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Abstract
Background: No tool is available to predict progression of NEC. We aimed to 
assess the ability of conventional laboratory parameters to predict NEC progression 
within the first 24 hours after onset of the disease. 
Methods: Retrospective data analysis of all NEC patients admitted in our center 
between 1990 and 2010. PH, glucose, leukocytes, platelet-count, and CRP values 
were measured at onset of NEC, i.e. < 1hour after suspicion rose, after 12 hours, 
and after 24 hours. Conservatively treated patients were defined as ‘moderate NEC’ 
and ‘severe NEC’ patients were those who required surgery and/or succumbed. We 
analyzed differences between groups, calculated ORs and 95% CIs for progression 
of moderate to severe NEC, and assessed the ability of laboratory parameters to 
independently predict progression of NEC.
Results: We included 165 NEC patients. Severe NEC occurred in 84 patients (51%). 
Acidosis (pH-level < 7.30) at onset of NEC, thrombocytopenia after 12 hours, and 
acidosis after 24 hours demonstrated statistically significant ORs in  multivariate 
logistic regression analyses (OR: 21.2, 20.9, 16.1, resp. P < .01 in all cases).  
Conclusion: Conventional laboratory parameters proved useful to predict which 
patients are at high risk of developing severe NEC. Acidosis and/or thrombocyto-
penia during the 24 hours after diagnosis should alert clinicians to the considerably 
increased risk of progressive disease.
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Introduction
Necrotizing enterocolitis (NEC) is the most common gastrointestinal emergency 
in preterm infants. In neonates weighing less than 1500 gram the incidence of NEC 
is about 12%.1,2 Approximately half of these patients recover with medical therapy 
alone (antibiotic treatment, enteral fasting, and prolonged use of total parenteral 
nutrition). The other half, however, progresses to severe disease with necrotic or 
perforated intestine necessitating surgery. Of all surgically treated patients, 20%–
25% die, while another 10%–20% suffer from long-term morbidities such as intes-
tinal strictures, nutritional malabsorption, and neurodevelopmental impairment.3,4

Due to a  lack of prognostic tools it is difficult to predict the progression 
of NEC, including death, or the need for surgery. Therefore, NEC is a challenging 
disease for clinicians. Finding a reliable predictor may help clinicians to optimize 
individual treatment strategies, by alerting them to the ‘high-risk’ infant, in  an 
effort to help prevent progression of the disease.

Several laboratory parameters have been studied to assess their ability to pre-
dict the progression of NEC.5–11 A pH level of < 7.25 at the onset of NEC seems to 
be associated with an existing or developing intestinal perforation.3 Higher levels 
of glucose are found in NEC patients who ultimately needed surgery compared to 
conservatively treated patients.9 Thrombocytopenia and neutropenia are associated 
with the extent of the disease and with poor prognosis,6,7,12 and neonates with an 
elevated C-reactive protein (CRP) level at the onset of NEC might be more prone to 
develop severe NEC compared to neonates with normal CRP levels.8 The majority of 
these studies, however, focused on a single parameter. As yet, little is known about 
the independent predictive ability of these laboratory parameters. Furthermore, it is 
unknown whether laboratory parameters are able to identify which infants are at risk 
of developing severe NEC from as early as the first day after diagnosis. 

Our aim was, therefore, to assess the abilities of conventional laboratory para-
meters obtained at three different time points during the first 24 hours after diagnosis 
to independently predict the progression of NEC in a large population of patients.

Methods 
Retrospectively, we analyzed all data of neonates diagnosed with NEC, i.e. Bell’s stage 
≥ II, who were admitted to the neonatal intensive care unit (NICU) of University 
Medical Center Groningen between January 1990 and January 2010. The Ethical 
Review Board from the University Medical Center Groningen approved this retro-
spective trial. As this was a  retrospective study using completely anonymized and 
de-identified data, informed consent was not in order. 
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We collected demographic characteristics, postnatal age at the time of diagnosis, 
and data on the use of ventilatory and/or inotropic support during admission. We 
defined inotropic support as any use of dopamine, dobutamine, noradrenaline, or 
adrenaline during admission. We recorded duration of intensive care as the number 
of days admitted to the NICU. Sepsis was defined as a positive blood culture at the 
calendar day of NEC diagnosis. Organisms detected in blood culture were divided 
in gram positive, gram negative, or other (e.g. candida albicans). 

