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REVIEW ARTICLE

Necrotising Enterocolitis: Newer Insights

GARG P.

ABSTRACT

Necrotising enterocolitis is the most common gastrointestinal emergency of the 
neonates with high mortality and morbidity. Despite 3 decades of extensive research 
and animal studies etio-pathogenesis, early diagnosis, preventive strategies and 
management options remain controversial. The present article reviews the literature 
for recent advances and newer insights for changing epidemiological trends, 
pathogenesis, role of inflammatory cytokines and various preventive and 
management strategies.
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Introduction
Necrotising enterocolitis is the most common 
acquired gastrointestinal disease in the newborn 
infants, affecting 1-3 cases per 1000 live births, 2-
5% of very low birth (VLBW) infants and 1-8% of 
all Neonatal Intensive care unit admissions [1]. The 
term ‘Necrotisingenterocolitis’ first appeared in the 
European literature in the early 1950s in articles by 
Schmid and Quaiser who described infants dying 
from necrotic lesions of the gastrointestinal tract 
[2]. Infants with NEC represent some of the sickest
infants in the NICU and exhibit a high mortality 
rate ranging from 20-50%. Futhermore, once an 
infant is diagnosed with definite NEC, with the 
exception of supportive care, there is little one can 
do to alter the course of the disease. NEC is almost 
exclusively a disease of prematurity, with >90% of 
all cases occurring in premature infants and in 
infants less than 2000 gms [3], [4]. The disease is 
rare in countries where prematurity is uncommon 
such as Japan and Sweden [5].           

The lack of improvement in the mortality rate for 
NEC over the past 10 years has prompted the 
investigators to re-examine the epidemiologic    and 
risk factors and search for strategies to prevent the 
disease. This article reviews the latest 
epidemiological trends and pathogenesis   and 
preventive and management options reported in the 
literature by searching MEDLINE (1996-2006), 
EMBASE (1996-2006), CINAHAL, Cochrane 
reviews and hand search of major neonatal and 
perinatal journals.

Epidemiology
NEC has emerged as a disease of NICU survivors. 
The overall incidence is 1-3 cases per 1000 live 
births, with considerable variation observed among 
institutions and even within an institution. Hack et 
al and Uauy et al have reported an incidence of 
NEC varying from 4% to 19% among seven tertiary 
academic NICUs in USA [6],[ 7]. Similar variations 
have been reported from India and Australia [8], 
[9]. Analysis of data from 17 Canadian NICU’s 
have however, not shown any significant variation 
in the risk-adjusted incidence of NEC with 
exception at one center [10]. The majority of NEC 
cases are endemic, however clustering and 
epidemics have also been reported. In most studies, 
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male and female infants are equally affected .NEC 
when occurs in term neonates is a different disease 
from preterm infants. [Tab/Fig 1] highlights the 
differences between NEC in term and preterm 
infants [10],[ 11], [12], and [13].
Recently Luig and Lui and the New South Wales 
(NSW) and Australian Capital Territory (ACT) 
NICUS group have reported an encouraging 
reduction in the incidence of NEC from 12% in 
1986-87 and 1992-1993 to 6% in 1998-1999 for all 
infants born in NSW at 24-28 weeks gestation. 
However, the mortality rate remains unchanged at 
27-37% as did requirement for surgical intervention 
at 41-57% [14]. Similar reduction in incidence from 
5.3% to 3.2% for infants less than 32 weeks is also 
reported from the Australian and New Zealand 
Neonatal Network (ANZNN) [15]. This is however 
not supported from other large Neonatal databases .
The Oxford – Vermont Network with 362 NICU’s

Table/Fig 1

reported proven NEC cases varying from 6.2%-
8.4% [16]. The National Institute of Child Health 
and Human Development Neonatal research 
network (NICHD) have reported rates increasing 
from 5% in 1991-1992 to 7 % in 1995-1996[17]. 
Various hypothesis suggested for the decline in the 
incidence of NEC in Australia (NSW) such as 
increased usage of antenatal steroids(88% in 1998-
1999), liberal use of surfactant for hyaline 
membrane disease(74% in 1998-1999) and a 
decrease in births outside Level III hospitals for 
infants born < 32 weeks( 8% in 1998-1999) were 
not supported by the data. However rates of proven 
NEC appear to relate to the overall quality of 
perinatal care and may be used as a clinical 
indicator or indirect measure of quality of perinatal 
care [18].

Characteristics Term Preterm

Incidence 0.05-0.71/ 1000 births * 1-3/1000 births

Mean Age of onset(days) 1.0 - 4.1 7- 28 (inverse relation with gestational 
age)

Mode of delivery Caesarean section **

Associated anomalies Congenital heart disease (35%) & 
Endocrine (17%) †

No association

Risk factors More common

Site of disease Colon ** Small intestine (jejunum, ileum, 
ileocaecal valve)

Clinical features Fewer systemic manifestations, 
perforation and transmural bowel 
necrosis less frequent

Outcome Favorable (mortality 5-7%) High mortality (10-20%)

Differences in Necrotisingenterocolitis in term/preterm neonates    

*   Ref No [11], [13] ;  ** Ref No[13]  ; †   Ref No. [11]
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Table/Fig 3 Factors making premature infant’s gut susceptible to NEC

1. Prematurity(<28 weeks 

2. Enteral feeding(90% are fed enterally)

3. Growth restricted neonate(SGA) †

4. Maternal hypertensive disease of Pregnancy(OR 5.21 , 95% CI 1.64- 16.58)*

5  Placental abruption

6. Absent or reversed end diastolic flow velocity†

7. Use of umbilical catheters**

8. Low Apgar scores**

9. Higher SNAP-II and NTISS scores**

10. PDA (T/t with Indomethacin OR 1.53, untreated OR 1.85)‡

11. Packed cell transfusions††

*   Bashiri et al. Ref No.[20]                † McDonnell, Semin Neonatol 1997; 2:291-296          ** Ref No. [10], [19], [22]                            

