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Introduction: Necrotizing enterocolitis (NEC) has been recognized for
over 40 years as a cause of inflammation and necrosis of the small and
large intestine of infants born at less than 36 weeks of gestation. NEC
remains a significant health problem for infants born prematurely and may
become the leading cause of morbidity and mortality among these infants
worldwide. The sequence of events leading to NEG is complex and
multifactorial, although damage to the intestinal epithelium and invasion

by bacteria are known to play central roles in disease pathogenesis.

Study Design: Bacteria initiate a cascade of inflammation that may
progress to intestinal necrosis and perforation with sepsis and death.

Result: Treatment of infants at risk for NEC with probiotic bacteria may
be an area of great potential, as probiotic bacteria may promote
maturation of the epithelial barrier and function to exclude bacterial
pathogens from critical niches in the intestine, thereby disrupting a
primary pathway in disease pathogenesis.

Conclusion: Understanding how probiotic bacteria, or other novel
therapies, prevent or limit disease propagation in NEC will be paramount
in limiting the impact of disease in a growing population of premature
newborns.
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Introduction

Necrotizing enterocolitis (NEC) is the most common life-
threatening surgical and medical emergency of the intestine
encountered in premature infants. NEC is diagnosed in up to 5% of
NICU admissions and accounts for nearly 10000 infants yearly in
the United States. More than 75% of cases occur in infants born at
less than 36 weeks of gestation and weighing under 2000 g." The
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postnatal age of onset is a function of the gestational age, with the
peak incidence occurring approximately 3 weeks after birth in
infants born at <32 weeks, whereas disease develops approximately
2 weeks after birth in infants born between 32 and 36 weeks
and under 1 week of postnatal age in infants born at >36 weeks
of gestation. Although NEC occurs primarily in infants born
prematurely, it has also been described in full-term infants in
approximately 10% of cases.”

The events leading to the development of NEC are multifactorial
and complex and include a history of a complicated early neonatal
course, 4 poor intrauterine environment or perinatal transition.
The only consistent epidemiological risk factors for NEC are,
however, prematurity and a history of enteral feeding, which
may include a rapid advancement in feeding or high osmotic
strength formula feeding.l’?”4 By contrast, there are no consistent
associations between gender, socioeconomic status or race and
the development of NEC. In term infants, a history of cyanotic
heart disease, polycythemia and a history of exchange transfusions
are more commonly associated.

The overall mortality for patients with NEC ranges from
10 to 50%, but approaches 100% in infants with rapidly progressive
disease, which typically includes the smallest and most premature
infants.* Moreover, infants who recover from NEC may still require
prolonged hospitalization due to related complications, such as
intestinal obstruction, short bowel syndrome and liver failure due
to total parenteral nutrition requirements.s’6 Although prompt
diagnosis and intervention are desirable tenants of disease
management, there is no clear evidence proving that early
diagnosis and interventions alter patient outcome.

The variability in the presentation and severity of NEC may
mimic systemic sepsis with abdominal distension and gastric
residuals from ileus or other etiologies of intra-abdominal
catastrophe, including volvulus, intussusception, inspissated
meconium syndrome and intestinal vascular accident. Radiologic
imaging may, however, establish the diagnosis, although it does
not definitively rule in NEC unless pneumotosis intestinalis, or air
in the bowel wall, is present. Pneumatosis intestinalis is thought
to be the hallmark of NEC disease but may also be present in
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Figure 1 Radiographic findings in necrotizing enterocolitis and spontaneous
intestinal perforation. (a) Supine abdominal X-ray in a neonate demonstrating
thickened bowel walls, bowel distention, pneumatosis intestinalis and the outline
of the falciform ligament indicative of free abdominal air. This patient was
subsequently diagnosed with necrotizing enterocolitis. (b) A cross-table lateral
view shows free air in the abdomen in a premature infant with spontaneous
intestinal perforation (SIP).

