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Introduction
Necrotizing enterocolitis (NEC) is the leading cause of 
death from gastrointestinal disease in preterm neonates, 
affecting newborn babies at a rate of 1–3 per 1000 births 
per year in North America [1,2]. Despite several decades 
of experience in treating neonates with NEC [3], the 
overall mortality and approach to treatment have 
remained largely unchanged since the initial description 
of the disease several decades ago [4,5].

Despite a lot of research conducted over many years, 
the etiology remains obscure. It involves serious 
intestinal injury following a combination of vascular, 
mucosal, toxic, and possibly other insults to a relatively 
immature gut [6,7].

NEC is one of the most common gastrointestinal 
emergencies in the neonates. It is characterized by 
ischemic necrosis of the intestinal mucosa, which 
is associated with severe inflammation, invasion of 
enteric gas‑forming organisms, and dissection of gas 
into the bowel wall and portal venous system  [3]. 
Although early recognition and aggressive treatment 
of this disorder has improved clinical outcomes, NEC 
accounts for substantial long‑term morbidity in the 
survivors of neonatal intensive care units  (NICU), 
particularly in preterm very low‑birth‑weight (VLBW) 

infants  [birth weight  (BW) below 1500  g]  [8]. 
Intensive research efforts over the past decade have 
begun to clarify the molecular underpinnings of NEC 
and have identified several biologic strategies targeting 
the specific signaling pathways involved, which could 
potentially prevent and/or treat this disease in preterm 
neonates [1].

Although most cases of NEC occur among preterm 
neonates, a small subset of babies born at term or shortly 
before (i.e. ≥35 weeks of gestation) develop NEC‑like 
gastrointestinal signs and symptoms, frequently in 
association with other conditions [9].

Aim
The aim of this work was to detect the most important 
risk factors of NEC in the NICU of Assiut University 
Children Hospital  (AUCH) to help in prevention of 
this condition.
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Patients and methods
The present retrospective study included 36 neonates 
who were diagnosed as having NEC and admitted to 
NICU of AUCH during the period from April 2017 
to March 2018. They were diagnosed by Modified 
Bell’s staging criteria [10].

Records of these cases were examined for history 
taking  (age, sex, perinatal, family history, maternal 
risk factors, placental abnormalities, type, and rate of 
advancement of feeding), full clinical examination [vital 
signs, anthropometric measurements, general, and 
regional examination, and the following risk factors were 
investigated: BW, gestational age, perinatal asphyxia, 
sepsis, respiratory distress syndrome (RDS), mechanical 
ventilation  (MV), patent ductus arteriosus  (PDA), 
indomethacin treatment, gastroschisis, glucocorticoids 
in the first week of life, H2 receptor blocker therapy, 
prolonged empirical antibiotic use  (≥5  days), 
polycythemia, anemia, transfusions, and presence of 
umbilical catheter  (UC)], investigations  (complete 
blood count, C‑reactive protein, serum electrolytes, 
kidney function tests, plain erect abdominal radiograph, 
abdominal ultrasound, and capillary blood gases).

The IRB Assiut faculty of medicine approved the 
study. IRB no: 17100022,  consent statement : patients 
signed informed consent).

Inclusion criteria
All neonates were diagnosed as having NEC by Modified 
Bell’s staging criteria[10] in the NICU of AUCH.

Exclusion criteria
Patients with anatomic or functional conditions that 
cause intestinal obstruction and having disorders 
including Hirschsprung disease, ileal atresia, volvulus, 
meconium ileus, and intussusception were excluded.

Statistical analysis
All data analysis was performed by using statistical 
analysis system software package  (SPSS, version  17,   
IBM, Armonk, New York,  Westchester County.)  The 
frequency and percent were calculated.

Results
The study included 36 neonates who were diagnosed as 
having NEC and admitted to NICU of AUCH during 
the period from April 2017 to March 2018 (Fig. 1 and 
Tables 1–4). 

Table 1 Characteristics and clinical data of the 
studied neonates diagnosed as having necrotizing 
enterocolitis (n=36)
Items Frequency Percentage
Sex

Male 23 63.9
Female 13 36.1

Gestational age
Full term 12 33.3
Preterm 24 66.7

Birth weight (kg)
<1.5 15 41.7
>1.5 21 58.3

Method of delivery
CS 26 72.2
Normal vaginal delivery 10 27.8

Place of delivery
Assiut university 
hospital

14 38.9

General hospital 6 16.7
Private clinic 15 41.7
At home 1 2.8

Antenatal care
Yes 23 63.9
No 13 36.1

CS, cesarean section.