‡ Israel national database, Ref No[21]           

Table/Fig 2: Risk Factors for the development of NEC

1. Mechanical factors(Barrier integrity)

Decreased peristalsis

Mucus layer deficiency

Composition of lipids(premature gut is more permeable)

2. Bacterial factors

Delayed or altered bacterial colonization

Paucity of anaerobic bacteria 

3. Miscellaneous

Decreased gastric acid production

Decreased lactase levels

Decreased bile acids(insufficient to form bile micelles)
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Risk Factors
Prematurity (especially < 28 weeks) is the only 
consistent risk factor for NEC. Various other risk 
factors quoted in literature are summarized in 
[Tab/Fig 2],[10], [19], [20], [21], [22].

Pathogenesis
The pathogenesis of NEC has not been fully 
elucidated. The classic histologic finding is 
coagulation necrosis which is present in over 90%
of specimens [23]. Various theories (Santulli, 
Lawrence, and Kosloske) have been proposed 
based on clinical, pathologic and epidemiological 
observations [24],[25],[26].But none of these can 
explain all the cases of NEC. Recent research has 
focused on elucidation of the molecular 
mechanisms contributing to the pathogenesis of 
NEC. Many new inflammatory mediators 
(cytokines and hepatic mediators), role of Nitric 
oxide, infective factors combined with a 
premature gut which is    susceptible    [Table/Fig  
3] to insult provides newer insights and forms a 

link for unifying concept for pathogenesis 
[Table/Fig 4], [Table/Fig 5]  ,[27].

(1)Disordered enterocyte signaling  
Various studies have clearly indicated a central 
role for defective enterocyte signaling in the 
pathogenesis of NEC and recently Hackam et al 
have proposed a model how this can lead to 
intestinal barrier dysfunction [28]. Rather than 
serving as a mere absorptive surface for nutrients, 
the enterocytes form a tight epithelial barrier that 
restricts the passage of microbial pathogens and 
regulates mucosal antigen sampling. The 
enterocytes are capable of functioning as immune 
effector cells because they can sense the presence 
of pathogenic organisms and when stimulated can 
mount an immune response resulting in the 
release of proinflammatory cytokines and other 
mediators. 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 [28].

Table/Fig 4: Unifying concept of Pathogenesis of NEC* (With Permission from Elsevier) [27]
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Table/Fig 5: Recent proposed model for pathogenesis of NEC (Ref. no. 28)
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(2) Pathophysiologic mediators

(a)Ischemic Reperfusion injury
Ischemia causes accumulation of free oxygen 
radicals generated by the conversion of xanthine 
dehydrogenase to xanthine oxidase [29].During 
reperfusion process there is a further burst of 

superoxide which causes tissue damage. 
Thromboembolism is not supported as a cause by 
histological evidence and diving reflex does not 
seem to be a plausible explanation considering the 
timing of occurrence of NEC.

(b)Inflammatory mediators
Studies show that intestinal cells of premature 
infants elaborate higher concentrations of pro-
inflammatory cytokines compared to mature cells 

[30]. IL-18 and IL-12 are up regulated in distal 
ileum in rat model [31]. IL-10 levels have been 
shown to be reduced in ileum but increased in 
serum with babies of NEC [32].Hepatic 

Feeding practice Benefit Level of evidence†

1.Consistent and comprehensive 
monitoring of growth and nutritional intake

Improved and more cost-effective nutrition 
outcomes for VLBW infants

Levels 2-5

2. Early initiation of enteral feeding Enhance gastrointestinal development, ↓ 
days required to reach full feeds, ↓ days 
needed for parenetral nutrition

Levels 2-5

3.Consistent systematic advancement of 
enteral feeding 10-20ml/kg once trophic 
feedings established

Enhances growth and outcome Levels 2-5

4.Uniform consensus and written 
definations and guidelines for withholding 
feedings should be adopted

Levels 2,3 and 5

5.Breast milk preferred nutritional 
substrate for preterm neonates

Levels 1-4

6.Initiation of TPN should be instituted 
soon as infant is medically stabilized 
preferably withih 24 hrs of life

Levels 2,3,5

7.Nutrition outcome measures integral 
aspects of the medical management of 
preterms

Levels 3-5

8. Use of appropriate enteral products to 
maintain growth and meet nutrient needs 
of preterms

Levels 2-5

*Ref No. 54       † Muir Gray Classification system (1997)

Table/Fig 6:Potentially better Feeding practices (implementation reducing incidence of NEC)*
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inflammatory mediator TNF-α suggest a role of 
gut-bile axis [33].Epidermal growth factor has 
maturational effects on intestinal mucosa and its 
deficiency predisposes infants to NEC [34]. 
Similarly Platelet activating factor –degrading 
enzyme (PAF-AH) is decreased in neonates with 
NEC suggesting role of PAF [35]. The role of 
Nitric oxide is controversial with low levels been 
protective by modulating PAF activity and 
limiting neutrophil adhesion whereas high levels 
causing generation of peroxy-nitrite radicals 
causing intestinal barrier dysfunction [36],[37]. 

(3) Infective factors
The well documented 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 [38]. Recently in a study on 
12 neonates with weekly stool examination by gel 
electrophoresis 3 neonates who developed NEC 
have abnormal bands for Clostridium perfringens 
as compared to control infants [39].However in 
another study on 422 duodenal aspirates collected 
from 122 VLBW infants no association was found 
between duodenal colonization with particular 
strains of Enterobacteriacae and NEC [40].

