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Abstract
Necrotizing enterocolitis (NEC) remains one of the most catastrophic comorbidities associated
with prematurity. In spite of extensive research, the disease remains unsolved. The aims of this
paper are to present the current state of the science on the pathogenesis of NEC, summarize the
clinical presentation and severity staging of the disease, and highlight the nursing assessments
required for early identification of NEC and ongoing care for infants diagnosed with this
gastrointestinal disease. The distributions of systemic and intestinal clinical signs that are most
sensitive to nursing assessment and associated with Bell Staging Criteria are presented. This
descriptive data is representative of 117 cases of NEC diagnosed in low gestational age infants
(<29 weeks gestation). The data highlights the clinical signs most commonly observed in infants
with NEC, and thus, provides NICU nurses an evidence-based guide for assessment and care of
infants with NEC.
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Necrotizing enterocolitis (NEC) is the most common life-threatening gastrointestinal
emergency experienced by premature infants cared for in the Newborn Intensive Care Unit
(NICU). It is a devastating gastrointestinal disease that is associated with severe sepsis,
intestinal perforation, and significant morbidity and mortality1. The incidence of NEC is
inversely correlated to gestational age and birth weight2-4. Low birth weight, premature
infants are affected at a prevalence as high as 15% of all infants cared for in the NICU2-4.
More than 11% of infants born at birth weights below 750 grams will develop NEC2-4.
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Though the majority of NEC cases are treated medically, an estimated 20 to 40% of infants
will require urgent surgical intervention including exploratory laparotomy, bowel resection,
and ostomy. The case fatality rate associated with surgical intervention is as high as 50%,
and is highest among the smallest and most premature infants5-7. Infants who survive are
prone to short bowel syndrome, parenteral nutrition-associated cholestasis, prolonged
neonatal hospitalization, significantly impaired growth, and poor long-term
neurodevelopment8-11. These infants require long term nursing care that is complicated and
costly. The yearly additional hospital charges for NEC in the United States are estimated in
excess of $6.5 million12. Epidemiologic risk factors and clinical predictors have been
explored; however, only prematurity has been identified as a consistent risk factor associated
with NEC2,13.

NEC is one of the major unsolved problems associated with premature birth. In order to
establish the most pertinent nursing assessments required for early identification of NEC,
this paper will (1) review the current state of the science on the pathogenesis of NEC, (2)
summarize the clinical presentation and severity staging of the disease, and (3) discuss the
nursing assessments required for early identification and care for infants diagnosed with this
catastrophic gastrointestinal diagnosis.

State of the Science: Pathogenesis of Necrotizing Enterocolitis
NEC is characterized as an inflammatory disease of the newborn bowel. The pathogenesis of
the disease, while not fully understood, is believed to be multifactorial in nature14-16.
Factors related to intestinal ischemia and inflammation, enteral feeing, and aberrant bacterial
colonization (i.e. infection) have been shown to play a role in the development of NEC in
premature infants. To date, our knowledge of this disease has resulted from findings
generated by investigators seeking to better understand the clinical epidemiology of the
patient-specific risk factors associated with NEC, and the immune properties of the disease
as understood in the context of the premature gastrointestinal (GI) system. Intestinal
ischemia and inflammation, the role of enteral feedings, and aberrant bacterial colonization
are three areas of scientific discovery that are likely to advance our knowledge of NEC in
premature infants.

Intestinal Ischemia, Inflammation and the Premature GI System
Hypoxic-ischemic injury associated with inflammation of the newborn bowel has long been
identified as an important component in the pathogenesis of NEC17,18. Based on
histopathologic findings, it was previously believed that an ischemic event always preceded
the development of NEC in the premature infant19. However, it has now been shown that
ischemia is more likely to occur in association with an early and exaggerated inflammatory
response of the GI villi that follows a neonatal intestinal insult1,20. Neonatal insults such as
hypoxia and hypoperfusion, enteral feeding with infant formula, and eventually, aberrant
colonization of the premature gut, result in injury to the epithelial cells and subsequent
intestinal inflammation. Intestinal inflammation results in the release of inflammatory
mediators, which often lead to an unfavorable response by the immature intestine, and in
turn, determines the symptoms observed, the severity of the illness, and the clinical outcome
for the patient1,21.

