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Necrotizing enterocolitis (NEC) is the most common serious gastrointestinal disorder affecting very preterm or very low birth
weight infants. The risk is inversely proportional to gestational age and weight at birth. Fetal growth restriction and compromise
may be additional specific risk factors. Despite extensive research and animal studies etiopathogenesis, preventive strategies and
management options remain controversial. The present paper reviews the literature for recent advances and newer insights
for changing epidemiological trends, pathogenesis, role of inflammatory cytokines, and various preventive and management
strategies.

1. Introduction

Necrotizing enterocolitis (NEC) is a devastating condition
of the neonatal period characterized by bowel necrosis and
multisystem organ failure. It is well known that NEC is
associated with prematurity and particularly with extremely
low birth weight [1–3]. Necrotizing enterocolitis is rare in
term infants [4], in whom it is usually associated with
congenital anomalies, sepsis, or hypotension [5]. The morbi-
dity and mortality are high, and optimal strategies for treat-
ment remain elusive, despite decades of research.

2. Epidemiology

Necrotizing enterocolitis (NEC) is affecting about 5%
of all very preterm or very low birth weight infants
(VLBW: <1500 g) and about 10% of all extremely preterm
or extremely low birth weight (ELBW: <1000 g) infants
(Table 1). The rate of NEC-associated acute mortality is
generally reported to be greater than 10% overall and
more than 25% for infants with NEC severe enough to
require a surgical intervention. Infants with NEC have a
higher incidence of nosocomial infections and lower levels of
nutrient intake, grow more slowly, and have longer durations
of intensive care and hospital stay.

Population studies from India on this condition are
not widely publicized. In one such report the incidence of
NEC in babies less than 32 weeks gestation was 5.2% [6].
Mortality rates vary across centres and range from 10 to 40%
depending on gestational age of the baby [7–10].

3. Risk Factors

(1) Prematurity (<28 weeks).

(2) Enteral feeding (90% are fed enterally).

(3) Growth restricted neonate [11].

(4) Maternal hypertensive disease of pregnancy.

(5) Placental abruption.

(6) Absent or reversed end diastolic flow velocity.

(7) Use of umbilical catheters [12–14].

(8) Low Apgar scores [12–14].

(9) Packed cell transfusions.
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Table 1: Clinical findings of NEC (Modified Bell Classification).

(I) “Suspected” NEC:

(i) Temperature instability, apnoea, bradycardia, lethargy

(ii) Gastric retention, abdominal distention, emesis, blood in stool

(iii) Normal or intestinal dilation and mild ileus on abdominal radiograph

(II) “Definite” NEC:

(i) As above plus

(ii) Absent bowel sounds ± abdominal tenderness ± abdominal cellulitis or right lower quadrant mass

(iii) Radiological evidence of intestinal dilation, ileus, or pneumatosis intestinalis ± ascites

(III) “Advanced” NEC:

(i) As above plus

(ii) Hypotension, bradycardia, severe apnoea, respiratory and metabolic acidosis, coagulopathy, or neutropaenia

(iii) Signs of peritonitis, marked tenderness, and abdominal distention ± radiological evidence

of intestinal perforation (pneumoperitoneum)

4. Factors Making Premature Infant’s
Gut Susceptible to NEC

(1) Mechanical factors (barrier integrity):

(i) decreased peristalsis,

(ii) mucus layer deficiency,

(iii) composition of lipids (premature gut is more
permeable).

(2) Bacterial factors:

(i) delayed or altered bacterial colonization,

(ii) paucity of anaerobic bacteria.

(3) Miscellaneous:

(i) decreased gastric acid production,

(ii) decreased lactase levels,

(iii) decreased bile acids (insufficient to form bile
micelles).

5. Genetic Contribution in NEC

Studies comparing the concordance of disease in monozy-
gotic versus dizygotic twins suggest that familial factors may
contribute to the risk of NEC. Association studies have so
far failed to detect any specific and substantial genetic risk
factors. NEC is a sporadic disease which occurs infrequently
in individual centres; this sort of investigation would require
a coordinated multinational effort to achieve recruitment of
sufficient participants to provide a meaningful analysis.

