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Necrotizing Enterocolitis: Pathophysiology, Diagnosis and Treatment
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Abstract: Necrotizing enterocolitis (NEC) is an inflammation of the intestine and is more
common in premature infants. The prevalence of NEC increased in children with birth
weight <1500 grams and gestational age <28 weeks. The pathophysiology of NEC is not fully
understood, but the mechanisms that may be associated including intraluminal bacterial

invasion through toll-like receptor 4 (TLR-4) and activating inflammatory reactions. In
addiction, impaired intestinal microcirculation and dysbiosis are also said to be associated
with the disease pathogenesis. Diagnosis and staging of the disease is done using Bell's
Modified Staging Criteria, consisting of mild, moderate and severe phases. Due to the poor
prognosis of NEC, adequate and quick management are required.
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Introduction
Necrotizing  enterocolitis (NEC) is an

inflammatory condition of the infant gut that causes
high morbidity and mortality rates, especially in
extremely preterm infants (less than 28 weeks) with low
birth weight (Bazacliu & Neu, 2019). It is often associated
with sepsis and leads to complications such as
perforation, peritonitis, and even death. The etiology of
NEC is unclear (Curtis & Terrin, 2013). The incidence of
the disease is found to be 1-3 cases per 1000 live births.
NEC is more common in extremely preterm infants
(under 28 weeks gestation), as they still have immature
intestines (Lee & Polin, 2003). NEC conditions that do
not receive immediate treatment can increase the risk of
short bowel syndrome (SBS) in premature infants
(Macdonald & Green, 2018). The pathogenesis of this
disease is unknown, as it involves a multifactorial
process. Risk factors such as prematurity, infection,
changes in the gut microbiota, and inadequate gut
barrier function may ultimately lead to the activation of
the inflammatory cascade (Gomella et al., 2020; Hartini
et al., 2013; Neu & Walker, 2011).

Definition and Epidemiology
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Necrotizing enterocolitis is an inflammation of the
intestine that occurs as a result of immature or impaired
development of the gastrointestinal tract. NEC is
characterized by an inflammatory condition and often
bacterial invasion (Alganabi et al., 2019). This condition
is most commonly seen in premature infants (Kelleher et
al., 2021). NEC is found in 4-10% of infants with a birth
weight of less than 1500 grams, with the highest
incidence in preterm infants. Approximately 10% of
cases of NEC in full-term infants are accompanied by
pre-existing medical conditions (Gomella et al., 2020).

Pathophysiology

The pathophysiology of necrotizing enterocolitis
is multifactorial. One of the pathophysiology associated
with NEC is that intraluminal bacteria invade the
intestinal epithelium through its villous ends.
Endotoxins from these bacteria bind to toll-like receptor
4 (TLR-4) on intestinal epithelial cells and activate
pathogen-associated molecular pattern receptors
(PAMP receptors), causing intestinal barrier damage
and enterocyte apoptosis (Gomella et al., 2020). This
further activates an inflammatory response in the lamina
propria mediated by tumor necrosis factor-alpha (TNEF-
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a), interleukin-13 (IL-1p), and other inflammatory
cytokines. Vasoactive substances associated with NEC
are also released into the gut, such as platelet-activating
factor (PAF), endothelin-I (ET-I), and nitric oxide (NO).
The inflammatory response also activates the
complement and coagulation systems. In this case,
leukocytes and platelets adhere to the endothelium to
prevent blood flow in the microvascular of the small
intestines and cause damage to the tissue (Alganabi et
al., 2019). Risk factors associated with NEC include
prematurity, gut dysbiosis (impaired gut microbes),
impaired mucosal defense mechanisms, altered immune
response, infant formula feeding, medications such as
antibiotics and H2-blockers, genetic predisposition, red
blood cell transfusions and maternal smoking during
pregnancy (Gomella et al., 2020; Neu & Walker, 2011).

Preterm infants have increased TLR-4 expression
in the intestinal epithelium. TLR-4 plays an important
role in the activation of innate immunity by recognizing
specific patterns of microbial components. TLR-4 is
activated by lipopolysaccharides on gut lumen
microbes, resulting in damage to the gut lumen. This
allows luminal bacterial translocation, vasoconstriction,
intestinal ischemia, and the occurrence of NEC (Bazacliu
& Neu, 2019). In addition to TLR-4 expression, impaired
intestinal microcirculation is also one of the
pathophysiologies that play a role in NEC. Impaired
microcirculation leads to poor blood flow, which will
play a role in facilitating the inflammatory cascade and
ultimately lead to the deterioration of the disease
process (Bazacliu & Neu, 2019).

