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Abstract
We aimed to investigate the role of hypoxia-ischemia in the pathophysiology of early NEC/NEC like disease (ENEC) and classic
NEC/NEC like disease (CNEC) in preterm infants. In this pilot study, preterm infants who developed the clinical symptoms and signs
of NEC/NEC like disease were divided into two groups as early (≤ 7 days, ENEC) or late (> 7 days, CNEC) groups. Beside clinical
variables, serum L-lactate, endothelin-1 (ET-1), platelet activating factor (PAF), and intestinal fatty acid binding protein (I-FABP)
levels weremeasured from umbilical/peripheric venous blood in the first hour of life and during the clinical presentation in all groups.
A total of 86 preterm infants were enrolled in the study. In the ENEC group, the incidences of fetal umbilical artery Doppler
velocimetry abnormalities, IUGR, and delayed passage of first meconium were higher. In addition, mean levels of L-lactate, ET-1,
PAF, and I-FABP were higher in the first hour of life.

Conclusion: Our study firstly showed that the dominant pathophysiological factor of ENEC is prenatal hypoxic-ischemic event
where intestinal injury and inflammation begin in-utero and become clinically apparent in the first week of life. Therefore, we propose
a new term “Hypoxic-Ischemic Enterocolitis (HIEnt)” for the definition of ENEC in preterm infants with prenatal hemodynamic
disturbances and IUGR. This new sight can provide individualized preventive and therapeutic strategies for preterm infants.

What is Known:

• The pathophysiology of early necrotizing enterocolitis (NEC) or NEC-like disease which is seen in the first week of life seems different
than classic necrotizing enterocolitis (CNEC) which is always seen after the first week of life.

What is New:

• This study suggests that perinatal hypoxic-ischemic process with inflammation is the point of origin of fetal intestinal injury leading to ENEC.

• We propose a new term “Hypoxic-Ischemic Enterocolitis (HIEnt)” for the definition and differentiation of this unique clinical entity.
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Abbreviations
AREDF absent or reversed end-diastolic

blood flow
CNEC classic necrotizing enterocolitis
ENEC early necrotizing enterocolitis
ET-1 endothelin-1
I-FABP intestinal fatty acid binding protein
IUGR intrauterine growth restriction
NEC necrotizing enterocolitis
NICU neonatal intensive care unit
PAF platelet activating factor
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Introduction

Necrotizing enterocolitis (NEC) is the most important ac-
quired gastrointestinal disease of the newborn infants and is
characterized by intestinal injury, systemic inflammation, and
multisystem organ failure [1]. The combination of multiple
risk factors including genetic predisposition, intestinal struc-
tural and functional immaturity, hypoxia-ischemia, abnormal
microbial colonization, timing of initiation, composition, and
rate of enteral feedings causes NEC [2, 3]. The pathophysio-
logic mechanism and the time of onset of NEC seem to be
related. In very low gestational age (GA) preterm infants,
classic NEC develops almost always after the first week of
life probably related to abnormal intestinal microbiota [4–7].
In late preterm or term newborn infants, NEC usually de-
velops in the first week of life due to perinatal hypoxic-
ischemic events or diseases such as congenital left heart ob-
structive lesions, polycythemia, and intrauterine growth re-
striction (IUGR) [8]. Spontaneous intestinal perforation
(SIP) which is mostly seen in preterm growth restricted infants
in the first week of life has been also related to an intestinal
hypoxic-ischemic insult [9, 10].

Beside these entities, there is another group of preterm
infants who develop early NEC or NEC-like disease in the
first week of life. These infants almost always have IUGR
and fetal hemodynamic disturbances such as absent or re-
versed end-diastolic blood flows (AREDF) in umbilical artery.
The clinical presentation varies from feeding intolerance to
typical NEC. In these infants, postnatal superior mesenteric
artery Doppler studies have showed the continuation of redis-
tribution which has started prenatally [11, 12].