6. Pathogenesis

6.1. Disordered Enterocyte Signaling. Recently Hackam et al.
have proposed a model of how this can lead to intestinal bar-
rier dysfunction [15]. Rather than serving as an absorptive
surface for nutrients, the enterocytes form a tight epithelial

barrier that restricts the passage of microbial pathogens
and regulates mucosal antigen sampling. Perturbations in
the enterocyte signaling can lead to disruption of the
epithelial barrier, bacterial translocation, and activation of
the inflammatory cascade resulting in full blown NEC [15]
(Figure 1).

6.2. Pathophysiologic Mediators

6.2.1. Ischemic Reperfusion Injury. Ischemia causes accumu-
lation of free oxygen radicals generated by the conversion
of xanthine dehydrogenase to xanthine oxidase [16]. During
reperfusion process there is a further burst of superoxide
which causes tissue damage.

6.2.2. Inflammatory Mediators. Studies show that intestinal
cells of premature infants elaborate higher concentrations
of proinflammatory cytokines compared to mature cells
[17]. IL-18 and IL-12 are upregulated in distal ileum in rat
model [18]. IL-10 levels have been shown to be reduced
in ileum but increased in serum with babies of NEC [19].
Hepatic inflammatory mediator TNF-α suggests a role of
gut-bile axis [20]. Epidermal growth factor has maturational
effects on intestinal mucosa and its deficiency predisposes
infants to NEC [21]. Similarly Platelet activating factor
degrading enzyme (PAF-AH) is decreased in neonates with
NEC suggesting role of PAF [22].

6.3. Infective Factors. The epidemics of NEC and isolation of
strains of E. coli and Clostridia as well as improvement in
attack rate following the implementation of strict infection
control policies and decrease in incidence with prophylactic
antibiotics validate the role of infection in the pathogenesis
of NEC [23]. In a study on 12 neonates with weekly stool
examination by gel electrophoresis 3 neonates who devel-
oped NEC have abnormal bands for Clostridium perfringens
as compared to control infants. In another study on 422
duodenal aspirates collected from 122 VLBW infants no
association was found between duodenal colonization with
particular strains of Enterobacteriaceae and NEC [24].
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Figure 1: Pathogenesis of NEC.

7. Preventive Strategies

Various preventive strategies have been tried with an attempt
to prevent this disease with high morbidity and mortality.
These strategies fall into three categories: those with proven
or probable efficacy, those with unproven efficacy or limited
data, and experimental strategies.

7.1. Breast Milk. The presence of many protective factors
in breast milk supports one of the manifold advantages of
human milk [25]. Lucas and Cole in a prospective study on
926 preterm infants noted that confirmed NEC was 6- to 10-
times more likely in exclusively formula-fed babies than in
those who received exclusive human milk and three times
more common in those who received formula plus human
milk [26]. Meta-analysis of 4 small clinical trials concluded
that infants who received donor human milk were 3 times

less likely to develop NEC and 4 times less likely to have
confirmed NEC [27].

7.2. Feeding Strategies

7.2.1. Cautious Advancement of Feeds. Cochrane group
reviewed 3 good randomized controlled trials comparing
slow versus rapid advancement of feeds in preterm neonates
receiving parenteral nutrition. There was no significant effect
on necrotising enterocolitis. All the three trials were hetero-
geneous in terms of inclusion criteria (weight) and different
definitions used for slow and rapid rates of feeding advance-
ment [28].

7.2.2. Trophic Feeding (Minimal Enteral Nutrition). Coch-
rane review included 8 studies which were of poor quality in
terms of study design, inability to blind the caregivers, and
heterogeneity regarding outcome measures and concluded
that there was no significant effect on necrotizing enterocol-
itis.