Dysbiosis also plays a role in the pathophysiology
of NEC. Dysbiosis is a disturbance in the development
and homeostasis of the gut microbiota. Preterm infants
who have been diagnosed with NEC have an increase in
Proteobacterian  (Gammaproteobacteria  class  or
Enterobacteriaceae family). Proteobacteria will be
recognized by the immune system through TLR-4 and
play a role in intestinal inflammation which can lead to
the development of NEC disease in infants (Bazacliu &
Neu, 2019; Pammi et al., 2017).

Oxidative stress and reactive species such as
superoxide are also involved in the pathophysiology of
NEC. Oxidative stress is a condition of imbalance in the
production of oxidative reactive species with
antioxidant defense. Preterm infants have poor
antioxidant defense because the increase in antioxidant
capacity in infants occurs at the end of pregnancy (Nair
& Lakshminrushimha, 2019). Oxidative stress can
disrupt the microvascular balance in the intestine by
increasing the production of vascular regulators such as
nitric oxide, which in turn plays a role in the pathogenic
cascade of disease (Choi, 2014).

Stress modulated by inducible nitric oxide
synthase (iNOS) leads to high concentrations of nitric

oxide (NO) in the intestinal microcirculation. NO further
suppresses intestinal oxygen consumption (Nowicki et
al., 2005). NO also reacts with other superoxides to
produce peroxynitrite, one of the oxidants that cause
ischemia. This ischemic condition in the intestine will
then cause cellular and tissue damage (Nair &
Lakshminrushimha, 2019).
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Figure 1. Pathophysiology of Necrotizing Enterocolitis

Diagnosis

Initial clinical manifestations in patients with
necrotizing enterocolitis have no specific symptoms,
include temperature instability, apnea, bradycardia,
hypotension, increased gastric residue, emesis, redness,
abdominal tenderness and distension, loss of bowel
noise, mass in the right lower quadrant, and blood
stained fecal. Laboratory investigations revealed
thrombocytopenia, neutropenia, elevated C-reactive
protein, metabolic acidosis, electrolyte imbalance, and
coagulopathy (Taufik & Lestari, 2021).

The diagnosis and staging of necrotizing
enterocolitis are based on Bell's Modified Staging Criteria,
which has three clinical stages: mild, moderate, and
severe. (1) Mild stage (Bell's stage 1) has clinical
manifestations such as temperature instability,
bradycardia, mild abdominal distension, and a small
amount of blood in the stool. (2) Moderate stage (Bell's
stage II) has more severe clinical manifestations than the
previous stage. Symptoms may include abdominal
tenderness, thrombocytopenia, and metabolic acidosis;
radiology  examination may reveal intestinal
pneumatosis and/or portal vein gas. (3) Severe stage
(Bell's stage II), at this stage, the clinical manifestations
are severe due to intestinal perforation, which requires
surgery. Other symptoms include pneumoperitoneum,
hypotension, signs of peritonitis, and severe metabolic
acidosis (Meister et al., 2020).

The time-standard examination to determine
the diagnosis of necrotizing enterocolitis is abdominal
radiology. The examination will reveal intestinal
pneumatosis, portal vein air, or pneumoperitoneum
(D'Angelo et al., 2018). As a result of anaerobic bacterial
metabolism, air will be found in the intestinal
submucosal layer, which is called intestinal
pneumatosis. Then, some of the indications for surgery
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are also found due to the presence of
pneumoperitoneum (Taufik & Lestari, 2021).

The supporting examination that can be done
for this disease is abdominal ultrasound. In this
examination, there is no radiation exposure, and
neonates with preterm birth have thin abdominal walls,
so this examination can be used. In addition, most of the
intestine is fluid-filled, and it is possible to perform a
more detailed visualization of the intestinal wall. Other
results that can be found in abdominal ultrasound are
size and shape, wall thickness, degree of dilatation,
pneumatosis, portal vein air, presence of intra-
abdominal free fluid, and indications of intestinal
perforation (D'Angelo et al.,, 2018; Taufik & Lestari,
2021). Abdominal ultrasound can be performed in cases
that show insignificant clinical symptoms or radiologic
results and can be performed to evaluate cases of infants
with NEC who do not respond to therapy (Gomella et
al., 2020).

