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Necrotizing enterocolitis (NEC) is primarily a disease process of the gastroin-Abstract
testinal (GI) tract of premature neonates that results in inflammation and bacterial
invasion of the bowel wall. Despite advances in the care of premature infants,
NEC remains one of the leading causes of morbidity and mortality in this
population. It occurs in 1–5% of all neonatal intensive care admissions and 5–10%
of all very low birthweight (<1500 g) infants. Although research has presented an
interesting array of potential contributing factors, the precise aetiology of this
multifactorial disease process remains elusive. Historically, it was believed that
NEC arose predominantly from ischaemic injury to the immature GI tract, yet
alternate plausible hypotheses indicate that many factors are likely to be involved.
These may include issues related to the introduction and advancement of enteric
feeding, alterations in the normal bacterial colonization of the GI tract, bacterial
translocation and activation of the cytokine cascade, decreased epidermal growth
factor, increased platelet activating factor, and mucosal damage from free radical
production.

Clinical manifestations of NEC may be vague, including increased episodes of
apnoea, desaturations, bradycardia, lethargy and temperature instability. There
may also be GI-specific symptoms such as feeding intolerance, emesis, bloody
stools, abdominal distention and tenderness, and abdominal wall discolouration.
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Laboratory values may be indicative of infection, coagulation abnormalities and
fluid retention. Radiographic signs may include ileus, dilated or fixed intestinal
loops, air in the intestinal wall or free air in the abdomen. Medical treatment
typically consists of bowel rest and decompression, antibacterial therapy, and
management of other haematological or electrolyte imbalances. Increased respira-
tory and cardiovascular support is sometimes needed. In neonates who do not
respond adequately to medical management, or if pneumoperitoneum is present,
surgical intervention may occur with either use of a peritoneal drain or laparoto-
my.

Advances in antenatal and neonatal care have resulted in increased survival of
extremely preterm neonates. As this at-risk population continues to increase, an
effective preventative strategy for NEC is needed. One preventative strategy is the
use of antenatal corticosteroids to enhance maturation of the fetus if preterm
delivery is likely. Recommendation of use of breast milk, early initiation of
trophic feeds and judicoius advancement of enteric feeds are current postnatal
strategies. Other preventative strategies that have been investigated include the
use of oral antibacterials, antioxidants, supplementation of arginine and epidermal
growth factor, none of which have changed clinical practice. Recent promising
data indicate that prophylactic use of probiotics may play a role in preventing the
onset of NEC. However, more large-scale, definitive studies are needed.

Necrotizing enterocolitis (NEC) is a multifactori- risk factors for NEC have been identified, the major-
al disease process of the gastrointestinal (GI) tract of ity of these factors are related to one or more of the
newborns and infants that may result in mucosal following: (i) hypoxic-ischaemic injury to the GI
and/or transmural necrosis. Although the precise tract; (ii) physiological immaturity of the GI tract;
aetiology of the disorder is unknown, NEC is prima- and (iii) alterations in the normal microbiological
rily a disease of premature neonates, with 90–95% flora of the intestines (figure 1).
of cases occurring in infants born before 36 weeks’
gestational age. It occurs in approximately 1–5% of 1.1 Hypoxic-Ischaemic Injury
all admissions to the newborn intensive care unit

Ischaemic injury to the GI tract is believed to be aand approximately 5–10% of all very low birth-
major contributing and potentially inciting factor inweight (<1500 g) neonates.[1-4]

NEC. Any process that results in hypoperfusion andDespite recent advances in antenatal and postna-
subsequent hypoxic injury to the GI tract, including,tal care of premature infants, NEC remains one of
but not limited to, the presence of a patent ductusthe leading causes of significant morbidity and mor-
arteriosus, sepsis, polycythaemia, in utero cocainetality in this population. Current management strate-
exposure, peri- or postnatal asphyxia, respiratorygies primarily consist of medical stabilization and
distress syndrome, congenital heart disease, theefforts aimed at halting progression of disease once
presence of umbilical catheters and exchange trans-it has occurred. Recently, novel therapeutic strate-
fusion, may predispose the neonate to developinggies for prevention of onset of the disease, including
NEC.[1,3,4] In the setting of hypoperfusion, the Her-the use of probiotics, have been investigated with
ring-Breur or ‘diving reflex’ is initiated, wherebysome intriguing results.
blood is shunted away from ‘less important’ organs,
such as the intestines, towards critical organs, such1. Pathogenesis
as the brain and heart. This process may result in