After years of study, prematurity remains the only consistently identified risk factor for
NEC2. This is explained by the immaturity of the intestinal tract and associated immune
response, attributes of the premature gut that make it prone to NEC1,22-24. Furthermore, the
premature gut is developmentally immature in terms of motility, digestion and absorption,
circulatory regulation, intestinal epithelial barrier function, and immune functions22.
Premature infants present with inadequate intestinal motility, in large part, because intestinal
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motility develops during the third trimester. It is not until the 34th week of gestation that
migrating motor complexes appear, which facilitate normal motility through the gut25.
Normal motility is critical for digestion and absorption of nutrients, leading to ideal growth.
In addition, motility is a critical aspect of preventing stasis and subsequent disease in the GI
system. When motility is compromised, the intestinal epithelium is more likely to be
exposed to potentially harmful substances, and thus potentially injured as in the
pathogenesis of NEC.

It is thought that the immature intestinal epithelial cells that play a role in barrier and
immune function within the gut mount an exaggerated inflammatory response to intestinal
injury, which culminates in the diagnosis of NEC15. These characteristics of the preterm GI
system, which make it vulnerable to intestinal ischemia, hyperosmolar injury, bacterial
invasion, and subsequent inflammation, are likely to play a critical role in the development
of NEC. These components of the pathophysiology of NEC lead to disruption of the
intestinal mucosal integrity that is evident clinically as abdominal distension, acute feeding
intolerance, cardiopulmonary compromise, bacteremia, and profound hemodynamic
instability. Pneumatosis is the radiographic sign that is often present and, in the most severe
cases, bowel perforation leads to pneumoperitoneum1. Caring for these infants is particularly
challenging for nurses because it is difficult to differentiate NEC from other neonatal
complications (i.e. sepsis, GI morbidities) as the early clinical signs are often vague or
nonspecific. However, once diagnosed, the progression of disease is rapid with significant
clinical consequences.

Enteral Feeding
The role that enteral feeding plays in the pathogenesis of NEC remains an important area of
investigation. Studies have identified that the introduction of enteral feedings into the
neonatal intestinal lumen causes a disruption of mucosal integrity, blood flow, and motility,
playing a key role in the development of NEC26,27. Unabsorbed nutrients in the small and
large intestine can lead to enteric bacterial proliferation. The enteric bacteria can produce
intraluminal gas leading to distention, pneumatosis intestinalis, increased intraluminal
pressure, and the resultant decreased blood flow28. Therefore, many preventative strategies
for NEC have been focused on feeding strategies and understanding the characteristics of
microorganisms present in the gastrointestinal tract. The time of initial enteral feeding,
initial volume, rate of advancement, and type of feedings over the course of the neonatal
period has been studied widely. However, much of the research in this area is conflicting,
and no consensus has been reached regarding the optimal enteral feeding regimen and
nutritional strategies that may prevent NEC27.

