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Neonatal Necrotizing Enterocolitis 
Inflammatory Bowel Disease of the Newborn 

DAVID P. CHEROMCHA, MD, and PAUL E. HYMAN, MD 

Neonatal necrotizing enterocolitis is the most common serious gastrointestinal disorder 
encountered in neonatal intensive care units. It is a major cause o f  morbidity and 
mortality in the newborn, particularly in premature infants. Consistent risk factors are 
birth weight and prematurity. Polycythemia and hyperviscosity altering blood flow and 
infectious agents are also implicated. Clinical findings include abdominal distention and 
diarrhea, and systemic symptoms such as apnea, acidosis, and lethargy. Pneumatosis 
intestinalis can be demonstrated radiographically. Mucosal ulcerations, hemorrhage, and 
thrombosis occur early, followed by inflammatory changes. Later still necrosis develops. 
Ischemia, infection, and enteral feedings are suspected to be involved in the pathophysiol- 
ogy. Eicosanoids, especially thromboxane, platelet-activating factor, and leukotrienes are 
likely mediators. 
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Neonatal necrotizing enterocolitis (NEC) is the most 
common and most serious gastrointestinal disorder 
encountered in neonatal intensive care units. NEC is 
a major cause of morbidity and mortality in the 
newborn, particularly premature infants. A collabora- 
tive study conducted by the Centers for Disease 
Control estimated the overall incidence of NEC to be 
2.4% (range 1-5% in 12 neonatal centers) of all neo- 
natal ICU admissions (1). A more recent report from 
the National Collaborative Study on Patent Ductus 
Arteriosus in Premature Infants (1979-1981) gives an 
overall incidence of 5.7%, with rates ranging from 
13.5% for infants with birth weights between 500 and 
749 g to 2.9% for infants with birth weights between 
1500 and 1749 g (2). Mortality rates are also variable, 
depending on birth weight, maturity, and the presence 
of coexisting medical problems. Overall mortality 
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rates range from 30 to 40% and have not changed 
significantly over the past 10 years. The unchanging 
mortality rate is probably a reflection of an increasing 
population of very-low-birth-weight infants--a sub- 
population of infants with an increased case-fatality 
ratio (3)--who survive the perinatal period only to 
develop NEC later in their hospital course. 

Necrotizing enterocolitis is predominantly a disease 
of premature infants, and the incidence is inversely 
proportional to birth weight and degree of maturity 
(4). Despite the strong association between NEC and 
prematurity, 10% of affected patients are full-term 
infants and, on occasion, NEC has been reported in 
infants outside of the neonatal period, usually after a 
protracted course of diarrhea (5). When studied in a 
systematic and prospective fashion, the only consist- 
ent risk factors appear to be birth weight and prema- 
turity (6). The association between NEC and prema- 
turity suggests that the structural integrity of the 
immature gastrointestinal tract may play an important 
role in the pathogenesis of the disease. This hypoth- 
esis is supported by the observation of Bauer et al (7) 
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(in the Collaborative Study on Antenatal Steroid 
Therapy) of a decreased incidence of NEC in prema- 
ture infants receiving antenatal maternal steroids. 
Costicosteroids are known to accelerate the matura- 
tion of fetal tissues and stabilize epithelial and 
endothelial barriers (8), and they may augment the 
structural integrity of the gut. 

A consistent risk factor among full-term infants 
with NEC is polycythemia (9); this implicates 
hyperviscosity and altered mucosal blood flow in 
the pathogenesis of the disease. The role of infec- 
tious agents in the etiology of NEC is supported by 
the epidemiological observation of periodic epidem- 
ics, with the emergence of a predominant micro- 
organism in a particular neonatal intensive care 
unit. The demographics of infants affected during 
epidemics appear to differ from endemic cases (!0), 
with larger infants and delayed onset of disease 
being more common in epidemic settings. A signif- 
icant percentage (10-15%) of infants developing 
NEC have no identifiable risk factors (11). 

It is likely that multiple factors are capable of 
initiating the pathologic sequence of events that 
results in NEC, and a combination of factors may 
be responsible in a given case of NEC. 

CLINICAL FACTORS 

The clinical manifestations of NEC are protean, 
and can range from mild gastrointestinal distur- 
bance with abdominal distensions to frank peritoni- 
tis and intestinal perforation. Symptomatology is 
usually divided into two categories: (1) Gastrointes- 
tinal symptoms are felt to be directly attributable to 
the primary disease process, including abdominal 
distension, retention of gastric contents, bilious 
emesis, and bloody stools. (2) Systemic nonspecific 
symptoms, such as apnea, acidosis, temperature 
instability, and lethargy, are present in a variety of 
disease states in the neonate. 