Table 2 Distribution of the studied neonates diagnosed as 
having necrotizing enterocolitis according to their feeding 
regimen (n=36)
Items Frequency Percentage
Enteral feeding

Yes 36 100
No 0 0

Type of milk
Breastfeeding 11 30.6
Formula feeding 21 58.3
Both types of 
feeding

4 11.1

Advancement (ml/kg/day)
<20 31 86.1
>20 5 13.9

Risk factors of NEC among the studied neonates. NEC, necrotizing 
enterocolitis.

Figure 1
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Discussion
The present study presents a trial to get information 
about risk factors for development of NEC in NICU 
of AUCH.

In our study, we found that the incidence of NEC 
among the preterm neonates  (66.7%) was more than 
in the full‑term neonates (33.3%). This is in agreement 
with Mohammed et al. [11], who reported that most 
neonates who developed NEC were premature (87.5%) 
and only 12.5% were full‑term neonates in NICU 
of CUPH. Moreover, this is a confirmed worldwide 
experience that NEC is predominantly a disease 
of prematurity, occurring infrequently in full‑term 
baby  [12]. This is in agreement with another study 
done by Ostlie et al.[13] who reviewed the charts of all 
infants with definitive NEC in NICU of the Children’s 
Mercy Hospital, Kansas City, MO, USA, and they 
found that from 277  patients, 251 were premature 
infants and 26 were full‑term ones.

In our study, we found that incidence of NEC among 
neonates more than 1500 g  (58.3%) was more than in 
neonates less than 1500 g  (41.7%). This is inconsistent 

with Guthrie et al.[14] whose study showed that neonates 
who developed NEC had a lower BW. Overall, 45% of 
the neonates with NEC weighed less than 1000 g in their 
study. Our result may be explained by death of the infants 
of the VLBW before the disease clinically manifested.

In the present study, the incidence of NEC was more 
in neonates delivered by cesarean section (CS) (72.2%) 
than in those delivered by NVD  (27.8%). This is in 
agreement with Lee et al. [15], who found that 73.1% 
of infants who developed NEC were delivered by CS; 
Ahle  et  al.  [16], who found that delivery by CS was 
associated with a greater incidence of NEC, except in 
gestational age more than 31 W; and Maayan‑Metzger 
et al. [17], who found that delivery by CS was associated 
with a greater incidence of NEC.

In our study, enteral feeding had firm association with 
NEC; 100% of patients who were diagnosed as having 
NEC had received enteral feeding. This is in agreement 
with the study done by Pietz et al. [18], who reported 
that more than 90% of infants who developed NEC 
are seen after milk feeding, whereas less than 10% of 
cases occurred in infants without any enteral feeding, 
and Mohammed et al. [11], who reported that ~ 89.6% 
of patients who developed NEC had received enteral 
feeding, whereas 10.4% did not receive.

Rate of advancement of enteral feedings has been viewed 
as a risk factor for NEC. Clinicians have considered 
advancing enteral feeding less than 20  ml/kg/day 
as safe  [19]. This is in contrary to the present study, 
where enteral feeds were advanced by increases of less 
than 20  ml/kg/day in 86.1% of patients with NEC. 
However, in 13.9%, daily enteral feeding was advanced 
by more than 20 ml/kg/day. This is in agreement with 
Mohammed et al.[11] who reported that enteral feeds 
were advanced by increments of less than 20 ml/kg/day 
in 84.6% of patients. However, in 14.4%, daily feeding 
volume increased by more than 20  ml/kg/day. Our 
results may be explained by that infants fed more 
slowly might have higher risk of acquiring a severe 
infection owing to prolonged hospital stay than infants 
fed more quickly.