When to feed, what to feed, and how quickly to advance enteral feedings in the premature
infant population are factors that vary widely from one institution to another29. Benefits
have been shown following early enteral feeding, also known as gut-stim or trophic feeding,
with breast milk30,31. In addition, enteral feeding with breast milk has been shown to be
protective against NEC for both nutritional and immunologic reasons32. However, NEC has
been found to occur in 90 to 95% of infants with a history of recent feeding volume
advancement or reinitiation of enteral feedings33. A trial comparing rapid versus slow
advancement of feeding was not completed due to an increase in the rate of NEC in the
rapidly advancing group25. Conversely, other trials have found a protective effect against
NEC in patients who had enteral feedings advanced more aggressively, therefore
experiencing a shorter time to full feeding volumes and more rapid attainment of birth
weight34-37. In short, best practices for enteral feeding are limited to the administration of
breast milk early in the neonatal period. Beyond these factors, new knowledge and advances
in neonatal care are needed to better establish stronger evidence based practice in enteral
feeding.
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Aberrant Bacterial Colonization
Abnormal bacterial colonization of the immature gut is a significant risk factor identified
with NEC38. Prior to birth, the newborn intestine is essentially sterile. At birth, the newborn
intestine is inoculated and under ideal circumstances, a normal intestinal immune defense
system develops. The pathophysiology that underpins NEC leads to atypical immunity and
inflammatory response24. Furthermore, this evidence has been corroborated by the fact that
one of the consistently identified protective effects against NEC is feeding with breast milk.
Breastfed infants have a lower incidence of NEC than formula-fed infants39,40. This finding
has been explained by the notion that breastfeeding facilitates colonization of a balanced,
non-pathogenic flora in the gut that helps prevent bacterial overgrowth, whereas formula
feeding promotes abnormal, pathogenic bacterial growth. Aberrant colonization and
bacterial overgrowth produces food-induced toxic by-products including unique microbial
molecular patterns that are capable of altering the epithelial barrier and triggering an
inflammatory cascade of the immature intestinal innate immune system. This specific
inflammatory cascade has been hypothesized to be central in triggering the onset of
pathogenesis of NEC24,32,38.

The significance of bacterial colonization and importance of balancing harmful and helpful
bacteria in the premature gut is a topic of great interest to neonatal researchers and
clinicians. This interest has underpinned studies exploring the effect of widespread
antibiotics on the incidence of NEC41, the role of specific intestinal microbiota in the
development of NEC42,43, and ultimately, the potential use of nutritional strategies such as
pre- and probiotics for disease prevention44,45. Findings have shown that prolonged
duration of initial empirical antibiotic treatment is significantly associated with increased
rates of NEC in extremely low birth weight infants, presumably because these drugs disrupt
the normal colonization of the neonatal intestinal microbiota41. Investigators have also
shown that certain microbiota such as Lactobacillus and Bifidobacteria are protective against
NEC, while other species such as Enterobacteriaceae, Clostridia, and Staphylococcus are
commonly implicated in the pathogenesis of the disease46. That said, recent evidence
generated on the most technologically advanced platform suggests that no one
microorganism is predictive of the disease. Rather, a predominance of Proteobacteia is
highly associated with NEC. According to this study, the limited diversity of total bacteria
and abundance of pathogenic bacteria may contribute to the susceptibility of the premature
infant gut to NEC42. Further study on the microbiological aspects of disease holds promise
for new knowledge that may result in preventative strategies including the use of selected
prebiotics and probiotics.

In sum, understanding the pathogenesis of NEC continues to evolve. New knowledge
generated by multidisciplinary teams will contribute to our understanding of the immature
gastrointestinal system, immune response, and nutritional aspects related to the pathogenesis
of this disease.

Severity of Disease: Staging Criteria for NEC
Clinical presentation of NEC may vary among infants, which presents a challenge to
clinicians aiming to diagnose the disease at the earliest and least severe stage of
pathogenesis. The disease may present anywhere on the clinical spectrum, ranging from
slow and insidious to rapid and progressive47,48. Systemic, intestinal, and radiological signs
all play a role in diagnosis, but vary in observed presence and degree of involvement.
Assigning disease severity based on staging criteria for NEC is important in the diagnosis
and treatment of the disease. Bell Staging has traditionally been the standard in assigning
severity of disease to NEC cases.
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Bell Stages
Dr. Martin Bell proposed the original clinical criteria used to stage NEC cases in 1978.
Three stages were outlined to enhance the recognition and diagnosis of NEC, and to provide
the most effective treatment for each cohort of patients. The proposed staging criteria have
been modified as our understanding of NEC has evolved to incorporate further specificity
into each stage of disease (Table 1)26,47,49. Even with these subsequent modifications, it has
recently been suggested that the Bell Staging criteria are outdated as a result of the increase
in viability at lower gestational ages, the improvement in clinical management of medical
NEC, and the occurrence of other acquired neonatal intestinal diseases that differ from
premature infant NEC48. Bell Staging, however, continues to be used as the standard of
practice to diagnose, stage, and treat NEC in the NICU.

