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ABSTRACT

Background: Necrotizing enterocolitis (NEC) predominantly affects preterm infants and is associated with high mortality and
morbidity. There is no composite scoring tool that predicts the severity of NEC in preterm infants early in the disease process
before it is established.

Methods: A retrospective chart review was performed on NEC cases (n = 41) defined as infants who developed NEC stage > 2
with pneumatosis intestinalis, and controls (n = 41) defined as infants with NEC stage 1, to develop a scoring tool that utilized the
preterm infant’s clinical status, feeding practices, radiographic and laboratory findings at set time-points (7 days, 2 days and 24
and 12 hours) before the suspicion of NEC to predict the severity of NEC. Repeated measures analysis along with sensitivity,
specificity and area under curve were measured to compare the composite risk score between cases and controls.

Results: The composite risk score was higher among the cases at 24 hours (2.73 £ 0.20 vs. 2.20 £ 0.20, p < .05) and 12
hours (4.20 £ 0.22 vs. 2.50 £ 0.22, p < .001) but not on 2 day (2.37 = 0.17 vs. 2.18 = 0.17, p = .42) prior to the suspicion of
NEC to predict the severity of the disease. Feeding practices, gastric residuals, and laboratory signs of inflammation were main
determinants of the final score. The most discriminatory score to differentiate between NEC stage 1 and NEC stage 2 and 3
was < 2.

Conclusions: This scoring system is easy to use as it utilizes normally collected data and can predict the severity of the disease
enabling the physician to make decisions regarding appropriate timing of correct treatment. Further larger prospective studies are
required to validate this pilot study describing NEC severity prediction tool.
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1. INTRODUCTION

Necrotizing enterocolitis (NEC) predominantly affects
preterm infants and is associated with high mortality and
morbidity despite advances in neonatal care.l'! NEC af-
fects up to 5% of infants hospitalized in the NICU and of
those affected, more than 90% are preterm.!'=3] Fatality rates
for NEC can approach 50% for infants requiring surgical

management and is even higher for the extreme preterm in-
fants.[:34 Further, survivors of NEC are likely to suffer
poor growth, and gastrointestinal, and neurodevelopmental
sequelae because of the complications related to NEC.[-6!

The uncertainty and the rapidity of disease progression in
NEC and its poor prognosis watrants a tool that could help
predict the severity of NEC in its early stages. More recent
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studies looking for early biomarkers of gut injury, necrosis
or inflammation, such as fatty acid binding protein, fecal cal-
protectin, selected urine proteins associated with intestinal
pathology, and platelet activating factor, are promising.!”~!1]
However, these tests are invasive, costly, and not done as part
of routine care.

Thus, several studies attempted to identify risk factors associ-
ated with NEC and to develop scoring tools that may predict
the risk of NEC which use either a single clinical or labora-
tory parameter or a combination at the time of birth or early
after birth.['>15] Gephart et al. developed GutCheck, a tool
used to predict the occurrence of NEC based on evaluating
several known risk factors, including gestational age (GA),
history of blood transfusions, sepsis, metabolic acidosis and
human milk feeding.['?! Similarly, McKeown et al. identified
clinical parameters such as respiratory changes immediately
preceding a diagnosis of NEC.!"S) However, these tools do
not include a composite of clinical, laboratory or radiological
parameters in their scoring system that are temporally related
to the time before NEC is suspected, as the purpose for these
tools was for prediction of occurrence of NEC, rather than
the predicting of disease severity. Early prediction of NEC
severity would allow early aggressive management of at-risk
infants by withholding feeds and initiation of broad-spectrum
antibiotics. It would also prevent indiscriminate use of an-
tibiotics in all cases of suspected NEC, particularly in light
of the recent literature linking poor neonatal health outcomes
with prolonged length of stay in the hospital and concomitant
increased cost of care with altered microbiome due to use of
antibiotics.[1617!

More recently, Sho et al.'3! created a scoring system to pre-
dict the progression of NEC stage 2 to NEC-totalis, involving
intestinal necrosis associated with universal mortality, based
on clinical data at time of diagnosis of NEC, including low
platelets, high creatinine, and high phosphorus. While this
tool predicts the progression of NEC stage 2 to NEC-totalis,
there is a paucity of studies that utilize readily available
bedside data that can differentiate NEC stage 2 and 3 from
NEC stage 1 of NEC early in the disease course. Fox et
al."”! attempted to developed a scoring tool used to predict
progression to NEC stage 1 with early intervention leading
to cessation of progression to NEC stage 2-3. The param-
eters used were readily available clinical data, including
behavioral, cardiovascular, respiratory and gastrointestinal
parameters, but lacked inclusion of routine laboratory and
radiological data. In this study babies were assessed for NEC
stage 1 where aggressive intervention prevented the disease
to progress to Stage 2 and 3.