Gordon et al. [13] reported 14 different subsets of NEC and
suggested that “day of diagnosis-centric data” can help in
understanding the NEC pathophysiology. Timing of onset
was the starting point of our study to distinguish NEC patho-
physiology. We aimed to investigate the role of hypoxia-
ischemia in the pathophysiology of early NEC/NEC like dis-
ease (ENEC) and classic (late) NEC/NEC like disease
(CNEC) in preterm infants by the biomarkers which are indic-
ative for hypoxia-ischemia and intestinal cell injury[14–16].

Methods

This single-center prospective observational study (Hacettepe
University Research Grant No: 011 D04 101008) was con-
ducted in the neonatal intensive care unit (NICU) of Hacettepe
University Ihsan Dogramaci Children’s Hospital, Ankara,
Turkey between 1 July 2010-1 September 2012. The
Institutional Ethics Committee approved the study (No:
HEK 10/91) and informed consent forms were received from
all parents before inclusion in the study.

Study population

Preterm infants (GA < 37 weeks) who were admitted to NICU
for any reason were eligible for study. Infants who developed
NEC/NEC like disease in the first 7 days of life (≤ 7 days)
constituted “early NEC (ENEC) group,”while preterm infants
who developed NEC/NEC like disease after the 7th day of life
(>7 days) constituted “classic NEC (CNEC)” group. Preterm
infants who did not develop any NEC/NEC like disease dur-
ing the entire NICU stay served as the control group. The
study and control population included only inborn preterm
infants whose parents agreed to participate in the study during
the study period. Also, after reaching a reasonable number of
cases in the control group, we stopped including new cases to
the control group. Infants with congenital or chromosomal
abnormalities, inherited metabolic diseases, infants with cul-
ture positive early neonatal sepsis in the first week of life,
infants with SIP, and infants who were hospitalized shorter
than 7 days because of discharge or death were excluded. In
addition, symptomatic infants without occult/gross blood in
stool and infants who were proven to swallow maternal blood
by Apt test were not enrolled in order to exclude infants with
feeding intolerance.

Definition of NEC/NEC like disease

All infants who developed at least one gastrointestinal sign or
symptom such as gastric residuals, vomiting and bilious drain-
age from enteral feeding tubes, abdominal distention, promi-
nent intestinal loops, abdominal tenderness and discoloration,
abdominal mass with radiological features such as dilated in-
testinal loops, fixed loop, pneumatosis intestinalis, portal air
or free air in the abdomen, gasless abdomen + and/or systemic
signs mimicking feeding intolerance or NEC such as; temper-
ature instability, hypotension, apnea, respiratory failure, leth-
argy, were taken into study groups. Infants who had occult or
gross blood in stool in addition to mild gastrointestinal/
systemic signs were classified as stage I NEC/NEC like dis-
ease. Infants with stage II or III NEC were defined according
to the modified Bell’s criteria [17]. The diagnosis was con-
firmed by a senior neonatologist who was blind and not in-
volved in the study.

Nutritional protocol and procedures

According to our NICU enteral nutrition protocol, the first
choice was breast milk and the second choice was preterm
infant formula in case of complete absence or inadequate
amount of maternal breast milk. Minimal enteral nutrition
was initiated on the first day of life at a volume of 10–20
ml/kg/day in infants with a birth weight of < 1500 g and 21–
40 ml/kg/day in infants with a birth weight of ≥ 1500 g. The
enteral nutrition volume was increased by 10–15 ml/kg/day if
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possible and finally reaching 150–180 ml/kg/day. All infants
received enteral nutrition every 3 h (× 8/day). Infants who
could not suck bottles adequately were fed by orogastric feed-
ing tubes. All infants were kept in a supine position with their
head and back 30° above the horizontal position until the end
of the first hour after each enteral feeding. Total parenteral
nutrition was initiated according to nursery protocol in very
low birth weight (< 1500 g) infants and in those for whom
enteral nutrition was not sufficient to achieve an energy supply
of 120–150 kcal/kg/day. For these infants, intravenous protein
was initiated at a dose of 1.5 g/kg/day on day 1 and reached
3.5 g/kg/day on day 3, while intravenous lipid was initiated at
1 g/kg/day on day 2 and reached 2–2.5 g/kg/day on day 3. In
addition, a glucose infusion was initiated at a rate of 6–8
mg/kg/min and increased to 12–14 mg/kg/min as tolerated.

