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Abstract
Objective: Investigate predictors of post-operative morbidity and mortality in surgical NEC.

Study Design: We analyzed the clinical outcomes of infants with surgical NEC from the years
2000-2015.

Results: Ninety infants born at gestation (mean + standard deviation, SD; standard error of
mean, SEM) 27.3+6.6 weeks (SEM £0.07 weeks) and weighing 1008+456 grams (SEM +48
grams) developed NEC on 25.2+22.4 days (SEM 2.4 days). Average bowel resection was
29.2+30.5 centimeters (SEM 3.2 centimeters). Post-operative lleus lasted 16.5+12.2 days (SEM
+1.3 days), and was significantly longer in infants with higher gestation and birth weight, age

at onset of NEC, length of intestinal resection, maternal chorioamnionitis, and need for pressors.
Thirty-eight (42.2%) infants died. Mortality was higher at gestation less than 31 weeks.

Conclusion: Gestational age, birth weight, age at NEC onset, and length of resected bowel
determined post-operative morbidity and mortality in NEC. Length of hospital stay was affected
by above factors, and also the duration of post-operative ileus and parenteral nutrition.

Background:

Necrotizing enterocolitis (NEC) is the most common acquired acute gastrointestinal illness
of newborn infants, and is seen in 5-10% of those born prior to 28 weeks’ gestation and
weighing <1500 grams (1). Despite recent reports of reduced incidence (2, 3), NEC remains
a life-threatening, unpredictable illness with increased risk of intestinal necrosis/perforation
and consequent peritonitis; major abdominal surgery and post-operative morbidity with
feeding difficulties, infection, malnutrition, surgical wound-related complications, and
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developmental delay; intestinal and liver failure, and increased mortality (2, 4-9). The costs
of surgical NEC remain high with prolonged hospitalization that may extend to several
months (10, 11).

Infants with severe NEC can develop bowel necrosis, severe systemic inflammation, and
multi-system organ failure (12). Some of these patients are too unstable and may only
tolerate the creation of a decompression stoma at the bedside. Others, who can withstand
general anesthesia and surgery, may be able to withstand an exploratory laparotomy and
resection of the gangrenous bowel loops. Viable parts of the remaining intestinal segments
can be repaired, sometimes with exteriorization and/or anastomosis of the ends (6, 13-15).
However, many of these infants remain clinically fragile and very ill for prolonged periods
(16).

In this study, we investigated the clinical predictors of post-operative morbidity, length

of stay, and mortality in surgical NEC. Specifically, we recorded prenatal factors

such as pregnancy-induced hypertension (PIH), chorioamnionitis, and antenatal steroids;
demographic data such as gestational age, birth weight, small for gestational age (SGA)
status, ethnicity, gender, and outborn status; medical factors preceding NEC such as assisted
ventilation, patent ductus arteriosus (PDA), and its medical/surgical treatment. We noted
the age at onset of NEC, and indirectly assessed its severity by recoding the length of the
resected intestine. Our post-operative markers included hemodynamic instability, duration of
paralytic ileus, days on parenteral nutrition, and the time to reach full enteral feedings (120
mL/kg/day). We also recorded less frequent events such as late-onset sepsis, surgical wound
dehiscence or infection, strictures, and short bowel syndrome (SBS).

This retrospective clinical study was conducted at the University of Mississippi Medical
Center (UMMC) at Jackson, Mississippi after approval by the Institutional Review Board.
We admit about 900 infants to our neonatal intensive care unit (NICU) every year, and

the incidence of surgical NEC remained constant at approximately 2% during the study
period January 2000 - December 2015. During this period, we admitted 270 infants with a
possible diagnosis of surgical NEC. A careful review of their medical records and available
histopathology sections confirmed the diagnosis in 118 infants. Seventeen infants were
excluded due to incomplete records, and 11 for confounding conditions (congenital heart
disease, intestinal atresia, and spontaneous intestinal perforation in the first 7 days after
birth). We finally included 90 patients in our study.

