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Background: Although many risk factors for mortality 
of necrotizing enterocolitis (NEC) were investigated, 
most of them were obtained from preterm infants, and 
few works focused on the prognostic risk factors in full-
term infants. This study aimed to identify risk factors and 
develop a prediction score model for mortality in full-
term neonates with NEC.

Methods: The risk factors were analyzed retrospectively 
by bivariate and multivariate logistic regression analysis in 
153 full-term neonates with NEC, who were hospitalized 
in Children's Hospital of Chongqing Medical University 
from 2000 to 2013. A prediction score model was developed 
according to the regression coeffi cients of risk factors.

Results: The mortality of the infants was 19.6% 
(30/153). The non-survivors had a younger age of diagnosis 
and advanced stage of NEC (P<0.05). They had a higher 
prevalence of respiratory failure, intestinal perforation, 
peritonitis and other complications, compared with the 
survivors (P<0.05). On the day of diagnosis, the non-
survivors were more likely to have abnormal laboratory 
indicators than survivors (P<0.05). Age at diagnosis [odds 
ratio (OR)=0.91, 95% confidence interval (CI)=0.836-
0.99], respiratory failure (OR=2.76, 95% CI=1.10-6.92), 
and peritonitis (OR=26.36, 95% CI=7.52-173.92) had 

significant independent contributions to death. A score 
model predicting death was developed, and the area under 
the receiver operating characteristic curve was 0.869 (95% 
CI=0.803-0.935). All infants with scores ≥8 died.

Conclusions: Younger age at diagnosis, peritonitis, 
and respiratory failure might be risk factors for the 
mortality of full-term infants with NEC. Infants with a 
predictive score of 8 were at high risk for death.
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Introduction

Necrotizing enterocolitis (NEC) is the most 
common and frequently dangerous neonatal 
gastrointestinal emergency. Although modern 

technology and neonatal care have progressed considerably 
in the past several years, NEC remains an important cause 
of neonatal mortality.[1] The reported overall mortality for 
all patients with NEC is up to 30%, with the greatest 
mortality among those requiring surgery.[2,3]

The prognostic risk factors of NEC include intrauterine 
growth retardation,[4] low pH value (<7.3),[5] male 
gender,[6] low gestational age, low birth weight,[1,4,6,7] 
and low Apgar score in the fi rst minute.[7] Infants with a 
high C-reactive protein (CRP) level,[7] congenital heart 
disease and placement of an umbilical artery catheter,[8] 
severe thrombocytopenia,[5] multiple organ dysfunction 
syndrome,[9] requiring ventilation support[10] and surgical 
intervention[6,10,11] were also found to have poor outcomes.

However, these published risk factors were mainly 
obtained from preterm infants[3,8] or total neonates 
including both preterm and term infants.[2,4-6,8-10] Several 
authors speculated that NEC in full-term neonates 
is a disorder fundamentally different from that in 
preterm neonates,[10,12] and full-term neonates develop 
NEC earlier than preterm neonates.[12,13] Meanwhile, 
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prematurity and low birth weight themselves may have 
many severe complications which are also associated 
with high mortality. Thus, the risk factors for mortality 
in preterm infants may not completely refl ect the risk of 
mortality in full-term infants with NEC.

Although some studies focused on NEC in full-term 
neonates, risk factors for NEC morality were not further 
analyzed possibly because of small sample sizes (ranged 
from 14 to 52 cases).[12-16] In the present study, we 
reviewed the 13-year medical data of full-term infants 
with NEC treated at our hospital in attempt to determine 
the risk factors for in-hospital mortality of full-term 
infants with NEC and the prognostic risk factors for 
advanced NEC, and to develop a prediction score model 
for mortality among full-term neonates with NEC.