Data collection

Prenatal data included intrauterine growth (as defined by
growth curve of Fenton et al. [18]), maternal and obstetric
diseases (chronic hypertension, pregnancy induced hyperten-
sion, preeclampsia-eclampsia, chorioamnionitis), fetal umbil-
ical artery Doppler flow velocimetry disturbances (defined as
the following: (a) AREDF in the umbilical artery seen on at
least 50% of waveforms on at least one occasion during preg-
nancy or (b) cerebral redistribution (umbilical artery
pulsatility index> 95th centile and middle cerebral artery
pulsatility index < 5th centile for gestation [19])), and prenatal
steroid therapy. Natal data including gender, GA, birth weight,
mode of delivery, 5th minute Apgar score, and presence of
aggressive resuscitation at birth (positive pressure ventilation
through bag and mask or endotracheal tube, chest compres-
sion, or drug administration) were recorded. Also, postnatal
morbidities such as respiratory distress syndrome, congenital
pneumonia, surfactant therapy, patent ductus arteriosus, intra-
ventricular hemorrhage, bronchopulmonary dysplasia, dura-
tions of parenteral nutrition, mechanical ventilation, supple-
mental oxygen, and hospitalization were noted. All infants
were fed according to our institutional NICU nutritional pro-
tocol. In the study, all systemic, gastrointestinal and radiolog-
ical signs, day of onset of NEC/NEC like disease, duration
(day) and volume (ml/kg/day) of enteral nutrition at the onset
of NEC/NEC like disease, and the presence of delayed pas-
sage of the first meconium (> 48 h) [20] were recorded.

Serological markers

We studied “plasma L-lactate” and “ET-1” levels as indicators
of tissue hypoxia-ischemia, “PAF” as a good indicator of in-
flammation, and I-FABP as a marker for intestinal cell injury
[21, 22]. In order to clarify the pathophysiologic and chrono-
logic differences between ENEC and CNEC, levels of these
biomarkers were measured from umbilical/peripheral venous

blood samples both in the first hour of life and then during the
clinically symptomatic period. After admission to the NICU,
2 ml of venous blood was collected in tubes containing EDTA
for ELISA analysis and heparin for blood gas analysis (pH and
L-lactate) from all preterm infants. In infants who developed
gastrointestinal +/- systemic signs and symptoms, second ve-
nous blood samples (2 ml) were obtained for the same analy-
sis. All EDTA plasma samples were centrifuged at room tem-
perature, 1500 rpm, for 15 min and stored at − 80 °C until
ELISA analysis for I-FABP, PAF, and ET-1 levels. In the con-
trol group who did not develop any NEC/NEC like disease,
the second blood samples were taken randomly during the 5–
14 days of life.

The determination of plasma I-FABP concentrations was
performed by HK-406 Human I-FABP Elisa Kit (Hycult
Biotech Inc., PA, USA). Plasma PAF levels were measured
with Human PAF Elisa Kit (Cusabio Biotech Co. Ltd., PRC),
and plasma levels of ET-1 were determined using Human
Endothelin Kit (1-21) (Biomedica Medizinprodukte GmbH
& Co KG, Austria). All the procedures proceeded according
to the manufacturers’ instructions. Plasma L-lactate levels
were measured by an automated blood gas analyzer
(Radiometer, Copenhagen, Denmark).