We recorded all patient information listed in the introduction, including the prenatal and
demographic data, available information on feeding, medical factors such as PDA, sepsis,
and respiratory distress prior to the onset of NEC, age at onset and severity of NEC,
post-operative hemodynamic instability, paralytic ileus, parenteral/enteral nutrition, and
post-operative complications. Neonatal growth was assessed with the Fenton/World Health
Organization growth charts (17). We used indomethacin as the only medication to treat
PDA during the study years; ibuprofen was introduced in 2016. Our team of surgeons,

and the indications for surgery in NEC remained largely unchanged through the study
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years. Supplemental figure 1 (A) highlights the relatively consistent gestational age (mean
+ standard error) of patients treated for surgical NEC, and panel (B) shows the minimum
gestational ages of the operated patients during the study years.

At our center, we typically use post-operative fluid volumes of 100 mL/kg/day, and adjust
these infusions based on blood pressures, plasma sodium levels, acid-base balance, urine
output, and skin perfusion. Echocardiography may be used selectively to assess right

atrial filling in selected patients. To manage post-operative hypotension in infants with
longer laparotomy durations, we liberalize total fluid infusion volumes and administer fluid
boluses. Pressors such are dopamine infusions are added if the hemodynamic status does not
improve with therapeutic measures focused on fluid management.

Descriptive, categorical data were summarized as frequencies (absolute and relative) and
tested for differences using a chi-square test. Continuous data, when symmetric, were
presented as means + standard errors, and if skewed, as medians (with quartiles). We used
both standard deviations (SD) and standard errors of the mean (SEM) to depict variability

in continuous measurements. SD accurately describes study subjects in large clinical studies,
but SEM can be useful for conveying variability in disease-specific, small neonatal cohorts
as it estimates the precision with which findings from a limited study sample can be
extrapolated to the larger universe of preterm infants (18). Two or multiple groups with
continuous, parametric data were compared using a Student’s for analysis of variance
(ANQVA), respectively. If the data were non-parametric, we used the Mann-Whitney Uor a
Kruskal Wallis Htest, respectively. If Kruskal-Wallis H test identified significant differences
between multiple subgroups of data, secondary comparisons were performed using the
Dunn-Bonferroni test. The predictors of various outcome measures (such as post-operative
ileus, length of hospital stay, or mortality) were first identified in correlation analyses,

and then assessed further in multivariable linear and logistic regression models. Although
we started our data analysis with concerns for multicollinearity between gestational age

and birth weight, our patients showed a correlation coefficient of 0.394 between these

two parameters. The criteria for collinearity, such as the R-squared value in regression
analysis (below 0.2), and the variance inflation factors (=1/1-R2; below 0.6) were consistent.
Therefore, we tested both gestational age and birth weight in our regression models.
Statistical analysis were done with the software programs STATA 15 (Stata Software,
College Station, TX) and GraphPad Prism (San Diego, CA). Statistical significance was
accepted at p-values below 0.05.

We reviewed the medical records of 90 infants with a confirmed surgical NEC. These infants
had a gestational age (mean + SD) of 27.9+6.6 weeks (+0.7 weeks SEM) and birth weight of
10081456 grams (+48 grams SEM; Table 1). There were 56 (62.2%) males and 34 (37.8%)
females. Fourteen (15.5%) infants were SGA. Eighty-eight (88.8%) were African American,
9 (10%) were Caucasian, and 1 (1.2%) was Latino. Forty (44.4%) infants were outborn

and were transferred to our hospital after the onset of NEC. The use of antenatal steroids
appeared low when first combined over the 15-year study period. However, in the last 5
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years of the study (2010-2015), the rates of steroid administration in intramural cases was

higher, at >90%. The diagnosis of PDA was confirmed in all infants by echocardiography.
We used only indomethacin for medical treatment of PDA during the study period.