There is a time period between the clinical suspicion of
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NEC and its definitive diagnosis, particularly when the dis-
ease is of clinical stage > 2. However, there is no specific
etiologic or clinical factor can accurately predict the progres-
sion of NEC with high sensitivity and specificity, therefore,
development of a tool or clinical score to facilitate early
prediction of severity of NEC could lead to rapid initiation
of antibiotics and withholding of enteral feeds, which may
stop or ameliorate the disease process and improve disease
outcomes and can prevent indiscriminate use of antibiotics
in this vulnerable patients. Further, as newer biomarkers are
being developed they can be used appropriately to confirm
the diagnosis and use of newer therapies could be used in a
cost effective manner Therefore, the aim of the study was
to develop a scoring tool utilizing common bedside clinical,
radiographic, laboratory, feeding parameters and details of
gastric residuals that will allow early prediction of progres-
sion of disease severity among patients with NEC, which
may help in differentiating infants who will remain in NEC
stage 1 from those who would progress to NEC stage 2
and 3.

2. MATERIAL AND METHODS

A retrospective chart review of 82 preterm infants less than
32 weeks GA from January 2002 to December 2008 was con-
ducted at the Neonatal Intensive Care Unit at the Maimonides
Medical Center. Infants with major congenital anomalies,
congenital heart disease, and gastrointestinal disorders re-
quiring surgery were excluded from the study. Those infants
diagnosed as spontaneous intestinal perforation by pathology
were also excluded from the study. This study was approved
by the Institutional Review Board at Maimonides Medical
Center.

Cases included 41 preterm infants that were diagnosed with
NEC Stage 2 or 3, based on the modified Bell’s staging
criteria, defined as presence of pneumatosis intestinalis, por-
tal venous gas or free air in abdomen, reported by a pedi-
atric radiologist.”! Controls comprised of GA, weight and
gender-matched preterm infants with feeding intolerance or
suspected NEC but without pneumatosis intestinalis and/or
portal venous gas.

The diagnostic parameters used for creating the predictive
scoring tool to define NEC severity were chosen from com-
mon clinical symptoms and signs associated with suspicion
of NEC!!2-15:20-251 and are summarized in Table 1. The scor-
ing tool consisted of clinical presentation, radiological and
laboratory findings, feeding characteristics and gastric resid-
uals. Scores of 0, 1 and 2 were given based on the severity
of clinical presentation, abnormality of the laboratory values
and xray findings. The individual scores for each character-
istic included in the tool were summed to establish a final
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composite score. The scores were calculated at 12 hours,
24 hours, and 2 and 7 days prior to the time when NEC was
first suspected. From these time points, the clinical course
was then followed to evaluate for the development of pneu-

Table 1. NEC scoring system

matosis intestinalis, portal venous gas or free air in abdomen
as determined by a pediatric radiologist, characteristics that
defined cases (with these radiological signs) and controls
(without radiological signs).

Score 0 1-oneor more criteria present 2 - one or more criteria present
1. Apnea/bradycardia/ desaturation
2. Temperature instability 1. Starting CPAP or mechanical
3. Lethargy/irritability ventilation
1. Clinical No clinical sign or symptoms 4. Hypotension/decreased urine output 2. Change from CPAP to mechanical
5. Glucose instability ventilation
6. Vomiting/abdominal distention/abdominal tenderness 3. Vasopressor support
7. Guaiac-positive stool/bloody stool