advanced cases of Hirschsprung’s enterocolitis or severe
gastroenteritis (Figure 1). Pneumatosis intestinalis is thought

to result from bacterial invasion, fermentation and hydrogen
production in the intestinal wall, whereas portal venous air, which
is noted in approximately 30% of advanced cases, occurs when
intramural air is absorbed into the mesenteric venous circulation.
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The finding of a fixed loop that remains unchanged for 24 to 48h
is often associated with transmural necrosis. Despite some reports
indicating an association between fixed loops and pannecrosis,
almost half of patients with this finding recover without surgical
intervention. Free air in the abdomen can be seen as a central
collection of air on the anteroposterior film of the abdomen, or can
highlight the falciform ligament. Pneumoperitoneum in the
absence of pneumotosis intestinalis may be more suggestive of
spontaneous intestinal perforation (SIP), which has recently been
recognized as a disease distinct from NEC (Figure 1). SIP usually
occurs around the seventh day of life and is estimated to occur in
up to 3% of infants born at <1000 g and 26 weeks of gestation.
Moreover, unlike NEC, the majority of infants with SIP have not
been fed nor have systemic, radiographic or histological signs of
NEC.® Although SIP may be associated with umbilical catheters
and congenital defects of the intestinal musculature,”"® the
greatest predictors of disease are the use of postnatal
dexamethasone and indomethacin which, in combination, have
been shown to double the risk of SIP."" However, the overall
morbidity and mortality of SIP is favorable when compared to
NEC." Ultimately, the diagnosis of NEC is based on clinical signs,
symptoms and disease course.

The microbial flora in the intestine of hospitalized premature
infants is markedly different than the intestinal microbial
environment found in full-term, breast-fed infants.">'* Premature
infants are often colonized by pathogenic species, including
Klebsiella, Enterobacler and Clostridial species, with a reduced
degree of colonization by normal commensal microbial flora such
as Bifidobacterium and Lactobacillus species, which are more
characteristic of commensal microbial flora in normal term and
breast-fed infants.” Colonization by pathogenic bacteria or a
paucity of commensal bacterial flora may contribute to the
pathogenesis of NEC. Moreover, it is known that animal models
devoid of bacteria fail to develop intestinal inflammation.'®'’
Although bacterial overgrowth has also been associated with infants
who develop SIP, Candida species and coagulase-negative
Staphylococcus (CONS) are more commonly found in infants with
SIP than with NEC." Thus far, although a single bacterial species
or virus has not been consistently isolated in cases of NEC, a variety
of bacterial species, including Enterobacteriaceae species,
Clostridia species, Staphylococcus species and enteroviruses have
been associated with NEC (Table 1). The data in Table 1 were
derived from a PubMed-based search of the English literature
for NEC-associated pathogens. Although Candida species and
CONS have been associated with SIP, prematurity rather than
pathogen-mediated intestinal inflammation appears to be most
important in the pathogenesis of SIP.

Premature infants also exhibit a relative immune deficiency in
their systemic as well as mucosal immune system that may permit
bacterial overgrowth and invasion in the pathogenesis in NEC. The
gastrointestinal tract is home to the greatest mass of lymphoid



Table 1 Microorganisms isolated from infants with confirmed cases of
necrotizing enterocolitis

Type of Species included Percentage of
microbe total cases (%)
Bacteria Escherichia, Salmonella, Klebsiella, 86
Enterobacter, Clostridium, Staphylococcus

Virus Rotavirus, Echovirus, Coronavirus, Torovirus 11
Fungal Candida 1

No microbes ~ NA 3
isolated

Abbreviation: NA, not applicable.

tissue in the body, and is responsible for coordinating
immunologic defense mechanisms between the adaptive and
innate immune systems.” The gut-associated lymphoid tissue
consists of cells of the adaptive immune system composed of B and
T lymphocytes and cells of the innate immune system, including
resident tissue macrophages, dendritic cells, specialized epithelial
cells called M cells overlying the Peyer’s patches and Paneth’s cells.
Paneth’s cell secretion is stimulated by bacteria and by components
of bacterial cell walls, such as lipopolysaccharide.” Antibacterial
products secreted by Paneth’s cells are found at significantly lower
levels during fetal life when compared with the term newborn and
adult.*" A decreased production of anti-bacterial products by
Paneth’s cells may predispose premature infants to bacterial
overgrowth and NEC. Although polymorphonuclear (PMN)
leukocytes are rarely seem in normal intestine, an increased
number of PMN may be detected in the intestinal epithelium early
in NEC. PMN production by the bone marrow and function is
impaired in the newborn, potentially facilitating intestinal bacterial
overgrowth and invasion.** Despite considerable development
of human T and B cells during fetal life, complete maturation
occurs after birth.*> The newborn lamina propria has few
immunoglobulin A (IgA) secreting plasma cells. IgA is normally
secreted into the mucus layer of the intestine and functions as a
potent inhibitor of microbial proliferation and invasion. Human
intestinal IgA production does not peak until 4 years of age, hence,
the relative deficiency of IgA in the premature newborn likely
contributes to the abnormal colonization of the intestine.**
Therefore, it is plausible that the intestine of the premature infant
has an altered host response to commensal microbes, thereby
potentially contributing to the pathogenesis of NEC and SIP.
While the initial presentation of NEC is often variable, a
common presentation of NEC would be that of a premature infant,
who while advancing on feedings, develops signs of feeding
intolerance. The initial signs may be subtle and include abdominal
distention, elevated gastric residuals, signs and symptoms of sepsis,
and guaiac-positive stool.”> In cases of fulminate NEC, frankly
blood stool, severe sepsis and cardiorespiratory failure are more
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commonplace. Although prompt diagnosis and intervention are
desirable, the management options are tailored based on an
infant’s clinical presentation and physiologic stability. The severity
of NEC is classified based on the Bell’s staging system.” When NEC
is first suspected based on clinical signs and symptoms, including
guaiac-positive stool and non-diagnostic radiography it is classified
as stage I disease. In comparison, an infant with stage IIT disease
would typically be critically ill, with systemic and radiographic
signs of disease. Infants with SIP are characteristically younger and
lack the radiographic and clinical signs associated with NEC.®