Clinical presentation of NEC:

Surgery:

The average age at onset of NEC was 25.2+22.4 days (+2.4 days SEM). The corrected
gestational age at onset of NEC was 31.4+5.2 weeks (+0.7 weeks SEM). Seventy-four
(82.2%) infants were on assisted ventilation prior to surgery. Abdominal distension was the
presenting symptom of NEC in 83 (92%), 4 (4.5%) were evaluated for feeding intolerance,
and 6 (6.7%) for bloody stools. Some of our patients presented with more than one of these
clinical features. These clinical data are summarized in Table 2.

Patients with NEC were taken for surgery if they had clinical worsening due to intestinal
perforation (45%), hypotension and metabolic acidosis (61%), increasing ventilatory
requirements (82%), or intractable anemia despite repeated RBC transfusions (24%; Table
2). The signs of radiological worsening have also been defined (Table 2). All patients
described in this report underwent exploratory laparotomy and surgical treatment at
25.4+22.8 days (+2.8 days SEM). The average length of resected bowel was 29.2+30.5
centimeters (SEM £3.2 centimeters). The intestine was exteriorized with an ostomy in 73
(81.1%) infants.

Early post-operative outcomes:

The clinical characteristics of these infants are summarized in Table 2. The relationship
between patient characteristics and their early post-operative outcomes is summarized in
Supplemental table 1. The age of onset of NEC (25.2+22.4 days (SEM +2.4 days) correlated
with the duration of post-operative ileus, days on parenteral nutrition, days to full feedings,
and patency of ductus arteriosus. These infants had post-operative ileus after surgery that
lasted 16.5+£12.2 days (SEM 1.3 days). Thirty-eight (42.2%) patients died. The hospital
stay (average + SEM) was 132.7+86.2 days (SEM £9.1 days).

The duration of post-operative ileus correlated with gestational age (r=0.26, p=0.009),

birth weight (r=0.31, p=0.002), outborn status (r=0.46, p<0.001), gender (r=0.25, p=0.01),
ethnicity (r=0.37, p<0.001), age of onset of NEC (r=0.24, p=0.018), length of resected bowel
(r=0.22, p=0.024), day of start of feedings (r=0.96, p<0.001), days on parenteral nutrition
(r=0.56, p<0.001), day to reach full feedings (r=0.57, p<0.001), and the length of hospital
stay (r=0.31, £<0.001). In multiple regression (R? = 0.2), the duration of ileus increased only
with the duration of antibiotic treatment (t=4.04, p<0.001) and gender (t=2.49, p=0.03).

In the first 24 hours after surgery, 55 (61.1%) patients needed hemodynamic support with
intravenous fluids and pressors. These infants had lost more bowel (31.9£28.4 centimeters,
SEM +5.7 centimeters vs. 25+33.6 centimeters, SEM +3.8 centimeters, p=0.03), had longer
paralytic ileus (18.7+£14 days, SEM £1.9 days vs. 13.4+18.4 days, SEM +1.8 days; p=0.03),
and received more antibiotics (12.6 vs. 7.2 days, SEM 0.9 days, p=0.02). The need for
pressors correlated with gender (r=0.22, p=0.016), bowel resection length (+=0.29, p=0.001),
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days on parenteral nutrition (/=0.2, p=0.046), days of full feedings (+=0.27, p=0.016).
Pressors were needed more often in outborn infants (r=0.2, p=0.028) and in those on assisted
ventilation (/=0.38, p<0.001).

Late post-operative effects:

Survival:

The average length of NICU stay was 132.7+86.2 days (SEM %0.9 days); the survivors
stayed for 157.5+86.2 days (SEM 1.5 days), longer than 97.5+83.7 days (SEM £2.1 days)
in those who died. Infants who survived did not show significant differences in surgical
complications such as the need for stoma creation, short bowel syndrome, surgical site
infections (dehiscence, abscesses), strictures, fistulas, adhesions, or perforations.