In the present study, we found that 30.6% of the 
infants diagnosed as having NEC received exclusively 
breastfeeding, 58.3% of infants received exclusively 
formula feeding, and 11.1% of infants received both 
breastfeeding and formula feeding. This is in agreement 
with Berkhout et al. [20], who found that administration 
of predominantly formula feeding increased risk of 
NEC, and in agreement with Mohammed et al. [11], 
who found that 4.7% of infants who were diagnosed 
as having NEC received exclusively breastfeeding, 
76.7% of infants received exclusively formula feeding, 

Table 3 Frequency and percentage of maternal risk factors 
of the studied neonates diagnosed as having necrotizing 
enterocolitis (n=36)
Items Frequency Percentage
Hypertensive disease of pregnancy 4 11.1
Chorioamnionitis 2 5.6
Placental diseases 7 19.4
No illness 23 63.9

Table 4 Frequency and percentage of neonatal risk factors 
of the studied neonates diagnosed as having necrotizing 
enterocolitis (n=36)
Items Frequency Percentage
Perinatal asphyxia 5 13.9
Sepsis 21 58.3
RDS 20 55.6
Mechanical ventilation 11 30.6
PDA 0 0
Indomethacin treatment 0 0
Gastroschisis 0 0
Anemia 11 30.6
RBC transfusions 5 13.9
Polycythemia 2 5.5
Prolonged course of antibiotics ≥5 days 13 36.1
Glucocorticoid treatment in the first week 
of life

0 0

H2 receptor blocker 0 0
Metabolic acidosis detected by blood 
gases

15 41.7

UC
Umbilical venous catheter 13 36.1
Umbilical arterial catheter 0 0

PDA, patent ductus arteriosus; RBC, red blood cell; 
RDS, respiratory distress syndrome.
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and 18.6% of infants received both breast and formula 
feeding in NICU of CUPH.

In our study, we found that 11.1% of infants diagnosed 
as having NEC had mothers having hypertensive 
disease of pregnancy. This is in agreement with 
Mohammed et al.[11], who reported that preeclampsia 
was found to increase the incidence of NEC and 12.5% 
of NEC cases had mothers having hypertensive disease 
of pregnancy, and in agreement with Kirsten et al. [21], 
who reported an increase in NEC in premature infants 
who were born to mothers diagnosed with severe 
preeclampsia.

In the present study, we found that 5.6% of neonates 
diagnosed as having NEC had mothers with 
chorioamnionitis. This is in agreement with Lee 
et al. [15], who found that 3.8% of neonates diagnosed 
as having NEC had mothers having chorioamnionitis, 
whereas Ahle et al. [16], found that 26% of neonates who 
developed NEC had mothers having chorioamnionitis.

In the present study, we found that 19.4% of neonates 
diagnosed as having NEC had mothers having placental 
problems. This is in agreement with Luig et al.  [22], 
who found that 13% of neonates who developed NEC 
had mothers having placental problems  (placental 
abruption), and Ahle et al. [16], who found that 19% 
of NEC cases had mothers having placental problems.

In the present study, we found that 13.9% of neonates 
with NEC had perinatal asphyxia. This is in agreement 
with Mohammed et al. [11], who reported that 12.5% 
of patients with NEC had perinatal asphyxia in NICU 
of CUPH.

In the present study, we found that 58.3% of neonates 
with NEC had neonatal sepsis. This is in agreement 
with Stoll et al.[23] who found that late‑onset sepsis 
significantly increased the risk of NEC in premature 
neonates.

In the present study, we found that there was an 
association between RDS and NEC, where 55.6% 
of the NEC cases were diagnosed as having RDS. 
This is in agreement with Ahle et al. [16], who found 
that 43% of infants with NEC had RDS. Moreover, 
Mohammed et  al.  [11], reported that there was an 
association between hyaline membrane disease and 
NEC, where 14% of the NEC cases were diagnosed as 
having hyaline membrane disease.

In the present study, we found that there was an 
association between MV and NEC, where 30.6% of 
NEC cases were mechanically ventilated. Moreover, 
Guthrie et al. [14], reported that 73% of neonates with 
NEC were mechanically ventilated.

In the present study, we found that there were no 
cases of PDA developed NEC. This is inconsistent 
with Mohammed et al. [11], who reported that 8.4% 
of cases with NEC have PDA; Ostlie and colleagues, 
who reported that underlying congenital heart disease 
has been identified as a major risk factor for the 
development of NEC, especially in full‑term infant; 
and Ahle et al. [16], who found that 28% of neonates 
diagnosed as having NEC had PDA. This may be 
owing to increased deaths among the VLBW neonates.

