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Background: To explore the surgical outcomes between patients with perforated
and non-perforated neonatal necrotizing enterocolitis (NEC) and identify indications for
surgical intervention.

Methods: The surgical outcomes of 271 children with NEC admitted to the Seventh
Medical Center of Chinese PLA General Hospital between August 2009 and August
2020 were retrospectively analyzed. The patients were divided into the non-perforated
and perforated groups. The preoperative factors, including gestational age, birth weight,
intrauterine infection, cholestasis, platelet change, white blood cell count, and C-reactive
protein level were compared between the two groups, along with postoperative factors
including infection status, complications, enteral and parenteral nutrition time, ICU time,
ventilator use time, and intestinal necrosis length. Bell staging was performed for the
two groups and the mortality of different Bell stages was explored. The risk of death and
predisposing factors of patients with NEC were analyzed.

Results: In total, 271 children undergoing surgery were included in this study. A total
of 188 children were observed without perforation, including 57 deaths (30.3%), and 83
children with perforation, including 24 deaths (28.9%). Preoperative cholestasis and time
from NEC diagnosis to surgery were significantly different between the two groups (P
< 0.05). Postoperative factors, including parenteral nutrition time (32 [3-94] days vs. 23
[1-53] days), enteral nutrition time (27 [0-86] days vs. 18 [0-81] days), NICU time (44
[6-125] days vs. 29 [1-92] days), and length of intestinal necrosis (15 [0-92] cm vs. 10
[2-70] cm), were significant. The mortality rate of patients with Bell stage IlIA was higher
than that of patients with Bell stage IlIB. A total of 81 patients had 30-day postoperative
mortality (57 non-perforated cases). Multivariate Cox regression analysis showed that
non-perforation was a poor prognostic factor for survival outcome (hazard ratio 2.288,
95% confidence interval [1.329-3.940], P = 0.003).

Conclusions: Preterm infants in the non-perforated group had more serious
complications and had a longer recovery time after surgery. Bell staging is not accurate
in diagnosing severe NEC that needs surgical intervention.
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The Prognosis and Mortality of Surgical NEC

INTRODUCTION

Necrotizing enterocolitis (NEC) is the most common surgical
emergency in neonates and is classically a disease of prematurity
(1), with approximately 90% of cases diagnosed in preterm
infants (2). Approximately 40% of neonates with NEC require
surgery, which are at a high risk of death or require long-term
hospitalization (3). With the improvement in the level of care
in the intensive care unit, the survival rate of NEC is gradually
increasing. Due to the rapid progress of NEC, the mortality rate
of patients with NEC is higher when surgery is required. To date,
the only absolute indication for surgical intervention in infants
with NEC is bowel perforation. However, the surgical indications
for non-perforated NEC remain controversial, and many
clinicians consider clinical deterioration in patients receiving
maximal medical therapy to be an indication for surgery
for non-perforated NEC. The presence of pneumoperitoneum
on radiographic images indicates perforation and is the only
absolute criterion for surgery (4). In the classic Bell staging,
perforation is classified as stage IIIB, which is considered the
most serious stage of the disease. However, it seems that the
outcome of patients with perforation is not worse than that
of patients without perforation. This study aimed to analyze
the outcomes of preterm infant surgery under two different
surgical conditions, non-perforation and perforation, to provide
evidence for exploring the timing of surgical NEC intervention in
preterm infants.

MATERIALS AND METHODS

This study (retrospective data analysis) was approved by the
Ethics Committee of the Seventh Medical Center of PLA General
Hospital. Patient confidentiality was protected by deidentifying
the data prior to analysis. A total of 271 children with
surgical NEC were admitted in our department between August
2009 and August 2020. Patients with spontaneous intestinal
perforation (isolated intestinal perforation without histological
or clinical evidence of necrotizing enterocolitis), secondary
intestinal necrosis (Necrosis caused by other malformation),
or perforation caused by other diseases were excluded. Those
without perforation were excluded from cases with peritoneal
drain as initial surgery or local repair, and only those with
necrotic bowel in need of resection or clip and drop-back
were selected. NEC staging refers to the revised modified Bell
staging standard for neonatal NEC (5). Children with congenital
gastrointestinal malformations and genetic metabolic diseases
were excluded from both groups.