Although NEC typically occurs in premature hypoxic-ischaemic injury to the intestines.[1,4]

neonates, the exact aetiology of its onset remains Reperfusion may then trigger the proinflammatory
uncertain. Although many antenatal and postnatal cascade, resulting in damage to the mucosal barrier
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the integrity of this barrier and result in intestinal
hyperpermeability. Among other things, this may
lead to bacterial invasion and translocation via
the intestinal wall. Peristalsis is also impaired in
preterm neonates until approximately the eighth
month of gestation.[8] Peristalsis decreases the
amount of time that bacterial antigens are in contact
with enterocytes. Thus, impaired peristalsis may not
only allow an increased carbohydrate load from
enteral feeding to serve as bacterial substrate, but
may also prolong exposure of the gut to bacterial
antigens, thereby inducing an inflammatory res-
ponse. In addition to tight junctions and peristalsis,
the mucus coat is an important structural barrier of
the GI tract, which produces, among other things,
IgA. IgA, present in mucous secretions, provides
protection against pathogenic organisms. Deficient
IgA production in premature infants may ultimately
facilitate bacterial translocation across the intestinal
mucosa.[2]

Enteral feeding

NEC

Immature GI tract
Disruption of tight junctions

 ↓ Peristalsis
 ↓ Mucin coat and IgA

GI microbiological
alterations

↓ Commensal bacteria
 ↑ Pathogenic bacteria → 

bacterial translocation

Hypoxic-ischaemic  injury
 ↑ Hypoperfused states

(PDA, sepsis, polycythaemia, 
cocaine exposure, asphyxia, 

RDS, congenital heart disease, 
exchange transfusion)

Fig. 1. Proposed multifactorial pathophysiology culminating in the
onset of necrotizing enterocolitis (NEC). GI = gastrointestinal;
PDA = patent ductus arteriosus; RDS = respiratory distress syn-
drome; ↑ indicates increased; ↓ indicates decreased; → indicates
leads to.

Other attributes of the premature GI system that
may predispose an infant to NEC include decreased

of the intestines and creating the potential for bacter- production of epidermal growth factor, an enzyme
ial invasion and translocation. Although this pro- important for repair of GI cells.[9-11] Increased pres-
posed mechanism might explain many cases of ence of platelet activating factor (PAF), a potent
NEC, in others, no inciting hypoxic-ischaemic event inflammatory and vasoconstrictive mediator, and a
is identifiable. In addition, most infants who do have decreased ability to neutralize PAF via its acetylhy-
evidence of hypoxic-ischaemic injury do not de- drolase degrading enzyme, are additional factors
velop NEC.[1,3,5,6] Therefore, it is likely that several present in premature neonates that may predispose
factors, some known and some unknown, contribute them to NEC.[12] Nitric oxide, a vasodilator and free
to this disease process. radical molecule, has also been implicated in NEC.

Its upregulation in ill premature neonates causes
1.2 Physiological Immaturity of the damage to the intestinal epithelium by direct mem-
Gastrointestinal (GI) Tract brane peroxidation and induction of apoptosis.[6,7,9-

12]
NEC is almost exclusively a disease process of

preterm neonates. Therefore, it is likely that factors
1.3 Alterations in Normal GI Microbiological

related to the physiological immaturity of the GI
Flora and the Role of Enteral Feeding

tract are involved. Anand et al.[7] proposed the fol-
lowing three major altered components of the intes- The aetiology of NEC is often thought to be due
tinal barrier of preterm neonates that may contribute to an infectious agent because clusters of NEC can
to the onset of NEC: (i) disruption of the integrity of occur. Abnormal colonization of the intestinal tract
epithelial tight junctions; (ii) impaired peristalsis; of premature neonates may contribute to the onset of
and (iii) deficiencies in components of the mucus NEC. Commensal species of bacteria and fungi nor-
coat. mally inhabit the GI tract and aid in certain aspects

Tight junctions between epithelial cells of the of digestion. Preterm neonates, given their high risk
intestines serve to create a barrier to fluid and other of infection, are frequently exposed to broad-spec-
molecules. Release of proinflammatory cytokines trum antibacterials, which may alter the normal flora
after reperfusion injury, for example, may disrupt of their GI tract. The predominant species of bacte-
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ria found in the GI tract of healthy, term, breast fed
infants is Bifidobacteria.[13] In contrast, species of
Staphylococcus, Enterobacter, Enterococcus and
Clostridia are the predominant faecal bacterial spe-
cies in premature neonates undergoing intensive
care, with very little colonization with Bifidobacter-
ia.[13,14] Species of Escherichia and other bacterial,
viral and fungal pathogens, including rotavirus and
species of Candida, have also been implicated in the
aetiology of NEC.

