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Abstract 

Introduction: A quarter of neonates with necrotizing enterocolitis (NEC) undergo surgery. 

Surgical management has changed little and is difficult to assess, whereas comorbidities are 

increasingly often described and studied in the literature. The main objective of our study was 

to determine surgical factors associated with survival without parenteral feeding in newborns 

with NEC managed surgically, with comparison to the literature.  

Material and methods: This retrospective cohort study was conducted in a tertiary neonatal 

surgery referral center for the period January 2010 to June 2022. All infants treated surgically 

for NEC were recruited. Exclusion criteria comprised NEC complicating preexisting digestive 

pathology, surgery for stenosis secondary to NEC treated medically, and isolated spontaneous 

intestinal perforation. 

Results: Forty-one patients were included; 66% were under parenteral feeding at term or at 

death. Median gestational age was 30.0 weeks; median weight was 1,370 g. Primary drainage 

was implemented in 11 cases (27.5%) and primary ostomy in 26 (65.0%), with no difference 

between the two groups (survival free of parenteral feeding, and deceased or with continuing 

parenteral feeding). In the group of patients deceased or surviving with parental feeding at 41 

weeks gestational age, 18 infants (p=0.026) underwent revision surgery, 17 required proximal 

ostomy (p<0.001), and 12 were operated on for hemodynamic shock (p=0.003). The main 

study data were comparable to those in the literature, which shows wide variation.  

Conclusion: Two-thirds of this cohort of NEC managed surgically in a tertiary neonatal 

intensive care unit presented adverse outcome: death or parenteral feeding continuing at 

term. These infants presented significantly more frequent proximal ostomy and surgical 
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revision. Surgery mainly consisted in resection of the necrotic bowel with ostomy. The review 

of the literature showed wide variation in practices. Larger-scale prospective research could 

detail surgical practices and outcome. 

Résumé 

Introduction : Un quart des nouveau-nés atteints d'entérocolite ulcéro-nécrosante (ECUN) 

nécessitent une prise en charge chirurgicale. Les pratiques chirurgicales pour l’ECUN ont peu 

changé et sont difficiles à évaluer, alors que les comorbidités sont de plus en plus décrites et 

étudiées dans la littérature. L'objectif principal de notre étude était de décrire les 

caractéristiques chirurgicales associées à la survie sans parentérale des nouveau-nés atteints 

d’ECUN pris en charge chirurgicalement, avec une comparaison à la littérature.  

Matériel et méthodes : cette cohorte rétrospective a été menée dans un centre tertiaire de 

référence pour la chirurgie néonatale de janvier 2010 à juin 2022.Tous les nourrissons traités 

chirurgicalement pour une ECUN ont été inclus. Les critères d'exclusion étaient les NEC 

compliquant des pathologies digestives préexistantes, la chirurgie pour sténose secondaire à 

une ECUN traitée médicalement et la perforation intestinale spontanée isolée. 

Résultats : au total, 41 patients ont été inclus, 66% avaient besoin d’une parentérale à terme 

ou sont décédés. L'âge gestationnel médian était de 30,0 SA et le poids médian de 1370g. Le 

drainage primaire a concerné 11 (27,5 %) de la population, la stomie primaire 26 (65,0 %), sans 

différence entre les deux groupes. Dans le groupe décès ou survivant avec parentérale à 41 

SA, 18 nourrissons (p=0,026) ont nécessité une reprise chirurgicale, 17 nouveau-nés ont eu 

une stomie proximale (p<0,001) et 12 ont été opérés pour un choc hémodynamique 
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(p=0.003). Par rapport à la littérature, les principales variables sont similaires, avec de grandes 

variations dans les données de la littérature. 

Conclusion : dans cette cohorte de NEC traitées chirurgicalement dans un service de 

néonatologie de niveau trois, les deux tiers de la population ont présenté une issue 

défavorable, un décès ou un besoin de nutrition parentérale à terme. Ces nourrissons ont 

présenté un nombre significativement plus élevé de stomies proximales et de reprises 

chirurgicales. La principale intervention chirurgicale a été la résection de l'intestin nécrosé 

avec stomie. La revue de la littérature associée à notre étude a montré une énorme variation 

des pratiques. Des recherches prospectives de plus grande envergure pourraient permettre 

de préciser la pratique chirurgicale globale et le devenir.  
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I. Introduction 

Necrotizing enterocolitis (NEC) is a serious pathology of prematurity, affecting 7-10% of 

preterm infants1,2. 13% of children with NEC die from their disease3. A quarter of neonates 

with NEC need surgical treatment; mortality rises to 30% in children requiring surgery 3. 