Our fifty-two (56.6%) survivors were born at a higher gestational age (29.1+6.6 weeks,
SEM 0.1 weeks) and birth weight (1109.6+456 grams, SEM 0.6 grams) than the deceased
(26.1£3.6 weeks, SEM 0.5 weeks; p=0.008 and 837.9+402.9 grams, SEM £8.9 grams;
p=0.007; Table 3). The two groups developed NEC at a similar postnatal age (29.1+22.4
days, SEM 0.2 days in survivors vs. 29.7+£14.3 days; SEM %0.7 days in deceased). After
surgery, both groups had begun feedings nearly simultaneously (17.3+12.2 days, SEM 0.1
days and 16.3+£11 days, SEM 0.3 days, respectively), but survivors reached full feedings
later (81.9+43.9 days, SEM #0.5 days vs. 52.6+34.8 days, SEM 0.9 days) than those who
died, p=0.002). Consequently, survivors needed parenteral nutrition for longer (90.5£50.9
days, SEM 0.5 days vs. 78.5£54.1 days, SEM +1.4 days, p=0.03), and had longer hospital
stays (157.5+86.2 days, SEM +1.5 days vs. 97.5+83.6 days, SEM 2.1 days; p<0.001).

As expected, multiple regression showed survival to be associated (RZ = 0.42) with birth
weight (t=4.47, p<0.001), length of hospital stay (t=3.67, p<0.001), and the age at NEC
onset (t=2.44, p=0.018). Interestingly, there was no significant impact of the duration of
post-operative ileus.

To evaluate the impact of prematurity on outcomes in surgical NEC, we plotted Kaplan
Meier characteristics for mortality vs. gestational age (Figure 1). In our cohort of 90 infants,
mortality dropped below 50% beyond 31 weeks, indicating a considerably higher gestational
age-determined cut-off for mortality than in infants who do not have NEC (19). The clinical
characteristics of patients below and above this 31 weeks’ gestational age threshold are
summarized in Table 4.

Discussion:

We reviewed the clinical records of 90 infants with surgical NEC to identify predictors of
the length of hospital stay or mortality. These patients had a typical demographic profile
and clinical course; an average + SD (+SEM) gestational age of 27.3+6.6 weeks (SEM £0.7
weeks), birth weight of 1008+456 grams (SEM +48 grams), and NEC onset at 25.2+22.4
days (SEM %2.4 days). Small intestine was resected in 65 (72%), parts of both the small and
large bowel in 24 (27%), and some colon in 1. The length of surgical resected small bowel
was 29.2+30.5 centimeters (SEM +3.2 centimeters). Thirty-eight (42%) infants died. The
average duration of hospital stay was 132.7+86.2 days (SEM £0.9 days).
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Several studies have focused on outcomes of NEC, but there is considerable variability in
the definitions of the outcomes (20-27). Li et al. (22) reported one of the earliest studies.
They compared infants with early (<10 days) vs. later NEC onset (<10 days), and noted
infants with later onset NEC to have higher mortality (p=0.026), longer time to achieve full
feeding (means * standard deviation 18.1+11.5 vs. 26.3+£15.6 days, p=0.008), and a trend
towards more infections [29/53 (54.7%) vs. 19/53 (35.8%)]. In another study, Sheng et al.
(20) studied the clinical course of 34 preterm infants with NEC. Patients with localized or
multifocal disease underwent an enterostomy. Post-operative complications such as sepsis,
intestinal stricture, and short bowel syndrome were recorded in 70.5% patients. Several
similar studies followed. Hau et a/. (23) recently reported a meta-analysis of 58 studies with
4260 patients, focusing on the gastrointestinal sequelae of NEC. Strictures were noted in
24%, recurrent NEC in 8%, intestinal failure in 13%, and adhesion ileus in 6%. Strictures
were more frequent after enterostomy than after primary anastomosis (30% vs. 8%), and
after enterostomy with no bowel resection than with a concomitant resection. They noted
major deficiencies in the analyzed studies; the index of heterogeneity, 12, ranged between
38%-90%. There is an urgent need to define outcomes, standardize study populations,
develop ways to identify the risk of bias, and bias-weighted frequencies of sequelae.

