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Abstract
Background
Necrotizing enterocolitis (NEC) is a debilitating disease that predominantly afflicts premature neonates,
although it can also affect term neonates. The clinical features of the ailment vary widely and range from
transient feed intolerance to life-threatening complications such as septicemia and disseminated
intravascular coagulation. While surgery is usually only reserved for severe cases, such as those presenting
with intestinal perforation, the role of surgical management in cases of NEC without perforation remains
elusive.

Methods
A retrospective chart review of patients, three years in duration, was conducted and studied confirmed cases
of NEC. The clinical presentations studied included cases of NEC with pneumatosis intestinalis, fixed bowel
loop, pneumoperitoneum, and abdominal wall erythema. The patients were divided with regards to their
intestinal perforation status and with pertinence to the treatment modality employed (medical or surgical).
The results in either group were eventually analyzed in terms of the overall survival rate.

Results
A total of 48 patients were included in the study, of which 79.16% presented without perforation and 20.83%
with perforation. Of the study participants included, 26 were females and 22 were males. Pertinently, no
gender predominance was appreciated. In patients without perforation, medical management was noted to
boast a lower mortality rate when compared with surgical intervention (15.6% vs 50.0%, respectively). In
patients with perforation, the overall mortality was noted to hover at 50.0%, which was higher than that
encountered in the non-perforation group.

Conclusion
In patients with NEC without perforation, surgical treatment confers no comparative therapeutic advantage
when compared with medical management alone. Conservative management with broad-spectrum
antibiotics including metronidazole yields equally favorable outcomes in such cases.

Categories: Internal Medicine, Pediatric Surgery, General Surgery
Keywords: necrotizing enterocolitis, pediatric ileostomy, intestinal perforation, metronidazole, abdominal sepsis

Introduction
Necrotizing enterocolitis (NEC), which primarily affects premature neonates, is the most common
gastrointestinal emergency in neonates [1]. NEC boasts a high morbidity and mortality rate and thus
remains at the forefront of a controversy with regards to the absolute indications of surgical management of
NEC. The controversy lies in identifying the pre-operative factors, such as patient comorbidities, to
determine whether a surgical intervention is more superior to medical management, and the specific type of
surgical intervention that confers the most optimal therapeutic advantage [1,2]. The preferred method of
surgical intervention for NEC with perforation remains controversial, with the two most frequently used
procedures being laparotomy and primary peritoneal drainage [2]. Literature has suggested that the most
optimal time for intervention through either medical or surgical management is after the onset of severe
ischemia but before perforation has occurred [2]. However, in clinical practice, identifying this timeframe for
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optimal intervention is extremely challenging [2]. To date, several indications for performing a surgical
intervention for NEC, including pneumoperitoneum, remarkable paracentesis, and the presence of portal
venous gas (PVG), have been identified [3]. Notably, evidence of pneumoperitoneum, indicating the
presence of intestinal perforation, is considered the only absolute indication for surgical intervention [2].
Contrarily, the relative indications for surgical management include factors such as clinical deterioration
and pneumatosis [2]. 

While the presence of PVG is not traditionally considered an absolute indication for surgery, several studies
have now suggested that PVG, as observed on abdominal radiographs, is considered a poor prognosticator,
and therefore warrants early surgical intervention [4,5]. Cikrit et al. reported a 71% mortality rate in cases
where PVG was evident on abdominal radiographs [4,5]. In contrast, other studies have reported that
patients with PVG may recover without surgical intervention, consistent with findings in our study [6,7].
Moss and colleagues demonstrated that there was no difference in survival between patients who underwent
either surgical procedure while other studies have divulged a more favorable outcome with laparotomy in
comparison to primary peritoneal drainage [8-10]. The aim of the present study is to ascertain whether
medical or surgical management confers a comparative therapeutic advantage in cases of NEC with and
without perforation.

