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Necrotizing Enterocolitis

Have We Made Any Progress in Reducing the Risk?
Leslie A. Parker, PhD, NNP-BC

ABSTRACT \
Necrotizing enterocolitis (NEC) is a disease affecting premature infants with potentially devastating
complications in the neonatal intensive care unit (NICU). Inadequate knowledge regarding the
underlying pathophysiology of this disease has contributed to the minimal progress made in
decreasing the incidence and severity of NEC. Because of an improved survival rate of the most
immature infants, the number of diagnosed cases of NEC is anticipated to increase. Unfortunately,
decades of research have failed to reduce the risk or improve the prognosis of NEC, magnifying the
need for risk-reduction strategies for decreasing significant NEC-related morbidity and mortality.
Advancements in our understanding of this disease process have facilitated the development of
several strategies that have been investigated in the risk reduction of NEC. This article discusses the
pathophysiology and causes of NEC and presents strategies investigated regarding risk reduction of

this devastating disease.
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devastating condition occurring predomi-

nately in premature infants, affects 7% to
14% of very low-birth-weight (VLBW) infants. The
overall mortality rate is 20% to 40%, depending up
disease severity and need for surgical intervention,
and NEC is associated with complications, including
intestinal strictures, short bowel syndrome, and
increased risk of neurodevelopmental delay.!?
Unfortunately, the number of diagnosed cases of
NEC has not decreased with advancements in neo-
natal care; in fact, it is projected to increase because
of improved survival rate of the most premature
infants, thereby creating a need for preventive
strategies. This article discusses the causes and
pathophysiology of NEC and provides information
regarding progress in our knowledge of potential
strategies to reduce the risk of NEC in premature
infants (Table 1).

N ecrotizing enterocolitis (NEC), a potentially
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PATHOPHYSIOLOGY

Necrotizing enterocolitis predominantly occurs in
premature infants especially those weighing less
than 1000 g at birth and born prior to 28 weeks’
gestation and is characterized by hemorrhagic,
ischemic, and often necrotic intestines.* Symptoms
of NEC include abdominal distension, emesis,
lethargy, apnea, and bradycardia and bloody
stools. Laboratory assessment may reveal neutro-
philia or neutropenia, anemia, electrolyte imbal-
ances including hyponatremia, metabolic acidosis,
glucose instability, elevated c-reactive protein
level, and thrombocytopenia. If it is severe, NEC
can lead to respiratory failure and cardiovascular
instability.

A staging system for NEC developed by Bell and
colleagues® in 1978 and later revised can be used to
determine the severity of the disease and guide
treatment. Stage I includes nonspecific abdominal
symptoms and systemic signs of infection. Stage II
pertains to a more advanced disease with continued
nonspecific symptoms combined with radiographic
findings including pneumatosis intestinalis. Stage III
is the most severe stage and is associated with
intestinal perforation, peritonitis, and increased
mortality.’

Radiologic manifestations of NEC include pneu-
matosis intestinalis, portal venous gas, and pneumo-
peritoneum. Pneumatosis intestinalis is the presence
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TABLE 1. Evidence for Preventive Strategies for Necrotizing

Enterocolitis (NEC)

Preventive Author and Study Sample Size, Sample Salient Findings
Strategy Type Characteristics, Intervention and Comments
Human milk Sisk et al® 202 VLBW infants, grouped =50% breast milk associated with
Prospective cohort according to proportion of a lower risk of NEC (10.6% vs
study human milk consumed 3.2%); P = .01
during the first 14 d of life.
Human milk Furman et al®*® 19 VLBW infants grouped =50% breast milk was not
Prospective cohort according to portion of associated with a lower risk of
study human milk consumed NEC.The incidence was
during first 4 weeks of life. decreased but the sample size

was not large enough to detect a
significant difference.

Human milk Meinzen-Derr et al** 1272 infants weighing Every 10% increase in breast milk
Retrospective < 1000 g. Determined intake decreased the risk of NEC
cohort whether increased human or death by a factor of 0.83
milk intake during first (95% ClI, 0.72-0.96).

14 days of life was associ-
ated with decreased NEC.

Donor human Sullivan et al® 207 VLBW infants randomized Infants fed an exclusively breast
milk Prospective to receive either breast milk ~ milk-based diet had a
controlled trial fortified with human milk significantly decrease rate of
fortifier with donor milk if NEC (P = .02).

no breast milk available or
breast milk fortified with
bovine fortifier with
preterm formula provided if
no breast milk available.