Stage 1, or suspected NEC, includes patients who present with the mildest of symptoms. The
diagnosis of NEC is often questionable, and should be suspected after other examinations
rule out other gastrointestinal disorders. Systemic manifestations include temperature
instability, lethargy, apnea, and bradycardia. The infant may feed poorly, have increasing
pregavage residuals, vomit, present with a mildly distended abdomen, or pass stool with
occult blood. Bowel loops may be distended on radiographic evaluation with mild ileus47.

Infants with a suspected NEC diagnosis who have disease that progresses to include the
classic radiological sign of pneumatosis intestinalis are classified as Stage II, or proven,
NEC cases (see Figure 1). This classification of patients present with signs more indicative
of NEC than Stage I after other gastrointestinal disorders have been ruled out. Abdominal
distention in these patients is marked (see Figure 2), and persistent occult or frank blood in
the stool may be present. Radiological signs may include pneumatosis intestinalis ,
persistent or unchanging bowel loops, and the development of portal vein gas47.

Advanced NEC cases are designated as Stage III, and includes those patients showing most
or all symptoms present in Stages I and II. Stage III infants show a deterioration of vital
signs, evidence of septic shock, or marked gastrointestinal bleeding. Bowel necrosis may
occur by the time the diagnosis is made, at times requiring surgical intervention. In the
advanced stage, pneumoperitoneum may be present on abdominal films in addition to the
radiographic signs for Stages I and II. Cases of NEC in which few clinical signs are present
before the patient develops pneumoperitoneum are rare; however, these patients are
classified as Stage III47.

Modifications have been made to the Bell Staging criteria by researchers studying NEC
aiming to more definitively define the differences in diagnosis stages. Walsh and Kliegman
break each stage into two subcategories, and include signs that differentiate between milder
and more severe courses of disease49. Newly included in the staging criteria are lab values
indicative of acidosis, thrombocytopenia, neutropenia, and disseminated intravascular
coagulation, in addition to intestinal signs of absent bowel sounds and abdominal
tenderness. Ascites as demonstrated on abdominal ultrasound is also incorporated into the
Bell Stage criteria modified by Walsh and Kliegman.

Alternate Classifications of Neonatal Intestinal Disease
Advances in perinatal treatment and premature infant viability have resulted in the proposal
of further revisions to the Bell Stage classifications. Gordon and colleagues suggest
redefining bedside and epidemiologic definitions that incorporate the trends in neonatology
and pediatric surgery, which have emerged since Bell’s 1978 work48. This includes revising
the classification system of intestinal disease to differentiate between infants born at birth
weights below and above 1250 grams. Very low birth weight infants (<1250 g) suffering
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from intestinal disease can be broken into three groups: (1) feeding intolerance of
prematurity; (2) medical acquired neonatal intestinal diseases (ANIDs): preterm NEC and
viral enteritis of infancy (VEI); and (3) surgical ANIDs including spontaneous intestinal
perforation (SIP), preterm NEC, and VEI 48. Four groups—ischemic NEC, VEI, cow’s milk
protein allergy, and SIP—have been suggested for premature infants experiencing
gastrointestinal pathology weighing more than 1250 grams48.

In reviewing the most recent research on neonatal intestinal disease, it is evident that NEC
exists not as a single entity, but rather on a continuum that varies in presentation,
complications, and management strategies. The Bell staging criteria are meant to be applied
only to NEC cases. Diseases similar in presentation, such as SIP, should be excluded from
Bell Staging in the diagnosis and management of these patients50. The new classification
groups put forth by Gordon and colleagues have not been widely cited or incorporated into
practice, to date, but provide an analysis of current neonatal intestinal disease diagnoses that
warrant further discussion.