Methods
Patients
Medical charts were reviewed for all full-term infants 
(gestational age ≥37 weeks) with NEC (Bell's stage ≥II)[17] 
admitted to the Children's Hospital of Chongqing Medical 
University from January 1, 2000 to August 31, 2013. 
Infants with stage II were defined as having proven NEC, 
and those with stage greater than II were defined as having 
advanced NEC. Infants with congenital gastrointestinal 
malformations, isolated intestinal perforation, or prior 
abdominal surgery were excluded from the study. And 
those with incomplete medical records or discharged 
against medical advices were also excluded. Physicians' 
and nurses' notes pertinent to the issue of NEC, laboratory 
examinations, radiographic reports, and surgical and 
pathological reports were reviewed. Information abstracted 
from the medical records included gender, gestational age, 
birth weight, birth number, the age at onset of NEC (defined 
as the day of one of the following signs or symptoms 
appeared: increased pre-feeding gastric residuals, emesis, 
abdominal distension, or bloody stools), the age of 
diagnosis with NEC (defined as the day of the abdominal 
X-ray examination meeting the diagnostic criteria of 
Bell's stage II), clinical features during hospitalization, etc. 
Laboratory parameters included complete blood counts, 
blood cultures, blood electrolytes, and tests of renal and 
liver function. All the infants underwent the same protocol 
of treatment, including complete cessation of enteral 
feeding, total parenteral nutrition, nasogastric suction, 
triple antibiotics, and, if necessary, intensive care therapy 
(cardio-respiratory support and blood or blood products 
transfusion). The need for bowel operation, stoma or 
peritoneal drainage depended on the judgment of pediatric 
surgeons. The mortality was examined for all infants from 
the time of diagnosis during the initial hospitalization; we 
did not follow up the infants who were initially discharged. 

The study was approved by the Institutional Review Board 
of Children's Hospital of Chongqing Medical University.

Statistical analysis
Clinical features and laboratory parameters were 
compared between dead and survived infants with NEC. 
Normally distributed continuous data were described 
with mean and standard deviation and analyzed using 
independent samples t test. Skewed data were described 
with median and 25th and 75th percentiles [P50 
(P25-P75)] and analyzed using the Mann-Whitney U 
test. Proportions were compared with the Chi-square 
test or Fisher's exact test. The parameters significantly 
associated with death were tested again using 
multivariable logistic regression analysis to determine 
their independent contributions to death. Different 
score values for variables were developed according 
to their regression coefficients. Receiver operating 
characteristic curve (ROC) was constructed, and the 
cutoff value was determined based on the analysis. The 
data were processed with SPSS13.0 (SPSS Inc., USA) 
using descriptive and inferential statistics. Statistical 
significance was established if P<0.05.

Results
Study population
A total of 53 829 infants with gestational age ≥37 weeks 
were admitted to Children's Hospital of Chongqing 
Medical University during the study period. Of these 
infants, 182 (0.34%) were listed in the electronic 
records as having NEC of Bell's stage II or greater. 
Twenty-nine patients were excluded from this study 
due to incomplete data. Among the 153 infants meeting 
our inclusion criteria, 123 (80.4%) were discharged 
home, and 30 (19.6%) died. Most of the deaths (25; 
83.3%) occurred within 7 days of hospitalization, and 
17 (56.7%) died in the first week of life.

Fig. The total and death number of necrotizing enterocolitis 
distribution, 2000-2013.  
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The tendency of NEC mortality rate from 2000 to 
2013 is shown in Fig. Because our ward was expanded 
in 2009, and new ventilator was introduced in the same 
year, the respiratory support technology was improved. 
Therefore, we compared the mortality rate between 
2000-2009 (period one) and 2010-2013 (period two), 
and found that the mortality rate in period one was 
significantly higher than that in period two [38.5% 
(15/39) vs. 13.2% (15/114), χ2=11.8, P=0.001, odds 
ratio=4.13, 95% confidence interval (CI)=1.78-9.59]. 
First, we analyzed the death distribution in neonates 
with proven NEC in the two periods, and found that the 
mortality in period one was higher than that in period 
two [11.76% (2/17) vs. 0% (0/77), Fisher's exact value:  
0.031]. Because only two neonates died of proven 
NEC, we did not explore other causes. We subsequently 
investigated the death distribution in advanced NEC in 
the two periods, and found no significant difference in 
mortality between them [40.5% (15/37) for period one, 
59.1% (13/22) for period two, χ2=1.904, P=0.17]. This 
result suggested that although the medical technology was 
improved during the period of 13 years and new ventilator 
was introduced, the mortality rate for advanced NEC was 
not changed signifi cantly. Thus, analyzing the relative risk 
factor for advanced NEC is necessary. This result also 
suggested that the signifi cant difference in overall mortality 
between the two periods might be due to the significantly 
more cases of NEC and greater denominator in period two.