Despite the recognition of NEC as a surgical emergency in
premature newborns, the majority of patients with NEC are
managed medically. Prompt resuscitative measures, including
evaluation of airway, breathing and circulation remain paramount
in these patients. When a diagnosis of NEC is suspected, all enteric
feeds should be stopped and the stomach decompressed with an
orogastric tube. Serial measurements of abdominal girth, frequent
abdominal exams and serial abdominal radiographs are obtained
to monitor disease progression.26 Many patients require ventilator
support, and tracheal intubation is preferred to prevent further
intestinal distension. Hypovolemia commonly occurs secondary to
third spacing of fluid and requires adequate resuscitation with
intravenous crystalloids. After blood cultures have been obtained,
broad-spectrum antibiotics should be started. Currently, there is
insufficient evidence regarding the choice of a specific antibiotic
regimen or duration, although broad-spectrum antibiotics based on
patterns of microbial resistance within individual neonatal
intensive care units are recommended.”’ Appropriate antibiotic
therapy has been shown to improve the outcome and survival in
infants with NEC.**~%° The management of SIP is similar to that
of NEC and consists of vigilance, broad-spectrum antibiotics,
adequate resuscitation and supportive care.

There are several strategies aimed at preventing NEC, including
breast milk feeding, antenatal steroids, enteral antibiotics and use
of probiotic oral supplementation. Premature infants fed human
breast milk have a reduced incidence of NEC, when compared with
formula-fed infants.*" A prospective multicenter study of preterm
infants found an almost tenfold increase in the incidence of NEC
in formula-fed infants as compared with those who were fed breast
milk 3 Defining the protective factors within breast milk is an area
of active study, however, it may improve intestinal immunity and
promote the growth of beneficial intestinal microflora. Although
probiotics do not appear to offer an acute therapeutic benefit in
infants with a pre-existing diagnosis of NEC, there have been
several prospective randomized trials that have indicated that they
may play an important role in the prevention of NEC. Hoyos®
demonstrated a 40% decline in the rate of NEC after administration
of Lactobacillus and Bifidobacterium to infants, and in 2005
Bin-Nun ef 4> found an absolute risk reduction of 12% in the
incidence of NEC and a decline in disease severity after daily
feeding supplementation with Bifidobacterium and Streptococcus
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species. Similarly, Lin e al.>* found that probiotic administration
decreased overall patient mortality and lowered the incidence

of NEC (1.1 vs 5.3%). However, a study by Dani ef al.® found
no benefit of supplementation with Zactobacillus. A recent
meta-analysis published in Lancet finds that probiotics may
decrease the incidence of NEC in infants <33 weeks of gestation.”’
Although these data are generally promising, it is important to
appreciate that these studies use differing probiotic species and
that there have been, although rarely, reports of sepsis following
probiotic supplementation.*** Despite these caveats, we believe
that probiotics are a promising and generally safe option in

the preventative medical armamentarium against NEC.

Despite appropriate and timely medical management,
approximately 30% of patients with NEC require surgical
intervention.” The use of drainage or laparotomy in patients
with NEC or SIP is an area of controversy and is beyond the
scope of our discussion.

NEC and SIP are distinct clinical entities; however, neither
disease process is uniform or well defined. In order to improve
outcomes in patients with SIP and NEG, clinical vigilance with
prompt diagnosis, aggressive fluid resuscitation and antibiotic
therapy are essential. Preventative strategies, including probiotic
therapy, are areas of great potential, providing several mechanisms
to improve intestinal barrier function and immunity, but focused
prospective randomized studies are required to support newer
approaches to treatment.