In our study, none of our cases of NEC had PDA, so no 
indomethacin treatment was used. This is inconsistent 
with Ahle et  al.  [16], and Guthrie et  al.  [14], who 
found that the use of indomethacin for the closure 
of PDA was a significant risk factor for development 
of NEC, and Mohammed et al. [11], who found that 
4.2% of neonates diagnosed as having NEC received 
indomethacin treatment.

In the present study, no cases of diagnosed NEC had 
gastroschisis, although other authors reported this 
condition, such as Jayanthi et al. [24], who found that 
clinical and radiological signs of NEC developed in 
15% of neonates with gastroschisis, and Lusk et al. [25], 
who found that 1.6% of gastroschisis cases developed 
NEC.

In the present study, we found that the incidence of 
anemia among neonates diagnosed as having NEC 
was 30.6%. This is in agreement with Ahle et al. [16], 
who found that 22% of neonates who developed NEC 
had anemia.

In the present study, we found that there was an 
association between development of NEC and red 
blood cell (RBC) transfusion, where 13.9% of neonates 
diagnosed as having NEC received RBC transfusion. 
This is in agreement with Ahle et al. [16], who found 
that 22% of neonates diagnosed as having NEC 
received RBC transfusion, and Mally et al.  [26], and 
Christensen et  al.  [27], who reported that 35% of 
patients with NEC received RBC transfusion.

In the present study, 5.5% of patients diagnosed as 
having NEC had polycythemia. This is in agreement 
with Lambert et al. [28], who have identified increased 
incidences of polycythemia in groups of infants who 
develop NEC compared with a control group.

In our study, we found that there was an association 
between development of NEC and prolonged course 
of antibiotics more than 5 days, where 36.1% of NEC 
cases received prolonged course of antibiotics more than 
5 days. This is in agreement with Cotten et al. [29], who 
found that 53% of neonates in their study who received 
prolonged empirical antibiotic therapy had increased 
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risk of NEC, and Berkhout et al. [20], who found that 
100% of neonates diagnosed as having NEC received 
prolonged empirical antibiotic therapy.

In the present study, we found that there were no cases 
of NEC that received glucocorticoid treatment in the 
first week of life because treatment protocols in our 
unit do not include this therapy. This is inconsistent 
with Guthrie et al. [14], who found that 5% of NEC 
cases received glucocorticoid treatment in the first 
week of life.

In the present study, no cases diagnosed as NEC received 
H2 receptor blocker therapy. This is inconsistent with 
Guillet et al. [30], who reported that premature infants 
developed NEC significantly more often when H2 
receptor blockers were prescribed than did infants who 
did not receive H2 receptor blockers, and inconsistent 
with Mohammed et al.  [11], who reported that 35% 
of neonates diagnosed as having NEC received H2 
receptor blocker therapy.

In the present study, we found that the incidence of 
metabolic acidosis detected by blood gases among 
neonates diagnosed as having NEC was 41.7%. This 
is in agreement with Mohammed et  al.[11] who 
found that 58% of neonates who developed NEC 
have metabolic acidosis detected by blood gases, and 
Hällström et al. [31], who reported metabolic acidosis 
was a common laboratory finding in patients with 
proven NEC in preterm neonates.

In our study, 36.1% of patients diagnosed as having 
NEC had UC. This is in agreement with Livaditis 
et  al.  [32], who reported that NEC is a potential 
complication after UC in particularly predisposed 
infants, and disorders may occur regardless of type 
of vessels used or indications for procedures, and 
Rand et  al.  [33], who reported that impairment of 
mesenteric blood flow owing to the use of UAC may 
increase the risk of NEC in newborn infants, although 
Bertino et al. [34], reported that there was no NEC in 
50 patients who underwent exchange transfusion.

Conclusion
The most important risk factors for development of 
NEC in this study included prematurity, CS, formula 
feeding, neonatal sepsis, RDS, MV, anemia, RBC 
transfusion, prolonged course of antibiotics more 
than 5  days, metabolic acidosis, perinatal asphyxia, 
polycythemia, umbilical venous catheter, hypertensive 
disease of pregnancy, chorioamnionitis, and placental 
problems.