Statistical analysis

The statistical data was analyzed using “Statistical Package for
Social Sciences” (SPSS for Windows 15.0, Chicago, USA)
software on a personal computer. Power analysis was not per-
formed as there was a limitation for the study period as defined
by 2 years due to fellowship program. All data were initially
controlled for normality of distribution according to the
Kolmogorov Smirnov test. The data were presented as a mean
± standard deviation (SD), median (minimum–maximum),
frequency, and percentage. For descriptive statistical analysis,
mean ± standard deviation (SD) was used for normally dis-
tributed data, median was used for non-parametric data and
percentage was used for categorical variables. Continuous
variables were compared using Mann–Whitney for
nonparametrically distributed data. Categorical variables were
analyzed using the χ2 test or Fisher’s exact test. Also,
ANOVA,Welch ANOVA, Kruskal Wallis, and Conover’s test
were used for statistical analysis. P value of < 0.05 was ac-
cepted as statistically significant. We performed a multivariate
analysis correcting for possible known confounders.

Results

During the study period, a total of 86 infants were enrolled in
the study and of these, 24 (27.9 %) were in the ENEC group,
19 (22.1 %) were in the CNEC group, and 43 (50.0%) were in
the control group. The demographic and clinical
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characteristics of the control, ENEC, and CNEC groups were
given in Table 1. There were no statistically significant differ-
ences between the mean GA and birth weights of the ENEC
and CNEC groups (p = 0.391, 0.172, respectively). In spite of
similar mean GA, the lower mean birth weight of the ENEC
group than the control group was due to the significantly
higher incidence of IUGR infants in the ENEC group (p <
0.001).

The incidences of AREDF, IUGR, and delayed first meco-
nium passage were significantly higher in the ENEC group
than the CNEC and control groups. There were no significant
differences in the incidences of major neonatal morbidities
and mortality between ENEC and CNEC groups. Also, NEC
stages were similar between the study groups (p = 0.568)
(Table 1). The percentage of infants who received no enteral
feeding including minimal enteral nutrition (MEN) before the
onset of NEC/NEC like disease were significantly higher in
the ENEC group than the CNEC group (p = 0.027)(Table 2).

In the first blood samples, mean plasma levels of L-lactate,
PAF, I-FABP, and median ET-1 levels were significantly
higher in the ENEC group than CNEC and control groups (p
= 0.006, 0.000, 0.000, 0.007, respectively) (Table 3). For the
first blood samples, multivariate analysis was performed in-
cluding the following parameters: prenatal Doppler distur-
bances, maternal hypertension, IUGR, prenatal betametasone,
gestational age, birth weight, cord pH, and Apgar score. This
analysis revealed that plasma L-lactate level was affected by
cord pH and IFABP level was affected by prenatal Doppler
disturbances.

In the second blood samples, plasma mean PAF and I-
FABP levels were significantly higher in the CNEC group
(Table 4). For the second blood samples, multivariate analysis
was performed including the following parameters: RDS,
PDA, IVH, pneumonia, BPD, C-reactive protein (CRP), and
procalcitonin. We detected no effect of these parameters on
plasma L-lactate, ET-1, and IFABP levels in the second blood
samples. However, plasma PAF level was found to be affected
by serum CRP level and PDA. In the second blood samples,
plasma L-lactate, ET-1, PAF, and I-FABP levels were signifi-
cantly higher both in stage I and II/III infants of ENEC and
CNEC groups than the control group as expected (p = 0.070,
0.024, 0.000, 0.000, respectively). Although there was no sta-
tistical significance, L-lactate, ET-1, and IFABP levels were
higher in infants with stage I NEC/NEC like disease than
infants with stage II/III NEC (Table 5).

Discussion

For the first time in the literature, this study suggests that
prenatal systemic/intestinal hypoxia-ischemia could be a ma-
jor leading factor to intestinal cell injury and inflammation
causing an early NEC or NEC-like disease especially in

preterm infants with IUGR. The higher plasma levels of L-
lactate, ET-1, PAF, and I-FABP in the first blood samples
(which is almost reflecting cord blood levels) and higher plas-
ma L-lactate in the second sample in the ENEC group have
supported this pathophysiology.