Donor human McGuire®® 4 randomized controlled trials No individual trial found a
milk Systematic review involving 343 LBW infants. difference in the incidence of
Compared the use of donor NEC.The meta-analysis found a
milk vs formula. borderline statistically

significant decrease in NEC in
those infants fed donor breast
milk. All 4 studies were over 20
years old. Three of the studies
were included in all 3 of the
systematic reviews.

Donor human Schanler et al® 253 VLBW infants. Infants No difference in NEC between
milk Randomized whose mothers intended to infants who were supplemented
controlled trial breastfeed were with formula or donor breast
randomized to receive milk. Both groups received only
either formula or donor donor milk or formula when
milk if mothers’ own milk volume of mothers’ own milk
was unavailable. was insufficient (P = .27).
Probiotics Alfaleh et al* 16 randomized controlled Probiotics significantly reduced
Systematic review studies involving 2842 LBW the incidence of severe NEC (RR
infants. Determined the 0.35, 95% Cl: 0.24-0.52). Several
effect of probiotics on the different types of probiotics
incidence of NEC. administered and few studies

discussed whether human milk
or formula was used.

(continues)
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TABLE 1. Evidence for Preventive Strategies for Necrotizing

Enterocolitis (NEC) (Continued)

Standardized
feeding
regimens

Standardized
feeding
regimens

Oral immuno
globulins

Oral antibiotics

Polyunsaturated
fatty acids

Arginine

Systematic review

Patole and de
Klerk*®

Systematic review

MccCallie et al®®

Retrospective
cohort

Foster and Cole?®

Systematic review

Bury and
Tudehope?

Systematic review

Smithers et al?®

Systematic review

Amin et al®

Randomized
controlled trial

studies involving 2176 LBW
infants. Determined the
effect of probiotics on the
incidence of NEC.

6 observational studies that
compared rate of NEC
before and after
implementation of a
standardized feeding
regimen.

147 VLBW infants. Compared
rate of NEC before and after
implementation of a
standardized feeding
regimen.

3 randomized controlled trials
involving 2095 LBW infants.
Determined impact of
prophylactic administration
of oral immunoglobulins on
incidence of NEC.

5 randomized or quasi-
randomized controlled trials
involving 456 LBW or
premature infants.
Determined effect of
administration of enteral
antibiotics of incidence of
NEC.

6 randomized controlled trials
involving 1496 LBW infants.
Determined effect of
feeding formula
supplemented with
polyunsaturated fatty acids
on incidence of NEC.

152 VLBW infants. Compared
infants who received
arginine supplementation
vs placebo on incidence of
NEC.

Preventive Author and Study Sample Size, Sample Salient Findings
Strategy Type Characteristics, Intervention and Comments
Probiotics Deshpande et al*® 11 randomized controlled Probiotics significantly reduced

the incidence of NEC (RR 0.35,
95% Cl: 0.23-0.55). Several
different types of probiotics
administered and few studies
discussed whether human milk
or formula was used.

Incidence of NEC was decreased
by 87%.When only VLBW
infants were included in the
analysis, the effect on NEC was
reduced (RR 0.57; 95% Cl: 0.31-
1.06; P = .08). Four of the studies
were over 10 years old.

Incidence of NEC was decreased
from 18% to 3% (P = .005).

Oral immunoglobulins did not
significantly decrease the
incidence of NEC (RR 0.84; 95%
Cl: 0.57-1.25).

Decreased NEC in infants who
received enteral antibiotics (RR
0.27,95% Cl: 0.28-0.78) and NEC
related deaths (RR 0.32, 95% Cl:
0.10-0.96). Four of the 5 studies
were over 30 years old.

No difference in incidence of NEC
in infants who received
polyunsaturated fatty acids (RR
1.13, 95% Cl: 0.62-2.04). Only 1
study had NEC as a primary
outcome. Because the
polyunsaturated fatty acids were
added to formula, feedings were
required for the intervention.

Infants who received arginine
supplementation had a
decreased incidence of NEC
(6.7% vs 27.3%). A 27.3%
incidence of NEC in the control
group is unusually high.

Abbreviations: Cl, confidence interval; LBW, low birth weight; RR, relative risk; VLBW, very low birth weight.
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of gas within the bowel wall and is produced by
gas-forming bacteria in the intestinal lumen. Portal
venous gas, a poorly understood phenomenon, is
thought to occur when intestinal gas dissects into the
portal venous system from the intestinal lumen and
appears as linear branching vessels in the portal
system. A pneumoperitoneum is present when air
escapes from perforated intestines and enters the
peritoneum.®

Treatment of NEC involves withholding feeds,
gastric decompression, broad spectrum antibiotic
therapy, and monitoring for intestinal perforation
through serial abdominal radiographs. Additional
treatment depends on disease severity and may
include fluid resuscitation, correction of metabolic
acidosis, treatment of thrombocytopenia, and
cardiovascular/respiratory support. Surgery is
required in 20% to 60% of cases and is generally
indicated in infants with intestinal perforation and
in those with continued clinical deterioration.”

