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INTRODUCTION 

ecrotizing enterocolitis (NEC) is the most common 

acquired gastrointestinal disease that occurs 

predominantly in premature infants (Srinivasan et al., 2008). 

Necrotizing enterocolitis (NEC) is primarily a disease 

process of the gastrointestinal (GI) tract of premature neonates 

that results in inflammation and bacterial invasion of the bowel 

wall. Despite advances in the care of premature infants, NEC 

remains one of the leading causes of morbidity and mortality in 

this population. It occurs in 1-5% of all neonatal intensive care 

admissions and 5-10% of all very low birth weight (<1500 g) 

infants. Although research has presented an interesting array of 

potential contributing factors, the precise etiology of this multi-

factorial disease process remains elusive (Thompson & 

Bizzaro, 2008).  

Nitric oxide (NO) is considered a potent endothelial-

derived vasodilator synthesized by constitutive nitric oxide 

synthase (NOS-3) from L-arginine is an important regulator of 

placental perfusion, as it plays a role in placental vascular 

endothelial function being a potent vasodilator and antiplatelet 

agent (Hales et al., 1996). Decreased concentration of nitric 

oxide is proposed as one of the possible cellular mechanisms 

for NEC (Shah & Shah, 2004). 
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Arginine is an amino acid that some consider as either 

essential or conditionally essential in the neonate. As a 

precursor for the synthesis of nitric oxide (NO), creatine, 

polyamines, urea, ornithine, proline, glutamate, and other 

molecules with enormous biologic importance, and as a 

stimulant to the production of growth hormone, L-arginine 

plays versatile key roles in nutrition and metabolism (Wu et al., 

2000). 

The plasma and intracellular concentration of arginine 

may be critical not only for tissue growth but also for normal 

physiological function. It has been shown that premature infants 

who subsequently developed NEC had a significantly lower 

plasma concentration of arginine (Becker et al., 2000). 

Recent studies showed that supplementary treatment with 

L-arginine seems to be promising in improving fetal well-being 

and neonatal outcome as well as in prolonging pregnancy 

complicated with preeclampsia (Rytlewski et al., 2006). Also, 

other studies suggest a possible protective role for neonatal use 

of L-Arginine against NEC (Shah & Shah, 2004). 

Glutamine is the most abundant amino acid circulating in 

the blood (0.5-0.8 mmol/l) and is a major constituent of the free 

amino acid pool in the tissues, in particular the skeletal muscle. 

Quantitatively, glutamine is the important amino acid involved 

in inter-organ nitrogen transport, specifically from muscle to 

the gut and kidney (Parimi & Kalhan, 2006). 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Parimi%20PS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kalhan%20SC%22%5BAuthor%5D
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Premature birth leads to a sudden cessation of a special 

combination of nutrients, including glutamine, specifically 

suited for the rapidly developing fetus (Battaglia & Regnault, 

2001). 

Glutamine participates in a number of metabolic 

processes: as an oxidative fuel for the rapidly proliferating cells 

such as enterocytes and lymphocytes, for the synthesis of 

nucleic acids and amino sugars, in acid base homeostasis, and 

so on. As it is a source of respiratory fuel for gut-associated 

lymphoid tissue, glutamine has been suggested to contribute to 

barrier function of the gut (van der Hulst, 1993). 

Endogenous biosynthesis of glutamine may be 

insufficient for tissue needs in states of metabolic stress. Trials 

in critically ill adults suggest that glutamine supplementation 

improves clinical outcomes. It has been suggested that 

glutamine supplementation may benefit preterm infants, 

particularly VLBW infants (Tarnow-Mordi, 2010). 

Raised hypotheses about the role of the amide nitrogen of 

glutamine for nucleotide and glucosamine synthesis in the small 

intestine and how this might relate to greater integrity of the 

intestinal mucosa, hence preventing bacterial translocation 

and/or the subsequent pro-inflammatory response that might 

lead to multiorgan failure are still studied to be proven (Neu, 

2001). 
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AIM OF THE WORK 

The aim of this work was to:  

1- Study the effect of early enteral supplementation of 

premature infants with L-arginine on neonatal outcome, 

especially on the incidence, severity and outcome of all 

stages of NEC. 

2- Study the effect of early enteral supplementation of 

premature infants with glutamine on neonatal outcome, 

especially on the incidence, severity and outcome of NEC, 

infection and sepsis. 
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NECROTIZING ENTEROCOLITIS 
 

ecrotizing enterocolitis (NEC) is the most common 

acquired gastrointestinal disease that occurs 

predominantly in premature infants and is considered to be one 

of the leading causes of morbidity and mortality in them 

(Schnabl et al., 2008). 

In NEC, the small (most often distal) and/or large bowel 

becomes injured, develops intramural air, and may progress to 

frank necrosis with perforation. Even with early, aggressive 

treatment, the progression of necrosis, which is highly 

characteristic of NEC, can lead to sepsis and death (Kliegman 

& Fanaroff, 1988). 