PDA, indomethacin treatment, glucocorticoid 
treatment in the first week of life, H2 receptor blocker 
therapy, and gastroschisis were not reported as risk 
factors for development of NEC in this study.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
  1	 Papillon  S, Castle  SL, Gayer  CP, Ford  HR. Necrotizing enterocolitis: 

contemporary management and outcomes. Adv Pediatr 2013; 60:263–
279.

  2	 Stoll BJ, Hansen NI, Bell EF, Walsh MC, Carlo WA, Shankaran S, et al. 
Trends in care practices, morbidity, and mortality of extremely preterm 
neonates, 1993–2012. JAMA 2015; 314:1039–1051.

  3	 Neu J, Walker WA. Necrotizing enterocolitis. N Engl J Med 2011; 364:255–
264.

  4	 Sharma R, Hudak ML. A clinical perspective of necrotizing enterocolitis: 
past, present, and future. Clin Perinatol 2013; 40:27–51.

  5	 Stey  A, Barnert  ES, Tseng C‑H, Keeler  E, Needleman  J, Leng  M, 
Kelley‑Quon LI, Shew SB. Outcomes and costs of surgical treatments of 
necrotizing enterocolitis. Pediatrics 2015; 135:e1190–e1197.

  6	 De Plaen  IG. inflammatory signaling in necrotizing enterocolitis. Clin 
Perinatol 2013; 40:109–124.

  7	 Terrin  G, Scipione  A, De Curtis  M. Update in pathogenesis and 
prospective in treatment of necrotizing enterocolitis. Biomed Res Int 2014; 
2014:543765.

  8	 Zani A, Pierro A. Necrotizing enterocolitis: controversies and challenges 
[Internet]. 2015 Nov [cited 2017 Dec 28]. 4(F1000 Faculty Rev):1373. 
Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4753995/.

  9	 Christensen  RD, Lambert  DK, Baer  VL, Gordon  PV. Necrotizing 
enterocolitis in term infants. Clin Perinatol 2013; 40:69–78.

10	 Walsh MC, Kliegman RM. Necrotizing enterocolitis: treatment based on 
staging criteria. Pediatr Clin North Am 1986; 33:179–201.

11	 Mohammed LH, Khairy M, Mohammed NR, El‑Hussieny N. Retrospective 
study of necrotizing enterocolitis in neonatal intensive care unit of Cairo 
University Pediatric Hospital Med J Cairo Univ 2012; 80:31–40.

12	 Schnabl K, Van Aerde JE, Thompson Alan BR, Clandinin MT. Necrotizing 
enterocolitis: a multifactorial disease with no cure. World J Gastroenterol 
2008; 14:2142–2161.

13	 Ostlie DJ, Splide TL, St Peter SD, Sexton N, Miller KA, Sharp RJ, et al. 
Necrotizing enterocolitis in fullterm infants. J Pediatr Surg 2003; 38:1039–
1042.

14	 Guthrie  SO, Gordon  PV, Thomas  V, Thorp  JA, Peabody  J, Clark  RH. 
Necrotizing enterocolitis among neonates in the United States. J Perinatol 
2003; 23:278–285.

15	 Lee  JY, Park  KH, Kim  A, Yang  HR, Jung  EY, Cho  SH. Maternal and 
placental risk factors for developing necrotizing enterocolitis in very 
preterm infants. Pediatr Neonatol 2016; 58:57–62.

16	 Ahle M, Drott P, Andersson RE. Epidemiology and trends of necrotizing 
enterocolitis in Sweden: 1987–2009. Pediatrics 2013; 132:e443–e451.

17	 Maayan‑Metzger  A, Itzchak  A, Mazkereth  R, Kuint  J. Necrotizing 
enterocolitis in full‑term infants: casecontrol study and review of the 
literature. J Perinatol Off J Calif Perinat Assoc 2004; 24:494–499.

18	 Pietz J, Achanti B, Lilien L, Stepka EC, Mehta SK. Prevention of necrotizing 
enterocolitis in preterm infants: a 20‑year experience. Pediatrics 2007; 
119:e164–e170.

19	 Drenckpohl D, Knaub L, Schneider C. Risk factors that may predispose 
premature infants to increased incidence of necrotizing enterocolitis. 
Infant Child Adolescent Nutr 2010; 2:37–44.