Wright et al. (21) described 182 infants with surgical NEC. Fifteen (8%) of their sickest
infants could not be transported to the operating room and had to be operated upon at the
bedside; 5 had NVEC totalis, 4 had multifocal, and 6 had focal disease. Five had an open
and close laparotomy, 8 underwent bowel evaluation with a stoma creation, and 2 had bowel
resection with primary anastomosis. Ten died at a median of 6.5 (range 2—72) hours after
surgery. Interestingly, the Pediatric Index of Mortality-2 scores did not predict outcomes.
More recently, Bhatt ef al. (27) have tried to address this problem. They developed a
receiver operating characteristic curve to predict death or intestinal failure in surgical NEC.
They examined a cohort of 147 patients using the American College of Surgeons National
Surgical Quality Improvement Program (Pediatric) and reported an area under the curve
(AUC) of 0.84 (95% CI 0.77-0.91). Their exciting results were comparable to previously
attempts with the Score for Neonatal Acute Physiology Perinatal - Extension 11 (0.60; 95%
Cl, 0.48-0.72) and the Vermont Oxford Risk Adjustment Tool (0.74; 95% CI, 0.65-0.83).

The duration of paralytic ileus was determined by birth weight, history of chorioamnionitis,
age at NEC onset, need for assisted ventilation, and stoma complications such as wound
dehiscence and infection. Many of these patients (61%) needed hemodynamic support in
the early post-operative period with extra intravenous fluids and/or pressors to maintain
perfusion. This was particularly true for those who lost longer sections of their bowel.
However, there was no difference in the duration of ileus, need for parenteral nutrition,
or the timing of initiation or attainment of full enteral feedings (120 mL/kg/day). No
differences were recorded in short bowel syndrome, surgical site infections, strictures,
fistulas, adhesions, or perforations. The impact of NEC on intestinal motility, mucosal
immunity, and nutrient absorption is beginning to be understood, but there are important
confounders related to maturity and infection.

In the present study, the incidence of NEC was higher in African American infants (89%
vs 10%). The impact of ethnic and genetic influences in the pathogenesis of NEC has now
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been documented in several large studies, but the underlying reasons still remain poorly
understood (28, 29). The Pediatrix medical group recently reviewed the medical records of
126,089 infants and identified 8796 (7%) infants to have been treated for NEC (28). NEC
was more frequent in African Americans (adjusted odds ratios (AOR) 1.31, 95% confidence
interval (CI) [1.24-1.39] and Latinos (1.30 [1.21-1.39]). These infants also had higher
mortality than Caucasians (AORs 1.35 [1.15-1.58] and 1.31 [1.09-1.56], respectively). In
another study, Janevic et a/. (30) reported increased risk of NEC in African American
[adjusted relative risk (RR), 1.39; 95% CI, 1.00-1.93] and Latino infants (1.39; 95% ClI,
0.98-1.96). Further studies are needed to investigate these health disparities. Several genetic
variants have now been associated with NEC, and a detailed study is indicated in larger,
multi-ethnic cohorts (31-35).

In our study, the surviving infants had higher gestational ages and birth weights than those
who died, by nearly 3 weeks and 250 grams, respectively. Both infants who eventually
survived and those who did not had prolonged post-operative periods of ileus and started
enteral feedings only at 16-17 days after surgery. However, the survivors took nearly 4
weeks longer to reach full feeding volumes than those who died. The reasons for this
delayed maturation of intestinal motility in the survivors, who were gestationally more
mature, remain unclear. There were no differences in gender, ethnicity, clinical NEC,
surgical complications, or short bowel syndrome. Further studies of gastrointestinal motility,
genetics, host-microbial interactions, and/or environmental factors, possibly using advanced,
real-time monitoring technology (7), are needed in these critically ill infants (36-40).

