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Necrotising Enterocolitis (NEC)is an acquired acute intestinal inflammatory condition of
predominantly preterm newborns with significant morbidity and mortality. Although, there is
variability in incidence reporting from centers of various geographical regions, 10% is the best
approximation of overall incidence and 27%-52% of those need surgical intervention. ! NEC
is almost always seen in Very Low Birth Weight (VLBW <1500g) and Extremely Low Birth
Weight (ELBW <1000g) newborns with increasing rates of preterm births being cared for in
the in NICU. However, approximately 10% occur in full term neonates. It is the most common
newborn surgical emergency, and despite advances in the understanding of the condition, it

remains a leading cause of morbidity and mortality in the NICU.?

Etiopathogenesis: After decades of investigations, the etiology of NEC appears to be
multifactorial. It is a complex combination of intestinal immaturity, enteral feeding in a
vulnerable neonate, microbial dysbiosis, immature immune defences and compromised
mucosal integrity with local ischemia or hypoxia resulting in an inflammatory cascade leading

to necrosis of the intestinal segment.

Three hit model tries to explain the pathogenesis.?

Passive immune deficit: The colostrum and/or breast milk provides the immunoglobulins and
innate immune factors to the newborn. The growing foetus also acquires these by active
transport across the placenta in the third trimester. Hence the infants born before 30 weeks are
in a passive immune deficit state, which can only be partially supplemented by breast milk.
This can explain the prevalence and severity of NEC in infants born before or at the threshold
of the third trimester. Compromise of the intestinal epithelial barrier appears to be the first

event.

Innate immune priming: Repeated episodes of inflammation (due to pathogens or other
stimuli) can over-prime the innate immune system which predisposes the neonate to NEC. The
cascade controlling the normal surveillance and subsequent pyknosis of invading mucosal

pathogens when goes uncontrolled ,leads to abnormal apoptosis and subsequent necrosis.



A critical stress or trigger: A third factor that pushes the neonate over the threshold during this
period of susceptibility is likely the pathogen. There is almost no known neonatal pathogen

(bacterial or viral) that has not been associated with NEC.

NEC may involve a single (in approximately 50%) or multiple discontinuous segments.?
Terminal ileum followed by colon are most commonly involved. The most severe variant
(approximately in 19% of operated cases) is the necrosis of more than 75% of the intestine

which is termed NEC totalis.

Clinical Features: At the onset, the clinical features are non-specific. the symptoms represent
a physiological instability with temperature instability, hypoactivity, recurrent apnea,
hypoglycemia, bradycardia and features of shock. The GI symptoms usually include high feed
residue, abdominal distension, blood in stools (usually small amounts). As the disease
progresses, examination findings of ischemic bowel like abdominal tenderness, palpable bowel
mass, and erythematous discoloration of the abdominal wall (necrotic bowel) can be noted.
Presentation, diagnosis, and differential diagnoses. In some ELBW neonate, this progress may

occur within a matter of 24 hrs. resulting in mortality.

Abdominal wall discoloration



Diagnosis: Even after a lot of research, it is still difficult to find a define a diagnosis of NEC.
NEC is a spectrum of disease and for which Bell’s staging has been in place to help with
prognostication. A very acceptable bedside definition for NEC has been proposed by Dr. Peter

Gordon, which he described as Two out of Three rule.*

Patients may be given a diagnosis of Preterm NEC if they have abdominal distension, ileus

and/or bloody stools and meet at least 2 of the criteria below:
1.Pneumatosis and/or portal air by ultrasound or abdominal X-ray at presentation
2. Persistent platelet consumption (Platelet count <150,000/pL persisting for >3 days)

3. Post-menstrual age (PMA) at disease onset is more consistent with NEC than spontaneous

intestinal perforation (SIP)

Bell’s Staging:

Bell Stage 1: Suspected disease

Mild systemic sigs-bradycardia, apnea, temperature instability
Mild intestinal signs-abdominal distention, emesis, bloody stools
Non-specific or normal abdominal radiographs

Bell Stage 2:Definite disease

Mild to moderate systemic signs

Additional intestinal signs-absence of bowel sounds, abdominal tenderness
Radiographic signs-pneumatosis intestinalis and/or portal venous gas
Laboratory derangements-metabolic acidosis, thrombocytopenia

Bell Stage 3: Advanced disease (Surgical NEC)

Severe systemic signs-respiratory failure, hypotension
Severe intestinal signs-abdominal discoloration, severe distention
Severe radiographic signs-pneumoperitoneum

Severe laboratory derangements-disseminated intravascular coagulopathy, severe respiratory

and metabolic acidosis



Differential Diagnosis:

1.Sepsis in a newborn also presents with similar features at the onset.

2.Spontaneous Intestinal Perforation (SIP): This is a condition with a single bowel wall
perforation typically occurring in the terminal ileum in a premature newborn. Although not
always possible to differentiate clinically from Surgical NEC, but some of the differentiating
features include:

In general, it occurs in more premature babies when compared to NEC
Occurs in significantly more premature and lesser weight babies than NEC.