NEC is a severe inflammatory ischemic disease of the bowel leading to necrosis, and may 

be complicated by digestive perforation, sepsis, peritonitis or organ failure. Origin is 

multifactorial, associating altered microbiota, genetic polymorphism and digestive tract 

immaturity4,5. Suspicion is clinical, based on rectal bleeding, occlusive syndrome, 

inflammatory digestive placard, and hemodynamic or respiratory deterioration. Diagnosis is 

confirmed on abdomen radiology by signs of pneumatosis, aeroportia or pneumoperitoneum. 

Severity is assessed on Bell score 6.  

Therapeutic strategy has changed little over the years7. For non-severe NEC, 

management is medical, with fasting and antibiotics8. More severe NEC further requires 

primary or secondary surgery. Surgery is clearly indicated in case of pneumoperitoneum. 

Although widely approved, indications for and timing of surgery are still subjective in case of 

failed medical treatment9. Several strategies are available. Surgery usually consists in 

exploratory laparotomy, resection of the necrotic bowel, with one step restoration of 

continuity or, more frequently, stoma placement. If cardiorespiratory status does not allow 

surgery, peritoneal drainage alone is performed in first line7,10. Rates of postoperative 

comorbidity are 20-35%11. Medium-term comorbidities are also important, with dependence 

on parenteral nutrition in 10-40% of cases 12,13, and digestive stenosis in 10-36% 11,14,15. In the 
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longer term, neurodevelopmental comorbidities are important, particularly for children with 

surgically managed NEC16.  

Overall, surgical practices for NEC have changed little and are difficult to assess 14,17, 

whereas comorbidities are increasingly often described and studied in the literature. The main 

objective of our study was to determine surgical characteristics associated with survival 

without parenteral feeding in newborns with NEC managed surgically in a tertiary neonatal 

center, with comparison to literature. 

II. Material and method 

Study design 

This single-center observational study was conducted in the University Hospital of Grenoble, 

France, a tertiary referral center for neonatal surgery, with a retrospective chart review for 

the period January 2010 to June 2022. All infants treated surgically for NEC and admitted to 

the neonatal intensive care unit (NICU) were recruited. Exclusion criteria comprised NEC 

complicating preexisting digestive pathology, NEC after 41 weeks’ gestational age (wGA), 

surgery for stenosis secondary to NEC treated medically, or isolated spontaneous intestinal 

perforation. We crossed the databases of the surgical and neonatal registers. NEC was 

suspected on clinical and radiological features, and diagnosis was validated from surgical 

records, and by histopathology if available.  

Primary endpoint 

The primary endpoint was composite: death or continuing parenteral feeding at 41wGA, as 

associated with severe outcome in previous studies 18,19. 



Page 17 sur 40 

 

Secondary endpoints 

Secondary endpoints comprised comparison of the main results to the literature. 

Data collection 

Data were collected from medical and surgical charts. Classical perinatal characteristics were 

recorded. Neonatal data comprised: hemodynamically significant patent ductus arteriosus 

(PDA), treated by paracetamol or ibuprofen; grade 3 or 4 bronchopulmonary dysplasia (BPD) 

according to Bancalari and Jobe 20; central catheter (CC)-related infection, defined as clinical 

features associated to sepsis and positive hemoculture; and grade 3 or 4 intraventricular 

hemorrhage (IVH) according to the Papille classification21. 