RISK FACTORS

Although the causes of NEC is poorly understood, it
appears multifactorial and due to gastrointestinal
and immune system immaturity, which is strongly
associated with prematurity. Gastrointestinal imma-
turity impairs intestinal motility and decreases
nutritional absorption.? Impaired intestinal motility
prevents movement of substrate through the intestine,
resulting in stasis and possible bacterial overgrowth.’
Impaired nutritional absorption may result in
carbohydrate fermentation with subsequent gaseous
intestinal distension and damage to the fragile intes-
tinal epithelium as well as bacterial invasion of the
intestinal wall.'?

Deficient antibacterial properties and altered
immune cellular production limits the premature
infant’s defense against infections, including NEC.!!
Moreover, Secretory IgA, which is normally present
in the intestinal mucosa and functions to protect the
intestines from bacterial invasion, is deficient in
premature infants.!'?

Other reported risk factors for NEC include
pregnancy-induced hypertension, and intrauterine
growth retardation, use of formula feedings, mater-
nal chorioamnionitis, maternal smoking, and the use
of systemic antibiotic therapy.'*!® Although no
causal effect has been established, blood transfu-
sions may also be associated with an increased risk
of NEC 48 to 72 hours following transfusion.!®

CAUSES

Events theorized to contribute to the development of
NEC include intestinal mucosal injury, intestinal
mucosal inflammation, and pathogenic bacterial
colonization of the intestinal tract.'”

Intestinal Injury

Various events, including hypoxia, mild ischemia,
intestinal circulatory regulation immaturity, intesti-
nal inflammation, and bacterial infection, can cause
initial injury to the intestinal mucosa.'® Epithelial
injury can result in an abnormally increased intesti-
nal inflammatory response in premature infants, fur-
ther injuring the fragile intestinal mucosa.

Inflammation of the Intestinal Mucosa

Intestinal mucosal inflammation with subsequent
activation of the inflammatory cascade can occur
because of various factors including intestinal isch-
emia or injury, enteral feedings, and/or bacterial
invasion.? Bacterial translocation, the passage of
pathogenic bacteria across the intestinal barrier into
the bowel wall, is common in premature infants; it
leads to activation of the inflammatory cascade and
the release of chemical mediators, which further
damages intestinal epithelial cells and causes necro-
sis and impairment of intestinal integrity.!’*!

Intestinal Colonization by Pathologic
Bacteria

Normal colonization of the intestinal tract occurs
during the first 12 to 24 hours in term healthy infants
following exposure to an environment typically con-
taining multiple organisms. When an infant is born
prematurely, normal colonization of the intestinal
tract is disrupted through administration of antibiot-
ics, delay of enteral feedings, isolation from normal
bacteria by housing in incubators, and exposure to
abnormal and antibiotic-resistant organisms.*
Feeding type may also influence colonization of the
intestinal tract, and infants receiving breast milk are
more likely to be colonized with more beneficial bac-
teria than formula-fed infants.?® These beneficial intes-
tinal bacteria help prevent colonization with patho-
genic bacteria through competition for nutrition and
acidification of the intestinal environment. Pathogenic
bacterial colonization of the intestinal tract may result
in inflammatory cascade activation with subsequent
intestinal damage. Furthermore, colonization with
beneficial bacteria helps protect against intestinal
injury through prevention of bacterial translocation
and promotion of a protective intestinal barrier and
maintenance of intestinal integrity.'!

Unfortunately, despite decades of research, little
progress has been made toward prevention of NEC
or improvement in prognosis, thereby magnifying
the need for risk-reducing strategies.**

INVESTIGATED STRATEGIES FOR RISK
REDUCTION OF NEC

Several strategies to reduce the risk of NEC have
been investigated, which initially appeared promis-
ing but, on further examination, have not proved
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effective. Prophylactic oral administration of immu-
noglobulins (IgA and IgG) was reported in individ-
ual studies to be associated with a reduced risk of
NEC because of their immunoprotective effect on
the intestinal mucosa. Unfortunately, these benefits
were not supported in a recent systematic review.”
Although 2 of the studies included in this review
used a combination of both IgG and IgA, a prepara-
tion of only IgA may be more effective in neonatal
gastrointestinal tract protection, but to date, this
method has not been investigated.