In our cohort, the length of resected bowel was an important predictor of clinical outcomes.
The survivors lost less bowel than those who died (23.1+30.5 centimeters, SEM +0.3
centimeter vs. 36.3+£32.7 centimeters, +1 centimeter; p<0.001). These infants had a longer
NICU stay for 157.5+86.2 days, SEM £1.5 days in survivors vs. 97.5+83.6 days, SEM 2.1
days in those who died, but there was no difference in surgical complications such as the
need for stoma creation, short bowel syndrome, surgical site infections, strictures, fistulas,
adhesions, or perforations. However, these results may also reflect the limitations of a small
cohort at our single center; there is an important possibility of our single-center SBS data
being skewed due to the death of infants who were most sick and dependent on parenteral
nutrition, prior to discharge. Studies in larger groups such as premature infants treated at the
research network centers in the Eunice Kennedy Shriver National Institute of Child Health
and Human Development, have recorded SBS in 0.7% of 12316 very-low-birth-weight
infants (25). Extremely-low-birth-weight infants showed an even higher incidence of SBS
(1.1% of 5657 infants). They were likely to remain ill, have feeding difficulties (33%), to
have been re-hospitalized (79%), and to have growth delay even at 18 to 22 months (25).

To conclude, our study has generated important data on the clinical status of infants prior to
and during NEC and their surgical and post-operative outcomes. However, these associations
need further evaluation in larger cohorts. Our study is limited by its retrospective design,
relatively small sample size, and single-center format, which increase the risk of bias. The
results need validation in a larger, multi-centric cohort in a prospective format, which may
also allow the inclusion of additional clinical or laboratory predictors (41-44). There is a
need for careful evaluation of the needs and outcomes of infants with surgical NEC.
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Figure 1.
Kaplan -Meier curve shows gestational age (weeks) plotted against mortality (percentage).

Dashed lines show the gestational age corresponding to 50% mortality.
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Table 1.
Prenatal and neonatal data prior to NEC
90

Prenatal information
Chorioamnionitis, n (%) 5 (7%)
Antenatal steroids, n (%) 44 (49%)
Maternal Indomethacin, n (%) 2 (2%)
Maternal magnesium sulphate administration, n (%) 24 (27%)
Infant Demographics
Birth weight (grams; mean + SEM) 1008+48
Gestational age (weeks; mean + SEM) 27.9+0.7
Small for gestational age, n (%) 14 (16%)
Male gender, n (%) 56 (62%)
Ethnicity

African American 79 (88%)

Caucasian 10 (11%)

Latino 1(1%)
Cesarean section delivery 48 (54%)
Outborn 45 (53%)
Infant medical information prior to NEC
5 minute Apgar score 0-5, n (%) 16/90 (18%)
Starting of enteral feedings (days, mean + SEM) 2+0.49
Enteral feedings

Mother’s own/donor milk, n (%) 35 (38.4%)

Infant formula, n (%) 55 (61.5%)
Patent Ductus Arteriosus, n (%) 42 (47%)
Patent ductus arteriosus, indomethacin treated, n (%) 16 (19%)
Patent ductus arteriosus, surgically ligated, n (%) 2 (2.2%)
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Table 2.

Clinical Characteristics and outcomes.