7.2.3. Standardized Feeding Regimens (SFR). The Vermont
Oxford network “Got Milk” focus group developed eight
potentially better practices implementation of which in three
NICUs in USA showed reduction in the incidence of NEC
[29]. A recent Meta-analysis has reported that introduction
of an SFR reduced incidence of NEC by 87% in LBW infants,
43% in VLBW infants, and overall decrease in the incidence
by 29%. However these findings need to be interpreted with
caution due to heterogeneity across trials and randomized
controlled trials are needed to study the efficacy of SFR [30].

Interventions for lactation support for mothers of VLBW
infants are as follows:

(i) “Kangaroo” skin-to-skin contact between mother
and infant.

(ii) Simultaneous expression of milk from both breasts
(using electric pump).

(iii) Peer support in hospital and community.

(iv) Multidisciplinary staff training and continuous pro-
fessional development to maintain skilled profes-
sional support.

(v) UNICEF “Baby Friendly” accreditation of the associ-
ated maternity hospital.

7.3. Probiotics. Probiotics are defined as “live microorgan-
isms which when administered in adequate amounts confer a
health benefit on the host”. Compared with healthy, full-term
infants, the intestinal microbiota in preterm infants features
a low number of species, with typically only 3 bacterial
species found at 10 days of age [31–33]. Three groups,
including enterobacteria such as E. coli and Klebsiella spp.,
enterococci such as E. faecalis, and staphylococci such as S.
epidermidis, S. aureus, and S. haemolyticus, are the most
frequently retrieved [32]. All of these facultative anaerobes
persist at high levels in the fecal flora of preterm infants and
there is significantly delayed colonization with anaerobes,
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Table 2: Clinical trials of probiotic preparations to decrease the incidence of neonatal NEC.

Study Site/patient population Probiotic administration Decrease in NEC

Hoyos et al. [61]
Bogota Columbia all admitted
newborns historical controls singal
site-1237 infants

Daily infloran until D/C (L
acidophilus, B. infantis)

2.9% versus 6.6%

Lin et al. [62]
Taiwan VLBW < 1500 g prospective,
masked randomized control trial
singal site-367 infants

2X/day infloran until D/C (L
acidophilus, B. infantis)

1% versus 5.3%

Bin-Nun et al. [63]
Israel VLBW < 1500 g prospective,
masked randomized control trial
singal site-145 infants

Daily Abc Dophilus until 36 wks
postconceptual age (B. infantis,
Strep thermophilus, B. Bifidus)

1% versus 14%

Lin et al. [64]
Taiwan VLBW < 1500 g prospective,
masked randomized control trial
multicentre-434 infants

2X/day infloran until D/C (L
acidophilus, B. infantis)

1.8% versus 6.5%

especially Bifidobacteria, compared with that seen in healthy,
full-term infants [31–33]. It has been suggested that the
enteral administration of probiotics to preterm newborns
could prevent infections, prevent NEC, and reduce the use
of antibiotics [34]. Some other clinical trials of probiotic
preparations to decrease the incidence of neonatal NEC are
listed in Table 2.

7.4. Prebiotics. The prebiotics are “nondigestible food com-
ponents that beneficially affect the host by selectively stimu-
lating the growth and/or activity of one or a limited number
of bacteria in the colon and thereby improving host health”
[35]. Oligosaccharides that are contained in human breast
milk are considered to be the prototype of prebiotics, since
they have been shown to facilitate the growth of bifidobacte-
ria and lactobacilli in the colon of breast-fed neonates [36–
38]. Based on evidence obtained in a search up to January
2004, the committee concluded that only limited studies have
evaluated the effects of the addition of prebiotic substances
to dietetic products for infants. The committee stated that
although the administration of prebiotic oligosaccharides
has the potential to increase the total number of bifidobac-
teria in the feces of infants (including preterm infants), the
effects of such administration on different bifidobacteria
strains or on different pathogenic bacteria has not been
reported. By searching the Cochrane Central Register of
Controlled Trials (CENTRAL), MEDLINE, EMBASE, and
CINAHL databases and proceedings of relevant conferences,
the authors identified 4 RCTs that qualified for inclusion
in the paper [39–42]. A total of only 126 preterm infants
were included in the paper. The prebiotic oligosaccharides
used in these studies were fructooligosaccharides in one RCT
[42] and galactooligosaccharides/fructooligosaccharides in
3 RCTs [39–41]. The duration of supplementation ranged
from 14 to 30–33 days. Authors of 2 RCTs [40, 41] reported
that NEC did not occur in any of their infants. Authors of the
other 2 RCTs did not report data related to NEC or sepsis.
Meta-analysis of the data from the 2 trials that evaluated
stool flora showed a statistically significant increase in
bifidobacterial counts in the prebiotic-supplemented group
compared with the control group. The authors of the paper
concluded that prebiotic-supplemented formula increased