Occurs earlier than NEC,; median age for SIP is 7 days, whereas for NEC is 14 days

Investigations:

Laboratory: Usually neutropenia (and seldom neutrophilia), thrombocytopenia and metabolic
acidosis is found in the infants with NEC. Persistent thrombocytopenia is nearly always present

in these newborns.
C-Reactive Protein being elevated more than 10mg/L for 48 hrs.
Occult blood in the stool is positive in the NEC babies although it is not specific for it.

Intestinal Fatty acid-binding protein (I-FAB) is a small cytoplasmic protein of the mature
enterocytes. Enteric cell death leads to the release of I-FAB in circulation. However, it is

convinient to measure its level in urine of the newborn as it passes through the glomerulus.

Fecal Calprotectin is also a marker of inflammation of the bowel. Both I-FAB and calprotectin

serve as indicators of disease severity rather than as a screening tool for NEC.

Blood Culture is positive in approximately 30—40% of cases. Common organisms: Gram-

negative bacilli and anaerobes . Negative culture does not exclude NEC.
Imaging:
Plain X ray abdomen: Supine view will show dilated bowel loops and lateral decubitus may

show air-fluid levels as non-specific finding in NEC.

Pneumatosis intestinalis (gas within the layers of bowel wall) is also a non- specific finding in
NEC reported in 19-98% of the cases ! (it can also be seen in infants with enterocolitis of

Hirschsprung disease, inspissated milk syndrome, pyloric stenosis, severe diarrhoea,



carbohydrate intolerance). It is usually an early rather than late sign and it may be fleeting

occurrence.

Portal venous Gas (PVG) is seen as branching radiolucent shadows over the liver. It is seen in
about 30% of the cases, and again it is a fleeting sign. It indicates a severe disease in majority

of the cases.

Pneumoperitoneum: Free air in the peritoneal cavity can be seen in supine film as a ‘football’
sign (diffuse round radiolucency like a football in upper abdomen) or as ‘double wall’ (air both
within and outside the bowel wall). In a lateral decubitus film, it is distinctly seen as
hyperlucent shadow over the liver surface. (Radiograph). It is a sign of perforation of the bowel

but seen only in around 60% of the perforations in NEC.

Pneumoperitoneum in a lateral decubitus film

Fixed Bowel loop: In this a single loop or several loops of dilated bowel remain unchanged
in position and configuration for 24 to 36 hours in an abdominal plain radiograph. Although

considered by some but It is not always indicator of gangrenous bowel.



Ultrasound (US): This modality has been found superior to plain X ray in demonstrating PVG,
echoic free fluid (EFF) or focal fluid collections . Additionally it can also detect decreased
bowel wall perfusion . EFF observed on AUS is an early sign of intestinal perforation and
hence, it tip the balance in favour of surgical intervention in the case of clinical deterioration

in the course of NEC.

Prevention strategies:

As the overall mortality rate is up to 25% and goes up to 30% in those requiring surgeries,
preventive measures have been the focus of research. Interventions to effectively prevent the

inflammatory cascade responsible for NEC are being studied. Some of them are:

Breast Milk: Colostrum/breast milk contain micro and macronutrients for gastrointestinal
maturity of the infant which are protective against the infections and inflammations. It has been

found that feeding the breast milk reduces the incidence of NEC.

Standard Feeding Protocol (SFP): Introducing SFP in NICU has been helpful in reducing the
incidence of NEC.’

Antibiotic stewardship: Avoiding non-essential use of antibiotics in newborns is an effective

prevention.

Avoiding gastric acid reducing medications: these have known to promote bacterial growth,

and it is better to avoid them in the neonate prone for NEC

Management:

Medical NEC: The treatment of the Bell’s stage 1 and 2 is usually supportive with bowel rest,
Oro/Nasogastric drainage to decompress the GIT, broad spectrum antibiotics and monitoring
for pneumoperitoneum with serial radiographs. Most centres treat medical NEC with 7-14 days
of bowel rest and broad-spectrum antibiotics that cover intestinal flora (mostly anaerobes).
Length of treatment depends of the clinical status of the neonate.® Total Parenteral nutrition

(TPN) support will be beneficial in those requiring more than 4-5 days of NPO status.

Surgical NEC: The most widely accepted indication for surgical intervention is
pneumoperitoneum which indicates a perforated bowel. Some other parameters which have
been found to be associated with the need for surgical intervention are portal venous gas,

abdominal wall erythema, hypotension, metabolic acidosis, hyponatremia, neutropenia, and



thrombocytopenia, especially if they were persistent. * The finding of EFF on US also can be

taken as sign of perforated bowel and indication for surgery.

The goals of surgical intervention are removing the frankly necrotic bowel, thus minimizing
contamination and sepsis, but at the same time preserving adequate length of bowel to prevent

a short bowel syndrome in future.

Peritoneal drain: It has been used to stabilize a critically sick neonate as a temporary
intervention. It is a bedside procedure. Usually a Penrose drain (or a finger of the surgical
glove) is introduced in the right iliac fossa with a tiny incision under local anesthesia. This
allows the egress of the peritoneal contaminated fluid, allows decompression of the abdomen
and helps in better ventilation. Primary peritoneal drainage has been the only surgical

intervention in some cases with recovery of the neonate.