Total 90 patients

Necrotizing enterocolitis disease features

Age at NEC onset (days; mean + SEM) 25.242.4
Gestational age at birth (weeks; mean + SEM) 27.9+0.7
Corrected gestational age at NEC onset (weeks; mean + SEM) 31.440.7
Clinical presentation
Abdominal distension 83 (92%)
Bloody stools 6 (6.7%)
Feeding intolerance 4 (4.5%)
Radiological findings
Pneumatosis, n (%) 30 (33.3%)
Pneumoperitoneum, n (%) 40 (45%)
Portal venous gas, n (%) 4 (4.4%)
Surgery
Length of bowel resected (cm; mean + SEM) 29.243.2
Bowel resection region
Small bowel, n (%) 65 (72%)
Large bowel, n (%) 1 (1%)
Small bowel + Large bowel, n (%) 24 (27%)

Intestinal ostomy, n (%)

73 (81.1%)

Post-operative systemic course

Duration of antibiotics (days; mean = SEM)

11.2+0.08

Assisted ventilation

Room air, n (%)

16 (17.8%)

Assisted ventilation (continuous positive air pressure/intubated), n (%) 74 (82%)
Positive blood culture for sepsis, n (%) 9 (10%)
Post-operative intestinal features
Post-operative ileus [days; n (%)] 16.49+0.13
Post-operative day at starting enteral feedings (days; mean + SEM) 16.91+0.13

Abdominal wound infection, n (%)

15/76 (19.7%)

Intestinal adhesions, n (%)

12/76 (15.8%)

Intestinal strictures, n (%)

8/76 (10.5%)

Intestinal fistulas, n (%) 3/76 (3.9%)
Feedings at start
Mother’s own/donor milk, n (%) 35 (38.4%)

Infant formula, n (%)

55 (61.5%)

Day of attainment of full enteral feedings (120 mL/kg; mean + SEM)

75+0.48

Duration of parenteral nutrition (days; mean + SEM)

86.48+0.55
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Short Bowel Syndrome, n (%) 7 (10%)
Discharge

Length of stay (days; mean + SEM) 132.749.1
Death, n (%) 38 (42.2%)

*
Well-recorded data on feedings available for the years 2012-2015, since institution of electronic records.

Aok

Reliable, well recorded data on post-operative complications available on 76 of our 90 patients
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Comparison of prenatal, neonatal, and NEC data in survivors and those who died.

Table 3.

All infants (n=90) | Survivors (n=52) | Died (n=38) | p-value

Prenatal information
Pregnancy-induced hypertension, n (%) 15 (28.84%) 10 (26.3%) 0.07
Chorioamnionitis, n (%) 2 (3.84%) 3 (7.89%) 0.42
Antenatal steroids, n (%) 28 (53.84%) 16 (42.1%) 0.45
Maternal Indomethacin, n (%) 1(1.92%) 1(2.63%) 0.82
Infant Demographics
Birth weight (grams; mean = SEM) 1109.58+5.58 837.85+8.98 | <0.001
Gestational age (weeks; mean + SEM) 29.07+0.09 26.12+0.5 <0.001
Small for gestational age, n (%) 8 (15.38%) 6 (15.78%) 0.34
Male gender, n (%) 34 (65.38%) 22 (57.89%) 0.33
African American ethnicity 47 (90.4%) 33 (86.84%) 0.23
Cesarean section delivery 28 (53.84%) 20 (52.63%) 0.88
Outborn 30 (57.69%) 15 (39.47%) | 0.77
Infant medical information prior to necrotizing enterocolitis
5 minute Apgar score 0-5, n (%) 7 (13.46%) 9 (23.7%) 0.62
Start enteral feedings (days, mean + SEM) 2.3+0.62 2.1+0.28 0.73
Enteral feedings

