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ABSTRACT

Objective: To compare the clinical characteristics of necrotizing enterocolitis (NEC) and food protein-induced enterocolitis
(FPIES) when both have pneumatosis intestinalis (Pl) and to identify them.

Study Design: Analytical study.

Place and Duration of Study: Department of Neonatology, Children’s Hospital of Chongging Medical University, Chongging,
China, from January to December 2019.

Methodology: Medical data of neonates, who were diagnosed with NEC (Bell's Stage =2a) or FPIES, were retrospectively evalu-
ated. All included infants had abdominal radiographic Pl positive. According to the infants’ diagnoses, they were classified into
groups NEC and FPIES. The clinical characteristics of NEC and FPIES were compared to find the differences.

Results: A total of 293 infants were included, of which 205 were diagnosed with NEC and other 88 were FPIES. NEC was charac-
terised by low birth weight (BW), gestational age (GA) and onset time; NEC had higher rates of mother's antenatal steroid
therapy, formula feeding, sepsis, and anemia. NEC and FPIES both had a set of similar signs and symptoms which varied
depending on the severity of the disease, except for abdominal tenderness and absent bowel sounds only observed in NEC. The
rates of continuous elevated C-reactive protein (CRP) and thrombocytopenia were also higher in NEC than in FPIES (p<0.05).
Conclusion: When Pl-positive, although infants diagnosed with NEC or FPIES lack specific signs and symptoms, there are still clin-
ical characteristics that need to be focused on: risk factors (BW, GA, onset time, mother's antenatal steroid therapy, formula
feeding, sepsis, and anemia), abdominal signs (abdominal tenderness and absent bowel sounds), the results of CRP and platelet,
which may help clinicians to identify them.
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INTRODUCTION

Necrotizing enterocolitis (NEC) is one of the most severe
diseases of preterm neonates and has a high mortality rate of
about 1-7.7%."?In the neonatal period, pneumatosis intestinalis
(P1) is one of the most important radiographic findings of NEC
based on Bell's staging standards.’But this radiological finding is
notspecifictoNECaloneasitalsooccursinotherdiseases.
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Given the significant morbidity, and mortality associated with
NEC, neonates with radiological Pl-positive are occasionally
misdiagnosed andtreatedasNEC.

Inclinical practice, itis not rare thatfood protein-induced entero-
colitis (FPIES) is misdiagnosed as NEC when having a radiologic
finding of PL.** The clinical presentations, laboratory findings,
and abdominal imaging of NEC overlap with those of FPIES.*
Furthermore, oral food challenge, the gold standard for FPIES, is
notroutinely performed in neonates. Therefore, itis very difficult
to completely distinguish between FPIESand NECin the neonatal
period with similar clinical manifestations and imaging
results.® Most of them are discharged with the diagnosis of
suspected NECorsuspected FPIES.

However, the management, morbidity, and mortality between
NEC and FPIES are vastly different. Once misdiagnosed as NEC,
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neonates with FPIES are given antibiotics and fasting, which
may prolong the time of parenteral nutrition, increase unneces-
sary antibiotic use orincrease the risk of catheter-related infec-
tions as well as radiation exposure for repeated abdominal
radiography. It is important to discern suspected FPIES from
classic NEC with similar radiographic findings especially Pl posi-
tive to make a definitive diagnosis and provide correct manage-
ment.

Theaim of this study was to compare the clinical characteristics
of necrotizing enterocolitis and food protein-induced entero-
colitiswhenboth have pneumatosisintestinalisand enableclini-
cianstocorrectlyidentifythemand managePI.

METHODOLOGY

This study was conducted as a retrospective, single-centre,
analytical study. Inclusion involved infants who were diagnosed
with NEC (Bell's Stage =2a) or FPIES with abdominal radiographic
Pl-positive admitted to the Children’s Hospital of Chongging
Medical University (CHCMU) between January and December
2019. According to the infants' diagnoses, they were classified
into group NEC and FPIES. The clinical characteristics of groups
NECandFPIES were compared tofindthe differencesinthisstudy.

Total number of
neonates (n=11092)

Excluded:
Neonates not underwent
abdominal X-rays (n=8576)

Neonates undervent
abdominal
X-rays (n=2516)

Excluded:
Neonates without Pl (n=2184)

Total neonates with =
Pl-positi - cluded:

posifiven=332) l.Incomplete medical
records(n=>5)

2.0nset time>28 days or
gestational age at onset>44
weeks (n=16)

3.No abdominal X-rays within
24h atfer oneset (n=3)

Eligible neonates

tions, manifestations, laboratory findings, and the prognosis.
All data were reviewed and analysed anonymously by the
authors. The process of inclusion and exclusion is shown in the
figure ofthe patientselection flow chart (Figure1).