2. Abdominal X-ray Normal gas pattern

. Bands > 10%
. IT ratio > 0.2

3. Laboratory results ~ Normal laboratory values

~N N W AW N =

1. Nil per os

2. EBM with or without
fortification and advanced
<20ml/kg/day

4. Enteral Feeding:

type and rate of

advancement

Mild or moderate distention of bowel loops

1. Focal thickening of bowel loops
2. Fixed/persistent dilation of bowel
loops

.WBC <5 or >30/ul
. Neutrophils < 1,000/ul
. Platelets < 50,000/l

Positive blood culture

. Metabolic acidosis - pH < 7.2 or HCO; < 16
. CRP > 1mg/dl

1. Formula or EBM or combination

. Formula or combination of EBM and formula
advanced at < 20ml/kg/day

of EBM and formula advanced at
> 20ml/kg/day

1. Pregavage residuals characterized as bilious or bloody

1. No gastric residuals

< 30% of total amount of enteral feeding given in prior

2. Pregavage residuals: clear or

5. Gastric residuals: feed

partially digested or undigested
milk < 30% of total amount of

prior enteral feed

type and volume

digested or undigested milk > 30% of total amount of

2. Pregavage residuals characterized as clear or partially

1. Pregavage residuals characterized
as bilious or bloody > 30% of total
amount of enteral feeding given in
prior feed

enteral feeding given in prior feed

Note. EBM: Expressed breast milk; WBC: White blood cell; IT: immature to mature neutrophil; CRP: C-reactive protein; CPAP: continuous positive airway

pressure

Data were extracted from the patients’ medical records by
authors (Grino, Miller and Carasquilla-Lopez) and was con-
firmed to have 92% consistency when independent review
was performed by a different author (Rastogi). Demographic
and clinical data including antenatal and postnatal character-
istics of the cases and controls was also abstracted to study
if there were any other characteristics that might influence
the outcomes of interest.

Statistical analysis

The components of the scoring tool and the composite scores
were compared between the cases and controls using Student
T test for continuous variables and the chi-square analysis
for categorical variables. The differences in the composite
score to study prediction of infants who develop NEC stage
2 or 3 from controls were studied using repeated measures
analysis as different time intervals. Sensitivity, specificity
and area under curve were calculated for various scores and

Published by Sciedu Press

at 4 times points of the study.

3. RESULTS

Based on the selection criteria, baseline GA, birth weight
and demographic information did not differ between the
cases and controls (see Table 2). Among the cases,
26 (63.4%) had stage 2 and 15 (36.6%) had stage 3 NEC.
There were also no differences in antenatal and postnatal
factors, and neonatal comorbidities between the cases and
controls. Surgical intervention was required in 14 (34.1%)
cases and none among controls. More cases were intubated
as compared to controls (p < .01, see Table 3). The median
length of hospital stay for cases was longer 70 days (range
10-208 days) as compared to 65 days (range 17-161 days) in
the controls (p < .05). Mortality was also higher among the
cases; 12 cases (29.3%) died as compared to 2 controls (5%)

(< .01).
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Table 2. Demographic characteristics of the study subjects

Demographic characteristic Control (n = 41) NEC (n =41) p-value
Male n (%) 22 (55.0) 29 (70.7) 11
Mean Gestational Age in weeks (SD) 27.8 (2.10) 27.8 (2.10) 97
Mean Birth Weight in grams (SD) 1,116.4 (309.0) 1,114.05 (363.6) .98
Ethnicity (within race) n (%) 44
» White Non-Hispanic 16 (40.0) 13 (31.7)
 Black Non-Hispanic 5 (15.0) 9 (19.5)
* Hispanic 11 (27.5) 8 (24.4)
+ Asian 5 (12.5) 9(22.0)
Mean Postmenstrual age at diagnosis in weeks (SD) 31.08 (2.0) 32.1(3.0) A3
Multiple births n (%) 11 (27.5) 11 (26.8) .95
Mean Weight at diagnosis in grams (SD) 1,375.7 (538.4) 1,542.14 (577.9) .20
Median age in days at diagnosis (min, max) 21 (3,92) 26 (6, 76) 2

Note. NEC: necrotizing enterocolitis

Table 3. Clinical characteristics of the study subjects (N =41)
Clinical characteristics Control n(%) NEC n(%o) p-value
Prenatal steroids 35 (87.5) 35 (85.4) .78
Preeclampsia 7 (17.5) 5 (12.2) 5
Maternal diabetes/Gestational diabetes 3(7.5) 2 (4.9) .62
Chorioamnionitis 3(7.5) 2 (4.9) .62
Small for gestational age 0 4(9.8) 11
Intubation - anytime before diagnosis 19 (47.5) 33(80.5) .002
Surfactant 13 (32.5) 13 (31.7) .94
Anemia 36 (90) 37(90.2) .97
Caffeine 20 (50) 24 (60) 37
Postnatal steroids 4(10) 10 (24.4) .09
Gastro-esophageal reflux 5 (12.5) 6 (14.6) .78
Broncho-pulmonary disease 4 (10) 8 (19.5) .23
Patent ductus arteriosus 40 (10) 28 (68.3) 32
Intra ventricular hemorrhage I11-1V 2 (5) 1(2.4) 54
Surgical treatment 0 14 (34.1) .001
Death 2(5) 12 (29.3) .004
Median length of stay in days (min, max) 63 (17, 125) 93 (23, 173) .01