In the susceptible premature intestine with de-
creased motility, absorption and mucosal integrity,
incomplete immunological defences, and decreased
commensal bacteria, proliferation of more patho-
genic bacteria may occur.[1,6,7] Bacteria, both com-
mensal and pathogenic, use carbohydrates from en-
teral feedings as a substrate to grow and prolifera-
te.[4] Indeed, enteral feedings were reported as
having been administered prior to the onset of the
disease in >90% of patients with NEC.[2,3] There are
distinct associations between volume, rate, type of
feeding and the development of NEC. The proposed
rationale behind these associations is that excessive
volume and/or a rapid rate of increase in feeding
volume may overwhelm the ability of the GI tract to
propel and digest its contents. Large volumes of
substrate in a premature GI tract with decreased
motility and digestive capabilities, and increased
pathogenic bacteria, may result in stasis and proli-
feration of pathogenic bacteria.[15-19] Bacterial proli-
feration may then result in invasion and bacterial
translocation into the bowel wall, with subsequent
production of inflammatory cytokines and endotox-

Table I. Clinical presentation of necrotizing enterocolitis

Signs and symptoms

Apnoea

Bradycardia

Oxygen desaturation

Lethargy

Irritability

Temperature instability

Abdominal distension

Abdominal tenderness

Absent bowel sounds

Feeding intolerance

Abdominal wall cellulitis

Blood in stool

Emesis

Increased gastric residuals

Laboratory abnormalities

Metabolic acidosis

Thrombocytopenia

Leukopenia

Leukocytosis with ↑ bandcells

Glucose instability

Hyponatraemia

Coagulation abnormalities (↑ PT/PTT, ↓ fibrinogen)

↑ C-reactive protein

Radiographic abnormalities

Intestinal dilatation

Presence of fixed loop of dilated bowel

Thickening of the intestinal wall

Ascites

Pneumatosis intestinalis

Air in the portal venous system

Pneumoperitoneum
PT = prothrombin time; PTT = partial thromboplastin time;
↑ indicates increased, ↓ indicates decreased.

ins, which may result in mucosal and/or transmural
necrosis.[4]

noea, bradycardia and/or episodes of oxygen desatu-
2. Presentation and Staging ration, onset of lethargy or irritability, and tempera-

ture instability. Abdominal signs related to theNEC is a disease process that typically presents
pathophysiology of the GI tract, but still somewhatin the first 2 weeks of life, with a slight predilection
nonspecific for NEC, may include abdominal dis-for the male sex and Black race.[1-4] The onset of
tension and tenderness, absent bowel sounds, pres-disease can manifest in a myriad of ways, including
ence of blood in the stool, emesis and increasedclinical signs and symptoms, and laboratory and
gastric feeding residuals.[20]

radiographic findings (table I).
Abnormalities on laboratory evaluation can alsoSome of the signs and symptoms of early, sus-

be found in association with NEC and may includepected NEC are relatively nonspecific and common
the onset of metabolic acidosis, thrombocytopenia,to other neonatal disease processes, and, therefore,
leukopenia, leukocytosis with an increase in themay result in varying management strategies. These

may include systemic signs such as increased ap- proportion of immature white blood cells, glucose
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instability, hyponatraemia, coagulation abnormali- ease. Despite early diagnosis and optimal manage-
ties (including disseminated intravascular coagula- ment, 25–33% of all infants with NEC will die.[1,6]

tion) and increased C-reactive protein level.[1,20] In addition to the threat of death, NEC is the second
Radiographic evidence of NEC can also be help- most common cause of significant morbidity in pre-

ful in both diagnosing and staging disease, and may mature newborns. These morbidities primarily in-
include intestinal dilatation, bowel wall thickening clude short- and long-term GI problems and
and pneumatosis intestinalis. Pneumatosis intes- neurodevelopmental impairment.[6,20,23]

tinalis is caused by bacterial translocation into the GI morbidities related to NEC primarily include
bowel wall with production of hydrogen gas. This malabsorption and failure to thrive because of lost or
can then be seen radiographically as linear or circu- dysfunctional bowel, and problems related to long-
lar lucencies within the intestinal wall. In more term use of parenteral nutrition, including catheter-
severe NEC, gas in the portal venous system and related blood stream infections, cholestasis and liver
pneumoperitoneum may occur.[20,21]

failure.[24] Stricture formation from damaged intesti-
Based on a combination of these findings, the nal mucosa may occur in up to 20% of all patients

severity of NEC can be staged according to the with proven NEC and usually requires surgery. Liv-
modified Bell’s criteria (table II), with higher stages er and/or intestinal transplants are becoming more of
of disease being associated with greater risk of an an option for managing the long-term complications
adverse outcome.[20]

of NEC. Between 14% and 43% of all causes of
intestinal failure leading to referral for liver and