Necrotizing enterocolitis is suspected when a 
cluster of predominantly gastrointestinal symptoms 
appear in an hospitalized infant. In 1978, Bell et al 
proposed a method of clinical staging for infants 
with necrotizing enterocolitis, based on severity of 
presenting symptomatology and radiographic signs 
(12). Clinical staging has allows comparison of the 
outcome of infants with disease of similar and 
different severities and has been useful in standard- 
izing therapeutic approaches. 

RADIOGRAPHIC FACTORS 

Although NEC can be suspected on clinical 
grounds, confirmation usually requires the demon- 
stration of characteristic findings on abdominal ro- 
entenograms. Definitive radiographic features in- 
clude pneumatosis intestinalis (intramural air), 
which is present in 85-90% of cases (13), or intra- 
hepatic venous gas (14). Additional nonspecific ra- 
diographic findings include small bowel dilatation, 
ileus, and ascites. As the disease progresses, gan- 
grenous bowel is often manifested by a persistently 
dilated loop on serial abdominal radiographs (15), 
and intestinal perforation is heralded by the appear- 
ance of pneumoperitoneum. 

PATHOLOGIC FACTORS 

In the absence of characteristic radiographic find- 
ings, confirmation of diagnosis is achieved only at 
surgery or by the histologic examination of tissue 
specimens obtained at the time of surgical resection 
or autopsy. The most commonly affected regions 
are the terminal ileum and ascending colon. How- 
ever, any part of the gastrointestinal tract may be 
involved. On gross inspection, the affected bowel 
segments appear distended, hemorrhagic, and 
poorly perfused. Involvement can be focal or dif- 
fuse. The histologic appearance of the lesions is 
dependent on the stage and severity of disease at 
the time of examination. Early lesions are charac- 
terized by superficial mucosal ulcerations and hem- 
orrhage, with microthrombi in submucosal vessels 
(16). An inflammatory cell response is not a prom- 
inent feature of early lesions. With more advanced 
disease, mucosal ulcerations deepen and become 
covered with pseudomembranes consisting of fi- 
brin, necrotic epithelium, and inflammatory cells. 
Scattered areas of transmural necrosis can be ap- 
preciated and pneumatosis is commonly noted in 
the submucosal area. Thrombus formation may be 
found in the mesenteric arterioles which supply 
blood to the bowel. 

THEORIES OF PATHOGENESIS 

Despite an abundance of epidemiological studies 
and the identification of potential risk factors, a 
complete understanding of the pathogenesis of 
NEC is lacking. The theory of primary mucosal 
damage followed by secondary bacterial invasion is 
generally regarded as an oversimplification of a 
complex sequence of events that results in the 
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clinical and pathological manifestations of NEC. 
Mucosal injury appears to be a prerequisite for the 
development of NEC, but the mechanisms by 
which the injury can be sustained are numerous and 
poorly understood. Intraluminal factors, such as 
formula feedings, structural immaturity of the 
bowel wall, and direct colonization and invasion by 
enteropathogenic bacteria, as well as extraluminal 
(vascular) factors, such as ischemia, thrombosis, 
and hyperviscosity have been implicated in the 
genesis of mucosal injury. No single factor or 
proposed mechanism provides an adequate expla- 
nation for the occurrence of NEC in all neonates. It 
is likely that NEC represents a final common re- 
sponse of the neonatal gastrointestinal system to a 
variety of pathologic events. 

Isehemia. Intestinal ischemia, secondary to re- 
duced mesenteric blood flow, has long been impli- 
cated as a primary cause of mucosal injury in 
stressed neonates, and much attention has been 
focused on the role of ischemia in the pathogenesis 
of NEC. In !972, Touloukian et al developed an 
animal model for ischemic gastroenteritis in as- 
phyxiated neonatal piglets (17). During periods of 
asphyxia, redistribution of cardiac output occurred, 
with diminished perfusion to the intestinal mucosa, 
particularly in the distal ileum and proximal colon. 
Although a rebound in perfusion occurred with 
resuscitation, blood flow remained diminished in 
the ileocecal area--the area most frequently af- 
fected in NEC. Histologic findings in the affected 
intestine included mucosal edema and hemorrhage, 
consistent with histologic changes in the early 
stages of human NEC. 

