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Introduction

Necrotizing enterocolitis (NEC) is the most common medical 
and surgical gastrointestinal emergency in preterm infants; 1-5% 
of the infants hospitalized in neonatal critical care units develop 
NEC [1]. The incidence of NEC is inversely proportional to birth 
weight and gestational age: higher incidence correlates to earlier 
gestational age and lower birth weight. In recent years there has 
been an increase in the incidence of NEC due to the increase in 
premature births by Caesarean section for therapeutic reasons 
compounded with the advancement in neonatal care technology 
that has increased survival of previously fatal conditions [2]. 
Mortality rates, however, remain as high as 15-30% [3]. Many  

 
cases of NEC are managed medically, but roughly 20% to 40% 
of patients require surgical intervention [3]. There is no actual 
consensus on the most appropriate surgical technique for the 
management of NEC. In cases of very-low-weight infants or 
great hemodynamic instability, PD has been utilized as the first-
step therapy [1]. PD is performed as a bedside procedure, does 
not require general anesthesia and avoids bowel resection 
complications; however, over 70% of these infants may require a 
laparotomy for which mortality rates are significantly higher [4,5]. 
For many years, resection of the non- viable intestine and stoma 
was considered the gold standard for the surgical treatment of 
NEC. It was assumed that primary intestinal anastomosis will not 
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Abstract

Objective: To investigate the safety and effectiveness of primary anastomosis (PA) in infants with complicated necrotizing enterocolitis 
(NEC) and the short and long-term outcomes, including the neurodevelopmental outcomes. 

Methods: A retrospective analysis of medical records of all infants diagnosed with NEC in the years 2000-2016. Long-term outcome data 
were taken from medical records and parental questionnaires.

Results: Of 98 infants diagnosed with NEC, 40 were surgically treated (22 PA, 9 stoma, 9 peritoneal drainage (PD)). PA had shorter length 
of parenteral nutrition (20 vs. 34 days, p= 0.215), antibiotic treatment (10 vs. 14 days, p=0.053) and hospitalization (48 vs. 106 days, p=0.026) 
compared to stoma. Stoma group infants who needed more than one surgical intervention due to complications was three times higher (66% vs 
22%, p= 0.038) and 57% of stoma infants developed short bowel syndrome compared to 33% of PA infants. There was no statistically significant 
difference between PA and stoma in mortality rate (27% vs 22%, p=1.00). Normal development at 1-2 years after discharge was found in 40% 
of PA and 14% of stoma. Severe neurodevelopmental impairment (NDI) was more common in stoma (70%) than in PA (20%). 70% of PA infants 
were integrated into a regular education framework compared to 28% of stoma.

Conclusion: PA is a safe and effective surgical technique in the management of complicated NEC, with the same mortality rate as stoma, but, 
with lower morbidity in the short term and better long-term neurodevelopmental outcomes. 

Keywords: Necrotizing Enterocolitis; Primary anastomosis; Stoma; Peritoneal Drainage; Neurodevelopmental outcome

Abbreviations: CP: Cerebral Palsy; HC: Head Circumference; NDI: Neurodevelopmental Impairment; ADHD: Attention Deficit Hyperactivity 
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heal in the presence of sepsis or peritoneal contamination. Also, 
of concern was the inability of surgeons to accurately determine 
the full extent of disease during surgery and the fear of resection 
of more intestine than required, anastomotic leak and strictures. 
Stoma complications have been seen in up to 68% of patients 
[1] and the need for a second intervention for closure of the 
stoma led some surgeons to prefer the PA approach. In recent 
years studies have described PA as a safe technique with low 
morbidity and mortality in the short-term outcomes compared to 
stoma [1,6,7]. In the long-term follow-up, however, a very limited 
number of studies have evaluated children surviving NEC after 
surgery beyond the 6-month time point. Even less is known about 
the effects of the different surgical approaches later on in their 
childhood. Neurodevelopmental impairment (NDI) is one of the 
most prevalent long-term complications, affecting as many as 50% 
of the infants surviving NEC. NDI is 2.5 times more likely to develop 
in the surgically- treated infants [8]. A study that investigated 
long-term neurodevelopmental outcomes of primary- school-age 
children who survived NEC surgery found favorable cognitive and 
motor development following PA compared to stoma, when there 
was no difference in prematurity and the severity of disease [9]. 
In the last 15 years, PA has been the preferred technique in our 
practice. We decided to analyze and report our data concerning 
the safety and effectiveness of PA in patients with complicated 
NEC and the short and long-term outcomes, including the 
neurodevelopmental outcomes.