Preventive strategies
Various preventive strategies based on patho-
physiolgical considerations 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.

(1)Breast Milk
The presence of many protective factors in breast 
milk supports one of the manifold advantages of 
human milk [41]. 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 [42]. 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 (RR 0.34,95 % CI 0.12- 0.99) 
[43].

(2) Antenatal steroids
Antenatal glucocorticoids have been shown to 
induce intestinal microvillus maturation in rats 
[44]. Crowley reviewed the literature to assess the 
effects on fetal and neonatal morbidity and 
mortality and showed that treatment with 
antenatal corticosteroids is associated with a 
reduction in the incidence of RDS, IVH and a 
trend towards reduction in the incidence of NEC( 
p= 0.051)[45]. Paradoxically Kamitsuka et al in a 
retrospective study and Guthrie et al in a study of 
national database noted an increased risk of NEC 
with antenatal exposure to glucocorticoids [22], 
[46]. 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.

(3) Fluid Restriction
Excess fluid intake has been implicated in the 
pathogenesis of NEC [47]. Cochrane review 
which included 3 studies concluded that restricted 
water intake significantly reduces the risks of 
morbidities like NEC (RR 0.30, 95% CI 0.13-
0.17) [48].

(4) Prophylactic Enteral Antibiotics
Cochrane review included five trials of 
intermediate quality which were heterogeneous in 
use of enteral antibiotics and age of starting of 
treatment. The administration of prophylactic 
enteral antibiotics resulted in a statistically 
significant reduction in NEC [RR 0.47 (0.28, 
0.78] and NEC-related deaths [RR 0.32 (0.10, 
0.96)]. A statistically significant increase in the 
incidence of colonization with resistant bacteria 
was also shown [RR 1.73 (1.00, 2.97)].Thus 
routine use of prophylactic antibiotics cannot be 
recommended [49].

(5) Feeding strategies

(a) 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 Necrotisingenterocolitis 
(relative risk [RR] = 0.97; 95% confidence 
interval [95% CI] = 0.50, 1.87).All the three trials 
were heterogeneous in term of inclusion criteria 
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(weight) and different definitions used for slow 
and rapid rates of feeding advancement [50].

(b)Trophic feeding (Minimal enteral 
nutrition)
Cochrane review included 8 studies which were of 
poor quality in terms of study design, inability to 
blind the caregivers, heterogeneity regarding 
outcome measures and concluded that there was
no significant effect on Necrotisingenterocolitis 
(RR = 1.10, 95%CI ,0.63-1.90)[51].

(c) Standardized feeding Regimens 
(SFR)
Epidemiological data suggests variations in 
clinical practices including feeding strategies as 
an iatrogenic component related to NEC [52]. 
There are major disagreements among 
neonatologists for enteral feeding practices which 
have been shown in a recent survey of Australian 
neonatologists [53].The Vermont Oxford network 
“Got Milk” focus group developed eight 
potentially better practices implementation of 
which in three NICU’s in USA showed reduction 
in the incidence of NEC Table 4 [54]. A recent 
Meta-analysis has reported that introduction of a 
SFR reduced incidence of NEC by 87% (Pooled 
RR 0.13, 95% CI 0.03-0.50) in LBW infants, 43% 
in VLBW infants (Pooled RR 0.57, 95% CI, 0.31-
1.06, p= 0.08, heterogeneity p=0.02) 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 [55].

(6) Oral Immunoglobulins
Premature newborns possess decreased levels of 
immunoglobulin, particularly secretory IgA [56]. 
Thus, many investigators have evaluated 
prophylactic immunoglobulin administration on 
the incidence of NEC. Cochrane review included 
five studies heterogeneous in terms of entry 
criteria of neonates, use of placebo (none vs. 
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 (within 24 hrs to waiting till 
initiation of enteral feeds) [57]. The oral 
administration of IgG or an IgG/IgA combination 
did not result in a significant reduction in the 
incidence of definite NEC [RR 0.84 (95%CI 0.57, 
1.25)].

(7) Arginine supplementation
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 A (receiving supplemental arginine with 
feeds till 28 days) compared with group B (5/75 
vs. 21/77, p< 0.001).However literature is limited 
to recommend any practice[58].

(8) Probiotics
Probiotics are live microbial organisms which 
enhance mucosal IgA responses, increase 
production of anti-inflammatory cytokines and 
normalize gut ecology [59]. A recent trial on 377 
VLBW (<1500 gms) infants randomized to 
receive Infloran (Lactobacillus acidophilus and 
Bifidobacterium infantis) with breast milk twice 
daily until discharge or placebo have shown a 
significant reduction in incidence from 5.3% to 
1.1 % (RR, 0.21, p=0.04)[56].However invasive 
disease have been reported with sacchromyces in 
adults and thus it’s use need caution[60].

(9) Prophylaxis for PDA
Diastolic steal from a patent ductus arteriosus 
(PDA) leading to splanchnic under perfusion has 
been implicated as a risk factor for the 
development of NEC [61].Cassady et al in a small 
randomized trial has shown that early 
prophylactic ligation of PDA reduces the risk of 
NEC [62]. However recent Cochrane review 
found no statistically significant difference 
between surgical closure and indomethacin 
treatment in mortality during hospital stay, 
chronic lung disease or Necrotisingenterocolitis 
[63]. Cochrane review has also shown that 
prophylactic indomethacin is not associated with 
an increased risk for development of NEC.

(10) Polyunsaturated Fatty acids 
supplements
Long chain fatty acids have been proposed to 
modulate inflammation and immunity [64]. 
Recently Carlson has shown reduced incidence of 
NEC in group supplemented with egg 
phospholipids (2.9 vs. 17.6%, p< 0.05) [65].