Mother’s own/donor milk, n (%) 20 (38.46%) 18 (47.36%) 0.39

Infant formula, n (%) 32 (61.53%) 20 (52.63%) 0.39
Patent Ductus Arteriosus, n (%) 40 (53.33%) 22 (57.9%) 0.005
Patent ductus arteriosus, medically treated, n (%) 12 (30%) 10 (45.45%) 0.32
Patent ductus arteriosus, surgically ligated, n (%) 2 (3.84%) 0 (0%) 0.22
Necrotizing enterocolitis
NEC age onset (days; mean + SEM) 23.16+0.21 29.68+0.72 0.46
Length bowel resected (centimeters; mean + SEM) 23.10+0.25 36.28+0.95 0.034
Pressor support 24 hours after NEC onset, n (%) 32 (61.53%) 23 (60.5%) 0.63
Post-operative lleus (days; mean + SEM) 17.1+0.14 19.9+0.66 0.55
Days of parenteral nutrition (days; mean + SEM) 90.52+0.53 78.5+1.4 0.47
Day of starting feeds (days; mean + SEM) 17.31+0.14 16.27+0.3 0.97
Day to reach full feeds (days; mean + SEM) 81.86+0.49 52.62+0.87 0.06
Antibiotic days (days; mean + SEM) 11.67+0.09 10.14+0.17 0.47
Length of hospital stay (days; mean + SEM) 157.53+0.87 97.51+2.14 0.014

SEM = standard error of mean
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Comparison of prenatal, neonatal, and NEC data of infants born at 31 weeks’ gestation

Table 4.

All infants (n=90) | <31 weeks (n=75) | >31 weeks (n=15) | p-value

Prenatal information
Pregnancy-induced hypertension, n (%) 18 (24%) 7 (46.67%) 0.07
Chorioamnionitis, n (%) 5 (6.67%) 0 (0%) 0.3
Antenatal steroids, n (%) 38 (50.67%) 6/15 (40%) 0.45
Maternal Indomethacin, n (%) 2 (2.67%) 0 (0%) 0.52
Infant Demographics
Birth weight (grams; mean = SEM) 851.43+29.71 1763.6+£72.93 <0.001
Gestational age (weeks; mean + SEM) 25.98+0.24 33.41+0.36 <0.001
Small for gestational age, n (%) 45 (60%) 7 (46.67%) 0.34
Male gender, n (%) 45 (60%) 11 (73.3%) 0.33
African American ethnicity 68 (90.67%) 12 (80%) 0.23
C-section delivery 42 (56%) 6 (40%) 0.26
Outborn 37 (49.33%) 8 (53.33%) 0.77
Infant medical information prior to NEC
5 min Apgar score 0-5, n (%) 14 (18.67%) 2 (13.33%) 0.62
Start enteral feedings (days, mean + SEM) 2+0.49 2.1+0.3 0.92
Enteral feedings

Mother’s own/donor milk, n (%) 35 (47%) 9 (60%) 0.34

Infant formula, n (%) 40 (53%) 6 (40%) 0.34
Patent Ductus Arteriosus, n (%) 40 (53.33%) 2 (13.33%) 0.005
Patent Ductus Arteriosus, medically treated, n (%) 15 (37.5%) 0 (0%) 0.39
Patent ductus arteriosus, surgically ligated, n (%) 2 (2.67%) 0 (0%) 0.52
Necrotizing enterocolitis
NEC age onset (days; mean + SEM) 27.35%3.59 37.6+7 0.023
Length bowel resected (centimeters; mean + SEM) 27.51+2.74 13.57+£1.47 0.034
Pressor support 24h after NEC onset, n (%) 45 (60%) 10 (66.67%) 0.63
Post-operative lleus (days; mean + SEM) 16.75+1.45 17.64+1.83 0.55
Days of PN (days; mean + SEM) 89.9345.47 77.64+9.62 0.47
Day of starting feeds (days; mean = SEM) 16.85+1.42 18.08+1.89 0.55
Day to reach full feeds (days; mean + SEM) 80.8945.32 59+4.45 0.2
Antibiotic days (days; mean = SEM) 8.28+0.93 5.96+0.9 0.013
Mortality, n (%) 34 (37.8%) 4(26.7%) 0.18
Length of hospital stay (days; mean + SEM) 143.42+10.12 83.27+9.9 0.014
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