3. Adverse Outcomes Associated with intestinal transplant in the US are as a result of
Necrotizing Enterocolitis NEC.[24,25]

In addition to GI-related complications, signif-NEC is a common cause of death in preterm
icant neurological morbidity may occur in neonatesneonates, with a higher predilection for those most

premature and with more advanced stages of dis- surviving NEC. Increased adverse neurological se-

Table II. Modified Bell’s staging criteria for necrotizing enterocolitis (reproduced from Kliegman and Walsh,[20] © 1987 with permission from
Elsevier, and Bell et al.,[22] with permission)

Stage Systemic signs Abdominal signs Radiographic signs Treatment

IA: suspected Temperature instability, Gastric retention, abdominal Normal or intestinal dilation, NPO, antibacterials for 3
apnoea, bradycardia, distension, emesis, guaiac- mild ileus days
lethargy positive stool

IB: suspected Same as for stage IA Grossly bloody stool Same as for stage IA Same as for stage IA

IIA: definite, Same as for stage IA Same as for stage IB, plus Intestinal dilation, ileus, NPO, antibacterials for
mildly ill absent bowel sounds with or pneumatosis intestinalis 7–10 days

without abdominal tenderness

IIB: definite, Same as for stage IA, Same as for stage IIA, plus Same as for stage IIA, plus NPO, antibacterials for
moderately ill plus mild metabolic absent bowel sounds, ascites 14 days

acidosis and definite tenderness, with or
thrombocytopenia without abdominal cellulitis or

right lower quadrant mass

IIIA: advanced, Same as for stage IIB, Same as for stage IIB, plus Same as for stage IIB NPO, antibacterials for
severely ill, plus hypotension, signs of peritonitis, marked 14 days, fluid
intact bowel bradycardia, severe tenderness and abdominal resuscitation, inotropic

apnoea, combined distension support, ventilator
respiratory and metabolic therapy, paracentesis
acidosis, DIC and
neutropenia

IIIB: advanced, Same as for stage IIIA Same as for stage IIIA Same as for stage IIA, plus Same as for stage IIIA,
severely ill, pneumoperitoneum plus surgery
perforated bowel

DIC = disseminated intravascular coagulation; NPO = nil per os (nothing by mouth).

© 2008 Adis Data Information BV. All rights reserved. Drugs 2008; 68 (9)
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quelae have been observed in neonates with NEC erage of anaerobic organisms (table III). When the
requiring surgical intervention compared with in- diagnosis of NEC is considered definite (stage ≥IIA;
fants treated medically or the premature neonatal see table II), parenteral antibacterials are adminis-
population in general.[26] Rees et al.[23] performed a tered, in conjunction with bowel rest, for a period of
systematic review of ten studies comparing outcome 7–14 days.[4,20]

data at a median of 20 months from 7843 extremely
In addition to clinical monitoring and cardiopul-low birthweight infants, 821 of whom were diag-

monary support, when needed, radiographic evalua-nosed with NEC. Neurodevelopmental impairment
tions are routinely performed to evaluate for pro-was seen in 45% of neonates with NEC compared
gression of disease. This may initially includewith 35% (odds ratio [OR] 1.60; 95% CI 1.30, 2.00)
scheduled abdominal radiographs every 4–8 hoursof those with similar gestational age and birthweight
or as needed based on changes in clinical status.but without NEC. In neonates with NEC, 20% de-
Ultrasound has recently been evaluated for its utilityveloped cerebral palsy, 3% visual impairment, 3%
in diagnosing and monitoring patients with NEC.hearing impairment, 36% cognitive impairment and

35% developed psychomotor impairment. The rates Ultrasound may be able to help diagnose patients
of impairment were higher in neonates with more earlier than traditional abdominal radiographs,[21]

advanced stages of disease. Surgical NEC carried an and may also be useful for detecting pneumatosis
increased risk of cerebral palsy (OR 2.74; 95% CI intestinalis, portal venous gas, intraperitoneal gas,
1.44, 5.21) and psychomotor impairment (OR 1.90; abnormal calibre of the bowel wall and lack of
95% CI 1.10, 3.20) compared with those who were perfusion to the bowel.[21,27-29] However, use of ul-
managed medically. trasound is currently limited because of its high

inter-operator variability and lack of availability at
4. Management all times of the day and night.