Some  diseases have similar clinical
manifestations to NEC, such as spontaneous intestinal
perforation (SIP). NEC and SIP can both be characterized
by abdominal distension and free air in the abdominal
cavity. In SIP, the disease occurs earlier than in NEC. In
SIP, there is also thinning of the intestinal muscularis
propria and intestinal perforation without inflammation
or necrosis in the area around the perforation. Besides
SIP, other conditions that show clinical manifestations
similar to NEC are sepsis and viral enterocolitis (Neu,
2020). Sepsis in neonate cases has clinical manifestations
similar to NEC stages I and II, such as vomiting,
abdominal distension, and no bowel noise. What can
differentiate the two is the abdominal radiology
examination. In viral enterocolitis, early symptoms may
include lymphocytes which are rarely found in cases of
NEC (Taufik & Lestari, 2021).

Treatment

The first line of management in NEC patients is
conservative management, which involves stopping all
enteral feedings and maintaining nil per os (NPO). A
nasogastric tube is placed to decompress the dilated
bowel, while intravenous antibiotics are started with a
broad spectrum.

Total parenteral nutrition (TPN) consists of
carbohydrates, amino acids, fats, electrolytes, minerals,
and vitamins, administered intravenously to allow the
bowel to rest. Parenteral nutrition should be started with
adequate protein, about 3,5-4 g/kg/day, to maintain
nitrogen balance, increase infant weight, and repair
tissue damage (Ou et al., 2020). Preterm infants receiving
total parenteral nutrition should be monitored regularly.
Monitoring on the first day should be more frequent,
and when the infant's condition is more stable, a
complete blood test should be done once a week to

ensure adequate nutrition and no further complications
(Turkyilmaz et al., 2018).

The antibiotic regimens that can be given such
as  ampicillin,  gentamicin, clindamycin, or
metronidazole. If conservative therapy is effective,
enteral feeding can be continued after signs of infection
disappear in the infant, usually taking up to a week in
some cases (Ginglen & Butki, 2022).

Surgical management can be performed if the
patient's condition worsens, such as
pneumoperitoneum, abdominal mass with persistent
obstruction, and intestinal proliferation that does not
respond to medical therapy. Laparotomy is a surgery
that removes necrotic or perforated parts of the intestine
in an attempt to preserve the intestine and ileocecal
valve (Ginglen & Butki, 2022). Some laparotomy
procedures depend on the neonate's condition and the
extent of the affected bowel, such as focal, multifocal,
and total. In stable patients with focal and multifocal
bowel damage, the main points are resection and
primary anastomosis (Taufik & Lestari, 2021). Ostomy, a
surgical procedure to create an opening in the
abdominal wall, is indicated in extreme conditions of the
infant or significant peritonitis (Ginglen & Butki, 2022).

In patients with >75% bowel damage, the
alternatives are jejunostomy and clip and drop technique.
Jejunostomy may be chosen if bowel resection causes
significant bleeding or loss of the majority of bowel
length in an attempt to avoid extensive bowel resection
and stromal complications, whereas clip and drop
technique is indicated in extensive bowel resection and
stoma-induced complications (Taufik & Lestari, 2021).
After surgery, the infant should receive intravenous
antibiotics and total parenteral nutrition for at least 2
weeks as well as monitoring for correction of electrolyte
imbalance in anemia, and ventilatory support should be
provided if needed (Ginglen & Butki, 2022).

Prognosis

According to the National Institute of Child
Health and Human Development (NICHD), only some
infants survive after surgery. Mortality rates range from
10-50%, increasing with shorter gestational age and
surgical intervention. NEC is associated with a risk of
impaired growth and impaired nervous system
development. Among infants with NEC, 56.7% have
neurodevelopmental disorders, such as cerebral palsy,
blindness, and deafness (Ginglen & Butki, 2022; Gomella
et al., 2020).

Conclusion

Necrotizing enterocolitis is an inflammatory
bowel disease that occurs more commonly in premature
infants. The pathophysiology of the disease is not clearly
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known, as it is multifactorial. Some of the mechanisms
associated with the disease are inflammatory reaction,
intestinal microcirculation disorder, and dysbiosis.
Several risk factors also play an important role in the
disease process, such as prematurity, formula feeding,
medications such as antibiotics or H2-blockers, genetics,
red blood cell transfusions, and a history of smoking in
pregnant women. The prognosis of the disease is poor,
the mortality rate due to NEC ranges from 10-50% of
cases, requiring adequate management in the form of
conservative management, such as NPO, bowel
decompression, and antibiotic administration.
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