The cases’ final diagnoses were retrospectively reviewed by
three attending physicians in consensus. The diagnostic
criteria and definitions were abdominal radiographic finding of
Plwere reached based on these imaging features: translucent
vesicle-like shadow under the mucosa of the intestinal wall,
and ring-like, semi-ring-like, and strip-like shadows under the
serousmembrane.”® Tworadiologistswith6and8yearsofclin-
ical experience retrospectively reviewed all images by
consensus. The radiologists were unaware of surgical, phys-
ical, or other imaging findings of the patients. NEC was diag-
nosed according to the modified Bell's staging® criteria, which
is presence of clinical signs such as abdominal distension and
emesis or gross blood in the stool (with an absence of fissure);
having radiographic or ultrasound findings of pneumatosis
intestinalis or portal vein gas. FPIES was diagnosed based on
the International Consensus Guidelines for the Diagnosis and
Management of FPIES criteria.'® The symptoms were relieved
after the patient was treated by switching to a highly hydrol-
ysed formula or changing the mother's diet if the baby is being
breastfed; a history of direct or indirect exposure to any
suspected substances should be there. Infants recovered well
mainly undergoing oral intake restrictions, without antibiotics
or antibiotics treatment for less than 3 days. Oral food chal-
lengeresultsshould be referred when necessary.

Statistical analysis was performed using SPSS 22.0 software
(IBM, Armonk, New York). Normally distributed continuous data
were described as the mean = standard deviation (M £ SD) and
tested by the Student t-test. Skewed data were described asthe
median and interquartile range (IQR) and analysed by the
Mann-Whitney U-test. Categorical data were shown in percent-
ages and analysed by the Chi-square test or Fisher's Exact test.
Ap-value <0.05was considered statistically significant.

Tablel:Demographicdataof NECand FPIES.

included (n=308)

Excluded:
Final diagnosis is other
diseases:Rotavirus

enteritis,gastrointestinal
Final neonates abnormalities et al (n=15)
included with
diagnosis Is NEC or
FPIES (n=293)
NEC FPIES
(n=205) (n=88)

Figure 1: Patient selectionflow chart.

The study protocol was approved by the Ethics Committee of
CHCMU (Registration No: 139/2020). Data were retrieved from
Electronic Medical Record (EMR). Data obtained included
patients’ demographicdata, onsettime of symptoms, complica-

NEC FPIES

Variables (n=205) (n=88) p-value
Male — n (%) 112 (54.63) 40 (45.45) 0.149
Eutocia — n (%) 87 (42.44) 34 (38.64) 0.545
GA (M £SD, w) 34.53+3.57 35.88+2.92 0.001
GA <35W — n (%) 99(48.29) 23 (26.14) <0.001
BW (M +SD, kg) 2.57+0.83 2.85+0.69 0.004
Onset time in days, median (IQR) 9 (4-14) 12 (9-16.75) 0.001°

NEC: Necrotizing enterocolitis; FPIES: Food protein-induced enterocolitis syndrome; M
+SD: Mean + standard deviation; Onset time: Onset time of happening symptoms of
the digestive tract; W: Weeks; GA: Gestational age; Kg: Kilograms; BW: Birth weight; a:
Mann-Whitney U-test.

RESULTS

During the study period, a total of 11092 neonates were
admitted to CHCMU. Of these, radiographic Pl-positive was
found in 332 cases of 2516 (13.20%). After reviewing the
cases, 293 cases were finally included and divided into group
NEC (n=205, 69.97%) and group FPIES (n=88, 30.03%)
according to the diagnostic criteria of NEC and FPIES.
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NEC was significantly related to (p<0.05) lower birth weight, =~ Meanwhile, the occurrences of emesis, abdominal distension,
younger gestational age (especially <35 weeks), and earlier abdominal tenderness and decreased bowel sounds were
onset time (Table I). NEC had significantly higher rates higher in NEC. Abdominal tenderness and absent bowel
(p<0.05) of mothers’ antenatal steroid therapy, sepsis, and  sounds were only observed in NEC, but the rates of diarrhea
anemiawhencompared with FPIES (Tablell). andhematocheziawerelowerin NEC comparedto FPIES.

Table II: Perinatal factors and complications of NEC and FPIES.