Long-term Outcomes Associated with NEC
Long-term outcomes of NEC are variable among infants based on severity of disease.
Infants who survive NEC commonly experience long-term sequelae, which differ depending
on clinical presentation and requirement of medical or surgical management1,14. Earlier
detection and treatment may reduce the risk of morbidity and mortality.

GI Morbidities
Patients with NEC experience both short- and long-term GI morbidities. Due to the
dysfunction or absence of bowel after surgical removal of necrotic intestine, infants face
clinical problems associated with short bowel syndrome including malabsorption and failure
to thrive. Approximately 25% of patients with NEC experience some degree of short bowel
syndrome56. Factors that determine the severity of short bowel syndrome comprise the
length of residual intestine after surgery, the anatomy of the remaining small bowel, the
length of colon present, the age at resection, and the time allowed for adaptation56. Because
patients with short bowel syndrome often require long-term parenteral nutrition, the
incidence of catheter-related blood stream infections and complications associated with liver
function are high57. Long-term parenteral nutrition, which is critical to the survival of
surgically managed patients, can lead to hepatocellular damage, malabsorption of lipid-
soluble vitamins, and mineral trace deficiencies. Secondary to NEC, patients may develop
portal venous hypertension and hepatic failure58.

Up to 20% of NEC patients suffer from intestinal strictures caused by damaged intestinal
mucosa, regardless of management strategy14,56. Management of strictures usually requires
surgery. Strictures may have little impact on long-term GI morbidity, as they are often
resected during ostomy reversal. However, this group of patients is already at high risk for
short bowel syndrome, so careful attention must be paid to those who require further bowel
resection56.

Neurodevelopmental Delays
Neurodevelopmental and growth delays in children with NEC have been documented9-11. A
clear association now exists between NEC and neurodevelopmental impairment (NDI). The
biological plausibility of cerebral white matter injury from proinflammatory cytokines
illustrates how surgical patients are at increased risk for NDI, as they experience a surge of
proinflammatory cytokines during surgery, and again potentially with recurrent sepsis and
suboptimal nutrition9. Systematic reviews of studies comparing long-term outcomes of NEC
patients found that the most common NDIs incurred include cerebral palsy, visual
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impairment, hearing impairment, cognitive impairment, and psychomotor impairment9,10.
Patients with advanced stage disease requiring surgical intervention are at increased risk for
the aforementioned NDIs 9-11. Of note, the age at follow-up to assess neurodevelopmental
outcomes in NEC cases in the reported studies was approximately age 18 to 24 months. Data
regarding outcomes following NEC several years after diagnosis and treatment is minimal.
Research that more fully investigates long-term health outcomes following neonatal
comorbidities, such as NEC, is necessary.

Caring for the Premature Infant at Risk of NEC: Critical Nursing
Assessments

One of the greatest challenges in caring for premature infants at risk for NEC is its sudden
and often unpredictable onset. Initial clinical signs of NEC can be vague and nonspecific
and, therefore, are easily overlooked or misinterpreted by the neonatal intensive care team.
Clinical predictors of NEC based on epidemiologic studies, while helpful in our knowledge
of this disease, fall short of identifying a specific and highly predictive set of risk factors2-4.
Furthermore, once clinical signs of NEC are present, the progression is rapid. At diagnosis,
the disease has often progressed to an advanced stage. It is for these reasons that nurses
caring for infants at risk of NEC be acutely aware of the critical nursing assessments
relevant to the onset and progression of NEC.