In our study, the most important characteristics of ENEC
group were the significantly higher incidences of AREDF,
IUGR, and delayed first meconium passage when compared
with CNEC group (79.2% vs 31.6%, 75.0% vs 36.8% and
54.2% vs 21.1% , p = 0.002, 0.012, 0.039, respectively).
Previously, it was reported that the risk of NEC increases in
infants with IUGR and AREDF with an OR of 2.13 (95% CI
1.49–3.03) [23]. In the IUGR fetus, hypoxemia produces cir-
culatory redistribution toward the brain and away from the
viscera (especially gastrointestinal system) and placenta. The
prolonged redistribution may cause structural, neuromotor,
secretory, and mucosal function alterations of the intestinal
tissue so that postnatally it is more susceptible to dismotility,
abnormal colonization, and bacterial invasion [24]. After de-
livery, oxygenation improves but circulatory redistribution
persists [12].

Another remarkable point of the ENEC group was the sig-
nificantly higher frequency of infants who have not received
any enteral feeding before the onset of NEC/NEC like disease
when compared with the CNEC group (25% vs 0%, p =
0.027). This was due to withholding of even MEN as these
infants were seriously symptomatic from the first hours or
days of life. Therefore, it seems that enteral nutrition is not a
prerequisite for the development of ENEC, and on the con-
trary, enteral nutrition could be rather preventive [25].

Serum L-lactate is frequently used in adults with acute
mesenteric ischemia where it is elevated significantly [26].
However, increased expression of ET-1 has been shown in
the removed bowel segments with NEC [27]. In our study,
in the first blood samples, mean L-lactate and ET-1 levels
were significantly higher in the ENEC group than the CNEC
and control groups. Our results suggest that infants in the
ENEC group have already been born with ischemic intestinal
injury which has started prenatally as a result of fetal hemo-
dynamic disturbances. However, in the control and CNEC
groups, mean serum L-lactate and ET-1 levels were similar
both in the first and second blood samples. These results sup-
port the hypothesis that perinatal (or postnatal) hypoxia-
ischemia is not a primary causative factor in the pathophysi-
ology of CNEC.

The increase in plasma I-FABP and PAF levels in NEC
have been well demonstrated [15, 28, 29]. In our study, in
the first blood samples, mean PAF and I-FABP levels were
significantly higher in the ENEC group than CNEC and con-
trol groups. It is clear that not only hypoxia-ischemia but also
intestinal inflammation leading to intestinal injury have begun
in utero in the ENEC group. In the second blood samples,
significantly higher levels of I-FABP and PAF were noted in
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the CNEC group than the ENEC group. This finding suggests
that the inflammatory process and the disease severity were
more profound in the CNEC group.

The first limitation of our study was being a single center
study and having a small sample size, while the second limita-
tion was inclusion of infants with Bell’s stage I NEC/NEC like

Table 3 First hour (first sample) plasma levels of the biomarkers in the control, ENEC, and CNEC groups*

Biomarkers Controla

n = 43
ENECb

n = 24
CNEC c

n = 19
p1 p2

L-Lactate (mmol/L)*** 3.46 ± 0.42
(2.62–4.31)

3.87 ± 0.38
(3.10–4.65)

3.13 ± 0.42
(2.28–3.99)

0.000a-b

0.846a-c

0.005b-c

0.006

Endothelin-1(fmol/ml)** 1.9
(0.9–4.5)

3.5
(0.8–8.1)

1.4
(0.6–5.6)

0.000a-b

0.192a-c

0.003b-c

0.007

PAF (ng/ml)* 6.9 ± 5.5
(0.8–25.2)

16.5 ± 10.4
(0.8–43.8)

10.6 ± 5.9
(0.8–29.6)

0.000a-b

0.023a-c

0.036b-c

0.000

I-FABP (pg/ml)*** 112.26 ± 248.81
(− 384.81–609.33)

2066.39 ± 227.62
(1611.65–2521.13)

900.79 ± 251.21
(398.93–1402.65)