20	 Berkhout  DJC, Klaassen  P, Niemarkt  HJ, de Boode  WP, Cossey  V, 
van Goudoever  JB, et  al. Risk factors for necrotizing enterocolitis: a 
prospective multicenter case‑control study. Neonatology 2018; 114:277–284.



428  Journal of Current Medical Research and Practice

21	 Kirsten  GF, Van Zyl  N, Smith  M, Odendaal  H. Necrotizing enterocolitis 
in infants born to women with severe early preeclampsia and absent 
enddiastolic umbilical artery doppler flow velocity waveforms. Am J 
Perinatol 1999; 16:309–314.

22	 Luig M, Lui K, NSW and ACT NICUS Group. Epidemiology of necrotizing 
enterocolitis—part II: risks and susceptibility of premature infants during the 
surfactant era: a regional study. J Paediatr Child Health 2005; 41:174–179.

23	 Stoll BJ, Hansen NI, Higgins RD, Fanaroff AA, Duara S, Goldberg R, et al. 
Very low birth weight preterm infants with early onset neonatal sepsis: 
the predominance of Gram‑negative infections continues in the National 
Institute of Child Health and Human Development Neonatal Research 
Network, 2002–2003. Pediatr Infect Dis J 2005; 24:635–639.

24	 Jayanthi S, Seymour P, Puntis JW, Stringer MD. Necrotizing enterocolitis 
after gastroschisis repair: a preventable complication? J Pediatr Surg 
1998; 33:705e7.

25	 Lusk LA, Brown EG, Overcash RT, Grogan TR, Keller RL, Kim JH, et al. 
Multi‑institutional practice patterns and outcomes in uncomplicated 
gastroschisis: a report from the University of California Fetal 
Consortium (UCfC) J Pediatr Surg 2014; 49:1782–1786.

26	 Mally P, Golombek SG, Mishra R, Nigam S, Mohandas K, Depalhma H, 
et  al. Association of necrotizing enterocolitis with elective packed red 
blood cell transfusions in stable, growing, premature neonates. Am J 
Perinatol 2006; 23:451–458.

27	 Christensen  RD, Lambert  DK, Henry  E, Wiedmeier  SE, Snow  GL, 

Baer  VL, et  al. Is ‘transfusionassociated necrotizing enterocolitis’ an 
authentic pathogenic entity? Transfusion 2010; 50:1106–1112.

28	 Lambert  DK, Christensen  RD, Henry  E, Besner  GE, Baer  VL, 
Wiedmeier SE, et al., Necrotizing enterocolitis in term neonates: data from 
a multihospital health‑care system. J Perinatol 2007; 27:437–443.

29	 Cotten CM, Taylor S, Stoll B, Goldberg RN, Hansen NI, Sánchez PJ, et al. 
Prolonged duration of initial empirical antibiotic treatment is associated 
with increased rates of necrotizing enterocolitis and death for extremely 
low birth weight infants. Pediatrics 2009; 123:58–66.

30	 Guillet R, Stoll BJ, Cotton CM, Gantz M. Association of H2‑blocker therapy 
and higher incidence of necrotizing enterocolitis in very low birth weight 
infants. Pediatrics 2006; 117:137–142.

31	 Hällström M, Koivisto AM, Janas M, Tammela O. Laboratory parameters 
predictive of developing necrotizing enterocolitis in infants born before 
33 weeks of gestation. J Pediatr Surg 2006; 41:792.

32	 Livaditis  A, Wallgren  G, Faxelius  G. Necrotizing enterocolitis after 
catheterization of the umbilical vessels. Acta Paediatr 1974; 63:277–282.

33	 Rand  T, Weninger  M, Kohlhauser  C, Bischof  S, Heinz‑Peer  G, 
Trattnig S, et al. Effects of umbilical arterial catheterization on mesenteric 
hemodynamics. Pediatr Radiol 1996; 26:435–438.

34	 Bertino  E, Giuliani  F, Prandi  G, Coscia  A, Martano  C, Fabris  C. 
Necrotizing enterocolitis: risk factor analysis and role of gastric 
residuals in very low birth weight infants. J Pediatr Gastroenterol Nutr 
2009; 48:437–442.