Methods

Patients and setting

We conducted a descriptive retrospective analysis of the 
medical records of all infants diagnosed with NEC in Galilee 
Medical Center from January 2000 through January 2016. 
Exclusion criteria included pan-intestinal disease, death in less 
than 24 hours and missing patient charts. Long-term outcome data 
were taken from medical records in the Neurodevelopmental Unit 
and parental questionnaires that examined the clinical, functional 
and developmental status of the child today. Approval of the 
Institutional- Ethics- Committee was obtained prior to the study’s 
start, and patient confidentiality was maintained throughout the 
study.

Study variables

The data collected included gestational age, birth weight, 
gender, type of delivery (vaginal or cesarean section), Apgar score, 
intraventricular hemorrhage, age at onset of disease, preoperative 
Bell’s grade of NEC (clinical, laboratory and radiology findings), 
indication for surgery, surgical intervention performed (PD, 
stoma, PA, peritoneal drainage followed by laparotomy), place of 
surgery (NICU or OR) and intraoperative assessment and findings 
(location of the disease, number of areas of intestine affected, 
conservation of the ileocecal valve, number of anastomoses). 
Short term outcomes included postoperative parameters: time 

to bowel movements, antibiotic treatment, time to full enteral 
feeding, length of hospitalization, complications (wound infection, 
stoma complications, anastomosis complications, further surgical 
intervention, short bowel syndrome) and mortality. The long-
term outcomes included neurodevelopmental and functional 
assessment with parameters of cognitive and motor skills, 
auditory or visual impairments, social adaptation and function, 
developmental therapy, education framework, learning disabilities 
and ADHD.

Statistical analysis

Quantitative data were summarized using mean, standard 
deviation, median and range. Qualitative data were summarized 
using frequencies and percentages and displayed by graphs and 
diagrams. The variables were compared using Chi square test and 
Fisher’s exact test for qualitative data and Wilcoxon rank sum test 
for quantitative data. P values lower than 0.05 were considered 
statistically significant.

Results

110 infants were diagnosed with NEC during the study period, 
corresponding to 1% of all the preterm infants in the NICU during 
those years. Of these, 98 infants were included in the study; 42 
were treated surgically and 56 non-surgically (Figure 1). In the 
surgical group, PA was performed on 22 infants (55%) of whom 
three were treated first with PD and one with “clip and drop” due 
to clinical state. Nine infants (22.5%) underwent stoma following 
bowel resection, three of them were treated first with PD. The 
remaining nine infants (22.5%) were treated by drainage alone. 
Two infants had pan- intestinal disease and were excluded from 
the study (Figure 2). 

Figure 1: Flowchart showing diagnosis, enrolment and 
distribution into surgical and non-surgical groups.
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Figure 2: Flowchart showing the surgical intervention performed, mortality and follow-up.

Population

The median gestational age was 28 weeks (range 23-40) in 
both PA and stoma infants. Median birth weight was 1021.5 gr 
(range 668-3375) in PA infants and 1223 gr (range 826-2635) in 
the infants who underwent stoma. In the weight distribution, 50% 
of the infants with PA weighed < 1000 gr compared to 33% in the 
stoma group. Median Apgar score after 5 minutes was 8 in both 

groups, but the range in the PA group was greater. The median age 
for the onset of disease was 7 days (range 1-42) and 9 days (range 
4-20) in the PA and stoma infants, respectively. Intraventricular 
hemorrhage (IVH) was seen in 7% of the PA group and 4% of the 
stoma group; in both groups, grade II was the most prevalent. 
There was no significant statistical difference in any of the infants’ 
characteristics between the two groups of surgical techniques. 
More detailed patient characteristics are presented in Table 1.