(11) Acidification of gastric contents
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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(1/34 vs. 8/34, p=0.02)[66].

Early Diagnosis
The other important issue which arises after 
prevention of NEC is to suspect NEC at the 
earliest stage. Feeding intolerance is thought as a 
precursor for the development of NEC. Recently 
Cobb et al found that the maximum volume of 
residuals was significantly higher in cases 
(definite NEC) as compared to controls for the 6 
days preceding the diagnosis of NEC (4.5ml vs. 
2.0 ml; p< 0.001). However, they also noted that 
the clinical utility of this is limited due to overlap 
of variables [67].Various experimental 
strategies(blood, urine and stool tests, radioactive 
assays and MRI) have been tried which have poor 
clinical utility due to accessibility issues, high 
costs, expert assistance, etc [68].

Management
Medical management of NEC is mostly 
supportive and consists of bowel rest, correction 
of metabolic acidosis, deranged coagulation 
profile, maintenance of normoglycemia and 
normotensive status and adequate antibiotic 
coverage. A crucial part of medical management 
is close observation and serial abdominal 
radiographs and taking timely decision for 
surgery.

Surgical management
Up to 50% of neonates with NEC develop 
advanced disease that requires operative treatment 
[69]. 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 
[70]. Considered the most common surgical 
emergency during the neonatal period, the 
operative approach to NEC still provokes doubts, 
whether with respect of the best time to intervene 
or the best technique to use because of the 
different stages of the disease and the great 
variability in weight and gestational age of the 
patients affected.
The absolute indications for surgery include 
presence of pneumo-peritoneum, indicating 
perforation of the intestine, clinical 
deterioration despite maximal medical 
treatment, abdominal mass with intestinal 

obstruction and development of Intestinal 
stricture. Relative indications include fixed 
dilated intestinal loop(in one configuration for 
more than 24 hrs), presence of portal gas , 
thrombocytopenia (sensitivity 69%, 
specificity 60% and positive predictive value 
89%) and rapid fall in platelet count 
(sensitivity 32%, specificity 89% and positive 
predictive value 92%)[71].
There is evidence in the literature to show that 
surgery for NEC in unstable babies should be 
encouraged in NICU itself rather than Operation 
theatre. Frawley et al compared surgery for NEC 
in NICU vs. OT during two time periods (1989-
1993, 1994-1997). Mortality was similar in the 
two groups (p=0.14) but hypothermia, 
deterioration of oxygenation parameters and 
platelet counts in the OT group was noted to be 
more [72].
Choice of surgical procedure remains 
controversial among surgeons due to absence 
of prospective data. This is shown by a recent 
survey of pediatric surgeons of UK (95% used 
peritoneal drainage, 36% in < 1000 Gms and 
58% considered it a definite treatment) [73].
There are two multi-centric 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).

Post NEC issues

(1)Early feeding
There is no standard recommendation for when 
enteral feedings should  be reinitiated     after 
NEC.
Early initiation of enteral feeding may help in 
recovery of intestinal mucosa whereas delaying 
for more than one week predisposes it to recurrent 
intestinal injury and feeding intolerance [74]. 
Bohnhorst et al compared two feeding regimens in 
neonates post NEC. Group I received feeds when 
serial abdominal Ultrasounds did not showed 
evidence of portal venous gas for three 
consecutive days(Average 4 days, range,3-14) vs. 
Group II which received feeds starting at the 
discretion of neonatologists (average 10 days, 
range, 8-22 days). Early feeding group was 
associated with shorter time to reach full feeds 
(p<0.01), reduced duration of central venous 
access (p<0.01) and a shorter duration of hospital 
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stay (p<0.05) [75]. Early feeding is also supported 
by the fact that gastrointestinal hormonal profiles 
of preterm infants with an ileostomy are normal to 
increased [76].

(2) Short bowel syndrome (SBS)
Short bowel syndrome is the most challenging 
issue in management in post NEC survivors. The 
clinical course is unpredictable and may result in 
prolonged requirement of parenteral nutrition 
which may lead to complications such as 
infectious processes, cholestasis, inadequate bone 
mineralization and death. Andorsky et al has 
reviewed case records of 30 children of SBS (half 
due to NEC) and showed that presence of an 
intestinal segment greater than 83 cm (±67cm) (r 
= -0.475) , enteral feeding with maternal milk   (r 
= -0.821) or    amino acid formula 
(r = -0.793) were associated with shorter period of 
parenteral nutrition use[77]. Similarly Quirós-
Tejeira has reviewed case records of 78 children 
with SBS requiring TPN for more than 30 days 
and showed that best survival rate was associated 
with a remaining small intestine segment of more 
than 38 cm, an intact ileo-cecal valve, intestinal 
reconstruction after stomas and primary 
anastomosis[78].

Prognostic Indicators
Poor outcome has been associated with stage of 
the disease (stage III, been shown as independent 
predictor of post op mortality), extent of intestinal 
involvement (67% for pan-intestinal, 12% for 
focal and 30% for multi-focal), birth-weight and 
gestational age [79]. Recently Severe 
thrombocytopenia has been shown as predictor of 
mortality (OR 6.39; p=0.002) and NEC related GI 
complications (OR 5.47; p=0.006) [80]. Ironically 
platelet transfusions have not been shown to 
reduce any mortality but instead increase 
morbidity [81]. .Portal venous gas is not a 

predictor of either operative intervention or 
mortality [82]. .In a recent multiple logistic 
regression study on 70 neonates (<1000 gms) post 
operative mortality was predicted best by the 
number of associated co-morbidities rather than 
the choice of operative modality [83]. Hall et al 
have recently shown that hyperglycemia (>11.9 
mmol/l) is also associated with late mortality and 
longer NICU stay [84].