Materials And Methods
The present retrospective cross-sectional study was conducted in the neonatal intensive care unit (NICU)
over a course of three years. Patient charts were perused for a confirmed diagnosis of NEC with and without
intestinal perforation. The inclusion criteria adopted ensured that all cases encompassing pneumatosis
intestinalis, presence of PVG, fixed bowel loop, and abdominal wall erythema were included. The exclusion
criteria adopted in the present study meant that suspected cases of NEC without the aforementioned
features were excluded from the eventual analysis. Furthermore, the parameters studied included the clinical
signs, the symptomatology, and the associated congenital malformations. Additional data pertaining to the
feed type, maternal illness, and the medications used were also collated. Investigative workup results, such
as the platelet count, coagulation profile, blood culture, and blood gas analysis, were also included and
studied. These data were correlated with the ultrasound and abdominal radiograph findings. Once the data
were collated, the proportion of patients managed with and without surgical intervention was ascertained.
In cases requiring surgical management, the type and nature of the intervention was documented. The
patient outcomes were assessed in terms of their survival status. The collated data was eventually analyzed
using Statistical Package for Social Sciences (SPSS), version 23.0 software (IBM Corporation, Armonk, NY).

Results
The current study analyzed the charts of 48 patients with a clinically confirmed diagnosis of NEC who
presented to the hospital within a three-year period. All of the patients included were neonates, with most
presenting with symptoms in the second week of life. Of the 48 patients studied, 38 (79.16%) manifested
with features of NEC without perforation, while 10 (20.83%) patients presented with intestinal perforation.
The study subjects were studied with pertinence to their intestinal perforation status, and appropriate
management was thus instituted in accordance with their status.

Out of 38 patients who had no perforation but did demonstrate other mentioned features of NEC, ileostomy
was performed in six patients out of which three patients, constituting 50% of this subgroup, died while the
other half survived. The remaining 32 patients were managed medically with intravenous metronidazole
therapy. Amongst these patients who were managed conservatively, 15.6% died while 84.4% survived,
purporting a higher survival rate than in the surgical management subgroup. These outcomes are tabulated
in Table 1. 

NEC without perforation

Total (N) Treatment Total (N) Survival status Total (N)

38

Ileostomy 6
Survived 3

Died 3

Medically treated 32
Survived 27

Died 5

TABLE 1: The treatment modality employed and the outcomes in patients with NEC without
intestinal perforation.
NEC: necrotizing enterocolitis. 
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Within the present study, 10 patients presented with intestinal perforation. Of these patients, peritoneal
drain was placed in six unstable patients while surgical intervention, through the means of an ileostomy,
was performed in four stable patients. The outcomes within this perforation subgroup are elucidated in
Table 2. 

NEC with perforation

Total (N) Treatment Total (N) Survival status Total (N)

10

Peritoneal drain 3
Survived 1

Died 2

Peritoneal drain followed by ileostomy 3
Survived 1

Died 2

Laparotomy/ileostomy 4
Survived 3

Died 1

TABLE 2: The treatment modality employed and the outcomes in patients with NEC with intestinal
perforation.
NEC: necrotizing enterocolitis. 

As can be gauged from Table 2, six patients presenting with NEC with perforation underwent peritoneal
drain placement. Of these six patients, one patient demonstrated a perforation that sealed spontaneously,
thereby discounting the need for further operation. Two patients, accounting for 33.3% of patients in this
subgroup, died due to sepsis. The remaining three patients demonstrated clinical amelioration to some
extent and were therefore able to undergo laparotomy. However, post ileostomy, two of these patients
survived while one patient ultimately succumbed to the complications and died. Furthermore, of the four
patients who underwent laparotomy/ileostomy, 75% survived while the mortality rate hovered at 25% within
this subgroup.

A detailed breakdown of the study subjects in accordance with their perforation status, the treatment
modality employed, and the eventual outcomes are delineated in Figure 1. 

FIGURE 1: A flowchart depicting the perforation status, the treatment
modality employed, and the eventual outcomes within our study cohort.
NEC: necrotizing enterocolitis.

Discussion
NEC is an inflammatory disease of the bowel [11]. It is predominantly a disease of premature infants, with
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90% of cases noted to occur in preterm neonates [12]. However, full-term neonates are still at risk,
accounting for the remaining 10% of the cases [12]. Other causes of NEC include a low birth weight, formula
feeding, sepsis, extended use of antibiotics, indomethacin therapy to promote closure of a patent ductus
arteriosus (PDA), and glucocorticoid therapy [13-15]. Maternal factors include chorioamnionitis, antenatal
cocaine use, antenatal maternal infection, preeclampsia, and smoking, although these risk factors have not
been as consistently implicated in NEC development as the others [13,16-18]. Breastfeeding has been found
to be the most effective protective measure due to its provision of immunological factors that promote
microbiota formation in the neonate’s gastrointestinal tract [19]. However, this parameter was not evaluated
in the present study. 