A recent systematic review concluded that neither RCTs nor observational studies with high
quality of reporting showed a difference in mortality when comparing laparotomy versus
peritoneal drainage.!® However, In the Necrotizing Enterocolitis Surgery Trial (NEST), the
authors concluded that with a preoperative diagnosis of NEC, initial laparotomy is more likely
than peritoneal drainage to reduce death or Neurodevelopmental impairment ( NDI) , with a
Bayesian posterior probability of 97%. This suggests that laparotomy, rather than peritoneal

drain, may reduce death or NDI in infants with surgical NEC.!!

Laparotomy: Standard approach has been a laparotomy for excision of necrotic segment of
intestine and clearing the peritoneal cavity of the contaminated collection. Laparotomy is
performed with a transverse supraumbilical incision and the intra-operative findings dictates
the nature of surgery. If a clearly demarcated gangrenous segment is seen with minimal
contamination, resection and anastomosis can be done. More often than not, there are segments
of doubtful viability in an unstable baby in which case resection of the gangrenous bowel with
enterostomy may be required. These enterostomy need not be matured on table, and can be
done bedside later, once they start functioning. A ‘clip and drop’ technique can be utilized
when multi-segmental disease is evident, where in, after resecting the frank gangrenous bowel,
the proximal and distal ends of the borderline viable bowel are closed with hemoclip and left
in abdominal cavity to have second look later (48-72hrs). These techniques preserve the length
of the bowel, which is precious to prevent short gut syndrome. A second look procedure is

usually not practiced in a neonate with extensive segments of gangrenous bowel.



Post-operative management of a high stoma (in jejunum or proximal ileum) requires
meticulous management of the GI losses of fluid and electrolytes. Continued parenteral

nutrition will be needed till initiation of the feeds.

In the neonates who have undergone enterostomy, the continuity can be restored once they
recover from the insult.it can be done as early as 4-6 weeks after the enterostomy. Before
undertaking the closure of the stoma and restoring the continuity of the bowel, a contrast study

from the distal stoma is required to rule out any distal strictures.
Complications:

Gastrointestinal complications:

Intestinal strictures - The reported overall incidence varies from 9% to 36% and stricture
formation is more frequent in those managed no-surgically. With the improvement in survival
rates, the incidence of strictures after NEC is increasing. Strictures result from fibrotic healing
of an area of severe ischemic injury. The most common site of involvement has been the colon
(80%). Majority of them are single, but upto 15% can be multiple. They present as intestinal
obstruction or rectal bleeding. Upon demonstration of a stricture on contrast study, resection

of the segment with anastomosis is required.

Short Bowel Syndrome and malabsorption: decreased bowel length with decreased
absorptive surface, gut hypermotility, bacterial overgrowth are some of the contributory factors
for malabsorption, leading to nutritional deficiencies and stunted growth. Short bowel
syndrome is noted in up to a fourth of survivors who underwent surgical resection. Home
parenteral nutrition may be required in many till bowel adaptation. Surgical procedures for
bowel lengthening have been described- Longitudinal Intestinal Lengthening and
Tailoring (LILT) procedure, commonly known as the Bianchi procedure; and STEP or serial
transverse enteroplasty. These increase the length and decrease the diameter of the lumen thus

making way for better absorption.

Cholestasis: Prolonged TPN is usually the culprit for developing cholestatic liver dysfunction.
Most effective prevention/treatment is by establishing early enteral feeds thus stimulating the
bile flow.

Recurrent NEC: Recurrence of NEC after both medical and surgical management of NEC is
known in a small percentage of cases. More than 70% can be successfully treated

conservatively.



Neurodevelopmental Impairment : Among extremely low birth weight (ELBW) infants, the
diagnosis of NEC treated medically or surgically has been shown to be an independent risk
factor for adverse neurodevelopmental outcomes.'? There is no clear data regarding the precise

mechanism for NDI in NEC. Approximately NDI is seen in up to 50% of the NEC survivors

Prognosis and Qutcome:

Even with the advances, NEC remains a significant cause of morbidity and mortality in Preterm
babies in NICU. Several prevention strategies have been implemented like encouraging breast
feeding, donor human milk banks, implementing blood transfusion protocols etc.® Clinical
research like: Remote ischemic Conditioning (RIC) for Prevention of NEC 3,
Bowel/Abdominal Ultrasound (BUS/AUS) for Diagnosis of NEC are trying to prevent/detect
the surgical NEC subset early.!'*

Summary/Key Points:

e NEC is a multifactorial disease, and it requires a multidimensional approach to prevent
it in preterm infants.

e Promotion of breast milk usage, antibiotic stewardship, probiotics, standardized feeding
protocols and avoiding acid-reducing medications, can minimize microbial dysbiosis,
which is a major factor in the development of NEC.

e Transfusion protocols to reduce severe prolonged anemia that may contribute to NEC
risk should also be considered.

e Improving maternal health is of paramount importance to reduce rates of prematurity
and NEC.

e Early Detection of the Surgical NEC subset is one of the key factors in improving the

outcome
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