Outcome
The outcome shows a pessimistic picture with 20-
50% mortality, 20-30% developing fibrosis and 
stricture, 10% developing short gut syndrome and 
5-10% developing recurrent disease [71]. Besides 
this adverse long term developmental outcomes 
are shown in NEC survivors [85],[86].Surgical 
NEC (Not medical NEC) have been shown as an 
independent risk factor for adverse Mental 
development index <70, Psychomotor 
developmental index <70 and neuro-
developmental impairment [87].

Conclusion
With the advances in perinatal care there are 
changing epidemiological terns for NEC with 
increasing number of ELBW neonates surviving. 
Research for understanding of pathogenesis is 
focused on molecular mechanisms and unifying 
concept of pathogenesis is emerging. Various 
preventive strategies for NEC remain inconclusive 
with utilization of potentially better feeding 
practices suggested as a global approach for 
prevention. It remains a disease of high morbidity 
and mortality with adverse long term outcomes. 
Future research needs to direct towards clinically 
useful preventive and diagnostic strategies based 
on recent emerging concepts of pathogenic 
mechanisms (role of cytokines, nitric oxide, 
cyclo-oxygenases, etc).

Conflict of Interest: None 
                                                        
References
[1] Newell SJ. Gastrointestinal disorders: 
Necrotisingenterocolitis. In: Rennie JM, Roberton 
NRC, eds. Textbook of Neonatology, 3rd edition, 
Churchill Livingstone 1999: 747-755
[2] Schmid KO, Quaiser K. Über eine besonders 
schwer verlaufende Form von Enteritis beim 
Säugling. Österreichische Zeitschrift für 
Kinderchirurgie 1953;8: 114

[3] Holman RC, Stoll BJ, Clarke MJ, Glass RI. 
The epidemiology of Necrotisingenterocolitis 
infant mortality in the United States. Am J Public 
health 1997 ;87: 2026-2031
[4] Ryder RW. Necrotisingenterocolitis: A 
prospective multicentre investigation. Am J 
Epidemilogy 1980; 112: 113-123
[5] Rangel SJ, Moss RL. Necrotisingenterocolitis: 
In Surgery of infants and Children, eds Oldham, 
Colombani , Foglia , Skinner . In press 2004 



                                                                                                     Garg P et al,: NecrotisingEnterocolitis: Newer Insights

100                                                                      Journal of Clinical and Diagnostic Research. 2007April; 1(2):90-103

[6] Hack M, Wright LL, Shankaran S, Tyson JE, 
Horbar JD, Bauer CR, Younes N. Very low birth 
weight outcome of the National Institute of child 
health and Human Development Neonatal 
Network, November 1989 to October 1990. Am J 
Obstet Gynecol 1995; 172: 457-464
[7] Uauy RD, Fanaroff AA, Korones SB, Phillips 
EA, Phillips JB, Wright LL. et al.NICHD. 
Necrotisingenterocolitis in very low birth weight 
infants: biodemographic and clinical correlates. J 
Pediatr 1991; 119: 630-638
[8] Narang A, Rao R, Bhakoo ON. Neonatal 
Necrotisingenterocolitis: An epidemiological 
study. Indian Pediatr 1993; 30: 1207-1214
[9] Leong GM, Dreq JR. Necrotisingenterocolitis: 
a 15 –year experience. Aust NZ J Obstet 
Gynaecol 1987;27: 40-44
 [10] Sankaran K, Barbara P, Lee DSC, Seshia                 
M, Boulton J, Qiu Z, Lee SK. Variations in 
Incidence of Necrotisingenterocolitis in Canadian 
Neonatal intensive care units. J Pediatr 
Gastroenterol Nutr 2004; 39(4) : 366-372
 [11] Bolisetty S, Lui K, Oei J, Wojtulewicz J.   A 
regional study of underlying congenital diseases 
in term neonates with Necrotisingenterocolitis. 
Acta Paediatr 2000; 89: 1226-1230
 [12] SCY Ng. Necrotisingenterocolitis in the full-
term neonate. J Paediatr Child Health 2001; 37: 1-
4
 [13] Maayan-M A, Itzchak A, Mazkereth R, 
Kuint J. Necrotisingenterocolitis in full-term 
infants: case-control study and review of the 
literature. J Perinatol. 2004; 24(8):494-9.
[14] Luig M, Lui K, NICUS group. Epidemiology 
of Necrotisingenterocolitis-Part I: Changing 
trends in extremely premature infants over 14 
years. J Paediatr Child health 2005; 41: 169-173
 [15] Donoghue D, Cust A, ANZNN Executive. 
Reports of the Australian and New Zealand 
Neonatal Neonatal network 1994-2002
 [16] Horbar JD, Badger GJ, Carpenter JH, 
Fanaroff AA, Kilpatrick S, LaCorte M, Phibbs R, 
Soll RF ;Members of the Vermont Oxford 
network.Trends in mortality and morbidity for 
very low birth weight infants 1991-1999. 
Pediatrics 2002; 110: 143-151
 [17] Lemons JA, Bauer CR, Oh W, Korones SB, 
Papile LA, Stoll BJ, Verter J, et al. Very low birth 
weight outcomes of the National Institute of Child 
health and human development neonatal research 
network, January 1995 through December 1996, 
NICHD neonatal research network. Pediatrics 
2001;107: E1