stool colony counts of bifidobacteria and lactobacilli in
preterm neonates without adversely affecting weight gain. In
summary, the quantity and quality of the evidence regard-
ing the effectiveness of the use of specific prebiotics in
preterm infants are limited and do not allow one to for-
mulate conclusions regarding the use of prebiotics in clinical
practice.

7.5. Synbiotics. The term “synbiotic” is used “when a
product contains both probiotics and prebiotics” [43]. In
a recently published RCT [44], 90 preterm infants received
a dietary supplement containing 2 lactobacillus species
plus fructooligosaccharides, a supplement containing several
species of Lactobacilli and Bifidobacteria plus fructooligosac-
charides, or placebo twice daily for 28 days or until discharge
if earlier. The study found that preterm infants who received
the supplement containing several species of lactobacilli and
bifidobacteria plus fructooligosaccharides were more likely
to become colonized with bifidobacteria. There were no
significant differences in weight gain or the content of short-
chain fatty acids in the stool between groups.

7.6. Antenatal Steroids. Crowley reviewed the literature to
assess the effects on fetal and neonatal morbidity and mortal-
ity and showed that treatment with antenatal corticosteroids
is associated with a reduction in the incidence of RDS and
IVH and a trend towards reduction in the incidence of NEC
[45]. Possible explanations for the increase in NEC include
the increased survival of more immature infants, increased
use of antenatal steroids, and perhaps a tendency to institute
and advance feeds more rapidly than is prudent, given the
improved pulmonary status of these neonates.

7.7. Fluid Restriction. Excess fluid intake has been implicated
in the pathogenesis of NEC [46]. Cochrane review which
included 3 studies concluded that restricted water intake
significantly reduces the risks of morbidities like NEC [47].

7.8. Prophylactic Enteral Antibiotics. The administration of
prophylactic oral antibiotics has been investigated in NEC
prevention. Evidence to date indicates that oral antibiotics
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can reduce NEC incidence [48, 49]. A statistically significant
increase in the incidence of colonization with resistant
bacteria was also shown. Thus routine use of prophylactic
antibiotics cannot be recommended [50].

7.9. Lactoferrin Supplementation. Lactoferrin, an antimicro-
bial glycoprotein present in colostrum and breast milk,
is a key component of the mammalian innate response
to infection. Lactoferrin has broad microbicidal activity
against Gram-positive cocci, Gram-negative bacilli, and
Candida species. VLBW infants have low lactoferrin levels
and this deficiency is exacerbated by delay in establishing
enteral feeding. A recently published Italian multicentre trial
examined whether enteral supplementation with exogenous
(bovine) lactoferrin for up to 6 weeks, either alone or in
combination with a probiotic Lactobacillus, reduced the risk
of NEC and invasive nosocomial infection in VLBW infants.
The incidence of NEC was decreased in the lactoferrin plus
probiotic group only. It is plausible that a more modest
independent effect of lactoferrin on the risk of NEC may still
exist and further large trials are proposed to investigate this
possibility.

7.10. Oral Immunoglobulins. Immunoglobulins are one of
many possible factors in human milk responsible for
its protective effects on NEC. Neonates have decreased
immunoglobulin levels, particularly secretory IgA [51].
Cochrane review included five studies heterogeneous in
terms of entry criteria of neonates, use of placebo (none
versus albumin), type of immunoglobulin use (combination
of IgG/IgA, only IgG, IgG with a trace of IgM and IgA and
none using IgA alone), dose of immunoglobulin, and timing
of administration [52]. The oral administration of IgG or an
IgG/IgA combination did not result in a significant reduction
in the incidence of definite NEC. Further trials are needed.