In a retrospective analysis of 117 premature infants born prior to 29 weeks of gestation,
diagnosed with NEC, and cared for in the NICU at a large academic medical center, Bell
Staging criteria was utilized to assign disease severity. Table 2 shows the distribution of
NEC cases stratified by NEC stages I through IIIB. Tables 3 and 4 present the distribution of
systemic and intestinal clinical signs that were present in infants diagnosed with NEC, in
total and stratified by specific NEC stage. The clinical signs that were measured correspond
to the specific systemic and intestinal clinical signs that are relevant to the Bell Staging
criteria. The data were collected retrospectively from the patient medical record. All
variables were clearly defined for the data abstractors and measured within the 48 hour-
window prior to the NEC diagnosis. The data serve to highlight the nurse-sensitive
assessments that are most commonly present in the short window of time prior to NEC
diagnosis at each stage of disease.

Assessments and Treatment
Early identification of developing NEC in preterm infants is essential to reduce the
devastating effects of the disease. Nurses are in a unique position to assess early signs and
symptoms of NEC, when they are present. Nurses are often the first to respond to acute
changes in clinical status and physical assessments, initiating the series of events to diagnose
and treat NEC. Immediate medical management and intervention of bowel rest, gastric
decompression, and introduction of antibiotic treatment is crucial to decreasing morbidity
and mortality in these infants1,14. An important component of the medical management of
NEC is close observation and serial abdominal exams. Surgical intervention may be
prevented through careful assessments, early intervention, and medical management. The
role of nurses in performing critical assessments and their awareness of early identifiers
contributes greatly to early recognition and management of long-term medical and surgical
sequelae of NEC.

Systemic Signs
Clinical signs and symptoms of NEC at disease onset are relatively nonspecific and often
common to other neonatal disease processes. These may include temperature instability,
apnea, bradycardia, episodes of oxygen desaturation, and signs of lethargy or irritability14.
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Laboratory tests may point toward nonspecific indicators of an inflammatory process.
Commonly, an absolute neutropenia or a leukocytosis with a bandemia is present. Evolving
thrombocytopenia and metabolic acidosis are often markers of disease progression1.
Additional clinical signs include glucose instability, hyponatremia and coagulation
abnormalities. Finally, research has shown that cytokines such as platelet activating factor,
tumor necrosis factor, and selected pro- and anti-inflammatory mediators have been
associated with NEC21,51-54. Advanced stages of this disease process include a combination
of hypotension, bradycardia, severe apnea, combined respiratory and metabolic acidosis,
coagulation abnormalities, and neutropenia14.

Table 3 describes the distribution of systemic symptoms over a cohort of NEC patients
(n=117), ranging from Bell Stage I to Stage IIIB. Findings most significant across all stages
of NEC were hypotension (82.9%), administration of respiratory medications associated
with increased respiratory support needs (63.2%), and bradycardia (54.3%). Hypotension,
defined as a decrease in mean BP of more than 4 mm/Hg from baseline, remained one of the
leading symptoms present prior to NEC diagnosis, in all stages of disease. This descriptive
data emphasizes the importance of nurse assessment pertaining to subtle changes in systemic
signs, such as cardiovascular and respiratory clinical status, as indicative of a
gastrointestinal disease onset, as in the case of NEC.

Intestinal Signs
Intestinal signs indicative of NEC, whether early or late in disease progression, include
increasing pregavage residuals, bilious aspirates, abdominal distention, emesis, guaiac-
positive stool, absent bowel sounds, abdominal tenderness, and a right lower quadrant
mass26. The manifestations of NEC occur over a spectrum, and can include some, all, or
none of the mentioned intestinal signs. Table 4 describes the distribution of intestinal
symptoms over a cohort of NEC patients, ranging from Bell Stage I to Stage IIIB. Findings
most significant across all stages of NEC were evidence of increased pregavage residuals
(72.4%) and abdominal distention (82.1%). In infants who developed Stage IIIA NEC,
100% presented with abdominal distention and 93.3% were noted to have an increase in
pregavage residuals prior to disease onset. Interestingly, prior to Stage IIIB NEC, 78.4% of
infants presented with abdominal distention and 51.4% had evidence of increased pregavage
residuals.