0.000a-b

0.004a-c

0.002b-c

0.000

NEC necrotizing enterocolitis, ENEC early NEC/NEC like disease, CNEC classic NEC/NEC like disease, PAF platelet-activating factor, I-FABP
intestinal fatty acid binding protein

*Mean ± SD (range)

**Median (range)

***Estimated mean ± SE (range)

p1: a-b p value representing the comparison of the data of control and ENEC groups
a-c p value representing the comparison of the data of control and CNEC groups
b-c p value representing the comparison of the data of ENEC and CNEC groups

p2: p value representing the comparison of the data of all groups

Table 2 Nutritional characteristics of the control, ENEC, and CNEC groups

Nutritional characteristics Controla

n = 43
ENECb

n = 24
CNECc

n = 19
p1 p2

Absence of enteral feeding (including
MEN) before the onset of NEC
(n, %)

- 6 (25.0) - 0.027b-c 0.027

Day of onset of the clinical picture of NEC** - 3.0 (2–7) 12.0 (8–43) 0.000b-c 0.000

Duration of enteral feeding
before NEC (day)**

7.0 (7–8)† 2.0 (0–6) 11.0 (4–40) 0.000a-b

0.187a-c

0.000b-c

0.000

Enteral feeding volume at the time of onset of NEC
(ml/kg/day)*

94 ± 23 †

(50-120)
26 ± 24
(0-103)

106 ± 40
(50-216)

0.000a-b

0.473a-c

0.000b-c

0.000

Duration of parenteral nutrition (day)* 7.9 ± 7.3
(0–28)

18.3 ± 12.5
(2–62)

22.2 ± 11.3
(8–48)

0.000a-b

0.000a-c

0.304b-c

0.000

NEC necrotizing enterocolitis, ENEC early NEC/NEC like disease, CNEC classic NEC/NEC like disease,

MEN minimal enteral nutrition

*Mean ± SD (range)

**Median (range)
†At the time of the second blood sample in the control group

p1: a-b p value representing the comparison of the data of control and ENEC groups
a-c p value representing the comparison of the data of control and CNEC groups
b-c p value representing the comparison of the data of ENEC and CNEC groups

p2: p value representing the comparison of the data of all groups
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disease. Recently, there is a consensus on exclusion of Bell’s
stage 1 NEC and SIP among research networks [30, 31]. In our
opinion, this approach inhibits the inclusion of the real patients
who are at the initial “subclinical” phase of a developing

disease and decreases patient number. Despite the risk of over-
lapping clinical pictures of feeding intolerance and stage I
NEC, we have to evaluate all stages of NEC as naturally the
severity of the disease increases stepwise from stage I to III.

Table 4 Plasma levels of the biomarkers during the symptomatic disease (second sample) in the control, ENEC, and CNEC groups

Biomarkers Control a

n = 43
ENEC b

n = 24
CNEC c

n = 19
p1 p2

L-Lactate (mmol/L)* 3.11 ± 2.06
(0.30–7.20)

6.85 ± 4.13
(2.40–19.10)

3.78 ± 2.10
(1.00–8.10)

0.000a-b

0.324a-c

0.010b-c

0.002

Endothelin-1 (fmol/ml)** 1.1
(0.6–2.3)

0.9
(0.3–4.8)

0.8
(0.3–4.8)

0.730a-b

0.836a-c

0.251b-c

0.063

PAF (ng/ml)*** 7.86 ± 2.14
(3.56–12.17)

12.95 ± 2.59
(7.73–18.16)

20.67 ± 2.44
(15.76–25.57)

0.000a-b

0.000a-c

0.022b-c

0.000

I-FABP (pg/ml)* 778 ± 321
(318–1546)

1395 ± 787
(241–3483)

2285 ± 1134
(474–3683)

0.000a-b

0.000a-c

0.004b-c

0.000

NEC necrotizing enterocolitis, ENEC early NEC/NEC like disease, CNEC classic NEC/NEC like disease,