7.11. Immunonutrition: Glutamine and Arginine. VLBW
infants who develop NEC have lower plasma levels of the
amino acids arginine and glutamine compared with gesta-
tion comparable infants who do not develop NEC. In animal
models of experimental enterocolitis, glutamine supplemen-
tation reduces mucosal damage and lowers the risk of inva-
sive infection and death. Glutamine is abundant in human
milk but present only in much lower levels in cow milk
formula and absent in standard parenteral nutrition solu-
tions. A relative deficiency of arginine leading to inadequate
NO production might predispose the premature infant to
inadequate tissue NO levels, vasoconstriction, ischemic-
reperfusion injury, and ultimately the development of NEC.
Amin et al. in a prospective trial on 152 neonates showed that
the incidence of NEC was significantly lower in group receiv-
ing supplemental arginine with feeds till 28 days compared
with group not receiving supplemental arginine with feeds.
However, literature is limited to recommend any practice
[53].

7.12. Patent Ductus Arteriosus and Nonsteroidal Anti-inflam-
matory Agents. Diastolic steal from a patent ductus arterio-
sus (PDA) leading to splanchnic under perfusion has been

implicated as a risk factor for the development of NEC
[54]. Cassady et al. in a small randomized trial have shown
that early prophylactic ligation of PDA reduces the risk
of NEC [55]. Furthermore, meta-analyses of good quality
randomized controlled trials of nonsteroidal anti-inflam-
matory agents for patent ductus arteriosus closures have not
detected any significant effects on the incidence of NEC.

7.13. Polyunsaturated Fatty Acids Supplements. Long chain
fatty acids have been proposed to modulate inflammation
and immunity. Recently Carlson has shown reduced inci-
dence of NEC in group supplemented with egg phospho-
lipids [56].

7.14. Acidification of Gastric Contents. Carrion and Egan
have documented that acidifying the feedings of preterm
neonates to a pH low enough to inhibit gastric bacterial
proliferation significantly lowers the risk of NEC [57].
Evidence exists that the use of histamine-receptor type 2
(H2) blockers to suppress gastric acidity is associated with
a higher risk of NEC (and nosocomial infection) in VLBW
infants. Given lack of evidence that gastrooesophageal reflux
is a cause of apnoea in preterm infants, it is recommended
that use of H2 blockers should be restricted until robust
evidence that benefits outweigh harmful effects is obtained.

8. Surgical Management

Up to 50% of neonates with NEC develop advanced disease
that requires operative treatment [58]. Butter et al. have
reported an increase in operative rate from 46% in 1990–
1994 to 69% in 1995–1999 primarily due to increase in
percentage of stage III patients and post-NEC strictures [59].
The indications for surgery include presence of pneumoperi-
toneum, indicating perforation of the intestine, clinical
deterioration despite maximal medical treatment, abdominal
mass with intestinal obstruction, and development of intesti-
nal stricture. Relative indications include fixed dilated intesti-
nal loop, presence of portal gas, thrombocytopenia, and
rapid fall in platelet count [60]. There are two multicentric
prospective trials underway evaluating primary peritoneal
drainage and laparotomy for babies with NEC (NET trial
in <1000 Gms in UK and NECSTEPS trial in <1500 Gms
neonates in USA).

9. Conclusion

NEC continues to be one of the most devastating and unpre-
dictable diseases affecting premature infants. It remains a
disease of high morbidity and mortality with adverse long-
term outcomes. Promising strategies for minimizing NEC
that merit further evaluation include the use of prebiotics
and probiotics and the use of arginine supplementation.
Large multicentre trials within collaborative networks will be
needed to address these questions. Hopefully, future stud-
ies aimed at understanding premature intestinal defenses,
dietary and bacterial influences, and possible genetic predis-
positions will lead to development of new prevention and
treatment strategies.
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