Before the operation, the children whose abdominal
radiographs showed pneumoperitoneum were classified into
perforation group, and the rest in the non-perforated group.
Regarding observation indicators, in the perforation group,
surgical treatment was generally completed within 6 hours after
the perforation was cleared. The preoperative indications for

Abbreviations: CI, Confidence Interval; DAAS, Duke abdominal X-ray score; HR,
Hazard ratio; MD7, Seven Metabolic Disorders; NEC, Necrotizing Enterocolitis;
NICU, Neonatal Intensive Care Unit.

surgery in the non-perforated group were based on the Duke
abdominal X-ray score (DAAS) (consider surgical treatment
when scores >7) (6), seven metabolic disorders (MD7) (>4
indicators,consider surgical) (7, 8), and white blood cell/platelet
level changes (We used the formula:ln [P/(1 - P)] = 2.801 -
0.207WBC2 - 0.008PLT2. We set P = 0.55, and consider surgical
treatment when P > 0.55) (9), specifically, clinical manifestations
that have not improved even with medical management,
persistent abdominal distension, obvious symptoms of
peritonitis, abdominal wall varicose veins, redness of the
abdominal wall skin, and a palpable abdominal mass combined
with changes in patients’ laboratory infection indicators (levels
of leukocytes/platelets, CRP, total blood bilirubin, etc.) and
radiographic examination of the vertical abdominal plain
film showing obvious signs of gas accumulation between the
intestinal walls, gas accumulation in the portal vein, and fixed
bowel loops. Before 2017, the assessment systems we used for
the severity of the disease were DAAS and MD7, after 2017,
the evaluation system for the severity of the disease is DAAS,
MD7, & white blood cells, platelets count. The patients match
any of these indicators, which to consider surgical treatment.
The indications were consistent in all patients, and immediate
surgical treatment was provided. Preoperative statistical data
included gestational age; birth weight; heart malformation;
prenatal intrauterine infection; laboratory indicators (blood
biochemistry, routine blood test, CRP test, etc.); surgical methods
for the non-perforated group including intestinal resection and
enterostomy (143 cases), clip and drop-back (21 cases), and
intestinal resection and anastomosis (24 cases); and the operative
method for the perforation group including bowel resection
and enterostomy (83 cases). The length of necrotic intestines in
the two groups was recorded. Postoperative statistics included
mortality (30-day postoperative mortality), severe postoperative
complications (acute respiratory distress syndrome, intracranial
hemorrhage, acute renal insufficiency), postoperative infection
time, parenteral nutrition time, enteral nutrition time, ICU stay,
and time of ventilator use. Postoperative time refers to the time
from the surgery to discharge from the hospital. Through the
establishment of Cox regression model, including gestational
age, body weight, postoperative infection time, postoperative
enteral nutrition time and parenteral nutrition time, length of
NICU time, which association with postoperative survival. The
risk of death was compared between the non-perforated group
and the perforated group.

Statistical Analyses

Statistical analyses were performed using SPSS Statistics for
Windows (version 19.0; IBM Corporation, Armonk, NY, USA).
Measurement data that observed a normal distribution were
represented by mean + SD, and the independent sample t-test
was used for comparison between the two groups. Non-normally
distributed measurement data were represented by median
(minimum, maximum), and the Wilcoxon ranked-sum test of
independent samples was used for comparison between groups.
The chi-square test was used to compare the count data between
groups. Survival was estimated using the Kaplan-Meier method
and statistically compared using the log-rank test. Hazard ratios
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TABLE 1 | Comparison of preoperative factors in the non-perforated and the perforated groups [n (%), M (min, max)].

Total n = 271 The non-perforated group n = 188 The perforated group n = 83 x%/Z P-value
Gestational age, week 31 (25-36) 30 (25-36) 31 (26-36) —1.477 0.140
Birth weight, g 1650 (500-3485) 1600 (610-3485) 1860 (500-3160) —0.805 0.421
Cholestasis? 191 (70.5) 143 (76.1) 48 (57.8) 9.2 0.002*
time from NEC diagnosis to surgery, h 26 (3-82) 29 (4-82) 22 (3-76) —2.267 0.023*
PDAP 103 (38) 68 (36.2) 35 (42.2) 0.879 0.348
Intrauterine infection 186 (68.6) 125 (66) 61 (73) 1.31 0.252
Thrombocytopenia® 130 (21-404) 139 (21-404) 128 (28-379) —0.051 0.959
Leukocyted 6.6 (1.9-29.4) 6.6 (1.9-29.4) 6.1(2.3-26.4) —1.471 0.141
CRP ¢ 59 (1-292) 60 (1-234) 59 (1-292) -0.872 0.383

aCholestasis: total bilirubin is elevated, direct bilirubin > 17umol/L; bPDA: Patent Ductus Arteriosus; °Platelets decrease below normal value: platelet count < 1007 x 0%/L; AWhite
Blood Cell normal value 4.0-10.0 *104°%/L; €, CRP normal value 0-8mg/L; *There is a statistical difference.

TABLE 2 | Post-operative results between two groups [n (%), M (min, max)].