The redistribution of cardiac output during as- 
phyxia was likened to the "diving reflex" present in 
aquatic mammals--a compensatory mechanism to 
preserve blood flow to vital organs during periods of 
systemic hypoxia. It has been hypothesized, but re- 
mains unproven, that such a reflux is operative in 
asphyxiated human neonates. Lloyd (18) has sug- 
gested that the selective redistribution of cardiac 
output and diminished intestinal mucosal perfusion 
plays a major role in the pathogenesis of gastrointes- 
tinal perforations in neonates. The hypoxia-ischemia 
model for NEC is strengthened by the frequent clini- 
cal observation of asphyxial episodes during the 
perinatal period in the majority of infants developing 
NEC (19). 

However, the clinical corroboration is largely 
retrospective, and carefully designed prospective 
studies (20) failed to document antecedent asphyxia 

as a consistent risk factor for the development of 
NEC. Asphyxia and the proposed circulatory re- 
sponses can result from a variety of low-0utput 
states in sick neonates, including sepsis, patent 
ductus arteriosus (PDA), respiratory distress syn- 
drome, shock, and prolonged apnea. Although 
these conditions may predisPose neonates to 
asphyxial episodes, prospective clinical studies 
failed to demonstrate a higher incidence in neonates 
developing NEC when compared to gestationally 
matched control infants (21). 

Reduction of mesenteric blood flow and subsequent 
intestinal ischemia may result from thrombo- 
embolism. Thromboembolic phenomena have been 
associated with indwelling umbilical arterial catheters 
(22) and have been proposed as a cause of NEC. 
Although microemboli are found commonly in 
mucosal blood vessels supplying affected bowel, 
pathologic examinations have failed to demonstrate 
thrombus formation in major mesentric arterioles. In 
one study, umbilical artery catheterization was asso- 
ciated with an increased risk for the development of 
NEC (23), secondary to direct interference of mesen- 
teric blood flow by the catheter. However, a recent 
prospective study comparing the incidence of NEC in 
neonates with umbilical arterial catheters above and 
below the level of the mesenteric arteries revealed no 
difference (24), thus challenging previous concep- 
tions. 

Neonatal polycythemia and the associated 
hyperviscosity are well-documented risk factors for 
the development of NEC (25), particularly in infants 
with birth weights greater than 2 kg (9). Non- 
occlusive ischemic changes have been demon- 
strated in the intestinal mucosa of newborn dogs 
(26) with hyperviscous blood, thus suggesting intra- 
vascular stasis and poor microcirculation in the 
mesenteric vascular bed as the inciting ischemic 
event in polycythemic infants. 

Infection. In addition to circulatory factors, infec- 
tious agents are implicated in the pathogenesis of 
NEC (27). Support for this hypothesis is found in the 
occurrence of periodic epidemics of NEC and the 
emergence of a predominant microorganism during 
epidemic periods. In addition, epidemics have been 
abated by the institution of standard infectious disease 
control measures (28), such as patient isolation and 
strict hand washing. A wide variety of bacterial and 
viral pathogens have been associated with epidemics 
and include E. coli (29), Klebsiella (30), enterobacter 
(3 l) and coronavirus (32). However, in the majority of 
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epidemics, no single enteric pathogen has been iso- 
lated consistently (33). 

The bacteria involved, including E. coli and Clos- 
tridia, are normal inhibitants of the neonatal gastro- 
intestinal tract. The circumstances under which 
normal bowel flora become enteropathic are incom- 
pletely understood. It has been suggested by Lawr- 
ence et al (34) that selective bacterial overgrowth 
and altered bowel colonization may occur in hospi- 
talized neonates receiving broad-spectrum antibiot- 
ics. This common scenario may promote a favor- 
able environment for the overgrowth of opportunis- 
tic microorganisms associated with NEC. Addi- 
tional factors that may augment bacterial pathoge- 
nicity include structural immaturity of the bowel 
wall, absence of local protective immunologic fac- 
tors, and the presence of incompletely absorbed 
products of digestion after formula feedings. 