Discussion
This descriptive data may highlight differences in the pathogenesis that underpins medical
versus surgical treatment needs associated with NEC in low gestational age neonates. The
data further emphasize the importance of nursing assessments such as routinely measuring
the abdominal girth of an infant, and assessing for pregavage residuals prior to gavage
feeding. These nursing assessments, which are part of a through abdominal exam, are not to
be overlooked, as changes from baseline are highly likely to be associated with patients who
develop advanced stages of NEC. In addition, the inclusion of assessment of emesis,
abdominal masses or tenderness, auscultation of bowel sounds in all four quadrants of the
abdomen, and testing stool for occult blood are important. These components of a through
abdominal assessment, as well as precise cardiovascular and respiratory nursing
assessments, as summarized in Table 5, are critical to identifying clinical signs associated
with NEC.

Conclusion
Despite advances in neonatal intensive care and significant gains in premature infant
survival, NEC remains one of the most significant complications of premature birth. Its
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pathogenesis and, more important, its prevention, remain unsolved. Infants who develop
NEC are at increased risk of death, infection, and long-term health consequences that result
in aberrant growth and neurodevelopment. The onset of the disease is often insidious, yet
progression is rapid. Findings from the NICU nurse’s physical assessments are often the first
clues to diagnosis. NICU nurses must be highly knowledgeable about NEC and the risk
factors associated with this neonatal disease. Furthermore, NICU nurses must hone their
assessment skills such that they are able to identify the earliest signs of NEC and
strategically intervene early in the course of this devastating gastrointestinal disease.
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Figure 1.
X-ray of neonate with pneumatosis intestinalis, observed in Bell Stage II Necrotizing
Enterocolitis.
From Kim W-Y, Kim WS, Kim I-O, et al: Sonographic evaluation of neonates with early-
stage necrotizing enterocolitis. Pediatr Radiol 2005;35:1056-1061.
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Figure 2.
Photograph of neonate with abdominal distention, commonly associated with necrotizing
enterocolitis
Noerr, B. (2003). Beyond the basics: Advanced physiology and care concept: Cultivating
clinical expertise. Adv Neonatal Care, 2003; 3,3 107-120
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Table 1

Modified Bell Staging Criteria for NEC

Stage Classification Systemic signs Intestinal signs Radiologic signs

IA Suspected NEC Temperature instability,
apnea, bradycardia, lethargy

Increased pregavage residuals,
mild abdominal distention,
emesis, guaiac-positive stool

Normal or intestinal dilation,
mild ileus

IB Suspected NEC Same as above Bright red blood from rectum Same as above

IIA Proven NEC –
mildly ill

Same as above Same as above, plus absent
bowel sounds, with or without
abdominal tenderness

Intestinal dilation, ileus,
pneumatosis intestinalis

IIB Proven NEC –
moderately ill

Same as above, plus mild
metabolic acidosis, mild
thrombocytopenia

Same as above, plus absent
bowel sounds, definite
abdominal tenderness, with or
without abdominal cellulitis or
right lower quadrant mass

Same as IIA, plus portal venous
gas, with or without ascites

IIIA Advanced NEC –
severely ill, bowel
intact

Same as IIB, plus
hypotension, bradycardia,
severe apnea, combined
respiratory and metabolic
acidosis, disseminated
intravascular coagulation, and
neutropenia

Same as above, plus signs of
generalized peritonitis, marked
tenderness, and distention of
abdomen

Same as IIB, plus definite
ascites

IIIB Advanced NEC –
severely ill, bowel
perforated

Same as IIIA Same as IIIA Same as IIB, plus
pneumoperitoneum

Adapted from Lee & Polin, 2003
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Table 2

Distribution of NEC Cases by Bell Stage (n=117)

Bell Stage Distribution of Cases (n=117)

Stage I 37 (31.5%)

Stage II 28 (24%)

Stage IIIA 15 (13%)

Stage IIIB 37 (31.5%)
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Table 3