In addition to clinical and radiographic assess-
4.1 Medical Management ment, laboratory values should be monitored closely

based on the instability of the infant. Interventions,
Most therapeutic options for NEC are aimed at

such as administration of packed red cells to im-treating the disease process once it has occurred and
prove oxygen carrying capacity, and platelet andlimiting the progression of disease. NEC can be
fresh frozen plasma transfusions to lessen the risk oftreated both medically and surgically, depending on
haemorrhage, should be initiated to correct abnor-the stage of disease. In earlier stages of disease
malities that may contribute to progression of the(stage ≤IIIA; see table II), treatment often consists
disease process. Electrolyte levels and acid-baseof bowel rest and administration of parenteral anti-
status should also be monitored and corrected asbacterials to limit bacterial invasion and transloca-
needed.tion. Initially, affected neonates are given nothing

by mouth and total parenteral nutrition is adminis-
tered for nutritional support. A full evaluation for
systemic infection via bacterial translocation should
be performed, including sampling of the blood,
urine and cerebrospinal fluid, if possible, for culture.
Parenteral antibacterials should also be adminis-
tered. Antibacterial coverage is aimed at aerobic and
anaerobic enteric species of bacteria and may in-
clude ampicillin or vancomycin for coverage of
Gram-positive species; an aminoglycoside, such as
gentamicin, or a third-generation cephalosporin,
such as cefotaxime, for coverage of Gram-negative
aerobes; and metronidazole or clindamycin for cov-

Table III. Proposed antimicrobials for treatment of necrotizing en-
terocolitis

Antibacterial Type of bacterial coverage

Ampicillin (or other penicillin Gram-positive enteric organisms
derivative)

Vancomycin Gram-positive enteric organisms

Gentamicin (or other Synergy for Enterococcus;
aminoglycoside) Gram-negative enteric

organisms

Cefotaxime (or other third- Gram-negative enteric
generation cephalosporin) organisms

Metronidazole Anaerobic enteric organisms

Clindamycin Anaerobic enteric organisms

© 2008 Adis Data Information BV. All rights reserved. Drugs 2008; 68 (9)
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4.2 Surgical Management 5.1 Antenatal Corticosteroids

Administration of maternal antenatal corticoster-If the infant does not improve significantly de-
oids for threatened preterm delivery has been shownspite medical treatment for several days, if pneu-
to decrease the incidence of NEC.[34] The proposedmoperitoneum is present, or if clinical, laboratory
mechanism is similar to that involved in improve-and/or radiographic disease worsen, surgical man-
ment of fetal lung maturation with administration ofagement if often required. In fact, 20–60% of neo-
corticosteroids because the GI tract also maturesnates with NEC will require some type of surgical
under the influences of exogenous corticosteroids.intervention.[1,16,30] For many neonates with intesti-
The intestinal barrier is presumably strengthened,nal perforation, laparotomy is performed with resec-
thus decreasing the potential for translocationtion of the necrosed portion of intestine and an
of bacteria and bacterial endotoxins. The anti-in-ostomy is created at the end proximal to the resected
flammatory properties of corticosteroids may alsobowel. The distal end of the resected region may be
exert some protective effect on the GI tract. Robertsused to create a mucous fistula. Alternatively, some
and Dalziel[34] reviewed eight randomized control-centres may elect to perform resection and primary
led trials assessing the effect of antenatal cortico-anastomosis.[31,32] In some situations, a second lapa-
steroids on NEC in a total of 1675 infants. Theirrotomy may be performed to re-evaluate areas of
results indicated that this therapy was beneficial,intestine with questionable viability. This ‘second
with a relative risk reduction of NEC of 0.46 (95%look’ may occur at 24–48 hours after the initial
CI 0.29, 0.74). Administration of maternal antenatalprocedure to verify that perfusion is adequate or to
corticosteroids for threatened preterm labour hasdetermine if that area has succumbed to necrosis and
now become a standard therapy because of these andneeds to be resected. The bowel may then be re-
other benefits to the neonate.anastomozed several weeks after recovery.[4,20]

The decision to perform a surgical procedure 5.2 Trophic Feedings
may be affected by the relative instability of the

‘Trophic’, ‘non-nutritive’ or ‘priming feeds’ areneonate and his or her size, as this affects the ability
initiated to stimulate peristalsis of the GI tract andof the neonate to tolerate surgery and anaesthesia.
induce appropriate enzymatic activity for digestion.Up to 50% of extremely low birthweight (<1000 g)
In 2003, Berseth et al.[15] published findings indicat-infants who undergo surgery for NEC may die.[20]

ing that trophic feeds decreased the incidence ofExtremely low birthweight and unstable infants with
NEC. A total of 71 infants were fed 20 mL/kg/day ofintestinal perforation may have similar outcomes
unfortified breast milk or preterm formula forwith peritoneal drainage as with surgery.[25,30,33]