While improvement was the role in most of the fields of 

neonatology, the incidence of NEC had remained relatively 

stable over recent epochs in the very low birth weight (VLBW) 

infant populations (Luig & Lui, 2005).  

Several unresolved issues, such as an unproven 

pathogenesis, inadequate and often-difficult therapy, and the 

lack of an agreed-upon and effective prevention strategy, make 

this disease an enigmatic clinical entity that continues to occur 

in almost every neonatal ICU (NICU) caring for preterm babies, 

especially those weighing less than 1500 g (Henry & Moss, 

2009). Despite many years of research into NEC pathogenesis 

N 
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and treatment, relatively little progress has been made towards 

improving the outcome of patients with NEC since its initial 

description in 1965 and surgical survival remains 

approximately 50% (Afrazi et al., 2011). 

NEC in history: 

In 1823, Charles Billard described what could be argued 

to be the first case report of NEC as gangrenous enterocolitis in 

a small weak infant with infection, inflammation and necrosis 

of his GIT. This report was followed in 1850 by a publication 

of a series of 25 term & preterm infants who presented with 

non-specific symptoms and signs that rapidly progressed and 

ended in death and who also demonstrated similar pathological 

findings on post mortem examination (Henry & Moss, 2009). 

 With the advent of neonatal special care, by the second 

half of the century, this disease was widely recognized as the 

most dangerous gastrointestinal emergency in the intensive care 

nurseries worldwide (Henry & Moss, 2009). 

 In 1965, Mizrahi and colleagues first used the term NEC 

to describe a clinical syndrome of vomiting, abdominal 

distention, shock, intestinal hemorrhage and perforation. In 

1970, the initial surgical approach to this disease was 

formulated by Touloukian, Santulli and colleagues (Stoll et al., 

2010). 
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In 1978, Bell & colleagues classified the disease into 3 

stages according to the severity of clinical presentation 

providing also the recommended treatment strategy according 

to the stage (Bell et al., 1978). 

In 1979 & 1986, Dr Robert Kliegman published a pair of 

well-thought out reviews that honed in on the importance of 

Bell's staging system. In the first he said, 'There is a broad 

spectrum of presentations and severity of NEC. Because it may 

have several different causes, NEC may be a syndrome rather 

than a specific disease (Kliegman, 1979). In the second he said, 

'Although the etiology is unknown NEC has many similarities 

to an infectious disease. Proper staging helps in improving 

reporting and the management of NEC. He also modified this 

staging system to include radiographic, systemic and intestinal 

signs (Walsh & kliegman, 1986). 

Incidence: 

The incidence of NEC varies significantly between 

neonatal intensive care units. Cases occur in each individual unit 

at an ―endemic‖ rate specific for that unit, which may show some 

seasonal fluctuation and may be punctuated by minor epidemics 

although most cases are sporadic (Wiedmeier et al., 2008).  

Although the reasons for these center differences are 

unclear, plausible explanation(s) include biological differences in 

patient populations and distribution of birth weights, infectious 
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milieu in the neonatal intensive care units, and consistency in 

labeling of cases that recover without requiring significant 

medical or surgical intervention (Snyder et al., 2010). 

Overall, approximately 12% of infants that have a birth 

weight less than 1500 g develop NEC, and about one third of 

those who develop NEC succumb to the disease (Kliegman & 

Fanaroff, 1984). 

Etiology & pathogenesis 

Although the exact etiology remains unknown, research 

suggests that it is multifactorial; ischemia and/or reperfusion 

injury, exacerbated by activation of pro-inflammatory intracellular 

cascades, may play a significant role (David et al., 2008). 

 The possibly iatrogenic component of NEC relates to the 

epidemiologic nature of the disease, which occurs only in the 

postnatal period: the disease is never reported in stillborn 

infants and is rare in infants who have never been fed in NICU 

settings, even though clinical practices (e.g, feeding regimens & 

fluid management) vary widely among NICUs (Srinivasan et 

al., 2008). 

 Although extensive research has investigated the 

pathophysiology of NEC, a complete understanding has not been 

elucidated fully. The most accepted epidemiologic precursors for 

NEC are prematurity and gastrointestinal feeding (Kliegman, et 

al., 1993). Pathogenesis of NEC is shown in the next figure. 
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Figure (1): Pathogenesis of NEC (Bhoomika et al., 2012). 

Santulli and colleagues in their very old review described 

the classic triad of pathologic events in the pathogenesis of 

NEC: (1) intestinal ischemia (2) colonization by pathogenic 

bacteria, and (3) excess protein substrate in the intestinal lumen 

(Santulli et al., 1975). 
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Subsequently, Kosloske suggested that the coincidence of 

two of three classic pathologic events was sufficient to cause 

NEC (Kosloske, 1984). 

 Kosloske‘s model has been supported by the findings of 

pathologists reviewing specimens with NEC, which invariably 

showed coagulation (ischemic) necrosis, inflammation, and 

bacterial overgrowth, all present in varying degrees of severity. 