Disclosure
Nothing to declare.

References

1 Stoll B]. Epidemiology of necrotizing enterocolitis. Clin Perinatol 1994; 21: 205—218.

2 Maayan-Metzger A, Itzchak A, Mazkereth R, Kuint J. Necrotizing enterocolitis in
full-term infants: case—control study and review of the literature. J Perinatol 2004;
24: 494—499.

3 Berseth CL. Feeding strategies and necrotizing enterocolitis. Curr Opin Pediatr 2005;
17: 170-173.

4 Holman RG, Stoll BJ, Clarke MJ, Glass RI. The epidemiology of necrotizing enterocolitis
infant mortality in the United States. A ] Public Health 1997; 87: 2026—2031.

S Blakely ML, Lally KP, McDonald S, Brown RL, Barnhart DC, Ricketts RR, ef al., NEC
Subcommittee of the NICHD Neonatal Research Network. Postoperative outcomes of
extremely low birth-weight infants with necrotizing enterocolitis or isolated intestinal
perforation: a prospective cohort study by the NICHD Neonatal Research Network. A7n
Surg 2005; 241: 984—989; discussion 989—994.

6 Ladd AP, Rescorla FJ, West KW, Scherer LR, Engum SA, Grosfeld JL. Long-term
follow-up after bowel resection for necrotizing enterocolitis: factors affecting outcome.
J Pediatr Surg 1998; 33: 967-972.

7 Aschner JL, Deluga KS, Metlay LA, Emmens RW, Hendricks-Munoz KD. Spontaneous
focal gastrointestinal perforation in very low birth weight infants. J Pediatr 1988;
113: 364-367.

8 Tatekawa Y, Muraji T, Imai Y, Nishijima E, Tsugawa C. The mechanism of focal
intestinal perforations in neonates with low birth weight. Pediatr Surg Int 1999; 15:
549—552.

Journal of Perinatology

10

11

12

13

14

15

16

17

19

20

21

22

23

24
25

27

28

29

30

31

Stark AR, Carlo WA, Tyson JE, Papile LA, Wright LL, Shankaran S, ef al., National
Institute of Child Health and Human Development Neonatal Research Network.
Adverse effects of early dexamethasone in extremely-low-birth-weight infants. National
Institute of Child Health and Human Development Neonatal Research Network.

N Engl | Med 2001; 344: 95—101.

Litwin A, Avidor I, Schujman E, Grunebaum M, Wilunsky E, Wolloch Y ef al. Neonatal
intestinal perforation caused by congenital defects of the intestinal musculature.

Am ] Clin Pathol 1984; 81: 77—80.

Halliday HL, Ehrenkranz RA, Doyle LW. Early postnatal (<96h) corticosteroids for
preventing chronic lung disease in preterm infants. Cochrane Database Syst Rev
1998; 3: CD001146.

Okuyama H, Kubota A, Oue T, Kuroda S, Ikegami R, Kamiyama M. A comparison of
the clinical presentation and outcome of focal intestinal perforation and necrotizing
enterocolitis in very-low-birth-weight neonates. Pediatr Surg Int 2002; 18: 704—706.
Fanaro S, Chierici R, Guerrini P, Vigi V. Intestinal microflora in early infancy:
composition and development. Aca Paediatr 2003; (Suppl 9): 48—55.

Sakata H, Yoshioka H, Fujita K. Development of the intestinal flora in very low birth
weight infants compared to normal full-term newborns. Eur | Pediatr 1985; 144:
186—190.

Isolauri E, Salminen S. Probiotics, gut inflammation and barrier function.
Gastroenterol Clin North Am 2005; 34: 437—450, viii.

Taurog JD, Richardson JA, Croft JT, Simmons WA, Zhou M, Ferndndez-Sueiro JL ef al.
The germfree state prevents development of gut and joint inflammatory disease in
HLA-B27 transgenic rats. / Bxp Med 1994; 180: 2359—2364.

Dianda L, Hanby AM, Wright NA, Sebesteny A, Hayday AC, Owen M]J. T cell receptor-
alpha beta-deficient mice fail to develop colitis in the absence of a microbial
environment. Az J Pathol 1997; 150: 91-97.

Coates EW, Karlowicz MG, Croitoru DP, Buescher ES. Distinctive distribution of
pathogens associated with peritonitis in neonates with focal intestinal perforation
compared with necrotizing enterocolitis. Pediatrics 2005; 116: e241—e246.