10 days. In the second group, 70 infants were fedPeritoneal drainage facilitates removal of infected or
20 mL/kg/day initially, advancing subsequently byinflammatory fluid, and, in conjunction with the
20 mL/kg/day each day starting on day 2 to a maxi-medical management strategies outlined in section
mum of 140 mL/kg/day. A total of 10% in the4.1, aids in resolution of the peritonitis. Drainage is
advancing group developed NEC compared withtypically performed for approximately 1 week, at
approximately 1% in the trophic-fed groupwhich time the drain is removed if the patient im-
(p = 0.03). Many alternate strategies for enteralproves. If no improvement is seen, the patient may
feeding initiation and advancement are utilized instill undergo laparotomy.[25,33]

preterm neonates, but the introduction of non-nutri-
tive feedings for some period of time prior to ad-5. Prevention
vancement is often utilized and may be beneficial in
the prevention of NEC.As NEC represents the most common neonatal

GI emergency, much work has been done to evalu- 5.3 Breast Milk
ate potential antenatal and postnatal preventative
strategies aimed at the proposed pathophysiological Breast milk contains maternal IgA, epidermal
mechanisms of disease. growth factor, PAF acetylhydrolase (which inacti-
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vates PAF), prebiotic elements (which favour the cebo to prevent NEC. Nine of 71 (13%) premature
replication of commensal GI bacteria) and anti-in- neonates developed NEC in the vancomycin group
flammatory cytokines such as interleukin-10. These compared with 19 of 69 (28%) in the placebo group
substances combine to facilitate digestion and repli- (p = 0.035). Gentamicin has also been evaluated for
cation of protective bacteria, and to provide protec- prophylactic use against NEC. In one investigation,
tion to the mucosal barrier of the GI tract.[7,10,16-18,35] oral gentamicin was administered for 1 week in
One consistently observed difference between premature neonates to prevent NEC. In this double-
breast milk-fed and formula-fed infants is that breast blind, randomized, controlled trial, 20 neonates re-
milk-fed infants have lower counts of potentially ceived gentamicin, while 22 received placebo.[38]

pathogenic bacteria, such as Clostridia, Enterococ- None of the 20 patients administered gentamicin
cus and Enterobacter, and higher counts of more developed NEC compared with 4 of 22 (18%) who
typical commensal species, such as Staphylococcus received placebo (p = 0.05).
and Bifidobacteria.[35] In a multicentre case-control Bury and Tudehope[39] performed a meta-ana-
study, it was noted that all 53 cases of NEC had lysis of five studies involving 456 infants in order to
begun enteral milk feeding prior to the diagnosis.[19] evaluate the use of enteral antibacterials for preven-
A total of 70% of patients with stage II/III NEC tion of NEC. Their main finding was that there was a
received breast milk versus 92% of matched con- significant reduction in the rate of NEC with pro-
trols who received formula (OR 0.19; 95% CI 0.05, phylactic administration of an enteral aminoglyco-
0.73). side (relative risk [RR] 0.47; 95% CI 0.28, 0.78).

In 1990, Lucas and Cole[36] performed a prospec- There was also a significant reduction in NEC-
tive multicentre study to evaluate the role that early related mortality in infants who received oral anti-
feeding choices played in the development of NEC. bacterials (RR 0.32; 95% CI 0.10, 0.96). However, a
Their findings indicated that of neonates who were significant increase in rates of colonization with
fed formula exclusively, confirmed NEC was 6-fold resistant bacteria was also noted in the group admin-
more common than in neonates who were fed breast istered enteral antibacterials (RR 1.73; 95% CI 1.00,
milk alone. Furthermore, the risk of NEC was 3.5- 2.97).[39]

fold higher in neonates who were fed formula exclu- Although potentially effective, prophylactic use
sively than in those who were fed a combination of of oral antibacterials to prevent NEC has not been
breast milk and formula. widely adopted for several reasons. NEC may in-

Sisk et al.[16] evaluated whether high proportions volve bacterial invasion with any or a number of
(≥50%) of enteral feeds comprised of human milk Gram-positive and aerobic or anaerobic Gram-nega-
fed within the first 14 days of life were protective tive species. Therefore, treatment with one antibac-
against NEC in very low birthweight infants. 202 in- terial is unlikely to provide adequate antimicrobial
fants were grouped into those being fed with low coverage in all cases. In addition, the widespread
(<50%) or high (≥50%) proportions of human milk. use of antibacterials may be associated with the
Five of 46 (10%) of the low human milk group emergence of antibacterial-resistant organisms. As a
developed NEC compared with 5 of 156 (3%) of the consequence, this strategy is not currently recom-
high human milk group (OR 0.17; 95% CI 0.04, mended.
0.68). Based on these findings, the use of breast milk

5.5 Probioticsin the preterm population is preferable.

One of the most promising interventions for the5.4 Oral Antibacterials
prevention of NEC may be the use of probiotics.