The main characteristics of primary surgery comprised surgical indication7 with 

pneumoperitoneum diagnosed on X-ray, and failed maximal medical treatment, detailed as 

occlusive syndrome persisting despite optimal medical treatment 22,23, hemodynamic shock 

due to NEC 24, respiratory instability according to the clinician, or other indications. Several 

medical treatment failure indications could be associated. Other surgical data comprised: 

location (operating room or bedside), prior drainage or direct laparotomy, need for ostomy, 

and feasibility of closing the abdominal wall. Surgery timing was measured between first 

radiography at diagnosis and time of surgery. Organizational factors which could impact the 

surgery, such as transfer from another NICU, surgery during night shift, weekends or public 

holidays, were recorded 25–27. Surgical revision included second-look surgery, revision after 

peritoneal drainage and revision after poor clinical and biological progression; the timing of 

revision surgery was also noted. In case of postoperative ostomy, an anatomical scale28 was 

used to determine level: proximal jejunal, distal jejunal, proximal ileum, distal ileum, or colic. 
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The length of small bowel resected, and ileocecal valve conservation were recorded. Time (in 

days) to restored continuity was reported.  

Statistical analysis 

Continuous variables were expressed as median and interquartile range, and were analyzed 

on Mann-Whitney test. Categorical variables were expressed as number and percentage, and 

were analyzed on Fisher exact test. P-values less than 0.05 were considered statistically 

significant. All analyses used Jamovi software, version 2.3.21.0. 

Ethics  

This study was approved by the local institutional review board and was conducted in 

compliance with French MR004 regulations. 

III. Results 

The analysis included 41 neonates presenting surgical NEC before 41 wGA between January 

2010 and June 2022. (Figure 1). Maternal and perinatal characteristics are presented in Table 

1. Median gestational age was 30.0 wGA, and median weight was 1,370 g. Infants surviving 

without parenteral feeding at term were less likely to have persistent ductus arteriosus 

(p=0.035). Otherwise, there were no significant differences in perinatal data and neonatal 

comorbidities (Table 1). Nine of the 41 neonates (21.9%) died perioperatively or from NEC-

related complications and 18 (43.9%) still needed parenteral feeding at 41 wGA. Overall, 27 

neonates (65.8%) had adverse outcomes. 

Characteristics at NEC diagnosis are compared in Table 2. In the two groups, survival 

free of parenteral feeding and deceased or with continuing parenteral feeding, median age at 
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diagnosis was respectively 14 and 16 days (p=0.934), for a corrected age of 33.8 and 32.0 wGA 

(p=0.371), with no significant difference. Radiographically, there were no significant 

differences, although with a trend for more frequent pneumoperitoneum in group survival 

free of parenteral feeding: 10 (71%) versus 11 (44%), p=0.100. There were no differences in 

inotrope support or respiratory support.   

Concerning surgical management (Table 3), ages at surgery were also similar, 16 in 

group survival free of parenteral feeding and 17 days in group death or parenteral feeding (p 

= 0.978) for an overall median of 34.4 wGA (p = 0.762). Although neonates in group parenteral-

free survival tended to be heavier, the difference was not significant: 1,875 g and 1,530 g 

(p=0.329). No significant difference was observed for surgery timing: 48.0 hours in group 

parenteral-free survival, and 24.0 hours in group death or parenteral feeding (p=0.323). 

Organizational factors such as patient transfer, surgery on nightshift or public holidays did not 

impact outcome. Neonates with surgery indicated for hemodynamic shock had more adverse 

outcome than those with pneumoperitoneum (p=0.003). There were no significant 

differences for the other indications. Primary drainage was implemented for 11 neonates 

(27.5%), and primary ostomy for 26 (65.0%). Twenty-two neonates (53.7%) underwent 

revision surgery: 18 in group death or surviving with parental feeding at 41 wGA, (66.7%) 

versus 4 in group parenteral-free survival (28.6%) (p=0.026). Proximal ostomy was associated 

with adverse outcome: 4 in group parenteral-free survival (14.3%) versus 17 in group death or 

parenteral feeding (77.3%) (p<0.001). There were no significant differences in conservation of 

the ileocecal valve, or length of conserved bowel (with some missing data). Time to restoring 

continuity was respectively 66 and 69 days, with no significant difference (p=0.500). Bowel 
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continuity was restored before term for only 29.0% of neonates: 5 (35.7%) in group 

parenteral-free survival and 4 (23.5%) in group death or parenteral feeding, with no significant 

difference (p=0.693).  