Table 1: Infants characteristics.

Primary Anastomosis
N= 22 Stoma N=9 P

Sex n (%)

M 12 (54.5) 4 (44.4) 0.704*

F 10 (45.5) 5 (55.6)

Gestational age (wk) Median (min- max) 28.5 (23-40) 28 (24-36) 0.723**

Weight (g) n (%)

> 2500 5 (22.7) 1 (11.1)

LBW 5 (22.7) 2 (22.2)

VLBW 1 (4.5) 3 (33.3) -

ELBW 11 (50) 3 (33.3)

Apgar score Median (min- max)

1 min 6 (0-9) 7 (5-9) 0.146**

5 min 8 (1-10) 8 (8-10) 0.465**

Type of delivery n (%)

Vaginal 8 (36.4) 3 (33.3) 1.00*

CS 14 (63.6) 6 (66.7)

Multiple pregnancy n (%)

Single 15 (68.2) 6 (66.7) 1.00*

Twins 6 (27.3) 3 (33.3)

Triplets 1 (4.5) 0 (0)
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Family relationship between the parents n (%) 5 (22.7) 0 (0) 0.286*

Type of feed n (%)

Enteral +/- TPN 13 (59.1) 6 (66.7) 1.00*

TPN only 9 (40.9) 3 (33.3)

IVH n (%) 7 (31.8) 4 (44.4) 0.683*

Age at onset of disease (d) Median (min- max) 7 (1-42) 9 (4-20) 0.421**

Modified Bells classification n (%)

1A 1 (4.5) 0 (0)

1B 0 (0) 0 (0)

2A 1 (4.5) 1 (11.1) -

2B 7 (31.8) 2 (22.2)

3A 3 (13.6) 0 (0)

3B 10 (45.5) 6 (66.7)

M: Male; F: Female; LBW: Low Birth Weight (<2500 gr); VLBW: Very Low Birth Weight (<1500 gr); ELBW: Extremely Low Birth Weight (<1000 gr); 
TPN: Total Parenteral Nutrition; IVH: Intraventricular Hemorrhage; CS: Caesarean Section
*Fisher’s Exact Test; ** Wilcoxon Rank-Sum Test

 Indication for surgery

Pneumoperitoneum was seen in 67% of the stoma group and 
46% of the PA group, with no statistical difference. 33% of both 
groups had portal air gas. There were no statistical differences in 
worsening clinical condition nor in laboratory findings between 
the groups.

Intraoperative assessment and findings

Over half of the operated infants (55%) underwent the surgery 
in the NICU and not in the OR. Intestinal necrosis and perforation 

were the most prevalent surgical findings, seen in 68% of PA and 
67% of stoma infants. The location of the disease for infants who 
underwent PA was diverse and included the colon (33%) and 
ileum (22%) as unifocal or bifocal (16.7%) and the jejunum with 
ileum (16.7%). The areas of intestine affected in the stoma infants 
were jejunum and ileum together in 56% of the infants; as many 
as 86% had bifocal disease compared to 57% of the PA infants, 
no statistical difference. Ileocecal valve resection was performed 
in 27% of the PA infants and 37% of the stoma infants with no 
statistical difference. Most of the infants who underwent PA had 
one anastomosis (90%) and two had 2 anastomoses (Table 2).

Table 2: Intraoperative assessment and findings.