Mowat AM, Viney JL. The anatomical basis of intestinal immunity. /mzmunol Rev 1997;
156: 145-166.

Ayabe T, Satchell DP, Wilson CL, Parks WC, Selsted ME, Ouellette AJ. Secretion of
microbicidal alpha-defensins by intestinal Paneth cells in response to bacteria. Nat
Immunol 2000; 1: 113—118.

Salzman NH, Polin RA, Harris MC, Ruchelli E, Hebra A, Zirin-Butler S e/ a/. Enteric
defensin expression in necrotizing enterocolitis. Pediatr Res 1998; 44: 20—26.

Carr R. Neutrophil production and function in newborn infants. Br J Haematol 2000;
110: 18-28.

Hannet 1, Erkeller-Yuksel F, Lydyard P, Deneys V, DeBruyere M. Developmental and
maturational changes in human blood lymphocyte subpopulations. /mmunol Today
1992; 13: 215-218.

Mayer L. Mucosal immunity. Pediatrics 2003; 111: 1595—1600.

Bell MJ, Ternberg JL, Feigin RD, Keating JP, Marshall R, Barton L e a/. Neonatal
necrotizing enterocolitis. Therapeutic decisions based upon clinical staging. Ann Surg
1978; 187: 1-7.

Lin PW, Stoll BJ. Necrotising enterocolitis. Zancer 2006; 368: 1271—1283.

Chan KL, Saing H, Yung RW, Yeung YP, Tsoi NS. A study of pre-antibiotic bacteriology
in 125 patients with necrotizing enterocolitis. Acta Paediatr 1994; 396 (suppl):
45-48.

Bury RG, Tudehope D. Enteral antibiotics for preventing necrotising enterocolitis in low
birthweight or preterm infants. Cochrane Database Syst Rev 2000; 4: CD000405.
Bury RG, Tudehope D. Enteral antibiotics for preventing necrotizing enterocolitis in low
birthweight or preterm infants. Cochrane Database Syst Rev 2001; 3: CD000405.
Schmolzer G, Urlesberger B, Haim M, Kutschera J, Pichler G, Ritschl E ef al.
Multi-modal approach to prophylaxis of necrotizing enterocolitis: clinical report and
review of literature. Pediatr Surg Int 2006; 22: 573—580.

Schanler RJ, Shulman RJ, Lau C. Feeding strategies for premature infants: beneficial
outcomes of feeding fortified human milk versus preterm formula. Pediatrics 1999;
103: 1150—1157.



32

33

34

35

Lucas A, Cole TJ. Breast milk and neonatal necrotising enterocolitis. Zazncet 1990; 336:
1519-1523.

Hoyos AB. Reduced incidence of necrotizing enterocolitis associated with enteral
administration of ZLactobacillus acidophilus and Bifidobacterium infantis to
neonates in an intensive care unit. /2t J Infect Dis 1999; 3: 197—202.

Bin-Nun A, Bromiker R, Wilschanski M, Kaplan M, Rudensky B, Caplan M et al.
Oral probiotics prevent necrotizing enterocolitis in very low birth weight neonates.

J Pediatr 2005; 147: 192—196.

Lin HC, Su BH, Chen AC, Lin TW, Tsai CH, Yeh TF e a/. Oral probiotics reduce the
incidence and severity of necrotizing enterocolitis in very low birth weight infants.
Pediatrics 2005; 115: 14,

Neonatal practices in necrotizing enterocolitis
(J Hunter ef al

@

36

37

38

S13

Dani C, Biadaioli R, Bertini G, Martelli E, Rubaltelli F. Probiotics feeding in
prevention of urinary tract infection, bacterial sepsis and necrotizing enterocolitis

in preterm infants. A prospective double-blind study. Biol Neonate 2002; 82:
103—108.

Caffarelli C, Bernasconi S. Preventing necrotising enterocolitis with probiotics. Lancet
2007; 369: 1578—1580.

Land MH, Rouster-Stevens K, Woods CR, Cannon ML, Cnota J, Shetty AK. Zactobacillus
sepsis associated with probiotic therapy. Pedliatrics 2005; 115: 178—181.

Ledoux D, Labombardi V], Karter D. Lactobacillus acidophilus bacteraemia after use
of a probiotic in a patient with AIDS and Hodgkin’s disease. /22t ] STD AIDS 2006;
17: 280—282.

Journal of Perinatology



	Evidence vs experience in neonatal practices in necrotizing enterocolitis
	Introduction
	Disclosure
	References