In the literature and in the present study, age in days of life at surgery was similar, but 

was older in terms of corrected age in the present study: 34 wGA versus 29-32wGA. In the 

literature, one study investigated surgery timing and transfer from a peripheral hospital 18: 

surgery timing was similar to that in the present study, at 34.9 and 37.2 hours. The proportion 

of surgery for pneumoperitoneum, at around 50%, was similar to that reported in the 

literature1,18. The percentages of primary drainage, primary laparotomy and primary ostomy 

vary widely from one study to another 1,14,15,18,29–31. The present rate of revision surgery was 

quite similar to that in the literature: 50% 32,33. Continuity restoration was between 40.0 and 

52.0 wGA in the literature 34, it was sooner in term of days post ostomy in the present study, 

at 69 days versus 73-124 days28,32,34.  

Regarding surgical revision (Table 4), infants who required revision were more 

immature (28.6 wGA versus 32.4 wGA; p=0.004), and smaller (p=0.006). They required more 

bedside surgery: 3 (11.5%) versus 11 (50.0%) (p=0.046); and they required more primary 

drainage: 1 (5.6%) versus 10 (45.5%) (p=0.011). Time to continuity restoration was longer: 52 

days versus 72.5 days (p=0.038); they were also older at discharge: 43.9 wGA versus 47.0 wGA 

(p= 0.005). Comparing surgical indications, neonates with failed medical treatment presented 

more persistent ductus arteriosus than those with pneumoperitoneum (7 (35.0%), versus 1 

(4.8%); p=0.020). They were operated later (53.3 hours, versus 16.5 hours; p=0.042). 
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IV. Discussion 

In this tertiary neonatal center cohort of 41 neonates surgically treated for NEC, 65.8% had 

adverse outcomes, defined as death or parenteral feeding requirement at term. On univariate 

analysis, adverse outcome was associated with surgical indication for hemodynamic shock 

(n=12 (52.2%); p=0.003), surgical revision (n=18 (66.7%); p=0.026) and proximal ostomy (n=17 

(77.3%); p<0.001).  

Gestational age and birth weight were not associated with death or parenteral feeding 

at term, like in studies looking at short-term outcome 35,36. However, in the longer term, 

gestational age and being small for gestational age are predictive factors for death at 1 year’s 

follow up 19. Gestational age and birth weight do not impact short-term surgical outcome, but 

do impact long-term outcome.  

Mortality was 22% at term, comparable to other studies reporting 37% mortality within 

48 hours after surgery35 and 23% at 28 days18. The present rate of parenteral feeding at term 

was 43.9%, which is similar to the study by Bethell al. 18 with 41% of patients requiring 

parenteral feeding 28 days after surgery, for a median 36 days. In a UK cohort19, 70% of 

patients required parenteral feeding at 28 days after the decision to intervene surgically, and 

this was associated with risk of death at 1 year’s follow-up. The present high rate of adverse 

outcomes was similar to that in the literature, and underlines that NEC is a serious pathology. 

Concerning surgical indications, patients who underwent surgery because of failed 

medical treatment due to persistent hemodynamic instability had more adverse outcomes 

than those operated on for pneumoperitoneum. Inotrope requirement itself was not 

associated with death or parenteral feeding at term. This may be explained by the high rate 
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of inotrope support in the present study: 57.1% of patients surviving without parenteral 

feeding at term required inotrope support at the time of surgery. In other studies18,19, the rate 

of inotrope support was lower, at 18-30%, and was associated with adverse outcomes. It 

seems that intensive care, such as inotrope support, is associated with adverse outcome.  

Surgical revision before continuity restoration was associated with adverse outcome; 

it concerned 53% of patients, which was comparable to the literature32,33. Patients requiring 

surgical revision were more immature and possibly too sick to undergo complete primary 

surgery (Table 4). Severity seemed to be quickly identified, as 61.1% were operated on with 

24 hours. They probably had rapidly worsening NEC with extensive necrotic bowel, as they 

were severely affected and there was no difference in surgical indications between infants 

with and without surgical revision. This factor could not be individualized in subgroup analysis. 

In the literature, data on surgical revision in NEC and outcomes are lacking.  