Analysis of risk factors for death
An initial bivariate analysis of the data revealed that 
the younger age of onset and age of diagnosis were 
associated with a higher mortality, not only for all 
infants with NEC, but also for those with advanced 
NEC (Table 1). Meanwhile, the higher prevalence of 

Variables
Total NEC Advanced NEC
Death group
 (n=30)

Survival group
 (n=123)

Death group
 (n=28)

Survival group
 (n=31)

Gender (male/female)     21/9     76/47     19/9     18/13
Gestational age (wk), mean±SD     39.16±1.25     38.96±1.26     39.04±1.20     38.88±1.42
Birth weight (g), mean±SD 3093.17±557.6 3070.39±570.67 3103.75±557.09 3088.06±448.72
Small for gestational age, % (n/N)     13.3 (4/30)     21.1 (26/123)     10.7 (3/28)     19.4 (6/31)
Multiple gestation, % (n/N)       6.7 (2/30)       4.9 (6/123)       7.1 (2/28)       6.5 (2/31)
Asphyxia, % (n/N)       6.7 (2/30)       4.1 (5/123)       7.1 (2/28)       3.2 (1/31)
Congenital heart disease, % (n/N)     14.3 (3/21)     25.3 (25/99)     11.8 (2/17)     22.2 (6/22)
Age of charge (d), P50 (P25-P75)       3.23 (1.49-6.24)*      4.67 (2.25-13.50)          3.23 (1.22-6.00)*      4.42 (2.83-9.00)
Age of onset (d), P50 (P25-P75)       2.00 (0.75-4.25)*      4.50 (1.00-12.00)       1.59 (0.67-3.75)*          4.00 (1.00-10.00)
Age of diagnosis (d), P50 (P25-P75)       4.50 (2.40-7.53)*      8.00 (5.00-16.00)       3.92 (2.35-6.75)*        6.21 (4.00-11.00)
Time intervals between symptom onset and diagnosis (d), mean±SD      2.40±2.59       3.29±2.93       2.31±2.66       3.56±3.15
Advanced stage of NEC, % (n/N)     93.3 (28/30)*     25.2 (31/123)   100.0 (28/28)  100.0 (28/28)
Surgery for NEC, % (n/N)     70.0 (21/30)*     22.8 (28/123)     75.0 (21/28)     90.3 (28/31)

Table 1. The characteristics of the neonates in this study

NEC: necrotizing enterocolitis;  SD: standard deviation. *: compared with survival group within groups respectively, P<0.05.

advanced stage of NEC and surgery for NEC were also 
linked with the higher mortality in all patients. Thus, 
these results suggested that patients with younger age of 
onset and diagnosis might be more likely to deteriorate, 
which contributed to their poor prognosis. We further 
compared the clinical features between survivors and 
non-survivors, and found that none of the demographics 
such as gender, gestational age, and birth weight was 
significantly associated with mortality.

The dead NEC neonates also had a signifi cantly higher 
occurrence of intestinal perforation and peritonitis and was 
more likely to have a higher prevalence of sepsis, organ 
failure, shock, and disseminated intravascular coagulation 
after the onset of NEC (Table 2). Furthermore, for infants 
with advanced NEC, a higher mortality was associated 
with a higher prevalence of respiratory and heart failure.

For all patients and those with advanced NEC, 
laboratory evaluations on day of admission are also 
shown in Table 3. Infants who died were more likely to 
have higher levels of blood urea nitrogen, creatinine, 

Variables
Total NEC Advanced NEC
Death
  group
 (n=30)

Survival
  group
 (n=123)

Death
  group
 (n=28)

Survival
  group
 (n=31)

Sepsis, % (n) 53.3 (16)* 22.8 (28)   57.1 (16)   45.2 (14)
Heart failure, % (n) 13.3 (4)*   0.8 (1)   14.3 (4)*     0
Respiratory failure, % (n) 20.0 (6)*   0.8 (1)   21.4 (6)*     0
Shock, % (n) 10.0 (3)   3.3 (4)   10.7 (3)   12.9 (4)
DIC, % (n)   6.7 (2)*   0     7.1 (2)     0
Intestinal perforation, % (n)76.7 (23)* 19.5 (24)   82.1 (23)   77.4 (24)
Peritonitis, % (n) 93.3 (28)* 25.2 (31) 100.0 (28) 100.0 (31)