Another strategy that has been used is oral admin-
istration of antibiotics, which has been shown in a
systematic review to decrease the risk of NEC
through reduction of intestinal pathogenic bacteria,
thereby limiting bacterial intestinal wall invasion
and decreasing the potential for bacterial
translocation.?® However, 4 of the included studies
were conducted in the 1970s prior to the use of ante-
natal steroids, surfactant, and other modern
advances in neonatology, possibly influencing the
relevance of these studies to current neonatal care.
In addition, only 1 study documented type of feed-
ing, and because feeding type has been shown to
influence the incidence of NEC, this lack of clarity
may have influenced the reported outcome.
Significant concerns regarding administration of
oral antibiotics to premature infants, including pro-
motion of resistant organisms and possible systemic
antibiotic absorption, have virtually eliminated their
use in this population.

Yet another method involves using formula forti-
fied with long-chain polyunsaturated fatty acids
(PUFAs), which are inflammatory modulators that
may prevent activation of the inflammatory cascade
and subsequent intestinal injury.?” Although indi-
vidual studies have indicated a decreased incidence
of NEC in infants fed formula fortified with PUFA,
a systematic review disputed these findings and
found no difference in incidence of NEC.?® In addi-
tion, a large, randomized, controlled trial found an
increased incidence of NEC in infants who received
supplemental PUFA although the difference was not
statistically significant.”

Finally, because decreased arginine levels have
been reported in infants with diagnosed with NEC,*
it has been surmised that supplementation with
L-arginine may have beneficial effects. Arginine is an
amino acid necessary for the production of nitric
oxide and acts to maintain mucosal integrity, intes-
tinal barrier function, and reduce inflammation.
Although a single study found an overall decreased
incidence of NEC in infants who received supple-
mentation with L-arginine, no statistically signifi-
cant difference was found in the incidence of stage Il
NEC?!; thus, additional research is necessary before
recommending the use of L-arginine supplementa-
tion for the prevention of NEC.

Advances in Neonatal Care e Vol. 13, No. 5
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PREVENTIVE STRATEGIES SHOWN
TO POSSIBLY REDUCE RISK

Human Milk

The protective effects of human milk on the intestinal
tract are numerous and include (1) prevention of bac-
terial attachment to the host mucosa by oligosaccha-
rides, (2) improved intestinal barrier protection,
(3) prevention or mediation of inflammatory pro-
cesses, and (4) provision of beneficial gastrointestinal
bacteria, thus preventing pathologic bacterial inva-
sion.?? Several studies have reported a decreased inci-
dence and severity of NEC in premature infants fed
human milk.3>* Protection appears dose-dependent
with those infants receiving the greatest proportion
of breast milk demonstrating the lowest incidence of
NEC.** In contrast, Furman et al*’ did not find a dif-
ference in incidence of NEC when infants were fed
50% or more breast milk although the sample size
was small and might not have detected a significant
difference between groups.**

Donor Human Milk

Donor human milk is commonly provided to prema-
ture infants when their mother’s own milk is unavail-
able. Two systematic reviews both reported a
decreased incidence of NEC in low-birth-weight
infants fed donor milk compared with those fed
formula. However, individual studies did not find a
difference in the incidence of NEC and the included
studies were all over 20 years old, making the rele-
vance of these results questionable in this modern
era of neonatology.**’

Schanler et al,*® in a randomized controlled study
of 243 VLBW infants, found no difference in NEC
between formula-fed infants and donor human
milk—fed infants. However, Sullivan et al,*’ in a ran-
domized trial, found that infants fed an exclusively
human milk-based diet of either mothers’ own milk
or donor milk had a 50% decreased rate of NEC and
90% less surgical NEC.* The apparent decreased
protective effect of donor milk may be related to
donation of milk by mothers of older infants and the
need for pasteurization, which may decrease
bioactive components including antioxidant proper-
ties, T cells, B cells, macrophages, neutrophils, IgA
and IgG, lactoferrin.*

Probiotics

Probiotics are live nonpathogenic bacteria that colo-
nize the intestinal tract and exert a positive effect on
an individual’s health and well-being.*! Probiotics
may limit the number of pathogenic bacteria through
competition for binding sites and nutrition, produc-
tion of an acidic environment, and fortification of
the intestinal mucosal barrier.? Less pathogenic
bacteria in the intestinal lumen may reduce the
detrimental effects of bacterial translocation,
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improve intestinal immune regulation, produce anti-
microbial agents and immunoglobulins, and stimu-
late anti-inflammatory cytokines. Probiotics may
also enhance intestinal mobility and maturation,
alleviate intestinal inflammation, and produce spe-
cific protective agents such as arginine, glutamine,
and short-chain fatty acids.*