Concerning surgical practices, 64.1% of neonates required an ostomy after the first 

surgery and 87.8% after surgical revision, which is comparable to the literature. Laparotomy 

with resection of necrotic bowel associated to ostomy is a common procedure35, because fecal 

contamination and systemic inflammation can preclude anastomosis. Ostomy level was 

strongly associated with adverse outcome, with a 77.3% rate of proximal ostomy in group 

death or parenteral feeding at term versus 14.3% in group free of parenteral feeding (p < 

0.001) and the difference was also significant in terms of death only (p<0.045). Proximal 

jejunal ostomy was associated with adverse outcome (p=0.013) and, conversely, distal ileum 

ostomy seemed to be associated with survival free of parenteral feeding (p=0.002). Although 

proximal ostomy is expected to be more strongly associated with adverse outcome, reflecting 
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the extent of necrosis and possibly leading to intestinal insufficiency37, those results shed light 

on the impact of distal ostomy. This also helps the clinician to define appropriate parenteral 

feeding goals depending on ostomy level. An observational study of enteral autonomy in 

neonates with ostomy showed that none of the infants with jejunostomy were able to achieve 

enteral autonomy, in contrast to colostomy, where infants did achieve enteral autonomy28. 

Considering stoma- and parenteral-related complications, time to reanastomosis is an 

important factor, with timing around 42 or 43 wGA in the above study. In our cohort, 21% of 

neonates were able to undergo reanastomosis before 41 wGA.  

In our cohort, the principal indications leading to surgery, failed medical treatment and 

pneumoperitoneum, did not correlate with outcome, presumably due to lack of power and 

probably because we were unable to identify rapidly extending necrotic bowel NEC. This might 

explain why there were no differences in surgical indications between groups or on subgroup 

analysis. The decision-making process for surgery has been little studied in the literature, but 

is based mainly on clinical assessment18, except in case of pneumoperitoneum, which is a well-

defined indication. Failed medical treatment and suspected necrotic bowel, compared to 

pneumoperitoneum, are associated with death or continuing parenteral feeding at 28 days18, 

and time to surgery according to indication was significantly different, being shorter with 

pneumoperitoneum. Favorable outcome according to surgery timing was also in favor of 

pneumoperitoneum (p=0.042). Shorter time to surgery may improve outcome either because 

of the difference in indications leading to surgery, reflecting different underlying 

pathogenesis, or because of shorter exposure to inflammation.  



Page 24 sur 40 

 

In the literature, variations are wide, but the principal values are similar in our cohort, 

especially for the timing of and indication for surgery and for surgical practices. However, 

infants in this cohort were older in gestational age. Times to surgical revision were much 

longer than in the literature, where some other studies excluded revision after 7 days. 

The main limitation of the present study was its retrospective observational design. 

The sample size may have led to a lack of power, limiting multivariate analysis. Parenteral 

feeding was assessed at term, and not at 28 days as in some other studies18,19, to overcome 

the bias due to prematurity. However, neonates were unexpectedly older in gestational age 

than in the literature, which could lead to overestimation of the number of patients needing 

parenteral feeding after surgery, as surgery could be close to term. Surgical indications could 

not be specifically predefined, but this allowed contemporary surgical practice to be studied, 

rather than practices influenced by strict definition. Identifying NEC with rapidly extending 

necrotic bowel could have helped refine the analyses. The strength of the study was to provide 

an overview of surgical management of NEC in a tertiary neonatal center, excluding 

spontaneous intestinal perforation, and with diagnosis proven on surgical records or 

histopathology.  

This study confirmed that necrotizing enterocolitis is a disease with high risk of 

mortality and morbidity, and identified some risks factors. Infants undergoing surgery because 

of hemodynamic shock and needing surgical revision were at high risk of death or dependence 

on parenteral feeding. Most patients with proximal ostomy do not achieve enteral autonomy 

until reanastomosis, and are at risk of comorbidities. These points could help clinicians and 
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surgeons to discuss management and prognosis in NEC and to set suitable nutritional goals. 

They could also provide some elements for parent counseling.  

V. Conclusion 

In this cohort of surgically managed NEC, performed in a tertiary NICU, two-third of the 

population presented the adverse outcome death, or parenteral nutrition requirement at 

term. These infants presented significantly more proximal ostomy and surgical revision. 