Variables NEC (n = 205) FPIES (n = 88) p-value
n % n %
Gestational diabetes mellitus 32 15.61 18 20.45 0.312
Gestational cholestasis 8 3.90 6 6.82 0.369°
Maternal dexamethasone treatment 63 30.73 10 11.36 <0.001
Meconium-stained amniotic fluid 9 4.39 4 4.55 >0.999"
Premature rupture of membrane 63 30.73 18 20.45 0.071
Perinatal factors Intrauterine distress 16 7.80 4 4.55 0.311
Maternal allergy history 16 7.80 8 9.09 0.713
Multiple births 6 2.93 4 4.55 0.494°
Formula-fed 121 59.02 32 36.36
Type of feeding Mixed-fed 39 19.02 27 30.68 0.002
Breastfed 45 21.95 29 32.95
Metabolic acidosis 8 3.90 7 7.95 0.158"°
Hypoglycemia 11 5.37 2 2.27 0.196°
Sepsis 73 35.61 7 7.95 <0.001
ABO hemolytic disease 33 16.10 8 9.09 0.113
Pathological jaundice of the newborn 55 26.83 27 30.68 0.501
I — Patent ductus arteriosus 30 14.63 10 11.36 0.455
Complications/comorbidities Anemia 55 26.83 13 14.77 0.025
Hypoproteinemia 12 5.85 8 9.09 0.314
High lactic acid 33 16.10 20 22.73 0.177
Respiratory failure 7 3.41 6 6.82 0.220°
Potassium anomaly 16 7.80 3 3.41 0.161
Abnormal clotting 12 5.85 5 5.68 0.954
NEC: Necrotizing enterocolitis; FPIES: Food protein-induced enterocolitis syndrome; b: Fisher's exact test.
Table IlI: Symptoms, signs, and examinations of NEC and FPIES.
Variables 2EC (n= 205?% :PIES (n = 8802 p-value
Fever 32 15.61 10 11.36 0.342
Emesis 91 44.39 25 28.41 0.010
Diarrhea 43 20.98 52 59.09 <0.001
Hematochezia 110 53.66 71 80.68 <0.001
Symptoms and Abdominal distension 145 70.73 27 30.68 <0.001
signs Abdominal tender 16 7.80 0 0 0.004°
Bowel sounds for 1 Minute 1-3 132 64.39 12 13.64 <0.001
Bowel sounds for 1 Minute=0 8 3.90 0 0 0.110°
Capillary refill time >3 seconds 11 5.37 1 1.14 0.116°
Abnormal leukocyte 61 29.76 18 20.45 0.100
Examinations Platelet count <100(x 10°/L) 20 9.76 1 1.14 0.009
Abnormal CRP 44 21.46 7 7.95 0.005

NEC: Necrotizing enterocolitis; FPIES: Food protein-induced enterocolitis syndrome; b: Fisher's exact test.
Abnormal leukocyte: Age <3 days leukocyte >30 (x 10°/L) or age =3 days leukocyte >20 (x 10°/L) or any age leukocyte <5 (x 10°/L). Abnormal CRP: Two
consecutive C-reactive protein >10 (mg/L) occurred in interval of 24 hours.

Table IV: Outcomes of NEC and FPIES.

Variables NEC (n = 205) FPIES (n = 88) p-value
Length (days) of hospital stay, (M=SD) 21.11+£16.28 9.80%5.22 <0.001
- Medical treatment/cure (n, %) 195 (95.12%) 88 (100.00) b

Clinical outcomes 0.036

Surgical treatment/death (n, %) 10 (4.88) 0 (0.00)
NEC: Necrotizing enterocolitis; FPIES: Food protein-induced enterocolitis syndrome; M+SD: Mean *standard deviation; b: Fisher's exact test.
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The rates of continuous elevated C-reactive protein (CRP)
as well as thrombocytopenia were higher in NEC than in
FPIES (Table Ill).

The average hospitalisation time in group NEC (21.11+16.28
days) was significantly (p<0.05) longer than group FPIES
(9.80£5.22 days). Only group NEC had cases who required
surgical intervention or died finally (Table V).

DISCUSSION

Radiographic Pl is considered an important diagnostic hall-
mark of NEC, but it can also present in some other
diseases.™ In this study, all cases had radiographic Pl-posi-
tive, of which 69.97% (n=205) were NEC and the other
30.03% (n=88) were FPIES. Pl is associated with bowel
inflammation with or without pathophysiologic necrosis in
these two diseases.”

More than 85% of NEC occurs in preterm infants with gesta-
tional age less than 32 weeks or birth weight less than 1500
g.""** Prematurity is the most important risk factor for NEC
because of immature intestinal barriers and local host
defenses, such as secretory immunoglobulin A and mucosal
enzymes.' In this study, NEC was significantly associated
with low birth weight, and short gestational age of less than
35 weeks. Our results are consistent with the find-
ings of other studies.”* NEC usually happens earlier than
FPIES, and the median onset time of symptoms is 7-12 days
after birth. The median onset time of NEC in our study was 9
days also is consistent with the previous study.”

An antenatal steroid is widely used to prompt lung maturity
of preterm infants. Some studies indicate that the administra-
tion of antenatal steroids has shown to be protective against
NEC in preterm infants with gestational age of more than 25
weeks.* However, our study indicated that antenatal steroid
was a risk factor for NEC. The reason might be that ante-
natal steroid was accompanied by preterm infants, which
was a primary risk factor for NEC. Another study found that
glucocorticoids could interfere and inhibit intestinal epithelial
repair and proliferation, thereby promoting the occurrence
of NEC."” However, the exact effects of antenatal steroids on
intestinal development still need further exploration.