Distribution of Systemic Signs by Bell Staging [% of cases]

Nurse-Sensitive Assessments
(with definition)

All NEC patients
(n=117)

Stage I
(n=37)

Stage II
(n=28)

Stage IIIA
(n=15)

Stage IIIB
(n=37)

Temperature Instability
Temp ≤ 96.8°F (36°C) and/or ≥ 100.4°F (38°C)

14.7% 16.2% 7.4% 20% 16.2%

Bradycardia
HR < 100 beats/minute

54.3% 64.8% 66.7% 73.3% 27%

Severe apnea, requiring increase in
respiratory support

Greater ventilator support to maintain
oxygenation (i.e. increase in rate, transition

from CPAP to IMV)

49.6% 32.4% 46.4% 73.3% 59.5%

Administration of respiratory medications
initiated to support adequate oxygenation
Administration of caffeine, aminophylline or

theophylline

63.2% 78.4% 78.6% 60% 37.8%

Hypotension
Decrease in mean BP of more than 4 mm Hg

82.9% 73% 92.9% 86.7% 83.8%

Severe hypotension, requiring vasopressor
support

Administration of dopamine, dobutamine, or
epinephrine

17.1% 8.1% 14.3% 20% 27%

Respiratory acidosis
pH < 7.25 and CO2 > 60

46.7% 20.6% 47.8% 64.35 64.7%

Metabolic acidosis
TCO2 ≤ 18

11.9% 9.7% 13.6% 28.6% 5.9%

Thrombocytopenia
Platelets < 100,000

16.5% 15.6% 3.6% 14.3% 28.6%

Neutropenia
Neutrophils (polys) < 1,000

6.1% 16.2% 0 6.7% 0
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Table 4

Distribution of Intestinal Signs by Bell Staging [% of cases]

Nurse-Sensitive Assessments
(with definition)

All NEC patients
(n=117)

Stage I
(n=37)

Stage II
(n=28)

Stage IIIA
(n=15)

Stage IIIB
(n=37)

Increased pregavage residuals
Increase in prefeeding gastric residuals from

baseline

72.4% 78.4% 81.5% 93.3% 51.4%

Abdominal distention
Increase in abdominal girth measured as part

of the abdominal exam

82.1% 81.1% 78.6% 100% 78.4%

Emesis
Nurse assessment and documentation of

emesis

38.5% 32.4% 42.9% 46.7% 37.8%

Guaiac-positive stool
Presence of fecal occult blood, as measured

via Guaiac test

34.5% 29.7% 63% 26.7% 21.6%

Frank blood from rectum
Nurse assessment and documentation of

frank blood from rectum

14.7% 10.8% 40.7% 0 5.4%

Absent bowel sounds
Nurse assessment and documentation of

absent bowel sounds

23.9% 13.5% 21.4% 40% 29.7%

Abdominal tenderness
Nurse assessment and documentation of

abdominal tenderness

10.3% 0 3.6% 33.3% 16.2%

Right Lower Quadrant (RLQ) mass
Nurse assessment and documentation of
abdominal mass, specifically in the right

lower quadrant

0.9% 2.7% 0 0 0
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Table 5

Priority Nursing Assessments for Prevention of NEC

Physiologic System

Generalized Cardiovascular and Respiratory Gastrointestinal

Nursing
assessments
and
clinical signs
associated
with
NEC

Temperature

• Temperature
instability

• Additional radiant
heat requirements

Behavior

• Lethargy

• Irritability

Vital signs

• Apnea

• Bradycardia

• Oxygen desaturations with
increased respiratory support
needs

• Hypotension

Feeding intolerance

• Emesis

• Increasing pregavage residuals

• Bilious aspirates

Abdominal exam

• Diminished or absent bowel
sounds

• Increased abdominal girth

• Distention, presence of bowel
loops

• Abdominal masses, especially in
right lower quadrant

Stool frequency and characteristics

• Change in stool frequency and/or
characteristic

• Guaiac-positive stool
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