Total n = 271 The non-perforated group n = 188 The perforated group n = 83 x2/z P-value
Death (30-day mortality), n 81 (29.8) 57 (30.3) 24 (28.9) 0.003 0.956
Serious postoperative complications, n © 97 (35.8) 68 (36.4) 29 (34.9) 0.42 0.517
Postoperative infection time, d f 13 (1-49) 15 (1-49) 12 (1-27) —1.238 0.216
Parenteral nutrition time, d 9 29 (1-94) 32 (3-94) 23 (1-53) —2.923 0.003*
Enteral nutrition time, d 25 (0-86) 27 (0-86) 18 (0-81) —2.159 0.031*
Length of NICU time, d 40 (1-125) 44 (5-125) 29 (1-92) —2.710 0.007*
Ventilator use time, d 4 (1-28) 4 (1-24) 3 (1-28) —1.854 0.064
Length of intestinal necrosis, cm 12 (0-92) 15 (0-92) 10 (2-70) —2.464 0.014*

€Severe complications: at least one of acute respiratory distress syndrome, intracranial hemorrhage, and acute renal insufficiency; "Duration of postoperative infection: from the beginning
of use to the degradation of antibiotics when the infection improves; 9Parenteral nutrition time: from the start of intravenous nutrition to the stop; Enteral nutrition time: from start to full

dose; *There is a statistical difference.

TABLE 3 | Death in different Bell stages [n (%)).

Bell stage A B 7 ]
Cure 13 78 40 59
Death 3(18.8) 21(21.2) 33 (45.2) 24 (28.9)
X2 0.125 0.437 4.445 -
P-value 0.612 0.513 0.035 -

(HRs) were calculated, and multivariate analysis was performed
using Cox’s proportional hazards model. Statistical significance
was set at P < 0.05.

RESULTS

Pre-Operative Characteristics in

Perforated and non-Perforated Cases
A total of 271 preterm infants underwent NEC surgery: males,
171 cases; females, 100 cases, of which 188 cases were in the non-
perforated group before the operation. According to the modified
Bell criteria for the diagnosis of NEC (5), 16 cases were in stage
IIA, 99 cases in stage IIB, and 73 cases in stage ITTA. All 83 patients
in the perforation group were diagnosed with stage IIIB disease.
The results showed that gestational age, birth weight,
intrauterine infection, patent ductus arteriosus, white blood cell

count, thrombocytopenia, and CRP level were not statistically
different between the two groups (P > 0.05). Preoperative
cholestasis was observed in 143 cases (76.1%) in the non-
perforated group and 48 cases (57.8%) in the perforated group,
and the difference was statistically significant (P = 0.002). The
time from NEC diagnose to surgery were 29 (4-82) hin the non-
perforated group and 22 (3-76) h in the perforated group, and
the difference was statistically significant (P = 0.023) (Table 1).

Post-Operative Results of non-Perforated

and Perforated Cases

The death rate (30 days postoperative mortality) was higher
in the non-perforated group (57/188 deaths [30.3%]) than
that in the perforated group (24/83 deaths [28.9%]); however,
the difference was not statistically significant. No statistically
significant difference in severe postoperative complications (68
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TABLE 4 | Multivariate proportional hazards analysis for survival at 30 days.

Variables Hazard ratio (95%, Cl) P-value
Gestational age, wk 0.918 (0.819-1.030) 0.145

Birth weight, g 1.000 (0.999-1.001) 0.613

Length of intestinal necrosis, cm 1.017 (1.010-1.024) 0.000*

Postoperative infection time, d 0.937 (0.897-0.979) 0.003*

Parenteral nutrition time, d 1.031 (0.981-1.083) 0.225

Enteral nutrition time, d 0.916 (0.882-0.952) 0.000*

Length of NICU time, d 0.986 (0.948-1.025) 0.478

The non—perforated group

(VS. the perforated group) 2.288 (1.329-3.940) 0.003*

*P < 0.05; Cl, confidence interval.

cases [36.4%] in the non-perforated group and 29 cases [34.9%]
in the perforated group) and ventilator use time (4 [1-24] days
vs. 3 [1-28] days) was observed (P > 0.05). The differences in
parenteral nutrition time (32 [3-94] days vs. 23 [1-53] days),
length of intestinal necrosis (15 [0-92] cm vs. 10 [2-70] cm),
enteral nutrition time (27 [0-86] days vs. 18 [0-81] days), and
NICU stay (44 [5-125] days vs. 29 [1-92] days) were statistically
significant between the two groups (P < 0.05). The postoperative
recovery time in the non-perforated group was significantly
longer than that in the perforated group (Table 2).

Bell Staging and Mortality

In the Bell staging, all preterm infants with perforation were
classified as stage IIIB, and the rest were identified as non-
perforated. The mortality rate was 18.8% (3/16) in stage IIA,
21.2% (21/99) in stage IIB, 45.2% (33/73) in stage IIIA, and 28.9%
(24/83) in stage IIIB patients. The mortality rate of patients with
stage IITA was higher (Table 3).