Clostridia species, agents frequently implicated 
in the pathogenesis of NEC (35) and other gastro- 
intestinal infections, are obligate anaerobes with a 
propensity to infect ischemic tissue. Clostridial vir- 
ulence is enhanced by a decreased oxidation-redUc- 
tion potential of poorly perfused bowel. In animal 
studies by Yale and Balish (36), differential viril- 
ence was demonstrated when germ-free animals 
were inoculated with single bacterial strains. In the 
presence of experimentally induced ischemic 
bowel, Clostridium perfringens proved lethal in 
99% of animals, E. coli was lethal in 77%, and other 
bacteria demonstrated intermediate virulence. In 
addition, the presence of clostridia or other anae- 
robes appears to be necessary for the development 
of pneumatosis intestinalis in germ-free animals 
with experimental intestinal ischemia (37). Based 
on experimental and epidemiological observations, 
it appears likely that infectious agents play an 
important, although incompletely defined, role in 
the pathogenesis of NEC. 

Feeding. The importance of enteral feedings in 
the pathogenesis of NEC has been suggested by the 
clinical observation that 90% of infants with NEC 
have been fed formula or breast milk prior to the 
appearance of symptoms. The composition of 
enteral feedings affects the acquisition and compo- 
sition of intestinal flora, and in animal studies (38) 
enteral feedings and bacteria acted in a synergistic 
fashion in the pathogenesis of NEC. Factors such 
as formula composition (human milk vs cow-milk 
formula) (39), formula osmolality (40), rate and 
method of feeding (41), and time of initiation of 

enteral feeds (42) have been examined to determine 
their relative influence on the occurrence of NEC. 

A protective influence of breast milk was demon- 
strated in an animal model of ischemia-induced 
NEC (38) and was attributed to the presence of 
nonspecific immunoprotective factors in breast 
milk. However, evidence for a protective value of 
human breast milk is lacking, and NEC occurred in 
preterm infants fed exclusively breast milk (39). 

Hypertonic enteral feedings were associated with 
intestinal mucosal injury in preterm animals (43). 
Moreover, hyperosmolar feedings and medications 
were associated with an increased incidence of 
NEC in low-birth-weight human infants (44). 

Retrospective studies suggested that early, large 
volume feedings contribute to the development of 
NEC and that conservative feeding regimens may 
help to decrease the incidence of NEC (45). The 
mechanism whereby excessive feeding may initiate 
events leading t O NEC remains speculative. Exces- 
sive intake has been associated with intestinal dis- 
tension and altered peristalsis (46), which may 
result bacterial overgrowth favoring the develop- 
ment of NEC. Feeding results in increased blood 
flow and tissue 02 extraction in healthy neonatal 
piglets (47). It is possible that in sick infants unable 
to increase blood flow to the gut because of no 
cardiac reserve, feeding results in a relative ische- 
mia in which increased tissue demands for oxygen 
are not met. In addition, the absorptive capacity of  
the preterm intestine may be surpassed in the 
presence of excessive substrate, allowing for the 
passage of undigested nutrients to colonic bacteria 
for fermentation. Fermentation of undigested car- 
bohydrates by colonic bacteria results in the pro- 
duction of hydrogen gas, a major component of 
pneumatosis intestinalis (48), a diagnostic hallmark 
of NEC. Despite these findings, prospective StUdie s 
(49) have failed to document a causative effect of 
enteral feedings, it has been common practice in the 
majority of neonatal intensive care units to delay 
initiation of enteral feedings in preterm asphyxiated 
infants. The rationale for delayed feeding is to allow 
sufficient time for healing of intestinal mucosa sub- 
jected to hypoxic-ischemic stress. However, a re- 
cent prospective study by LaGamma et al (50) failed 
to demonstrate a protective effect of delayed feed- 
ings. Instead, there was an increased incidence of 
NEC in infants in whom enteral feeding was with- 
held for two weeks. There is evidence that enteral 
feedings may participate in the stimulation of post- 
natal gastrointestinal maturation through the re- 
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lease of trophic hormones (51) and that prolonged 
periods without enteral feeding may cause mucosal 
atrophy. Therefore, delayed feedings may place the 
preterm infant at increased risk for NEC. 