The pathophysiology underlying NEC involves a disruption of the normal gut flora, a process known as
dysbiosis, and colonization of pathogenic bacteria that lead to invasion and disruption of the gut mucosa
[20,21]. Pro-inflammatory chemical mediators, such as cytokines and chemokines, and the presence of
bacterial toxins together elicit a potent inflammatory process that ultimately results in intestinal necrosis
that, if left untreated, progresses to life-threatening complications such as septicemia and disseminated
intravascular coagulation (DIC) [19,22]. Interestingly, infants with surgically indicated NEC were found to
have a loss of Paneth cells, which reside in the crypts of Lieberkühn in the small and large intestines and
play a major role in the maintenance of a healthy microbiota as well as antimicrobial defense [23]. 

The cost of NEC management is exorbitantly high, accounting for approximately 20% of the total costs
incurred by the NICUs annually [12]. The total annual estimated cost in the United States is between $500
million to $1 billion [24]. In severe cases, the necessitation and urgency of surgery only increase this
expense, especially considering that survivors often remain in the NICU for more than 90 days and not
uncommonly for up to 6 months [12]. The modified Bell’s Staging Criteria is used for the management of the
disease [15]. In the early stages of NEC, common signs in the neonate include an aversion to feeding,
lethargy, and mild abdominal distension [15]. In these cases, supportive treatment is indicated, often
involving a cessation of feeding, nasogastric tube aspiration, and intravenous antibiotics [24]. Disease
progression leads to the development of characteristic radiological features such as pneumatosis
intestinalis, PVG, fixed bowel loop, and apparent abdominal mass or distension and abdominal wall
erythema. The radiological findings consistent with pneumatosis intestinalis, as observed in our study
population, are delineated in Figure 2 and Figure 3. 
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FIGURE 2: A radiological depiction of pneumatosis intestinalis (blue
arrow) as observed in the study population.
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FIGURE 3: A radiological depiction of pneumatosis intestinalis (red
arrows) as observed in the study population.

Blood investigations will typically indicate thrombocytopenia, leukopenia, electrolyte imbalance with a
metabolic acidosis, and a prolonged coagulation profile. Supportive treatment in this setting is amplified to
include total parenteral nutrition, oxygenation and mechanical ventilation, and broad-spectrum antibiotics,
in conjunction with metronidazole, to ensure coverage of both anaerobic and aerobic bacteria [24]. Early
surgical intervention at this point is often recommended since further progression results in intestinal
perforation, mandating the need for surgical intervention. Intestinal perforation encountered in one of the
patients is elucidated in Figure 4.
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FIGURE 4: A lateral cross-table radiograph showing free gas above the
liver (yellow arrow), which is suggestive of intestinal perforation.

Depending on the stability of the patient, surgical intervention involves either peritoneal drain placement
or a direct laparotomy [1,24-25]. Unstable patients usually undergo peritoneal drain insertion, while some
perforations can heal spontaneously [26]. However, most will require a laparotomy once they have
stabilized. Among laparotomy procedures, unifocal perforation necessitates resection and primary
anastomosis, whereas multifocal perforation, pan-intestinal involvement, or patients who have yet to
stabilize typically require an ileostomy [27].

The purpose of the current three-year retrospective study was to present the results of surgical and non-
surgical management of 48 neonates with NEC and compare it against the literature. In our
study, where early surgical intervention was performed in the absence of perforation, but the presence of
other relative indications, no benefit in overall survival was observed. Medical management with the
addition of metronidazole was sufficient in the treatment of patients with NEC without signs of perforation.
Our data suggest that the gold standard procedure for NEC with perforation is laparotomy with surgical
resection and ileostomy, and primary peritoneal drainage should only be performed if the patient is too
unstable to undergo a laparotomy. Furthermore, patients who underwent primary peritoneal drainage will
likely require laparotomy once stabilized, as can be gauged from the present study.

Conclusions
In patients presenting with NEC without perforation, surgical management may confer no additional
therapeutic advantage. In such cases, conservative management through the means of broad-spectrum
antibiotics, with the addition of metronidazole, portends equally favorable outcomes while circumventing
the complications that are routinely associated with surgical interventions.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Animal subjects: All
authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.
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