Principal surgery management was resection of necrotic bowel with ostomy. The review of 

the literature associated to our study showed a huge variation of practices. Larger prospective 

research may benefit to precise surgery indication and timing.  
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VI. Figure and tables 

  

42 patients with operated 
NEC  

1 with too much missing data 

41 patients included 

 14 survived without 
parenteral feeding at 41 

wGA 

 27 died or still needed 
parenteral feeding at 41 

wGA 

Figure 1: Flowchart 
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Table 1: Neonatal characteristics.  

 Parenteral-free survival 
N=14 

Death or parenteral 
feeding  
N= 27 

P-value 

 n/median %/IQR n/median %/IQR  
C-section, n=39 11 78.6 16 64.0 0.477 
AC, n=40 7 53.8 18 66.7 0.498 
Age at birth (wGA), n=41 30.2 29.8-33.3 29.1 27.4-33.4 0.433 
Birthweight (grams), n=41 1,520 1,203-1,728 1,175 800-1,860 0.277 
SGA, n=41 3 21.4 6 22.2 1.00 
Female, n=41 6 42.9 14 51.9 0.744 
PDA, n=41 0 0 8 29.6 0.035 
BPD, n=39 2 14.3 9 36.0 0.266 
CC-related infection, n=41 4 28.6 11 40.7 0.512 
Treated PTR, n=38 0 0 1 4.2 1.00 
IVH ≥ grade 3-4, n=41 1 7.1 0 0 0.341 
AC: antenatal corticosteroids. BPD: bronchopulmonary dysplasia. CC: central catheter. IVH: 
intraventricular hemorrhage. PDA: persistent ductus arteriosus. SGA: small for gestational 
age. PTR: preterm retinopathy. wGA: weeks gestational age. 
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Table 2: Characteristics at time of necrotizing enterocolitis (NEC) diagnosis. 

 Parenteral-free survival 
N=14 

Death or parenteral 
feeding 
N= 27 

P-
value 

 n/median %/IQR n/median %/IQR  
Age at diagnosis (days), n=41 14 11.3 - 16.8 16 10.5 - 19 0.934 
Age at diagnosis (wGA), n=41 33.8 31.4 - 35.0 32.0 30.1 - 34.9 0.371 
Bell Score, n=41      
      IIA, n=1 0 0 1 3.7 1.00 
      IIB, n=2 0 0 2 7.4 0.539 
      IIIA, n=16 4 28.6 12 44.4 0.501 
      IIIB, n=22 10 71.4 12 44.4 0 .186 
Pneumatosisa, n=41 10 71.4 15 55.6 0.501 
Aeroportiaa, n=41 2 14 .3 8 29.6 0.447 
Pneumoperitoneuma, n=41 10 71.4 11 40.7 0.100 
Intubation due to NECb, n=41 9 64.3 20 74.1 0.719 
Bacterial infectionc, n=41 6 42.9 16 59.3 0.346 
Inotrope support, n=41 8 57.1 18 66.7 0.734 
aPneumatosis, aeroportia or pneumoperitoneum seen on X-ray before surgery. bIntubation 
due to respiratory instability; intubation for surgery was excluded. cBacterial infection 
documented by hemoculture or peritoneal fluid.  wGA: weeks gestational age. 
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Table 3: Characteristics of NEC surgical management.  