The pathophysiology of NEC may include an Probiotics are oral supplements containing microbes
overabundance of pathogenic bacteria and, there- that are usually indigenous to the healthy human
fore, oral antibacterials may be of some use in body. Probiotics are believed to provide a benefit to
preventing the onset of disease. In 1998, Siu et al.[37] preterm neonates by enhancing the IgA mucosal
published results of a double-blind, randomized, response, improving the mucosal protective barrier,
controlled study using oral vancomycin versus pla- increasing the production of anti-inflammatory cy-
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tokines, decreasing intestinal wall permeability and <32 weeks’ gestational age or <1500 g birthweight
competitively excluding pathogenic microbes in the were randomized to receive either Lactobacillus or
GI tract.[40] Some probiotics produce lactic acid, placebo. 585 patients were randomized, of whom
which inhibits proliferation of some species of path- 295 received probiotics and 290 received placebo.
ogenic bacteria, while preferentially enhancing Urinary tract infections and NEC occurred in lower
growth of most commensal species. Probiotics also proportions of supplemented infants, but the differ-
play a beneficial role in protein and carbohydrate ences were not statistically significant.
digestion.[40] Clinically, these effects may manifest In 2005, a study published by Lin et al.[43] evalu-
as improved feeding tolerance, decreased time to ated the use of probiotics in reducing the incidence
achieving full enteral feedings, decreased incidence and severity of NEC in very low birthweight neo-
of NEC and decreased incidence of systemic infec- nates fed enterally and surviving beyond the 7th day
tions in the populations studied. Studies have shown of life. 367 neonates were enrolled, of whom 180
that supplementation with probiotics, mostly Bifi- were randomized to the probiotic group and 187 to
dobacteria, Lactobacillus and Saccharomyces, have the control group. The probiotic used was a combi-
reduced the incidence and severity of NEC with few nation of L. acidophilus and B. infantis. The inci-
adverse effects.[41-45] dence of NEC, defined as greater than stage II, in the

probiotic groups was 2 of 180 (1%) compared withVarious studies have specifically assessed the
10 of 187 (5%) in the control group (p = 0.04). Thecolonization pattern of premature neonates supple-
numbers needed to treat to prevent one case of NECmented with various probiotics. The underlying
and one death due to NEC were 27 and 31, respec-hypothesis is that NEC is precipitated by coloniza-
tively. No differences in severity of NEC were ob-tion of the immature GI tract with pathogenic spe-
served between groups. No blood cultures werecies, thereby inciting a systemic inflammatory res-
positive for B. infantis or L. acidophilus during theponse. Therefore, supplementation with probiotics
study period.may confer a benefit by allowing flora that are

usually indigenous to the GI tract to flourish and In 2005, Bin-Nun et al.[44] evaluated the use of
compete with more pathogenic species. Costalos et probiotics to decrease the incidence and severity of
al.[41] randomly assigned 87 neonates born at a ges- NEC in enterally fed very low birthweight neonates.
tational age of 28–32 weeks to receive either the Neonates either received no supplementation or a
probiotic S. boulardii (n = 55) or maltodextrins daily feeding of a mixture of B. infantis, Streptococ-
(n = 36) for 30 days. Their aim was to investigate the cus thermophilus and B. bifidus. The probiotic and
ability of S. boulardii to modify neonatal intestinal control groups contained 72 and 73 infants, respec-
flora and its function. The numbers of Bifidobacter- tively. NEC occurred in 4% of patients in the probi-
ia cultured were significantly higher in the group otic group and 16% in the control group (p = 0.03).
that received S. boulardii. Conversely, stool colo- In addition, the severity of NEC was significantly
nies of E. coli and species of Enterococcus were reduced in the probiotic group (mean stage 1.50 vs
significantly lower in the S. boulardii group. NEC 2.30 in the control group; p = 0.005).
occurred in 10% of the probiotic group compared In 2007, Deshpande et al.[45] performed a system-
with 16% in the control group (OR 0.50; 95% CI atic review of randomized controlled trials, includ-
0.15, 1.98). Bacteraemia occurred in 6% of the ing some of those discussed here,[41-44] to evaluate
probiotic group compared with 8% of the placebo the efficacy of probiotics in preventing stage ≥II
group (OR 0.70; CI 0.13, 3.6). However, S. bou- NEC in neonates <33 weeks’ gestational age and
lardii was not isolated from any positive blood <1500 g birthweight. Their analysis consisted of
culture. seven studies that initiated probiotic supplementa-