Primary Anastomosis
N= 22

Stoma N=9 P*

Surgery in the NICU n (%) 12 (54.5) 5 (55.6) -

Location of the disease n (%)

Ileum 4 (22.2) 0 (0)

Jejunum 1 (5.6) 0 (0)

Ileum+ jejunum 3 (16.7) 5 (55.6)

Colon 6 (33.3) 1 (11.1) -

Ileum+ colon 3 (16.7) 1 (11.1)

Colon+ rectum 0 (0) 1 (11.1)

Most of intestine 1 (5.6) 1 (11.1)

Number of areas of intestine affected n (%)

Unifocal 6 (42.9) 1 (14.3) 0.337

Bifocal 8 (57.1) 6 (85.7)

Surgical findings n (%)

Necrosis 4 (18.2) 2 (22.2)

Necrosis+ perforation 15 (68.2) 6 (66.7) -

Necrosis+ stricture 1 (4.5) 1 (11.1)
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Perforation 12 (9.1) 0 (0)

Ileocecal valve resection n (%) 6 (27.3) 3 (37.5) 0.666

Number of anastomoses n (%)

One anastomosis 20 (90.9) - -

Two anastomoses 2 (9.1)

*Fisher’s Exact Test

Short term outcomes

The median length of parenteral nutrition was 20 days (range 
10-69) in the PA group compared to 34 days (range 14-90) in 
the stoma group, p= 0.215. The duration of antibiotic treatment 
was a median of 10 days (range 5-20) in the PA group versus 14 
days (range 9-30) in the stoma group, p=0.053. The prominent 
difference was in hospitalization time, a median 48 days (range 
15-166) in infants who underwent PA vs. a median 106 days 
(range 35-180) in infants who underwent stoma, p=0.026 
(Figure 3). One-third of the infants in the stoma group had stoma 
complications: one infant had severe electrolyte disorder leading 

to renal failure, a second infant had an infection of the skin around 
the stoma due to a high-output stoma also causing acute renal 
failure and a third infant had an infection around the stoma but had 
no further complications. None of the PA infants had anastomosis 
complications. The number of infants who needed more than one 
surgical intervention due to complications (not including stoma 
closure surgery) was three times higher in stoma infants (66.7% 
vs 22.7%, p=0.038) and the need for more than two surgical 
interventions occurred only in the stoma group. 57% of the infants 
who underwent stoma developed short bowel syndrome (SBS) 
compared to 33% of the PA group, p= 0.376 (Table 3).

Table 3: Post- operative short time outcomes.

Primary Anastomosis
N= 22 Stoma N=9 P*

Wound infection n (%) 5 (23.8) 1 (12.5) 0.647

Anastomosis leak n (%) 0 (0) - -

Infection around the stoma n (%) - 2 (22.2) -

Sever electrolyte disorder n (%) - 1 (11.1) -

Renal failure n (%) - 2 (22.2) -

More than one surgical intervention due to complications n (%) 5 (22.7) 6 (66.7) 0.038

More than 2 surgical intervention due to complications n (%) 0 (0) 3 (33.3) 0.258

Short Bowel Syndrome n (%) 5 (33.3) 4 (57.1) 0.376

Mortality n (%) 6 (27.3) 2 (22.2) 1

*Fisher’s Exact Test

Figure 3: Post- operative short time outcome.
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Mortality

Survival rate was 74% (23/31), with no statistical difference 
between the PA and stoma groups in mortality rate (27% vs 22%, 
p=1.00) (Table 3).

Long-term outcomes: neurodevelopmental and 
functional assessment

Out of the 23 infants who survived, we located 17, of whom 
10 had undergone PA and seven had undergone stoma. Of the 
17, eight were <6 years of age and 9 were >6 years of age. One 
child from the PA group was suffering from cerebral palsy (CP) 
and one child from the stoma group was diagnosed with Down 
syndrome. The groups were too small for statistical tests. Over 
90% of the infants needed developmental treatment. The 
most prominent treatments were physiotherapy (88%) and 
occupational therapy (81%). There were no differences between 
the two groups in weight and head circumference at one year of 
age, but the prevalence of normal development was higher in the 