 Parenteral-free survival 
N=14 

Death or parenteral 
feeding  
N= 27 

P-value Percentage/ 
median in our 

population 

Percentage
/ median in 
literature 

 n/median %/IQR n/median %/IQR 
Age at surgery (days), n=41 16 13.3 - 23.8 17 12.0 - 23.5 0.978 16.0 6-25 
Corrected age at surgery (wGA), n=41 34.3 31.9 - 35.3 34.6 30.9 – 35.3 0.762 34.4 29-32 
Weight at surgery (grams), n=41 1,875 1,384 – 2,194 1,530 1,303 – 1,885 0.329 1640 1687 
Surgery timing (hours), n=36 48.0 22.0 – 89.0 24.0 5.50 – 59.5 0.323 34.9 37.2 
Surgery timing <24h, n=36 4 30.8 12 52.2 0.301 44.4 % * 
Surgery on nightshift or holiday, n=39  7 58.3 19 70.4 0.486 66.7 % * 
Transfer from other NICU, n=41 10 71.4 11 40.7 0.100 51.2 % 74 % 
First surgery indication, n=41        
Pneumoperitoneum, n=21 10 71.4 11 40.7 reference 51.2 % 50-55 % 
Failed medical treatment, n=20 4 28.6 16 59.3 0.100 48.8 % 35-50 % 
         Occlusive syndrome  1 7.1 2 7.4 1.00 7.3 % * 
         Hemodynamic shock  0 0.0 12 52.2 0.003 29.3 % * 
         Respiratory instability 3 21.4 6 22.2 1.00 22.0 % * 
         Other 2 14.3 6 22.2 0.692 19.5 % * 
Characteristics of 1st Surgery        
 Surgery at bedside, n= 40 3 23.1 11 40.7 0.316 35.0 % * 
 Primary drainage, n= 40 3 21.4 8 30.8 0.715 27.5 % 5-70 % 
 Ostomy, n=40 11 78.6 15 57.7 0.187 65.0 % 21-81 % 
 Incomplete laparotomy closure, n=40 1 7.1 5 19.2 0.399 15.0 % * 
NICU: neonatal intensive care unit. wGA: weeks gestational age. References:  GS Bethell and M Knight, May 2021, AL Smazal and LA Massieu May 2020, JK 
Baelum and L Rasmussen April 2019, C Imren and LE Vlug July 2021, C Zozaya and IG Gonzalez May 2020, BDP Ta and E Roze December 2010, PM Garg and 
MM Hitt July 2020, BD Carr and SK Gadepalli March 2019, J Al-Hudhaif and S Phillips May 2009, A Svenningsson and H Borg May 2023, S Federici and L De 
Biagi Jun 2017, SM Han and CR Hong March 2020, TR Weber and JE Lewis April 1986. *no data found. 
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Table 3b: Characteristics of NEC surgical management continued. 

 Parenteral-free survival 
N=14 

Death or parenteral 
feeding 
N= 27 

P-value Percent/ 
median in our 

population 

Percent/ 
median in 
literature 

 n/median %/IQR n/median %/IQR 

Surgical revision         
 Surgical revision, n=41 4 28.6 18 66.7 0.026 53.7 % 43-52 % 
 Time (hours), n=22 168 156 – 168 132 30 – 168 0.414 144 24-38  
Anatomic consequences        
 Length of SB resected (cm), n=27 6.00 0 – 20.0 21.5 3.00 – 25.8 0.390 19.0 15-29.2 
 Proximal ostomy, n=36 2 14.3 17 77.3 <0.001 53.0 % 44.2 % 
 Conservation of ICV, n=36 8 61.5 10 43.5 0.489 50.0 % 21 % 
 Continuity restoration before 41 wGA, n=31 5 35.7 4 23.5 0.693 29.0 % * 
 Time to continuity restoration (days), n=31 66.0 42.8 – 96.3 69.0 56.0 – 90.0 0.500 69.0 73-124 
ICV: ileocecal valve. NICU: neonatal intensive care unit. SB: small bowel.  wGA: weeks gestational age. References:  GS Bethell and M Knight, May 2021, 
AL Smazal and LA Massieu May 2020, JK Baelum and L Rasmussen April 2019, C Imren and LE Vlug July 2021, C Zozaya and IG Gonzalez May 2020, BDP 
Ta and E Roze December 2010, PM Garg and MM Hitt July 2020, BD Carr and SK Gadepalli March 2019, J Al-Hudhaif and S Phillips May 2009, A 
Svenningsson and H Borg May 2023,  S Federici and L De Biagi Jun 2017, SM Han and CR Hong March 2020, TR Weber and JE Lewis April 1986. *no data 
found. 
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Table 4:  Subgroup analysis: characteristics of infants according to surgical revision 