At suspicion of NEC, abdominal x-ray and laboratory sepsis work-up were 
performed. Using patients’ files and radiological images (reported by a pediatric 
radiologist), we determined the time of onset of NEC. This was generally within 
1–2 hours after onset of symptoms. We staged NEC according to the modified 
criteria of Bell et al. using clinical, intestinal, and radiographic findings.13,14 NEC 
(i.e. Bell’s stage ≥ II) was defined as the presence of pneumatosis intestinalis 
on abdominal x-ray.

We distinguished two groups of NEC patients: ‘moderate NEC’ and ‘severe 
NEC’. We defined patients who survived after conservative management as ‘moder-
ate NEC’. Only NEC patients with a (suspected) perforation or those who, unless 
maximal medical treatment, clinically deteriorate will undergo surgery in  our 
center. These indications for surgery have not changed during the study period. We 
therefore defined patients who required surgery and/or died as ‘severe NEC’.

We used the operation reports to collect data on indication for surgery and 
time to surgery after diagnosis. We expressed time to surgery in hours if performed 
within 24 hours after diagnosis, or in days if it was performed more than 24 hours 
after diagnosis.

We retrieved the values of conventional laboratory parameters, i.e. pH, glu-
cose, leukocytes, platelet count, and CRP that were obtained as part of the protocol 
of routine patient care from the digital patient laboratory reports. Parameters that 
were not routinely measured during the entire twenty-year study period (e.g. lac-
tate, immature leukocyte count) were not included in  the analyses. All values of 
the laboratory parameters were obtained by taking three measurements during the 
first day after diagnosis. The ‘baseline’ sample was the sample obtained at the time 
of onset of NEC, which was generally collected within 2 hours after the presence 
of pneumatosis intestinalis on x-ray. The second sample was taken after 12 hours 
(range: 10 to 14 hours), and the third after 24 hours (range: 22 to 26 hours) follow-
ing initial diagnosis.  
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Statistical analysis

We used SPSS 22.0 software for Windows (IBM SPSS Statistics 22, IBM Corp., 
Armonk, New York, USA) for the statistical analyses and MLwiN 2.11 (University 
of Bristol, Bristol, UK) for the multilevel statistical analyses. 

To test for differences between patients with moderate NEC and those with 
severe NEC, we used the chi-square test for categorical variables, and Student t test 
or Mann-Whitney U test, as appropriate, for continuous variables. 

We calculated the mean values of all laboratory parameters taken at the three 
times of measurement. In order to detect differences in time within each group and 
between the two subgroups of patients, we built a multilevel model in which labora-
tory values (Level 1) were nested within subjects (Level 2), thereby taking depen-
dency between measurements into account. If not normally distributed, we trans-
formed the data logarithmically prior to calculation. We used this multilevel model 
to test differences between means. To test for differences between an estimated mean 
and the intercept it is recommended to use a t test.10 To test for differences between 
two estimated means one tests the contrast of the sum of the parameters from which 
each estimate is derived using a  chi-square test with 1  degree of freedom.15 We 
reported our results including 95% confidence intervals (CIs).

Next, we categorized each laboratory parameter into four groups: one 
group of normal values, two groups of abnormal values (either high or low) and 
one group of severe deviation (e.g. severe acidosis, severe hyperglycemia, severe 
thrombocytopenia). The groups were classified as follows:  pH > 7.35; 7.30–7.35; 
7.25–7.30; < 7.25, glucose 3–6 mmol/L; < 3; 6–10; > 10, platelet count > 150 ∙ 109/L; 
100–150; 51 – 100; < 50, leukocyte count 5–10∙109/L; < 5; 10–15; > 15, and CRP < 70 
mg/L; 70–140; 140–210; > 210: the group first mentioned consisted of normal 
values and served as the reference group for further analyses. We used univariate 
logistic regression analyses to calculate ORs and a 95% CI for progression to severe 
NEC for all groups relative to this reference group. 