Table 2. Comparison of medical complications after onset of NEC 
between death and survival group

NEC: necrotizing enterocolitis; DIC: disseminated intravascular 
coagulation. *: compared with survival group within group respectively, 
P<0.05. 
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and uric acid, as well as a significantly lower platelet 
count, pH, and serum levels of sodium, calcium, and 
albumin (P<0.05). Moreover, signifi cant differences in 
most of these indicators on day of diagnosis of NEC 
were found when compared between the two groups. 
Meanwhile, for advanced NEC, serum fibrinogen and 
pH in the non-survivor group were lower than those in 
the survivor group both on day of admission and on day 
of diagnosis of advanced NEC (P<0.05).

Table 4 shows the binary logistic regression 
analysis of the risk factors for death. Age at diagnosis, 
respiratory failure, and peritonitis had significant 
independent contributions to the occurrence of death 
among full-term infants with NEC.

Score system development
To develop a mortality prediction score for risk factor of 
NEC, different score values for variables were established 

Variables
Total NEC Advanced NEC

Actual cases Death group
 (n=30)

Survival group
 (n=123) Actual cases Death group

 (n=28)
Survival group
 (n=31)

Laboratory parameters (within 24 h of admission)
  WBC (×109/L) 153     9.94±7.48   11.71±6.12 59     9.69±7.68     9.22±6.50
  Platelet (×109/L) 153 192.24±117.52* 261.69±137.65 59 183.68±113.42 221.77±111.64
  CRP (≥8 mg/L), % (n/N) 136   76.20 (16/21)*   35.20 (37/105) 53   71.40 (20/28)   68.00 (17/25)
  BUN (mmol/L) 124     9.44±6.41*     5.08±3.97 50     9.28±6.19     8.49±4.53
  Creatinine (μmol/L) 124   75.50±47.34*   50.02±30.32 50   73.48±42.87   65.81±32.69
  Uric acid (μmol/L) 124 402.46±237.66* 305.67±188.53 50 411.46±214.39 396.05±209.24
  Potassium (mmol/L) 137     4.61±0.60     4.32±1.14 49     4.72±0.27*     3.98±1.18
  Sodium (mmol/L) 144 135.96±8.04* 139.18±5.14 54 138.13±9.01 139.00±6.18
  Calcium (mmol/L) 144     1.65±0.53*     2.07±0.46 54     1.77±0.41     1.92±0.49
  Magnesium (mmol/L) 144     0.89±0.15     0.89±0.17 54     0.96±0.22     0.90±0.13
  Albumin (g/L) 136   30.69±7.81*   34.83±6.23 48   32.14±6.93   31.95±7.82
  ALT (U/L) 136   24.98±19.32   21.18±16.79 48   25.13±17.68   28.11±22.59
  Fibrinogen (g/L) 117     1.59±1.04     2.01±1.05 43     1.29±0.92*     2.44±1.20
  pH 121     7.27±0.18*     7.40±0.10 40     7.21±0.15*     7.39±0.10
Laboratory test (within 24 h after diagnosis)
  WBC (×109/L) 152     9.21±7.64   10.81±5.29 59   10.21±7.85     9.31±7.09
  Platelet (×109/L) 152 182.62±110.63* 275.28±147.93 59 173.71±112.51 223.13±99.85
  CRP (≥8 mg/L), % (n/N) 152   72.4 (21/29)*   43.10 (53/123) 59   50.00 (14/28)   61.30 (19/31)
  BUN (mmol/L) 151   10.64±6.03*     5.46±4.58 56     9.94±5.63     8.49±4.97
  Creatinine (μmol/L) 151   76.96±49.78*   48.52±35.27 56   77.21±44.55   65.71±35.07
  Uric acid (μmol/L) 151 419.53±239.08* 287.79±205.02 56 427.72±204.21 355.04±192.29
  Potassium (mmol/L) 142     4.49±0.68     4.43±1.08 47     4.29±0.41     4.02±1.22
  Sodium (mmol/L) 151 134.62±7.62* 138.65±5.29 54 136.88±5.72 138.25±5.79
  Calcium (mmol/L) 151     1.64±0.54*     2.08±0.48 54     1.72±0.78     1.89±0.49
  Magnesium (mmol/L) 151     0.88±0.14     0.88±0.19 54     0.75±0.44     0.89±0.14
  Albumin (g/L) 131   30.22±8.38*   34.36±6.74 56   33.47±6.31   30.42±8.04
  ALT (U/L) 131   26.53±20.33   23.07±15.72 56   22.81±19.76   24.17±14.64
  Fibrinogen (g/L) 148     1.63±1.04*     2.31±0.94 54     1.69±0.97*     2.45±1.03
  pH 144     7.30±0.20*     7.42±0.10 57     7.24±0.18*     7.40±0.10