 No surgical revision 
N=19 

Surgical revision 
N=22 

P-value 

 n /median % /IQR n/median % /IQR  
Age at birth (wGA), n=41 32.4 29.9-34.5 28.6 27.1-31.6 0.004 
Weight at birth (g), n=41 1,720 1,295-2,023 1,025 823-1,380 0.006 
PDA, n=41 2 10.5 6 27.3 0.249 
Surgery indication: FMT, n=41 9 47.4 11 50.0 1.00 
1st surgery timing < 24h, n=36 5 27.8 11 61.1 0.092 
Bedside surgery, n=40 3 16.7 11 50.0 0.046 
Drainage, n=40 1 5.6 10 45.5 0.011 
Primary ostomy, n=40 16 76.2 10 52.6 0.186 
Time to continuity restoration 
(days), n=31 

52.0 43.5-81.0 72.5 57.0-119 0.038 

Age at discharge (days), n=32 85.5 75.0-105 117 103-184 0.001 
Age at discharge wGA, n=32 43.9 43.2-46.0 47.9 45.2-54.3 0.005 
g: grams. PDA: Patent ductus arteriosus. FMT: Failed medical treatment.  wGA: weeks 
gestational age. 
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VII. Supplemental tables 

 
  

Table 5: Subgroup analysis: characteristics of infants according to surgical indication. 

 Pneumoperitoneum 
N=21 

Failed medical  
treatment  

N=20 

P-value 

 n /median % /IQR n/median % /IQR  
Age at birth (wGA), n=41 32.0 29.7-33.7 28.5 27.4-32.3 0.144 
Weight at birth (g), n=41 1,500 1,175-1,730 1,090 815-1,918 0.291 
PDA, n=41 1 4.8 7 35 0.020 
Vasoactive drugs, n=41 10 47.6 16 80.0 0.052 
Intubation, n=41 10 47.6 19 95.0 <0.001 
Surgery timing (hours), n=36 16.5 4.50-48.0 53.3 26.8-128 0.042 
Bedside surgery, n=40 5 23.8 9 47.4 0.186 
Primary drainage, n=40 5 23.8 6 31.6 0.727 
Primary ostomy, n=40 16 76.2 10 52.6 0.186 
Surgical revision, n=41 11 52.4 11 55.0 1.000 
Time to continuity 
restoration (days), n=31 

69.0 54.0 – 94.5 59.5 44.3 – 89.8 0.417 

Age at discharge (days), n=32 96.0 79.5 – 109 133 103 – 176 0.027 
g: grams. PDA: patent ductus arteriosus. wGA: weeks gestational age. 
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Table 6: Surgical characteristics associated with death.  

 Survival at term 
N=32 

Death before term 
N=9 

P-value 

 n /median % /IQR n/median % /IQR  
Surgery timing (hours), n=37 48 16.5-89.0 12.0 3.00-20.3 0.034 
1st surgery timing < 24h, n=37 11 37.9 5 71.4 0.294 
Transfer from peripherical hospital, n=41 17 53.1 4 44.4 0.719 
Surgery on nightshift or holiday, n=41 19 63.3 7 77.8 0.689 
First surgery Indication n=41      
  Pneumoperitoneum, n=21 19 59.4 2 22.2 Reference 
  Failed medical treatment, n=20 13 40.6 7 77.8 0.067 
    Occlusive syndrome 3 9.4 0 0.0 1.00 
    Hemodynamic shock  5 15.6 7 77.8 <0.001 
    Respiratory instability 6 18.8 3 33.3 0.384 
    Other 6 18.8 2 22.2 1.00 
Characteristics of 1st Surgery      
    Surgery at bedside, n= 40 8 25.8 6 66.7 0.044 
    Primary drainage, n= 40 8 25.0 3 37.5 0.660 
    Primary ostomy, n=40 23 71.9 3 37.5 0.102 
    Incomplete laparotomy closure, n=40 5 15.6 1 12.5 1.00 
      
Surgical revision, n=41 16 50.0 6 66.7 0.466 
Proximal ostomy, n=36 14 45.2 5 100 0.047 
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Table 7: Ostomy level and outcome.  

 Parenteral-free 
survival 

N=14 

Death or parenteral 
feeding  
N= 27 

P-value 

 n % n %  
Ostomy level, n=36      
Proximal jejunum 0 0 8 34.6 0.013 
Distal jejunum 0 0 3 13.6 0.267 
Proximal ileum 2 14.3 6 27.3 0.441 
Distal ileum 11 78.6 5 22.7 0.002 
Colic 1 7.1 0 0 0.389 
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