timing of adding BMF to 
enteral nutrition is a matter of discussion. Although adding 
BMFs when enteral nutrition volume has reached 20, 40, or 
100 mL/kg has not resulted in any difference in NEC occur-
rence, especially in the ELBW preterms, it is advisable to start 
when enteral nutrition volume has reached 100 mL/kg.45

•	 Starting and advancing enteral nutrition: Initial feeding can 
be started as minimal enteral nutrition (MEN) or as standard 
nutrition.

	 MEN: MEN is defined as starting with 10-20 mL/kg/day volume 
within the first 48-72 h of life and continuing it for 4-10 days 
without increase.

	 Standard nutrition: Standard nutrition is defined as starting 
enteral feeding within 24-72 hours of life with 15-20 mL/kg/day 
volume and advancing it by 15-20 or 30-35 mL/kg/day.

The amount of daily increase and its association with NEC has 
been studied revealing no difference between 15 and 20 mL/kg 
versus 30-35 mL/kg advancement.46 However, ELBW preterms 
may still be a subset requiring additional precautions while 
deciding daily feeding volume increase.

A recent well-accepted suggestion regarding enteral nutrition 
is that each unit should develop a standard nutrition protocol 
based on literature, patient population, and the conditions of 
the individual NICU. Timing of starting nutrition, MEN or stan-
dard regimen, the rate of advancement, timing of BMF addi-
tion, feeding intolerance definition, and the interventions for 
that can be decided by the NICU staff, and the feeding protocol 
for that NICU can be formed. This approach has been shown 
to reduce NEC incidence and should be considered within NEC 
preventive measures.47

Feeding during Erythrocyte Transfusion
NEC has been defined in preterms within 48-72 h of erythro-
cyte transfusion in retrospective or case-control studies and 
has been attributed to either free radicals increasing with 
transfusion or the anemia prior to transfusion and reperfusion 
injury following thereafter.4 Based on the systematic review of 
observational or case-control studies, stopping feeds during 
erythrocyte transfusion can be considered although the level 
of evidence is low.48

Supplements
Probiotics
Since dysbiosis is considered an important factor for the devel-
opment of NEC, probiotics aiming to form a healthy intestinal 
flora have been studied in more than 40 000 preterms in ran-
domized clinical trials. Most of these studies have revealed a 
reduced incidence of NEC in groups who were given probiot-
ics, however, great heterogeneity exists for the answers to the 
questions regarding the most effective combination, the most 
effective dose, when to start, and when to stop probiotics. 
Besides, there are still doubts regarding their efficacy in the 
most vulnerable population, namely preterms < 1000  g birth 
weight.49 Probiotics are live microorganisms that make clini-
cians nervous about causing sepsis, and also lack of long-term 
data cause hesitation about their routine use. The fact that they 
are not drugs makes probiotics escape from the regular control 
mechanisms and results in a lack of standardization for content 
and storage conditions.50

Despite meta-analyses and systematic reviews finding a 
decreased incidence of NEC with probiotic use, ESPHGAN has 
cautioned clinicians about probiotic use and has particularly 
warned against the use of Lactobacillus reuteri, Bifidobacterium 
breve, and Saccharomyces boulardii.51 The main problem that 
still remains is their efficacy in ELBW preterms and the risk of 
sepsis in this vulnerable population.

Lactoferrin
Lactoferrin is present in large amounts in breast milk and is 
effective in the maturation of the intestine and immunomodu-
lation. Oral lactoferrin started from the first day of life has been 
found effective in reducing the incidence of NEC in a systematic 
review of small-scale studies.52

Preventive strategies are summarized in Table 6 according to 
the strength of recommendation.

CONCLUSION AND RECOMMENDATIONS

NEC, which is associated with a high risk of mortality and mor-
bidity, continues to be one of the most important problems of 
preterm babies. To increase awareness of NEC, groups like NEC 
Society (necsociety.org) have been established, and May 17 
has been declared as World NEC Awareness Day.

Lack of adequate laboratory tests for accurate and timely 
diagnosis either leads to delay in treatment or results in over-
diagnosis with unnecessary use of antibiotics and pause in 
enteral nutrition. There is an urgent need for cheap, reliable, 
and easily applicable laboratory methods, which are specific 
for NEC. 
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Table 6.  Strategies for NEC Prevention according to Strength of Recommendation.
Strong recommendation
  Antenatal corticosteroids
  Nutrition with mother’s own milk or donor milk where it is not available 
  Maintaining oxygen saturation between 91 and 95 %
  Patent ductus arteriosus treatment with ibuprophen (paracetamol)
Recommendation 
  Using standard enteral nutrition protocols
  Stopping enteral nutrition during erythrocyte transfusion
Option
  Limited ampirical antibiotic treatment to < 5 days (culture −)
  Limited H2 blocker use
  Probiotics (listed under low level of recommendation due to insufficient data regarding efficacy in preterms < 1000 g and lack of 
certainty about the most beneficial combination)
  Lactoferrin

Figure 5.  Algorithm.
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Since complications are severe once the disease gets devel-
oped, prevention and early diagnosis are very important.

As there are different definitions of NEC, there are also differ-
ent etiological factors, and each patient needs to be assessed 
with regards to the presence of those factors. 

All the effort should be made to provide breast milk together 
with other preventive strategies. 

Multidisciplinary follow-up is required for growth failure and 
gastrointestinal as well as neurological problems. Good nutri-
tion and a good follow-up program with early intervention 
can help to decrease the severity of long-term complications.

The approach to NEC is summarized in the algorithm in 
Figure 5.
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