Note. NEC: necrotizing enterocolitis

The relationship between the clinical, radiological, labora-
tory, feeding characteristic and gastric residuals scores, along
with the composite score (see Table 4). The composite scores
were significantly higher among cases than controls at day 7
(p <.01), 24 hours (p < .05), and 12 hours (p < .001) before
the time when NEC was suspected (see Figure 1). The score
was most influenced by the presence of increased incidence
of abnormal laboratory findings (p < .05) and feeding charac-
teristics (p < .001) and gastric residuals (p < .05) at 12 hours
prior to diagnosis. The 24 hour before the suspicion of NEC
was clinically relevant as scores from this point would be
able to predict infants who were at risk to progress to NEC
stage 2 or 3, hence aggressive treatment instituted at the time
of suspicion itself might prevent or ameliorate the worsening
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of the disease process and its associated complications.

Sensitivity, specificity and area under curve (see Table 5) at
the score of < 2 best discriminated between stage 1 NEC
with Stage 2 and 3 NEC at various time points specially 24
and 12 hours before the diagnosis of NEC was made.

4. DISCUSSION

A timely diagnosis of NEC is important because of its un-
predictable course that can rapidly progress in severity and
is associated with high mortality and morbidity. We report
a scoring tool developed using a combination of clinical,
respiratory, gastrointestinal, radiological and laboratory find-
ings which can help predict severity of NEC as early as 24
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hours prior to when NEC is suspected and intervention at

this point may prevent disease progression to sever disease.

As compared to other scoring tools that predict the risk of
developing NEC, this scoring tool allows early prediction
of NEC severity, identifying infants that may develop NEC
stages 2 and 3 as compared to those that will stay at NEC

stage 1 or may have conditions that mimic NEC. This early
differentiation may help us to aggressively treat babies who
are at risk for developing stage 2 or 3 and thereby decrease
mortality and morbidity associated with NEC stage 2 and 3.
It could also prevent indiscriminate use of antibiotics, which
might itself be associated with adverse outcomes.

Table 4. Details of individual and composite scores among controls and infants with NEC

Components of the score Time prior to diagnosis Controls (Mean + SD) NEC (Mean + SD) p-value
D7 148 +0.12 1.61+0.12 44
Clinical D2 1.58+0.12 1.56+0.12 .93
D1 1.58+0.11 1.61+0.11 .82
D0.5 1.58+0.10 1.76 £0.10 A7
D7 0.00 +0.02 0.02 +0.02 .33
Radiology D2 0.00 0.00
D1 0.05+0.05 0.10£0.05 .54
D0.5 0.43+£0.11 0.32+£0.11 4.78
D7 0.01+0.06 0.20 +0.06 .02
Laboratory D2 0.03+£0.05 0.17 £0.05 .03
D1 0.01+0.04 0.12+0.04 .05
DO0.5 0.10+£0.08 0.34+£0.08 .05
D7 0.20 £ 0.07 0.41 +0.07 .04
Feeding D2 0.28 £0.08 0.56 £ 0.08 13
D1 0.28 £0.09 0.68 £0.08 .001
DO0.5 0.18+0.11 1.24+0.11 .001
D7 0.20 £0.08 0.32+£0.08 .29
Gastric Residuals D2 0.07 £0.07 0.307 £ 0.07 .03
D1 0.30 £0.09 0.22 +0.09 51
DO0.5 0.23+0.11 0.54+£0.10 .04
D7 1.93+0.18 2.56 +0.18 .01
Grand total D2 2.18+£0.17 2.37+£0.17 42
D1 2.20+0.20 2.73+£0.20 .05
DO0.5 2.50 £0.22 4,20 +£0.22 .001