PAF platelet-activating factor, I-FABP intestinal fatty acid binding protein

*Mean ± SD (range)

**Median (range)

***Estimated mean ± SE (range)

p1: a-b p value representing the comparison of the data of control and ENEC groups
a-c p value representing the comparison of the data of control and CNEC groups
b-c p value representing the comparison of the data of ENEC and CNEC groups

p2: p value representing the comparison of the data of all groups

Table 5 Comparison of the plasma levels of biomarkers during the symptomatic disease (second sample) in stage I, stage II-III disease, and the control group

Biomarkers Controla

n = 43
Stage I NEC/NEC like
diseaseb

n = 19

Stage II-III
NECc

n = 24

p1 p2

L-Lactate (mmol/L)* 3.1 ± 2.1
(0.3–7.2)

6.4 ± 4.7
(2.1–19.1)

4.9 ± 2.6
(1.0–12.1)

0.005a-b

0.331b-c

0.143a-c

0.007

Endothelin-1 (fmol/ml)** 1.4 ± 0.4
(0.6–2.3)

1.7 ± 1.5
(0.4–4.8)

1.1 ± 1.1
(0.3–4.8)

1.000a-b

0.225b-c

0.021a-c

0.024

PAF (ng/ml)* 9.6 ± 3.2
(4.3–15.9)

17.8 ± 10.3
(0.8–44.0)

21.3 ± 7.1
(12.6–39.7)

0.000a-b

0.201b-c

0.000a-c

0.000

I-FABP (pg/ml)* 778.4 ± 321.8
(318–1546)

1963.9 ± 1016.2
(241–3585)

1650.5 ± 1067.2
(474–3683)

0.000a-b

0.384b-c

0.000a-c

0.000

NEC necrotizing enterocolitis, ENEC early NEC/NEC like disease, CNEC classic NEC/NEC like disease,

PAF platelet-activating factor, I-FABP intestinal fatty acid binding protein

*Mean ± SD (range)

**Median (range)

p1: a-b p value representing the comparison of the data of control and Stage I NEC/NEC like disease groups
a-c p value representing the comparison of the data of control and Stage II-III NEC groups
b-c p value representing the comparison of the data of stage I NEC/NEC Like disease and stage II-III NEC groups

p2: p value representing the comparison of the data of all groups
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Further in our study, plasma levels of serological biomarkers in
infants with stage I NEC/NEC like disease were as high as the
levels in infants with stage II/III NEC and were significantly
higher than the levels in infants of the control group (Table 5).
Therefore, infants with stage I NEC/NEC like disease were in
fact seriously affected by intestinal ischemia and inflammation.
However, the clinical disease severity seems to be affected by
other unknown or individual factors. Therefore, we think that
selective approach considering only infants with stage II/III
NEC in clinical studies should be re-evaluated.

Conclusion

Today “NEC” is a “roof term” which is believed to include
more than one disease with different pathophysiological etiol-
ogies and clinical presentations. Therefore, there is an obvious
need to redefine and re-classify neonatal gastrointestinal dis-
eases presenting like NEC as Bell’s criteria have been devel-
oped only for disease severity staging. In our study, prenatal
intestinal/mesenteric hypoxia-ischemia seems to be the prima-
ry pathophysiological factor leading to ENEC/NEC like dis-
ease in the first week of life in preterm infants with AREDF
and IUGR. ENEC seems to begin “in utero,” and these infants
are born with already injured and “programmed” gastrointes-
tinal system and significant systemic inflammation.
Therefore, we would like to propose a new terminology
Hypoxic-Ischemic Enterocolitis (HIEnt) for preterm infants
presenting with early NEC/NEC like disease and who have
prenatal hemodynamic disturbances and IUGR. This new
term has been firstly created and used by our colleague Dr.
Ayse Korkmaz a few years ago. We believe that this new
terminology would raise awareness on the pathophysiology
of ENEC and contribute to providing individualized, preven-
tive, and therapeutic strategies for preterm infants after multi-
center prospective new studies.
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