 [18] Tudehope DI. The epidemiology and 
pathogenesis of neonatal Necrotisingenterocolitis. 
J Paediatr Child Health 2005; 41: 167-168
 [19] Luig M, Lui K, NICUS group. 
Epidemiology of Necrotisingenterocolitis-Part II: 
Risks and susceptibility of premature infants in 
the post surfactant era- A regional study. J 
Paediatr Child Health 2005; 41: 174-179
 [20] Bashiri A, Zmora E, Sheiner E, Hershkovitz 
R, Shoham –Vardi I, Mazor M. Maternal 
hypertensive disorders are an independent risk 
factor for the development of 
Necrotisingenterocolitis in very low birth weight 
infants. Fetal Diagnosis & Therapy 2003; 18(6): 
404-407
 [21] Dollberg S, Lusky A, Reichman B. Patent 
Ductus Arteriosus, Indomethacin and 
Necrotisingenterocolitis in very low birth weight 
infants: A Population based study. J Pediatr 
Gastroenterol Nutr 2005; 40(2): 184-188
[22] Guthrie SO, Gordon PV, Thomas V, Thorp 
JA, Peabody J, Clark RH. Necrotisingenterocolitis 
among neonates in the United States. J Perinatol 
2003; 23: 278-285.
 [23] Balance WA. Pathology of Neonatal 
Necrotisingenterocolitis: A ten year experience. J 
Pediatr  1990; 117: S6-13
 [24] Santulli TV, Schullinger JN, Heird WC. 
Acute Necrotisingenterocolitis in infancy: a 
review of 64 cases. Pediatrics 1975; 55: 376-387
 [25] Lawrence G, Bates J, Gaul A. Pathogenesis 
of Neonatal Necrotisingenterocolitis. Lancet 
1982;1: 137-139
 [26] Kosloske AM. Pathogenesis and prevention 
of Necrotisingenterocolitis: a hypothesis based on 
personal observations and a review of literature. 
Pediatrics 1984; 74: 1086-1092
 [27] Marion CWH, Moss RL. Current issues in 
the management of Necrotisingenterocolitis. 
Seminars in Perinatol 2004;28(3): 221-233
 [28] Hackam DJ, Upperman JS, Grishin A, Ford 
H. Disordered enterocyte signaling and intestinal 
barrier dysfunction in the pathogenesis of 
Necrotisingenterocolitis. Seminars in Pediatr Surg 
2005;14: 49-57
 [29] Papparella A, DeLuca FG, Oyer CE, Pinar 
H, Stonestreet BS. Ischemia reperfusion injury in 
the intestines of newborn pigs. Pediatrc Res 
1997;42: 180-188
[30] Nanthakumar NN, Fusunyan RD, Sanderson 
I, Walker WA. Inflammation in the developing 
human intestine: A possible patho-physiologic 
contribution to Necrotisingenterocolitis. Proc Natl 
Acad Sciences USA 2000; 97: 6043-6048



                                                                                                     Garg P et al,: NecrotisingEnterocolitis: Newer Insights

101                                                                     Journal of Clinical and Diagnostic Research. 2007April; 1(2): 90-103

 [31] Halpern MD, Holubec H , Dvorakova K, 
Williams CS, Meza YG, Ruth MC, et al. Up-
Regulation of IL-18 and IL-12 in the ileum of 
neonatal rats with Necrotisingenterocolitis. 
Pediatr Res 2002; 51: 733-739
[32] Edelson MB, Bagwell CE, Rozycki HJ. 
Circulating pro and counterinflammatory cytokine 
levels and severity in Necrotisingenterocolitis. 
Pediatrcs 1999; 103: 766-771
[33] Halpern MD, Holubec H, Dominguez JA, 
Meza YG, Williams CS, Ruth MC, et al. Hepatic 
inflammatory mediators contribute to intestinal 
damage in Necrotisingenterocolitis. Am J Physiol 
Gastrointest Liver Physiol 2005; 288(4): G755-
762
[34] Pollack PF, Goda T, Colony PC, Edmond J, 
Thornburg W, Korc M, et al. Effects of the 
enterally fed epidermal growth factor on the small 
and large intestine of the suckling rat. Regul Pept 
1987;17: 121-132
[35] Caplan MS, Lickerman M, Adler L, Dietsch 
GN, Yu A.
 The role of recombinant platelet-activating factor 
acetyl-hydrolase in a neonatal rat model of 
Necrotisingenterocolitis. Pediatr Res 1997;42: 
779-783
[36] Di Lorenzo M. Altered nitric oxide 
production in the premature gut may increase 
susceptibility to intestinal damage in 
Necrotisingenterocolitis. J Pediatr Surg 2001; 36: 
700-705
[37] Nadler EP, Ford HR. Regulation of bacterial 
translocation by nitric oxide. Pediatr Surg Int 
2000; 16: 165-168
[38] Lee JS, Polin RA. Treatment and prevention 
of Necrotisingenterocolitis. Seminars   in 
Neonatol 2003;8: 449-459
[39] Cochetiere DL ,France M, Hugues P, 
Clotilde R, Dominique D, Galmiche JP, et al .
Early intestinal bacterial colonization and 
Necrotisingenterocolitis in premature infants: The 
putative role of Clostridium. Pediatr Res 2004; 
56(3) : 366-370
[40] Hoy CM, Wood CM, Hawkey PM, Puntis 
JWL. Duodenal microflora in very low birth 
weight neonates and relation to 
Necrotisingenterocolitis. J Clinical Microbiol 
2000; 68 (12): 4539-4547.
[41] Undergrove K. Necrotisingenterocolitis: The 
evidence for the use of Human milk in Prevention 
and Treatment. J Hum Lact 2004; 20(3): 335-339
[42] Lucas A, Cole T. Breast milk and neonatal 
Necrotisingenterocolitis. Lancet 1991;336: 1519-
1523