PA children with 40% of that group showing normal development 
at 1-2 years after discharge compared to 14% of the stoma group. 
Also, 70% of the infants who underwent PA were integrated into 
a regular educational framework compared to 28% of those who 
underwent stoma (Figure 4). In order to check the severity of the 
neurodevelopmental impairment (NDI) four parameters were 
examined: gross motor, fine motor, language and social adaptation 
and function. The NDI was divided into severe, mild and normal 
range. In the stoma group the NDI was severe in all 4 parameters 
as opposed to mild NDI in the PA group: severe gross motor, fine 
motor and language impairment was recorded in 71% of the stoma 
group compared to 20%, 11% and 30%, respectively, in the PA 
group. Of the children who had undergone stoma, 57% had severe 
social adaptation and function impairment compared to 11% of 
the PA children (Figure 5). Functional impairment was examined 
in children > 6 years old. There was no difference between the 
stoma and PA groups, but we did find that the incidence of learning 
disabilities and ADHD was 30% and 36%, respectively, in these 
groups (Figure 6).

CP: Cerebral Palsy; HC: Head Circumference
Figure 4: Neurodevelopmental assessment: 0-6 years old.

Mild NDI- needed a short period therapy, no need for a special education framework.
Sever NDI: needed a prolonged therapy including special education framework; NDI: Neurodevelopmental Impairment
Figure 5: Severity of neurodevelopmental impairment: 0-6 years old.
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ADHD: Attention Deficit Hyperactivity Disorder
Figure 6: Functional assessment: age > 6 years old

Discussion

This retrospective study included data from all the infants 
who were treated surgically for complicated NEC in over 15 years 
of practice in one medical center. We found primary anastomosis 
to be a safe and effective surgical technique in both short post-
operative and long neurodevelopmental outcomes compared 
to the gold standard technique of stoma, with no statistical 
differences in age, weight, severity or extent of disease. Although 
the patients’ characteristics and surgical findings showed no 
difference, a selection bias whereby surgeons were more prone 
for stoma in more critically ill infants cannot be ruled out. Stoma 
formation has traditionally been considered the safest approach 
to managing complicated NEC in infants given the unfavorable 
conditions of peritonitis, inflammation, sepsis and potentially 
compromised bowel. Also of concern is the fear of PA complication 
such as leaks and strictures [1,10,5,6]. In the current study we 
found wound infection to be two times higher in the PA group, but 
we found no further anastomosis complications such as leaks or 
strictures in any of the infants. On the other hand, in infants who 
underwent stoma there were stoma complications in one-third 
of the infants including infection, electrolyte disorder and renal 
failure. Moreover, the number of infants who needed more than one 
surgical intervention due to complications was three times higher 
in the stoma group compared to the PA group (p=0.038) and one-
third of that group needed more than one surgical intervention. 
In the post-operative management, the length of TPN (Total 
Parenteral Nutrition) use and the time to full enteral feeding was 
shorter in the PA group. Duration of antibiotic treatment was also 
shorter in the PA infants, (not statistically significant), although 
the strong relation between the two groups (p=0.053) may be 
explained by the small size of the study. Hospitalization time was 
significantly shorter in the PA infants as opposed to the stoma 