Table 3. Comparison of laboratory parameters between the death and survival groups

WBC: white blood cells; NEC: necrotizing enterocolitis; ALT: alanine aminotransferase; BUN: urea nitrogen; CRP: C-reactive protein. *: compared 
with the survival group within groups respectively, P<0.05.

according to their regression coefficients (Table 4). The 
median score was 3.3 (range: 0-10). The area under 
the receiver operating characteristic curve of the score 

Variables B P OR 95% CI Range/grade Score
Age of 

diagnosis
-0.09 0.048   0.91 0.84-0.99 ≤3.99 d 3

  4-7.99 d 2
  8-14 d 1
>14 d 0

Peritonitis   3.59 0.000 36.36 7.52-173.92 With intestinal 
perforation

4

Without intestinal 
perforation

2

No 0
Respiratory 

failure
  1.52 0.030   4.59 1.16-18.21 No 0

Yes 3
Score maximum 10

Table 4. Mortality risk factors by logistic analysis in neonates with 
NEC and predictive score

NEC: necrotizing enterocolitis; OR: odds ratio; CI: confi dence interval. 
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was 0.869 (95% CI=0.803-0.935) for death from NEC. 
The sensitivity, specificity, and positive and negative 
likelihood ratio of different scores for prediction are 
shown in Table 5. With the increase of predicted scores, 
the mortality gradually increased. The mortality was 
50%, when the patients had more than 6 scores, and all 
the patients with scores ≥8 died.

Discussion
Although 90% of the infants who develop NEC are 
born prematurely, full-term infants also develop the 
disease. Full-term infants with NEC differ from their 
preterm counterparts in several distinct ways.[10,12,13] 
Thus, it is important to investigate risk factors for 
NEC mortality in term infants. In this study, we found 
that peritonitis, respiratory failure, and younger age at 
diagnosis were the most likely risk factors for the death 
of mature infants with NEC.

Peritonitis was a significant independent factor 
associated with NEC mortality. We found that the 
non-survivors had a significant higher occurrence of 
intestinal perforation and peritonitis compared with the 
survived NEC neonates. Previous studies suggested that 
gastrointestinal perforation and subsequent peritonitis 
caused by NEC were associated with high mortality.[6,18] 
Osifo et al[19] also indicated that peritonitis was an 
important cause of death in neonates. As an acquired 
infl ammation of the bowel wall, its damage may range 
from mucosal injury to full thickness necrosis or 
bowel perforation in NEC infants. Pathophysiological 
changes in peritonitis can eventually result in systemic 
inflammatory response syndrome, and excessive 
inflammatory response itself can damage organs and 
cause the development of multiple organ dysfunction 
syndromes, even death.[20] Therefore, peritonitis may be 
considered a prominent risk factor for NEC mortality.

The other signifi cant independent factor associated 
with mortality was the presence of respiratory failure. 
In the current study, we found that respiratory failure 
was associated with NEC mortality in both bivariate 
and multivariate analysis. High levels of endotoxin and 
some proinflammatory cytokines such as interleukin 
(IL)-1, tumor necrosis factor-α, and IL-6 were found 

in infants with NEC.[21] Neonatal endotoxemia and 
the release of proinflammatory cytokines were found 
to be important contributors of multiple organ failure 
including respiratory failure.[22] Conversely, the 
decreased level of oxygen delivery to intestinal tissue 
because of respiratory failure aggravates this vicious 
circle. Thus, respiratory failure, a possible result 
of NEC progression may conversely increase NEC 
mortality. Our data are consistent with the findings of 
other investigations.[6]

Another independent factor for NEC mortality was 
the age of diagnosis. In our study, the non-survivors 
were usually diagnosed at younger age, and they 
also had younger age of onset of NEC. Some authors 
compared the relative factors between early onset NEC 
and late onset NEC, and found that infants with early 
onset NEC had older gestational age[23] and received 
improper enteral feeding too.[24] It was speculated 
that the seemingly more mature infants were given 
enteral feeds earlier with more aggressive volume 
advancement.