Two meta-analyses report that administration of
probiotics to premature infants reduces the inci-
dence and severity of NEC.** These studies, how-
ever, were not homogenous; in fact, nearly every
study used a different combination or strain of pro-
biotics. In addition, a recent systematic review sug-
gests fundamental differences in methodology
between studies makes combining results for meta-
analysis nearly impossible, and indicates there is
insufficient evidence to support the routine use of
probiotics in this population.*® Although many
believe that sufficient evidence exists to support rou-
tine use of probiotics in premature infants, addi-
tional research is necessary to determine optimal
dose, frequency of dose, most appropriate strain for
use, and length of treatment. Additional studies to
determine the risk of complications are also advo-
cated. Despite evidence supporting the safety of pro-
biotics in premature infants, the potential for sepsis
exists when administering bacteria to immunocom-
promised patients, and sepsis in compromised
infants and children receiving probiotic therapy has
been reported.*”*8 The lack of quality-controlled,
reliable products is also a concern.

Standardized Feeding Regimens

Standardized feeding regimens consist of a written
set of orders with specific instructions regarding
type of feeding, volume to be fed, and when fortifiers
are to be added. A meta-analysis of 6 observational
studies reported a 29% reduction in NEC in those
infants fed according to a standardized feeding regi-
men.* These findings were supported by a recent
retrospective analysis finding a decrease in NEC
from 18% to 3% following initiation of a standard-
ized feeding regimen in 147 VLBW infants.** Feeding
regimens used by the studies differed, suggesting
that the introduction of a feeding regimen may be
more important than the specifics of a particular
regimen. Introduction of a standardized feeding reg-
imen may impact the risk of NEC through decreased
practice variation, increased awareness and possible
treatment of early NEC, and the use of evidence-
based feeding interventions. Future randomized con-
trolled trials are required to further clarify the effec-
tiveness of this strategy.

NURSING IMPLICATIONS

Because NEC is a major source of mortality and
morbidity in the VLBW infant and is a common

TABLE 2. Suggested Clinical

Implications

Strategies that may decrease the incidence
of necrotizing enterocolitis

Human milk
Standardized feeding regimens

Fluid restriction

Strategies that appear effective but need
additional research

Donor human milk
Probiotics
Arginine
Strategies that do not appear effective
Immunoglobulins

Polyunsaturated fatty acids

occurrence in premature infants, it is important for
neonatal nurses to understand the pathophysiology,
causes, presentation, and treatment of this devastat-
ing disease. Neonatal nurses are often closely
involved in the care of infants with NEC, so it is
critical that they acquire knowledge regarding strat-
egies that may potentially decrease the risk of NEC
in these patients (Table 2).

Furthermore, because human milk has been
shown to decrease both the incidence and severity
of NEC in premature infants, it is essential that
these vulnerable infants receive as much breast
milk as possible. Provision of breast milk, espe-
cially colostrum, immediately following delivery
may be beneficial for physiologic gastrointestinal
development because of its similarity to amniotic
fluid.’! Therefore, nurses need to encourage milk
expression as early as possible following delivery to
optimize the rate of mothers’ own milk being pro-
vided as soon after delivery as possible.’> Nurses
play a key role in this capacity: they assist mothers
in their decision to provide human milk to their
infants, help facilitate an optimal milk supply
through assistance with early milk expression, and
provide education on milk expression through pro-
vision of lactation support. Nursing involvement is
also necessary in the formation and implementa-
tion of standardized feeding regimens in the NICU.
Because nurses are generally the healthcare provid-
ers who are charged with provision of enteral nutri-
tion, their input is critical during the initial proto-
col inception, implementation, and evaluation of
standardized feeding regimens in their individual
units. Finally, nurses should understand the ratio-
nale for use, mechanism of action, and potential
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complications of risk-reducing strategies utilized in
their NICU.

CONCLUSION

Without question, the most significant risk factor
for the development of NEC is prematurity. Because
a reduction in premature birth is not expected to
occur in the near future, risk-reducing measures are
needed to decrease the incidence of this devastating
disease. Although identification and minimization
of potential side effects of any preventive strategy
are imperative, future research is necessary to
potentially decrease the risk of NEC in this vulner-
able population.
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