infants (p=0.026). This finding supported the findings by Griffiths 
et al (n=50) where the length of hospital stay, the period of total 
parenteral nutrition and the time to full feeds were all shorter in 
the PA group, with no increase in short- or long-term morbidity 
or mortality [11]. An argument that appears at times in the 
professional literature against the PA procedure is the resection of 
unnecessary long segments of bowel thereby predisposing to short 
gut [1,6]. This was not the case in our study where short bowel 
syndrome was, in fact, more prevalent in the stoma group probably 
due to additional surgical intervention as a result of complications 
and also the fact that every procedure of stoma closure requires 
an additional bowel resection to create anastomosis. Griffiths et 
al’s study [11] reported that the length of bowel resection in both 
stoma and PA groups was similar. Hofman et al [12] also came 
to a similar conclusion with no short gut cases in the PA group. 
Mortality rate was similar in both stoma and PA groups. Our finding 
correlates with those reported in the medical literature in both the 
mortality rate which stands at 15%-30% and the lack of difference 
between the two groups [3,6,9,10]. It is probable that survival was 
more dependent on the severity of the disease and the associated 
medical problems of prematurity than on the type of operation. 
In the long-term follow-up we found that over 90% of the infants 
needed developmental supportive treatment. The most prominent 
treatments were physiotherapy and occupational therapy. NDI 
is a common complication in infants treated surgically for NEC, 
but it is difficult to isolate the primary cause, since prematurity 
causes a wide range of comorbidities which might also play a role 
in developing NDI. The length of hospitalization of infants has 
been strongly associated with developmental progress at 1 to 2 
years of age [13]. The NICU exposes the child to stressors, such as 
bright lights and excessive noise, which could also influence the 
outcome [14]. In the current study, we found that infants treated 
by PA had a significantly shorter hospitalization time compared 
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to those who underwent stoma (p=0.026) and, indeed, in that 
group the percentage of children who had normal development at 
1-2 years after discharge and who were integrated into a regular 
educational framework was significantly higher. There was mild 
NDI in the PA group and severe impairment in the stoma group. 
This strengthens the findings of Ta et al who also showed an 
association between the presence of a stoma and significantly 
worse motor and cognitive neurodevelopmental outcomes, when 
there was no difference in prematurity and the severity of disease 
[9]. This may be explained by higher losses of fluids, electrolytes 
and nutrition via the stoma that may result in malnutrition leading 
to inadequate neurodevelopment [1,9]. 

The incidence of learning disabilities and ADHD in both groups 
was three times higher than the known incidence in healthy 
children. Based on the published literature, the prevalence of 
learning disabilities and ADHD among children and adolescence 
is 10% [15,16,17]. In this study we found these disorders in 
30% of the surgical NEC population. In a meta-analysis included 
64,061 children born preterm, ADHD and learning disabilities 
was diagnosed twice as often in preterm children [18]. In other 
words, the group of children with NEC who were treated surgically 
experienced an influencing factor on learning disabilities and 
ADHD beyond the influence of prematurity itself. It is important 
to emphasize that, in the examination of long- term outcomes, the 
small study size did not allow statistical analysis and conclusions. 
We did see a tendency toward development of NDI in children 
treated surgically for NEC with differences between the techniques 
of PA and stoma. These findings underlie the necessity for further, 
larger studies to evaluate the effect of surgical intervention 
and the difference between surgical techniques on NDI. The 
limitations of our study are the retrospective methodology, the 
lack of randomicity in choosing the surgical techniques and the 
difficulty in collecting accurate and full data from a period of 16 
years. It is difficult to exclude the selection bias regarding the 
operative approach that may have been impacted by the severity 
of the infant’s condition, the infant’s weight and the “surgeon’s 
preference” that has been pointed out in many studies [7].

Due to the fact that the majority of the infants in the study 
were preterm, it is difficult to separate the effect of morbidity 
and other medical problems on the course of treatment and the 
results of the study. The sample size is relatively small, although 
the number of subjects in this study is similar to and even larger 
than the samples appearing in the medical literature. In the long-
term follow-up, it was difficult to perform statistical tests and 
reach conclusions due to the small sample. We did find a trend in 
our results and these findings underline the necessity of further 
study of larger groups to evaluate the effect of treatment modality 
on long- term neurodevelopmental outcome. Because the surgical 
technique depends on the preference of the surgeon and the 
prospective comparative difficulty in the use of the various 
surgical techniques, it is difficult to reach clear conclusions 
about one technique preference over another. Further research is 

required in large groups of infants diagnosed with NEC to examine 
and evaluate the long-term effects of the disease and its various 
treatments.

Conclusion

Despite the widely held belief among most pediatric surgeons 
in the world that stoma is the safest and most preferred technique 
for treating complicated NEC, the results of this study showed that 
primary anastomosis is a safer and more effective method with 
better short-term outcomes and lower morbidity but with no 
difference in mortality rates. In the long-term neurodevelopmental 
follow-up we also found that the use of PA resulted in better 
outcomes than the conventional stoma technique. This study 
reinforced the recent reports in the medical literature that have 
shown a preference for the PA technique and also strengthened 
the need to continue monitoring the development of these infants 
over time.
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