In the current study, there was a trend toward 
increased mortality with some abnormal laboratory 
parameters, though it was not substantiated on 
multivariate analysis. Firstly, we found that infants who 
died were more likely to have severe thrombocytopenia 
on day of NEC diagnosis, which is similar to the 
study of Clark et al.[6] A study[25] found that there was 
a direct correlation between thrombocytopenia and 
bowel necrosis, mediated probably by cytokines. 
Severe thrombocytopenia could be an indicator of 
bowel necrosis,[6] which was associated with high 
mortality in infants with NEC. Secondly, we found that 
a significantly higher proportion of the non-survivors 
had higher CRP levels compared with the survivors 
in second period. The rise in CRP is presumably a 
response to tissue infl ammation and/or necrosis. Levels 
of CRP in infants with advanced NEC were signifi cantly 
higher, and persistence of the high CRP levels might 
suggest ongoing disease and/or complications in infants 
with NEC.[7,26] Finally, this study showed that non-
survivors were more likely to suffer from metabolic 
derangement including hyponatremia, hypocalcemia 

Scores Mortality, % Sensitivity, % Specifi city, % PLR NLR AUC (95% CI)
≥3   36.8 93.3   61.0 2.39 0.11 0.772 (0.690-0.853)
≥5   48.1 86.7   77.2 3.80 0.17 0.820 (0.736-0.903)
≥6   50.0 80.0   80.5 4.10 0.25 0.802 (0.710-0.895)
≥7   54.8 56.7   88.6 4.97 0.49 0.726 (0.613-0.840)
≥8 100.0 16.7 100.0 0 0.83 0.583 (0.460-0.707)

Table 5. The predictive scores for mortality of necrotizing enterocolitis

PLR: positive likelihood ratio; NLR: negative likelihood ratio. AUC: area under curve; CI: confi dence interval.
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and acidosis. Thus, sepsis was more common among 
the non-survivors. In a series of studies, Tepas et al[27] 
identified seven readily available clinical metrics of 
metabolic derangement, as indicators of NEC severity 
and mortality. Thrombocytopenia, hyponatremia, 
acidosis, and positive blood culture were four of the 
seven indices.

One way to quantify mortality risk is to develop 
a predictive model using logistic regression. We 
established a score mode using logistic regression and 
validated it by ROC curve. Although the diagnostic 
value of this mode had a moderate value for prediction 
according to previous criteria.[28] The high specificity 
(0.886) for prediction of mortality was the character of 
this mode. In fact, all the patients with scores ≥8 died 
in this study, suggesting that neonates with high score 
should be given priority for treatment and management.

There are limitations of our study, including 
the inherent errors and bias of retrospective studies. 
Flaws include factors unknown to us because they 
were not recorded (some patients were transferred to 
our center from other hospitals), such as the feeding 
practices selected and the time that feeds were initiated. 
Moreover, this study conducted in a level III neonatal 
intensive care unit of a large tertiary teaching facility in 
Southwest China, which mainly provides tertiary care 
for critically ill neonates. Thus, this might not represent 
a complete picture of full-term neonates with NEC in 
China. It is suspected that many neonates with severe 
NEC remain in general wards, given the scarcity of 
NICU in this country. Unfortunately, we lack data on 
how many full-term NEC infants are managed in other 
settings. Further studies on a national basis would be 
necessary to correctly depict the current status of full-
term NEC infants.

In conclusion, we sought risk factors for NEC 
mortality in full-term infants and observed that 
neonates diagnosed at younger age, complicated with 
peritonitis and respiratory failure were more likely 
to die. The latter two variables can be influenced, to 
some extent, by the neonatal caregivers. Certainly, any 
efforts to reduce peritonitis and respiratory failure may 
actually reduce NEC mortality. Meanwhile, the specifi c 
mechanism underlying the early onset of NEC in full-
term infants needs further studies.
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