A large, multicentre, double-blinded study by tion within the first 10 days of life. The probiotics
Dani et al.[42] in 2002 in Italy evaluated the efficacy used included strains of Lactobacillus, Saccharo-
of Lactobacillus rhamnosus supplementation in re- myces and Bifidobacteria. 1393 neonates were
ducing the incidence of urinary tract infection, bac- analysed, consisting of 690 controls and 703 in the
terial sepsis and NEC in preterm infants. Infants probiotic group. In the control group, 38 of 690 (6%)
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infants developed NEC compared with 15 of 703 7 days, the number of Bifidobacteria in the stools
(2%) of infants who were administered probiotics was determined to be significantly higher in the
(RR 0.36; 95% CI 0.20, 0.65). A reduction in the prebiotic group. The percentage of infants colonized
risk of all-cause mortality was also observed in the with Bifidobacteria was also significantly higher in
probiotic group based on data from five trials the prebiotic group (90% vs 70%, respectively;
(n = 1268; RR 0.47; 95% CI 0.30, 0.73). The poten- p < 0.05). Conversely, the numbers of E. coli and
tial harm of probiotics was also evaluated by com- Enterococcus in the stools were significantly lower
paring the risk of bacteraemia in the treatment and than in the placebo group. This study did not report
placebo groups. Data from six trials were included any findings on the incidence of NEC in their study
(n = 1355) and analysis revealed no significant populations.
difference in the risk of bacteraemia between neo-

5.7 Othernates given probiotics and those who did not receive
probiotics (RR 0.94; 95% CI 0.74, 1.20).

Other preventative strategies have been re-Although probiotics may be a promising ap-
searched with no significant effect on the preventionproach for prevention and decreased severity of
of NEC. Administration of oral IgG and IgA wasNEC, issues exist regarding the standardization of
theorized to offer protective effects in neonates inan appropriate probiotic supplement for neonates.
light of their relative immunoglobulin deficiency.Most studies have utilized various combinations of
Multiple studies were therefore conducted and re-bacteria and amounts of culture-forming units for
viewed, but no effect on the rates of NEC wasdifferent lengths of time. These differences in meth-
observed.[48,49] Superoxide dismutase, a naturallyodology have created difficulties in elucidating the
occurring antioxidant that prevents damage frommost beneficial probiotic supplement for the prema-
free oxygen radicals, and N-acetylcysteine, anotherture population. Questions remain concerning the
antioxidant, were evaluated for their potential tostrains or combinations of strains that offer the best
prevent NEC. No protective effects were seen withbenefit. Potential exists for a significant difference
either antioxidant.[50,51] Epidermal growth factorin the magnitude of the benefit when administered to
plays a role in the repair and maintenance of the GIformula versus breast-fed neonates. There are also
tract, and is present in the breast milk of humans anduncertainties over the optimal time to start pro-
other mammals. The results of epidermal growthbiotics in order to confer maximal benefit, and the
factor supplementation were promising in an animallong-term consequences of probiotic supplementa-
model, but its administration to infants diagnosedtion. A multicentre, randomized, controlled trial cur-
with NEC resulted in only minor improvement.[52,53]

rently in development by the US National Institute
Arginine was considered a potential agent for pre-of Child Health and Human Development Neonatal
vention of NEC when it was discovered that levelsResearch Network may answer some of these ques-
of arginine may be decreased in affected neo-tions.
nates.[54,55] The proposed effect of arginine in this
setting is a reversal of vasoconstriction induced by5.6 Prebiotics
nitric oxide deficiency in premature infants under

There are concerns about the potential infectious stress. A decreased incidence of all stages of NEC in
threat of probiotics to neonates.[46] This has resulted premature infants supplemented with arginine has
in investigation of the use of prebiotics. These are been observed in one study.[56] However, these find-
compounds that selectively increase the population ings have yet to be confirmed.
of existing commensal GI bacteria. They act as
substrates peferentially utilized by commensal bac- 6. Conclusions
terial to proliferate.[47]

Kapiki et al.[35] compared the effect of use of a NEC is a multifactorial disorder of the GI tract of
prebiotic, fructo-oligosaccharide supplemented for- premature neonates with a variety of inciting events
mula on the gut flora of preterm neonates with that culminating in a similar terminal pathway and clin-
of a placebo-supplemented formula. At the end of ical picture. The incidence and mortality of NEC
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16. Sisk PM, Lovelady CA, Dillard RG, et al. Early human milkhave remained the same in recent years as have the
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management strategies, which are primarily aimed litis in very low birth weight infants. J Perinat 2007; 27 (12):
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