 Finally, we calculated the ability of laboratory parameters to independently 
predict the progression of NEC by using multivariable logistic regression. Variables 
with P < .1 in univariate analyses were entered in this multivariable model. Results 
were reported as ORs and 95% CIs. 

Throughout the analyses P < .05 was considered statistically significant. 
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Results
During the twenty-year study period a total of 174 neonates with NEC Bell’s stage ≥2 
were admitted to our NICU. In nine cases no early laboratory values were available 
since these patients were transferred to our center more than 24 hours after the diag-
nosis of NEC (Figure 1). Therefore the study population consisted of 165 infants. 

Eighty-one patients were treated medically (moderate NEC, 81/165: 49%). 
Eighty-four patients developed severe NEC (84/165: 51%). Surgery was performed 
in seventy-five cases (46%). Indications for surgery were suspected or existing per-
foration, defined as free intraperitoneal air on abdominal x-ray, (n = 46), or clinical 
deterioration despite maximal medical treatment (n = 29). Median time to surgery 
after diagnosis was one day (interquartile range (IQR): 0–2.5). In six cases surgery 
was performed within 12 hours after diagnosis (6/75: 8%) and in sixteen patients sur-
gery was performed between 12 and 24 hours after diagnosis (16/75: 21%) (Figure 1). 

Bell’s stage ≥ II
between 1990-2010

N=174

Final cohort
n=165

No early laboratory values 
available

n=9

moderate NEC
n=81

severe NEC
n=84

severe NEC
n=78

severe NEC
n=61

Analyses

12 hours

24 hours

moderate NEC
n=81

moderate NEC
n=81

Baseline
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12h < surgery < 24h
n=17

surgery < 12h
n=6

Figure 1. Flow diagram of participants in the study.
Number of included patients within the two study groups at three 

time points within the first 24 hours after onset of NEC. 
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The occurrence of sepsis was not different in  severe and moderate NEC 
(11 (13.1%) vs. 9 (11.1%) resp. P = .7). Thirty-two patients died in the severe NEC 
group (32/84: 38%), compared to four patients in the moderate NEC group (4/81: 
5%), P < .01. Table 1 summarizes demographic data.

Table 1. Demographic characteristics of the study population.
Characteristic Moderate NEC

n = 81
Severe NEC
n = 84

P

Male 37 (46%) 41 (49%) .7

Gemelli 25 26 .9

Gestation (weeks) 31 + 2 (28 + 6 – 34 + 3) 30 + 0 (27 + 6 – 33 + 0) .12

Birth weight (gram) 1400 (983 – 1820) 1225 (877 – 1822) .23

Postnatal age at
diagnosis (days)

9 (5 – 16) 10 (5 –16) .6

Sepsis at day of diagnosis
Gram-positive organisms
Gram-negative organisms
Other

9 (11.1%)
7
1
1

11 (13.1%)
8
2
1

.7

Bell’s stage II 81 20  < .01*

Bell’s stage III 0 64  < .01*

Ventilatory support  (invasive) 46 84  < .01*

Inotropic support 10 50  < .01*

Time to surgery (days) 1 (0 – 2,5)

Surgery < 12hours after diagnosis 6 (7%)

Surgery > 12hours < 24hours after diagnosis 16 (19%)

No surgical treatment options 9 (10%)

Duration NICU stay (days) 22 (16–33) 27 (7 – 47) .6

Mortality 4 (5%) 32 (38%)  < .01*

Data are expressed as number, percentage (%), median and interquartile range (IQR), unless specified otherwise. 