[43] McGuire W, Anthony M. Donor human milk 
versus formula for preventing 
Necrotisingenterocolitis in preterm infants: 
systematic review. Arch Dis Child Fetal Neonatal 
Ed 2003; 88: F11-14
[44] Neu J, Ozaki CK, Angelides KJ. 
Glucocorticoid-mediated alteration of fluidity of 
brush border membrane in rat small intestine. 
Pediatr Res 1986;20:79-82
[45] Crowley P, Chalmers I, Keirse MJ. The 
effects of corticosteroid administration before 
preterm delivery: an overview of the evidence 
from controlled trials. Br J Obstet Gynaecol 
1990;97:11-25
[46] Kamitsuka MD, Horton MK, Williams MA. 
The incidence of Necrotisingenterocolitis after 
introducing standardized feeding schedules for 
infants between 1250 and 2500 grams and less 
than 35 weeks of gestation. Pediatrcs 2000; 105: 
379-384
[47] Bell EF, Warburton D, Stonestreet BS, Oh 
W. High-volume fluid intake predisposes 
premature infants to necrotising enterocolitis. 
Lancet 1979; 2:90.
[48] Bell EF, Acarregui MJ. Restricted versus 
liberal water intake for preventing morbidity and 
mortality in preterm infants. Cochrane database 
Syst Rev 2000; CD000503
[49] Bury RG, Tudehope D. Enteral antibiotics for 
preventing Necrotisingenterocolitis in low birth 
weight or preterm infants. Cochrane Database 
Syst Rev 2000;CD000405
[50] Kennedy KA, Tyson JE, Chamnanvanakij S. 
Rapid versus slow rate of advancement of 
feedings for promoting growth and preventing 
Necrotisingenterocolitis in parenterally fed low 
birth weight infants. Cochrane Database Syst Rev 
2000;2:CD001241
[51] Kennedy KA, Tyson JE. Minimum enteral 
nutrition for promoting feed intolerance and 
preventing morbidity in parenterally fed infants. 
Cochrane Database Syst Rev 2005;1
[52] Clark DA, Miller MJS. What causes 
Necrotisingenterocolitis and how it can be 
preventing? In: Current topics in Neonatology , 
Eds Hansen TN, McIntosh N 1996, 
Saunders,p,161-176
[53] Patole S, Muller R. Enteral feeding of 
preterm neonates-A survey of Australian 
Neonatologists. J Mat Fet and Neonatal Med 
2004; 16: 309-314
[54] Kuzma-O Reilly B, Duenas ML, Greecher C, 
Kimberlin L, Mujsce D, Miller D, et al. 
Evaluation, development and implementation of 



                                                                                                     Garg P et al,: NecrotisingEnterocolitis: Newer Insights

102                                                                      Journal of Clinical and Diagnostic Research. 2007April; 1(2):90-103

potentially better practices in neonatal intensive 
care nutrition. Pediarics 2003; 111: e461-470
[55] Patole S, Klerk ND. Impact of standardized 
feeding regimens on incidence of neonatal 
Necrotisingenterocolitis: a systematic review and 
meta-analysis of observational studies. Arch Dis 
Child Fetal Neonatal Ed 2005; 90: F147-151.

[56] Burgi GR, Lanzavecchia A, Plebani A, 
Jaykar S, Ugazio AG. Ontogeny of secretory 
Immunity: levels of secretory IgA and natural 
antibodies in saliva. Pediatr Res 1980;14: 
1111-1114
[57] Foster J, Cole M. Oral immunoglobulin 
for preventing Necrotisingenterocolitis in 
preterm and low birth weight neonates. 
Cochrane Database Syst Rev; 1:CD001816
[58] Amin HJ, Zamora SA, McMillan D, Fick 
GH, Butzner JD, Parsons HG, Scott RB. 
Arginine supplementation prevents 
Necrotisingenterocolitis in the premature 
infant. J Pediatr 2002; 140: 425-431
[59] Millar M, Wilks M, Costeloe K. 
Probiotics for preterm infants? Arch Dis Child 
Fet Neonatal  Ed 2003; 88: F 354-358
[60] Lin CH, Su BH, Chen AC, Lin TW, Tsai 
CH, Yeh TF, Oh W. Oral probiotics reduce 
the incidence and severity of 
Necrotisingenterocolitis in very low birth 
weight infants. Pediatrics 2005;115(1):1-4
[61] Ryder RW, Shelton JD, Guinan ME. 
Necrotisingenterocolitis: A prospective 
multicenter investigation. Am J Epidemiol 
1980;1:125-136
[62] Cassady G, Crouse DT, Kirklin JW, 
Strange MJ, Joiner CH, Godoy G, etal. A 
randomized controlled trial of very early 
prophylactic ligation of the ductus arteriosus 
in babies who weighed 1000 g or less at birth. 
N Engl J Med 1989; 320: 1511-1516
[63] Malviya M, Ohlsson A, Shah S. Surgical 
versus medical treatment with cycloxygenase 
inhibitors for asymptomatic patent ductus 
arteriosus in preterm infants. Cochrane 
database Syst Rev 2005;1
[64] Caplan MS, Russel T, Xiao Y, Amer M, 
Kaup S, Jilling. Effect of polyunsaturated 
fatty acid supplementation on intestinal 
inflammation and Necrotisingenterocolitis in 
a neonatal rat model. Pediatr Res 2001;140: 
425-431
[65] Carlson SE, Montalto MB, Ponder DL, et 
al. Lower incidence of 
Necrotisingenterocolitis in infants fed a 
preterm formula with egg phospholipids. 
Pediatr Res 2001; 49: 647-652