Recent randomised controlled trials and meta-analyses indi-
cate a risk reduction of NEC using human milk formula.” This
study also revealed that formula-feeding can increase the risk
of NEC, whereas breast milk has a protective effect on
intestinal function. There are bioactive factors such as
proteins, polyunsaturated fatty acids, oligosaccharides, and
microbial content, present in breast milk that can influence
the infant's gut immune maturation.* This study also showed
that group NEC had a higher rate (59.02%) of formula feeding
and a lower rate (21.95%) of breastfeeding than group FPIES
(p=0.002). According to the current classification, food
allergy by definition is an immune-mediated adverse food

reaction.” There is no exact epidemiological data on neonatal
food allergy. Cow's milk protein allergy is the most common
FPIES in newborns.” There was no difference in breastfeeding
rate and formula-feeding rate in our FPIES, which might be
due to the small sample size of our study.

Fox reported that NEC was associated with conditions that
cause reduced mesenteric blood flow, foremost among these
were congenital heart disease, particularly patent ductus
arteriosus (PDA) and sepsis.” In this study, the incidence of
sepsis in group NEC (35.61%) was significantly higher than
in group FPIES (7.95%), but the incidence of PDA between
the two groups had no difference (p=0.455). The reasons for
these results might be: 1. NEC is coagulative necrosis with
severe inflammation affecting the terminal ileum and colon,
so sepsis is a common underlying disease in NEC.”> The
cardiac structures of term or near term infants are close to
the mature, our cases in the research are mainly term or
near term infants, so the number of cases with PDA was
small in the two groups. NEC complicated by anemia was
more common than FPIES in this study. Our conclusion is in
agreement with the study of Patel et al.,” who had demons-
trated that it was severe anemia rather than the packed cell
transfusion contribution significantly to the development of
NEC.

NEC and FPIES both have a set of similar signs and symptom-
s which vary depending on the severity of the disease and
make the differential diagnosis difficult.” The present conclu-
sion is also in agreement with this conclusion, but we found
that abdominal tenderness and absent bowel sounds were
only observed in NEC, and FPIES presented with diarrhea and
hematochezia more common. These different presentation
may depend on the different etiology. NEC is characterised
by progressive systemic and gastrointestinal symptoms and
can lead to peritonitis easily, while FPIES involves specific
areas of the digestive tract, so they presented with some
different presentations. This finding may provide significant
guidance and aid clinicians to assess the diagnosis.

Previous research reported thrombocytopenia and signifi-
cantly elevated C-reactive protein (CRP) on the second day
after onset had the predictive value for NEC.**** On the other
hand, elevated CRP also can be seen under infectious or
non-infectious inflammatory conditions. Similarly, in this
study, it was found that the rate of abnormal CRP in NEC
was much higher than in FPIES (p=0.005). Therefore, contin-
uous normal CRP may be used to exclude NEC; however,
further prospective multicentre studies with large sample
sizes are needed for data validation. In this study, thrombo-
cytopenia (platelet count<100x10°/L) was more common in
NEC than FPIES (p=0.009), this finding strongly suggests
that thrombocytopenia might be one of the potential
markers to distinguish FPIES from NEC. Therefore, for the
identification of NEC and FPIES, it is emphasised that
complete blood count and CRP should be followed up
routinely to assess the disease progression.
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Due to the different causes of NEC and FPIES, most of NEC
requires long-term antibiotics, fasting, and even require surg-
ical treatment, while FPIES only needs timely diet evasion to
recover, so the main treatment options and prognosis are
different.>® This study proved that the average hospitalisa-
tion time in NEC was much longer and the prognosis was
also worse than in FPIES. This conclusion has confirmed the
importance to identify NEC and FPIES again. It was a retro-
spective study about NEC compared with FPIES, though
some indicators to identify meaningfully, but had no
specificity, still lack of effective identification method, the
author thinks that based on more multi-centres, prospective
studies eventually form a valuable NEC or FPIES prediction
model for clinical use.

CONCLUSION

NEC is the main cause of Pl-positive in neonates, but FPIES
can't be ignored for the main treatment protocols and
outcome are different. When Pl-positive, although infants
diagnosed with NEC or FPIES lack specific signs and symp-
toms, there are still clinical characteristics that need to be
focused on: risk factors (BW, GA, onset time, mother's ante-
natal steroid therapy, formula feeding, sepsis, and anemia),
abdominal signs (abdominal tenderness and absent bowel
sounds), the results of CRP and platelet, which may help
clinicians to identify them.
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