Differences between groups are marked by * (P ≤ .05).

At baseline, we found significant differences in pH, glucose, and leukocytes levels 
between patients who developed moderate NEC and patients who ultimately pro-
gressed to severe NEC (Table 2). Using univariate analyses, significant ORs were 
found for pH, glucose, and leukocytes. After multivariate logistic regression, a pH 
level < 7.30 at NEC onset appeared to be a strong, independent predictor of disease 
progression (OR 21.2, CI 5.3–104, P < .01). 
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At 12 hours after diagnosis, we found statistically significant differences of all labo-
ratory parameters between patients who developed moderate NEC and those who 
progressed to severe NEC (Table 2). After multivariate logistic regression, a platelet 
count < 150 ∙ 109/L came out as a strong, independent predictor of disease progres-
sion (OR 20.9, CI 2.5–176, P < .01). 
At 24 hours after diagnosis, the results we found were similar to those at 12 hours 
after diagnosis (Table 2). At this time, a pH level < 7.30 was a strong, independent 
predictor of the progression of NEC (OR 16.1, CI 1.4 – 190, P = .01).

Table 2. Laboratory values in  moderate and severe NEC at  baseline (first blood 
sample upon diagnosis), 12 hours and 24 hours after NEC diagnosis.

Moderate NEC N Severe NEC N P

Baseline

pH 7.36 [7.34–7.39] 45 7.26 [7.22–7.29] 52 .01*

Glucose mmol/L 6.4 [5.5–7.2] 44 9.8 [8.1–11.4] 45  < .001*

Leukocytes ∙109/L 12.5 [10.4–14.6] 70 10.8 [8.5–13.1] 62 .02*

Platelets ∙109/L 263 [221–306] 66 215 [180–249] 63 .41

CRP mg/L 43 [29–57] 59 45 [32–59] 55 .25

12 hours

pH 7.37 [7.34–7.40] 43 7.26 [7.20–7.32] 46  < .001*

Glucose mmol/L 6.0 [4.8–7.2] 27 9.2 [7.7–10.7] 43  < .01*

Leukocytes ∙109/L 11.0 [8.9–13.0] 33 9.7 [6.9–12.5] 44 .01*

Platelets ∙109/L 237 [186–287] 35 135 [111–158] 44 .02*

CRP mg/L 68 [45–92] 27 87 [65–108] 37 .04*

24 hours

pH 7.37 [7.34–7.39] 46 7.29 [7.26–7.33] 41 .04*

Glucose mmol/L 5.8 [4.7–6.8] 30 7.8 [6.5–9.0] 37  < .01*

Leukocytes ∙109/L 12.5 [10.1–14.9] 52 8.7 [7.0–10.5] 42  < .01*

Platelets ∙109/L 246 [199–293] 50 154 [116–192] 40  < .01*

CRP mg/L 64 [45–82] 38 114 [87–140] 33  < .01*

Data are expressed as mean and their 95% confidence interval [CI]. Statistically significant differences in laboratory 

parameters between moderate and severe NEC in multilevel analysis are marked by * (P ≤ .05).
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Discussion
In this study we demonstrated that conventional laboratory parameters have the 
ability to predict which patients were at high risk of developing severe NEC. We 
did so by taking three measurements during the first 24 hours after NEC diagnosis. 
At each point of measurement we found a specific, independent predictor of dis-
ease progression. 

In the first blood sample upon diagnosis, the presence of a pH level < 7.30 was 
a strong, independent predictor of disease progression. At 12 hours after diagnosis, 
thrombocytopenia (platelet count < 150 ∙ 109/L) was a strong, independent predic-
tor of the progression of NEC. At 24 hours after diagnosis, again a pH level < 7.30 
was an independent predictor of progression from moderate NEC to severe NEC 
that either required surgery or led to death. To our knowledge, this is the first study 
to demonstrate that as early as during the first 24 hours after the onset of NEC, dif-
ferent conventional laboratory parameters can be used as independent predictors 
of disease progression. 