Note. D7 = Day 7 before the diagnosis; D2 = Day 2 before the diagnosis; D1 = Day 1 before the diagnosis; D0.5 = Day 0.5 before the diagnosis; NEC: necrotizing

enterocolitis

w

—+— Controls
NEC

Total Score
N
n

~

-

D7 D2 D1 D0.5
Time prior to diagnosis

I 111 I
Ii"i‘ Established

NEC

Suspicion
of NEC

Figure 1. Composite total scores of the prediction tool in
infants with NEC Stage 2 and 3, and controls at day 7 (D7),
day 2 (D2), 24 hours (D1) and 12 hours (D0.5) before the
suspicion of NEC

Published by Sciedu Press

Studies which have used single clinical or laboratory mea-
sure to predict the development of NEC have not been shown
to be sensitive or specific due to the protean presentations
of NEC. Similarly, a common presentation, such as ap-
nea/bradycardia episodes, presence of bands in peripheral
blood counts, bloody stools, or acidosis in established NEC
have been inconclusive since these findings have been incon-
sistently present in NEC and present in other illness.?0-23]
Since the manifestations of NEC are varied, and may affect
respiratory, immune, or gastrointestinal systems, using a scor-
ing tool that includes all these presentations may improve
the prediction, particularly among the infants who would
develop NEC stage 2 or 3.

Recently, Ji et al.*®! devised a computer-based algorithm
utilizing demographic, clinical, radiological, laboratory and
feeding parameters to develop a risk stratification model in
an attempt to predict disease severity at the presentation of
NEC. Clinical features such as respiratory distress and gas-
tric residuals, observed to be different between the 2 study
groups in our study, and in prior reports!'3 were not observed
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to be significant by Ji et al.”®! This lack of association be-
tween respiratory distress and gastric residuals and severity
of NEC observed by Ji et al. could be related to inclusion of
multiple factors in their study that may be collinear relation-
ship to these clinical measures, and may explain the loss of
statistical significance in multivariate analysis. Further, there
is difference in the timing when the scores were performed.
In our study, the score was calculated at several time points
prior to initial suspicion of NEC while for Ji et al. it was
when the disease was already established. This difference has
substantial clinical importance since the elucidation of at risk

prior to disease onset and progression will allow initiation of
aggressive treatment as compared to continued clinical obser-
vation. More recently Fox et al.!'”! developed a scoring tool
used to predict progression to NEC stage 1 with early inter-
vention leading to stopping the progression of NEC stage 1 to
NEC stage 2 and stage 3. The parameters used were readily
available clinical data, including behavioral, cardiovascular,
respiratory and gastrointestinal parameters, but lacked inclu-
sion of routine laboratory data which are included in our tool
and infact they are the more discriminatory of the studied
parameters between NEC stage 1 and NEC stage 2 and 3.

Table 5. Area under the curve, sensitivity and specificity for scores of < 2 at specific time points before the diagnosis of

necrotizing enterocolitis

Time before NEC indays AUC + SE 95% CI Sensitivity Specificity
0.5 0.80 + 0.05 0.70-0.90 0.98 0.83
1 0.62 + 0.06 0.50-0.75 0.85 0.75
2 0.53 +0.06 0.41-0.66 0.85 0.78
7 0.64 + 0.06 0.52-0.76 0.85 0.72

Note. NEC: necrotizing enterocolitis; AUC: area under the curve; Cl: confidence interval

Early prediction of severity of NEC gives clinicians oppor-
tunity to use biomarkers to confirm diagnosis, and institute
newer and novel treatment modalities which may not only
decrease the severity of NEC but may be able to completely
prevent it as there is a time lag between the prediction tool
and the established disease. Also as these newer modalities
are expensive, the ability to define a population which may
be at risk for developing severe disease, these diagnostic
and treatment modalities can be used judiciously for at risk
population.27-3%!

Our findings are limited by the retrospective nature of our
study, although we validated the data extraction from charts,
variation in nursing documentation of clinical signs may have
altered our findings. Use of this multi-parameter scoring tool
to determine whether more aggressive treatment for at risk
infants for developing NEC stage 2 and 3, even before radio-
logical confirmation of pneumatosis intestinalis, may result

in a less severe course of NEC and improve morbidity and
mortality.

In conclusion, we describe a multi-parameter scoring tool
that includes routinely available clinical, radiological, labo-
ratory and feeding variables and is able to distinguish infants
who will develop NEC stage 2 and 3 from those with NEC
stage 1, 24 hours prior to established disease. Since this
a pilot study further investigation aimed at prospectively
validating this screening tool is needed.
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