ROLE OF EICOSANOIDS IN NEC 

Human Studies. In a recent study of human 
neonates, urinary immunoreactive thromboxane B2 
concentrations (TxB2) were measured in preterm 
infants with and without NEC (52). Mean TxB2 was 
established for healthy term and preterm infants, 
stressed neonates without NEC, and infants with 
NEC. TxB2 was significantly elevated in neonates 
with NEC when compared to all other groups 
studied. Stressed neonates without NEC had TxB2 
intermediate between healthy neonates and infants 
with NEC. Serial urine samples were obtained for 
measurement of TxB2 from a group of preterm 
infants considered at high risk for the development 
of NEC, In the four infants who subsequently 
developed NEC, TxB2 became elevated after the 
onset of gastrointestinal symptoms, and values par- 
alleled the course of illness, recovery, and recur- 
rence, Although TXBE did not allow for earlier 
identification of infants who develop NEC, the 
results suggested that elevated TxB2 correlated with 
the severity of gastrointestinal inflammation in ne- 
onates. Beta-thromboglobulin, another product of 
platelet activation, was increased in the urine of 
infants with NEC. In addition, there was an inverse 
correlation between TxB2 and platelet counts. 
These findings were consistent with the concept 
that platelet consumption was the source of en- 
hanced thromboxane excretion. These preliminary 
results lend support to the possibility that platelet 
thrombosis and release of vasoconstrictor throm- 
boxanes play an important role in the potentiation 
of the ischemic injury in neonates who subse- 
quently develop NEC (Figure 1). 

Laboratory Studies. The role of eicosanoids in the 
pathogenesis of experimental NEC has been exam- 
ined in two animal models. Ischemic necrosis of the 
bowel was induced in adult rats by infusing synthetic 
platelet activating factor (PAF) with or without 
endotoxin directly into the abdominal aorta (53-55). 
The histology of the injury was similar to that in adults 
with ischemic bowel disease, but thromboemboli 
were not found. An inhibitor of leukoriene synthesis, 
a leukotriene receptor antagonist, and verapamil, a 
calcium-channel blocker, all inhibited the ischemic 
injury induced by PAF (54). The venous effluent 
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Fig 1. Possible role of eicosenoids in the pathogenesis of NEC. 

collected from the experimental animals was tested in 
a bioassay cascade (55). Following PAF, leukotriene 
C4 was released in large amounts. Direct infusion of 
leukotriene C4 into rat aorta resulted in bowel necro- 
sis, suggesting an important role for the vasoconstric- 
tor leukotriene C4 in bowel ischemia following treat- 
ment with PAF. 

Prostaglandins, predominantly PGE1, were also 
detected in the venous effluent of PAF-stimulated 
perfused intestines. PGEI is a vasodilator whose 
potential role in the pathogenesis of ischemic bowel 
necrosis remains undefined. Continuous systemic 
infusion of PGE1 resulted in improved intestinal 
perfusion and prevented bowel necrosis in PAF- 
treated rat intestines. Pretreatment of the same 
animals with indomethacin, a cyclooxygenase in- 
hibitor, resulted in increased vascular resistance in 
mesenteric vessels and acceleration of the develop- 
ment of ischemic changes. It is likely that pretreat- 
ment with indomethacin resulted in a decreased 
production of vasodilating PGE1 and in an increase 
in the relative concentration of leukotrienes via 
preferential metabolism of arachidonic acid through 
the lipooxygenase pathway. 

Thromboxane A2, another metabolite of arachi- 
donic acid with potent vasoconstricting actions, 
was not detected in venous effluents of PAF-treated 
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intestines, and the administration of thromboxane 
inhibitors did not prevent the development of ische- 
mic bowel necrosis. It was therefore concluded that 
thromboxanes were not involved in the pathogene- 
sis of ischemic bowel necrosis in this experimental 
model (54, 55). It appears that the pathogenesis of 
bowel necrosis in this vascular model is mediated 
by the relative concentrations and interactions of 
locally produced prostaglandins and leukotrienes. 

In the luminal-based experimental model for 
NEC developed by Clark et al (56), the role of 
eicosanoid release and leukocyte infiltration in the 
pathogenesis of bowel inflammation was explored. 
Their model involved the establishment of mucosal 
necrosis in the intestines of weanling rabbits by the 
intraluminal injection of calcium gluconate and case- 
in. Their findings included extensive mucosal dam- 
age and diminished blood flow to the treated loops 
(57). Leukocyte accumulation was limited to non- 
damaged areas immediately adjacent to necrotic 
bowel, and leukotriene release was greatest in the 
area of leukocyte infiltration (58). These data sup- 
port the hypothesis that leukotrienes are released 
by invading leukocytes and suggest that leuko- 
trienes may be involved in the extension of estab- 
lished mucosal damage. 

These few preliminary studies in neonates and 
animals suggest that arachadonic acid metabolites 
may be involved in the pathogenesis of NEC. A 
great deal of further investigation will be required 
before the roles of the eicosanoids in NEC can be 
clarified. The long-term goals of such research will 
be to discover specific interventions that might 
prove useful for the prevention or treatment of 
NEC in human infants. 
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