Multivariate Analysis of Survival

It was found that the risk of death in the non-perforated
group was twice that of the perforated group. (HR, 2.288; 95%
confidence interval [CI], 1.329-3.940; P = 0.003) (Table 4). From
the COX regression graph, it is found that the slope of the non-
perforated group is twice that of the perforated group (Figure 1).

DISCUSSION

Despite the continuous improvement in the level of treatment,
NEC remains a serious life-threatening gastrointestinal disease in
premature infants and is accompanied by serious complications
(10, 11). Retrospective studies have shown that approximately
20-60% of preterm infants with NEC require surgery (12-14).
Despite improvements in neonatal care, overall mortality (32%)
for advanced NEC has not changed over the past 10 years (15).
Due to the rapid progress of NEC, the mortality rate is always
ranked first in the neonatal care unit. Multicenter studies have
shown that there were 8,935 extremely low birth weight cases
of NEC surgery in the United States, with a mortality rate of
35% (16, 17). At present, there is no consensus regarding surgical
indication in children without perforation. In this group of

studies, we found that the severity of the disease in the non-
perforated group was significantly more severe than that of
the perforated group. Strategies for establishing and applying
these criteria would include the development of highly sensitive
specific biomarkers and new techniques for detecting factors that
confer a predisposition to NEC (18).

Preterm infants in the non-perforated group were more
severely ill than those in the perforated group. The length of the
necrotic intestine during surgery may be an important factor. In
addition, gangrene occurs in the ischemic intestine, and more
toxins and bilirubin may be absorbed into the blood, which may
lead to a systemic inflammatory response and cholestasis. So that
it takes longer time for patients without perforation to recover.
Patients without perforation often have unclear indications for
surgery. Timing of surgery varies in such cases depending on the
surgeon’s judgment with potential for delay in prompt optimal
management. Gfroerer et al. (19) found that in the surgical
treatment of 57 cases of NEC in preterm infants with extremely
low birth weight, early laparotomy is safe and effective. Can the
advancement of operation time effectively reduce the mortality
rate? There is still a lack of international consensus or guidelines
for the establishment of indications for non-perforated NEC
surgery that guide clinical practice. The methods currently used
to guide the indications for non-perforated NEC surgery also
include various biomarkers, such as intestinal fatty acid-binding
protein (20, 21) and serum amyloid A (22, 23). However, actual
clinical practice also includes many factors such as gestational
age, weight, degree of infection, abnormal bacterial colonization,
excessive intestinal feeding, release of inflammatory mediators,
and heart malformations affecting the intestinal circulation.
But the aforementioned methods for judging the indications
seem insufficient.

Bell staging is currently a widely accepted staging method
that reflects NEC severity. According to Bell staging, preterm
infants with perforation are classified as stage IIIB, and it is
generally believed that patients with perforation have more
severe disease. However, from a clinical observation, patients
with NEC who require surgical treatment without perforation
tend to progress faster and develop septic shock earlier. As
far as surgical is concerned, the Bell staging does not reflect
the severity of the disease very well, a more reliable stage is
needed to judge the course of the disease (18). If the patients
miss the appropriate opportunity for surgery may be lead to a
serious poor prognosis. The mortality rates of the two groups
were found to be similar. From the number of deaths for each
stage, it can be seen that the mortality rate of patients with
stage IIIA is the highest, where the condition is relatively more
serious. It may be because of the remaining intestine is too
short, which leads to difficulty in feeding that caused a long
postoperative recovery time. The non-perforated group took
significantly longer time to recover than that in the perforated
group. In addition, serious complications were more likely to
occur after surgery, suggesting that the severity of the disease
in the non-perforated group was more serious than that in the
perforated group.

In the comparative analysis of survival function, it was
found that the factors affecting death were associated
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FIGURE 1 | Survival at 30 days outcome of the non-perforated vs. the perforated groups. The mortality occurred earlier in the non-perforated group than the

with the length of the necrotic bowel, postoperative
infection time, and the time of enteral nutrition, which
were significantly different. Regarding risk factor analysis,
from the Cox regression model of the 30-day postoperative
mortality in the non-perforated group was identified
as a poor prognostic factor. This also explains why the
condition of NEC patients after surgery in the non-
perforated group was more serious than that in the
perforated group.

After exclusion of patients with suspected NEC
(Bell stage I) in our study, we only examined those
with  advanced NEC that required surgery. The
retrospective nature and single-center design with a
relatively small sample size are limitations of this study.
Further multicenter prospective studies are needed to
validate the effectiveness and generalizability of these
surgical approaches.

CONCLUSION

Infants with surgical NEC in the non-perforated group
were more prone to bowel necrosis, and their mortality

rate was higher than that in the perforated group.
The non-perforated group during the postoperative
recovery  process had more serious complications
than that in the perforated group. Bell staging is
not accurate in diagnosing severe NEC that needs
surgical intervention.
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