[66]Carrion V, Egan EA. Prevention of 
Necrotisingenterocolitis. J Pediatr 
Gasteroenterol Nutr 1990;11: 317-323
[67] Cobb BA, Carlo WA, Ambalavanan N. 
Gastric residuals and their relationship to 
Necrotisingenterocolitis in very low birth 
weight infants. Pediatrics 2004; 113: 50-53
[68] Patole S. Prevention of 
Necrotisingenterocolitis: Year 2004 and 
beyond. J Mater- Fetal and Neonatal Med 
2005; 17(1): 69-80
[69] Kosloske AM. Surgey of 
Necrotisingenterocolitis. World J Surg 
1985;9: 277-284
[70] Butter A, Flageole H, Laberge JM. The 
changing face of surgical indications for 
Necrotisingenterocolitis. J Pediatr Surg 
2002;37: 496-499
 [71] Pierro A. The surgical management of 
Necrotisingenterocolitis. Early Hum 
Development. 2005;81(1): 79-85
[72] Frawley G, Bayley G, Chondros P. 
Laparotomy for Necrotisingenterocolitis: 
Intensive care nursery compared with 
operating theatre. J Paediatr Child Health 
1999;35: 291-295
[73] Rees CM, Hall NJ, Eaton S, Pierro A. 
Surgical strategies for 
Necrotisingenterocolitis: a survey of practice 
in the United Kingdom. Arch Dis Child Fetal 
Neontal Ed 2005;90: F152-F155
[74] Kleigman RM, Walker WA, Yolken RH. 
Necrotising enterocolitis: research agenda for 
a disease of unknown etiology and 
pathogenesis. Pediatr Res 1993; 34: 701-708
[75] Bohnhorst B, Muller S, Dordelmann M, 
Peter S C, Peterson C, Poets CF. Early 
feeding after Necrotisingenterocolitis in 
preterm infants. J Pediatr 2003; 143: 484-487
[76] Meenakoemarie SK, Hopman WPM, 
Marjolein PS, Jansen JBMJ, Tibboel D. Gut 
hormones in preterm infants with 
Necrotisingenterocolitis during starvation and 
Reintroduction of enteral nutrition. J Paediatr 
Gastroenetrol Nutr 2002; 35(5): 674-679
[77] Andorsky DJ, Lund DP, Lillehei CW, 
Jaksic T, Dicanzio J, Richardson DS, et al. 
Nutritional and other postoperative 
management of neonates with short bowel 
syndrome correlates with clinical outcomes. J 
Pediatr. 2001; 139 (1):27-33.
[78] Quiros-Tejeira RE, Ament ME, Reyen L, 
Herzog F, Merjanian M, Olivares-Serrano N, 
Vargas JH. Long-term parenteral nutritional 
support and intestinal adaptation in children 



                                                                                                     Garg P et al,: NecrotisingEnterocolitis: Newer Insights

103                                                                     Journal of Clinical and Diagnostic Research. 2007April; 1(2): 90-103

with short bowel syndrome: a 25-year 
experience. J Pediatr. 2004; 145 (2):157-63.
[79] Fasoli L, Turi RA, Spitz L, Kiely EM, 
Drake D, Pierro A. Necrotisingenterocolitis: 
extent of disease and surgical treatment. J 
Paediatr Surg 1999;34: 1096-1099
[80] Kenton AB, O’Donovan D, Cass DL, 
Helmrath MA, Smith EO, Fernandes CJ, et al. 
Severe thrombocytopenia predicts outcome in 
Neonates with Necrotisingenterocolitis. J 
Perinatol 2005;25: 14-20
[81] Kenton AB, Hegemier S, Smith EO,  
Brandt ML, O’Donovan D, Cass DL, et al. 
Platelet transfusions in infants with 
Necrotisingenterocolitis do not lower 
mortality but may increase morbidity. J 
Perinatol 2005;25: 173-177
[82] Sharma R, Tepas JJ, Hudak ML, 
Wludyka PS, Mollitt DL, Garrison RD, et al. 
Portal venous gas and surgical outcome of 
neonatal Necrotisingenterocolitis. J Pediatr 
Surg 2005;40: 371-376
[83] Ehrlich PF, Sato TT, Short BL, Hartman 
GE. Outcome of perforated 
Necrotisingenetrocolits in the very low birth 
weight neonate may be independent of the 

type of surgical treatement. Am Surg 
2001;67: 752-756
[84] Hall N, Peters M, Eaton S, Pierro A. 
Hyperglycemia is associated with increased 
morbidity and mortality in neonates with 
Necrotisingenterocolitis. J Pediatr Surg. 2004 
Jun; 39(6):898-901.
[85] Tobiansky R, Lui K, Roberts S, Veddovi 
M. Neurodevelpmental outcome in very low 
birth weight infants with 
Necrotisingenterocolitis requiring surgery. J 
Paediatr Child Health 1995;31: 233-236
[86] Salhab WA, Perlman JM, Silver L, 
Broyles RS. Necrotisingenterocolitis and 
neurodevelopmental outcome in Extremely 
low birth weight infants <1000 g. J Perinatol 
2004; 24: 534-540
[87] Hintz SR, Kendrick DE, Stoll BJ, Vohr 
BR, Fanaroff AA, Donovan EF, Poole WK, 
Blakely ML, Wright L, Higgins R; NICHD 
Neonatal Research Network. 
Neurodevelopmental and growth outcomes of 
extremely low birth weight infants after 
Necrotisingenterocolitis. Pediatrics 2005 
Mar;115(3):696-703.



                                                                                                     Garg P et al,: NecrotisingEnterocolitis: Newer Insights

104                                                                      Journal of Clinical and Diagnostic Research. 2007April; 1(2):90-103

,.