Reparative tissue changes such as epithelial regeneration, 

granulation tissue formation, and fibrosis also were found in the 

majority of cases, suggesting ongoing tissue injury of at least 

several days‘ duration. Kosloske hypothesized that NEC is more 

likely to appear following quantitative extremes (ie, severe 

ischemia, highly pathogenic flora, or marked excess of substrate) 

and that NEC develops only if a threshold of injury, sufficient to 

initiate intestinal necrosis, is exceeded (Kosloske, 1984). 

This hypothesis may explain both typical occurrences of 

NEC among high-risk premature infants and the atypical 

occurrences among infants considered at low risk (e.g, 

previously healthy term infants, infants fed breast milk 

exclusively, and infants never fed). Further, it may explain why 

NEC fails to develop in most high-risk infants in NICUs. 

Kosloske‘s hypothesis may help identify possible iatrogenic 

situations that could contribute to the quantitative extremes of 

one of these three events (Srinivasan et al., 2008). The 

multifactorial nature of the etiology is shown in the next figure. 
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Figure (2): The multifactorial nature of the etiology (Huda et al., 2014). 

NEC is characterized by a severe, unregulated 

inflammatory response. It is characterized by a prominent 

leukocyte infiltrate comprised of activated macrophages and 

neutrophils (Jilling et al., 2004). 

Human and animal studies have demonstrated increased 

tissue expression of TNFα and platelet activating factor (PAF), 

which may propagate ongoing mucosal injury by triggering a 
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cascade of inflammatory mediators, including IL-1, IL-6, IL-8, 

IL-10, IL-12, and IL-18. Activation of the complement and 

coagulation cascades, cytokines, reactive oxygen species, and 

nitric oxide further amplify the mucosal injury. In infants with 

NEC, increased expression of PAF may be coupled with 

reduced levels of PAF acetylhydrolase (the enzyme which 

degrades PAF), further augmenting its local inflammatory 

effects (Hsueh et al., 2003). 

 In experimental animals, attempts to regulate the 

inflammatory response by depletion of neutrophils or by using 

anti-TNFα antibodies have successfully reduced the severity of 

tissue damage (Halpern et al., 2006).  

Possible risk factors & epidemiology: 

Increasing maternal age, decreasing birth weight, 

surfactant therapy, congenital pneumonia and indomethacin 

therapy for the closure of PDA were associated with an 

increased risk of NEC in VLBW infants (Boo & Cheah, 2012). 

1-Prematurity: 

Prematurity is the most important predictor and most 

frequent risk factor for NEC. Immaturity of the gastrointestinal 

tract, particularly in the context of its motility, digestion, 

perfusion, barrier function, and immune defense, is a major 

predisposing factor for NEC (Maheshwari et al., 2011). 
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 Fetal studies in both human and animal models suggest 

that development of gastrointestinal motility begins in the 

second trimester but matures in the third trimester. Intestinal 

motility studies have shown that premature infants can have 

less organized and immature motility patterns than full-term 

infants; enteral feeding can mature these responses (Sase et al., 

2005). The differences in NEC risk between preterm and term 

intestine at the cellular level of the mucosa is illustrated in the 

next figure. 

 

 

Figure (3): Schematic illustrating proposed differences in NEC risk 

between preterm and term intestine at the cellular level of the mucosa 

(Gordon et al., 2012). 
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An intrinsic immaturity of the enteric nervous system 

delays transit and may lead to poor clearance of bacteria and 

subsequent bacterial overgrowth. Peristalsis also serves as an 

important component of epithelial barrier integrity. Peristalsis 

limits the amount of time during which antigens are able to 

interact with the apical surface of the enterocytes and also 

speeds the process by which antigen–antibody complexes are 

eliminated (Sarna, 1989). 

In addition to impaired intestinal motility, premature 

infants have poor digestive and absorptive ability. Lower 

hydrogen ion output in the stomach and low proteolytic enzyme 

activity related to gut immaturity impair this defense 

(Lebenthal & Lebenthal, 1999).  

Immature luminal digestion can predispose the infant to 

the entry of pathogens from the environment and allow 

colonization by pathogens in the distal gastrointestinal tract 

(Srinivasan et al., 2008). 

The inverse relationship between GA and age of onset of 

NEC has been well documented, with term infants presenting 

with NEC in the first week of life (Lin & Stoll, 2006). 

 In a large cohort including 16,669 preterm, in infants, 33 

weeks‘ gestation, NEC appears to present at mean age of 7 days 

in more mature infants, whereas onset of NEC is delayed to 32 

days of age in smaller, lower GA infants (Yee at al., 2012). The 
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incidence of NEC compared to spontaneous intestinal 

perforation (SIP) in relation to gestational age is shown in the 

next figure. 

 

Figure (4): Comparing the incidence of NEC & SIP in relation to 

gestational age (Gordon et al., 2012). 