In the first blood sample upon NEC diagnosis (‘baseline’), we found sta-
tistically significant lower pH levels in patients progressing to severe NEC when 
compared to patients with moderate NEC. A pH level of < 7.30 showed a strong, 
independent ability to predict disease progression. The potential predictive value 
of low levels of pH in the progression of NEC was studied previously. In a large, 
prospective database Moss et al. found a significantly increased OR in the predic-
tion of progression of NEC for a metabolic acidosis (pH < 7.3) on the day of diag-
nosis.4 In an algorithm for the prognosis for NEC, Ji et al. found that the pH value, 
determined somewhere during the first day after diagnosis, was the most weighted 
predictor on the NEC outcome score.11 On the basis of our data we extended these 
results and concluded that already in the first blood sample upon diagnosis, a pH 
level < 7.30 was a very strong, independent predictor of progression from moderate 
to severe NEC (OR 21.2).

At 12 hours after diagnosis a  low platelet count differentiated between 
patients with severe and moderate NEC. A  platelet count < 150 ∙ 109/L showed 
a  strong, independent ability to predict disease progression, with a  more than 
20-fold increased OR. Our findings were in line with results from previous stud-
ies.3,6,7,9,16 Kenton et al. found that a  platelet count below 100 ∙ 109/L within the 
first three days of diagnosing NEC, predicts severe bowel pathology necessitating 
laparotomy.6 Based on our results, we may conclude more precisely that a platelet 
level < 150 ∙ 109/L at 12 hours after diagnosis can be a useful independent predictor 
of the progression to severe NEC. 
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At 24 hours after diagnosis, we found significantly lower pH levels in patients with 
severe NEC compared to moderate NEC patients. Again, a pH level < 7.30 showed 
a strong, independent ability to predict progression of the disease, comparable to 
the results we found at NEC onset. 

The low pH levels in severe NEC may be the result of increased lactate acid 
production due to tissue hypoperfusion and, therefore, reflect severe illness.3,17A 
pH level < 7.25 at the onset of NEC seems to be associated with intestinal perfora-
tion.3 Previous studies reported severe acidosis in NEC (i.e. pH level < 7.20) to be 
indicative of clinical deterioration and is, therefore, regarded as an indication to 
operate.3,17,18 Based on our findings, acidosis seems to be a useful early predictor of 
the development of severe NEC at slightly lower pH levels: a pH < 7.30 at NEC diag-
nosis and/or 24 hours later, both showed a strong, independent ability to predict 
the progression of the disease. 

Two mechanisms are thought to be involved in  the fall of platelet count 
in  NEC: sepsis and bowel necrosis.16 In sepsis, bone marrow depression impairs 
normal platelet production. Platelet destruction and platelet consumption are 
also increased, resulting in a fall of the platelet count.16,18 Gangrenous bowel was 
believed to release thromboplastin, which initiates clotting and platelet consump-
tion.16,18 Kenton et al. reported that many infants do not have thrombocytopenia 
at the time of diagnosis, but develop it as the disease progresses.6 Our results sup-
ported this finding. In the first blood sample upon diagnosis, we did not find dif-
ferences in platelet counts between patients with moderate and severe NEC, but 
at 12 hours after diagnosis we did. This indicates a role for platelet counts in the 
prediction of the progression of NEC. 

We found various statistically significant ORs in univariate analyses at each 
measurement, but only a  few laboratory parameters proved to be independent 
predictors of disease progression in  multivariate analyses. Although glucose 
levels > 6mmol/L showed significant ORs in univariate analyses at all three mea-
surements, they did not appear as independent predictor of disease progression 
in  multivariate analyses. The higher glucose levels in  patients with severe NEC 
in comparison to moderate NEC concur with previous results.9,19 Srinivasjois et al. 
found higher glucose levels after diagnosis in patients who ultimately needed sur-
gery compared to conservatively treated patients and suggested a role for glucose 
in the prediction of disease progression.9 Hall et al. reported that hyperglycemia, 
defined as > 8mmol/L, is common in infants with NEC and that it is associated with 
increased mortality later. The stress reaction induced by severe illness might cause 
impaired insulin production, resulting in elevated blood glucose levels in infants 
with severe NEC.19 Although the significant ORs we found by univariate analyses 
for glucose levels > 6 mmol/L suggested a role for glucose in the prediction of dis-
ease progression, we were not able to confirm glucose as an independent predictor 
of disease progression in the multivariable analyses. 
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Few studies focused on the value of CRP in predicting disease progression in NEC 
patients. Miner et al. concluded that neonates with an elevated CRP at the onset 
of NEC are more likely to go on to severe disease as compared to neonates with 
normal CRP levels.8 We found no differences in  CRP levels between severe and 
moderate NEC patients at baseline, and no predictive ability of CRP in  the pro-
gression of the disease during the first 24 hours of NEC. The persistence of high 
levels of CRP may suggest on-going disease and/or complications that may require 
surgery,20 but following our results, this apparently holds not true during the first 
24 hours after diagnosis. Perhaps serial measurements after the first 24-hour period 
might be of value for predicting disease progression. 

We recognize several limitations of our study. The first limitation concerns 
the retrospective nature of our study. We included laboratory values determined 
at three measurements during the first 24 hours after diagnosis. Although in our 
NICU laboratory parameters are measured at least twice a day in the majority of 
recently diagnosed NEC-patients, we could not influence the measuring points due 
to the retrospective nature of our study and missing data occurred. As a result of 
missing data we could not assess the dynamics of laboratory parameter changes 
by repeated measurement. Even so, we analyzed three different measurements 
during the first 24 hours after diagnosis separately, enabling us to assess the ability 
of laboratory parameters to predict progression of NEC in relation to the time after 
diagnosis. 

The study period spanned two decades. Although neonatal care has changed 
since the nineties, clinical outcome of patients with NEC has not improved. 
Indications for surgery have remained similar in our center: deterioration despite 
maximal conservative therapy or the development of a  perforation. Peritoneal 
drainage is almost never performed in our center. The relatively old gestational age 
and high birth weight of our patients might also reflect the long study period: chil-
dren with much lower gestational age nowadays survive while this might not have 
been the case in the nineties. Whether the results of this study are also applicable to 
extremely premature infants who develop NEC remains uncertain. 

A second limitation of the study is based on disease severity itself: the fre-
quency of obtaining blood samples for analyses could have been higher in clini-
cally deteriorating patients in  comparison to neonates with stable disease. This 
would have biased our results. Nevertheless, this was not reflected in the number 
of samples. 

The third limitation concerns the end of our study. In twenty-three patients 
(14%) surgery was performed within 24 hours after diagnosis. In seventeen patients 
(10%) surgery was performed between 12 and 24 hours after diagnosis and we did 
not include these patients in the analyses at 24 hours after diagnosis. In six patients 
(4%) surgery was performed within 12 hours after diagnosis and these patients 
were not included in the analyses at 12 and 24 hours after diagnosis. Results at 12 
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and 24 hours after diagnosis may, therefore, be underestimated, since the patients 
who underwent surgery within 24 hours after diagnosis were likely to have had the 
most progressive and/or severe NEC. However, this is in  line with daily practice 
and does not affect the clinical relevance of our findings. 

Conclusion
Our study demonstrated that conventional laboratory parameters may differenti-
ate in determining which neonate diagnosed with NEC is at high risk of progres-
sion to severe NEC. Even if some clinicians already use pH and platelets to judge 
the potential hazard of NEC, present study provides additional evidence to keep 
on using these parameters to optimize individual treatment strategy. The presence 
of acidosis or thrombocytopenia during the first 24 hours after diagnosis of NEC 
should alert both neonatologists and pediatric surgeons to a considerably increased 
risk of progressive disease necessitating an even closer monitoring and follow-up 
laboratory and radiological investigations.
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