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Abstract N\
The purpose of this study was to explore the diagnostic significance of abdominal sonography (AUS) in infants with Necrotizing |
enterocolitis (NEC) admitted to a neonatal intensive care unit to better evaluate the ability of AUS to differentiate necrotizing
enterocolitis from other intestinal diseases.

All patients diagnosed with NEC at the Department of General Surgery and Neonatal Surgery, Qilu Children‘s Hospital between
1st, Jun, 2010 and 30th, Dec, 2015. The logistic regression analysis and the area under receiver operating characteristic (ROC) curve
(AUCs) were also used to identify the sonographic factors for diagnosing NEC.

For the entire cohort of 91 patients, we divided these patients into suspected NEC (n=35) group and definite NEC (n=56) group.
After adjusting for competing sonographic factors, we identified that thick bowel wall (more than 2.5mm) (P=.013, OR: 1.246),
intramural gas (pneumatosis intestinalis) (P=.002, OR:1.983), portal venous gas (P=.022, OR:1.655) and reduced peristalsis
(P=.011, OR:1.667) were independent diagnostic factors associated with NEC. We built a logistic model to diagnose NEC according
to the results of multivariable logistic regression analysis. We found the AUROC for thick bowel wall (more than 2.5 mm), intramural
gas (pneumatosis intestinalis), portal venous gas and reduced peristalsis were significantly lower than the AUROC for the logistic
model was 0.841 (95% Cl: 0.669 to 0.946).

We found that thick bowel wall (more than 2.5mm), intramural gas (pneumatosis intestinalis), portal venous gas and reduced
peristalsis were independent diagnostic factors associated with NEC. The logistic model was significantly superior to the single
sonographic parameter for diagnosing NEC.

Abbreviations: AUS = abdominal sonography, NEC = Necrotizing enterocolitis, NICU = neonatal intensive care units, Pl =

pneumatosis intestinalis, PVG = portal venous gas, ROC = receiver operating characteristic.
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1. Introduction

Necrotizing enterocolitis (NEC) is the most common and
devastating gastrointestinal emergency, and remains one of the
dominant cause of death of neonates in neonatal intensive care
units (NICU).I"3! The incidence of NEC varies between 3 and
28%, with an average of 6% to 10% in newborns weighing less
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than 1500 g.!** High mortality rates among children with NEC
are largely due to late diagnosis of early complications, and
increasing survival of premature infants with extremely low birth
weight who have proportionally increased frequency of severe
NEC.[*”! Many investigators and surgeons developed novel
diagnostic methods for this challenging disease and improved
strategies for treatment and prevention.®! Despite these efforts,
NEC remains a difficult and elusive disease with the a mortality
rate as high as 30%.°7"%!

Traditionally the gold standard for imaging of the neonatal
intestine has been the interpretation of the intestinal gas pattern
on plain abdominal radiographs. Radiographs are widely
available, cheap, can be acquired bedside, and have long been
the cornerstone of imaging evaluation in entities such as
necrotizing enterocolitis.""*~®! However, the interpretation of
abdominal radiographs in infants can be challenging at times and
the intestinal gas pattern can be nonspecific.

To date significance of sonographic findings in the diagnosis
and prognosis of NEC has been reported in a number of
studies.''”""” Studies have examined the abdominal sonogra-
phy (AUS) as an adjunctive measure for the diagnosis and
management of infants with NEC. AUS is that it enables the
direct evaluation of the intestinal wall on grayscale imaging,
peristalsis on real-time imaging and bowel-wall perfusion.
Moreover, the AUS simultaneously enables evaluation of the
peritoneal cavity for free fluid and focal fluid collections, as well
as free gas.
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The purpose of this study was to explore the diagnostic
significance of AUS in infants with NEC admitted to a neonatal
intensive care unit to better evaluate the ability of AUS to
differentiate necrotizing enterocolitis from other intestinal
diseases.

2. Patients and methods

2.1. Patients included

All patients diagnosed with NEC at the Department of General
Surgery and Neonatal Surgery, Qilu Children‘s Hospital between
1st, Jun, 2010 and 30th, Dec, 2015. We prospectively analyzed
103 neonates with an early diagnosis of suspected (stage I) or
definite (stage IT) NEC based on the NEC definition by Walsh and
Kliegman.?"! Furthermore, stage II was sub-classified into IIA
and IIB according to the systemic signs, radiographic findings and
intestinal signs. In brief, patients’ clinical symptoms, radiograph-
ic findings, and blood tests were used for NEC classification.
After further investigation, 12 patients were excluded from the
study because of the incomplete data. Finally, 91 premature
neonates were analyzed in this study and we divided the group of
neonates into suspected NEC group and definite NEC group.

2.2. Data collection and techniques

It was considered suggestive of NEC, if one or more of the
following clinical symptoms were present: increased gastric
residual before feeding (20% of feeding volume), marked
abdominal distension, absence of bowel sounds, abdominal
tenderness with or without discoloration and bloody stool
without evidence of rectal fissure. The diagnosis of NEC was
confirmed by radiographic findings that demonstrated significant
effects in univariate analysis for diagnosis of NEC. After
adjusting for competing sonographic evidence including thick
bowel wall (more than 2.5mm), intramural gas (pneumatosis
intestinalis) and portal venous gas, clinical findings were
evaluated by the same physician and the same pediatric surgeon
throughout the study. Once NEC was suspected, plain abdominal
radiography was performed immediately. Patients’ AUS and
radiographic images were reviewed, as were their clinical,
pathological and laboratory archives. The AUS and radiographic
findings were reviewed by 2 board-certified radiologists (a
pediatric radiology fellow and a pediatric radiologist with more
than 15 years of experience). Both were blinded to the clinical
outcome and to the findings of other imaging modalities.
Decisions were reached by consensus. Sonographic examination
was performed by using PHILIPS EPIQS, PHILIPS IU Elite, with
an abdominal 5 to 12 MHz probe transducer. Gray scale images
were used to assess bowel wall for thickening (>2.5mm) and
thinning (< 1.1 mm), pneumatosis intestinalis (PI), portal venous
gas (PVG), and intraabdominal fluid. This study was approved by
the Ethics Committee of Qilu Children‘s Hospital of Shandong
University, Shandong, China. The aim, risks, and possible
benefits of the study were explained to the parents, and written
informed consent was obtained from each and the date was 1st,
Jun, 2010.

2.3. Development of logistic regression model

The independent sonographic factors found to be significantly
related to diagnosis of NEC at multivariable logistic analysis in all
patients were entered into the logistic model. The sum of the odds
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rate which impact the regression function was used in the logistic
model to predict the diagnosis of preterm neonates with NEC.

2.4. Statistical analysis

Continuous variables were expressed as mean + SD (standard
deviation) and compared using a 2-tailed unpaired Student’s ¢
test; categorical variables were compared using x2 or Fisher
analysis. The cut-offs of bowel wall was defined by Youden index
shown in receiver-operating characteristic (ROC) curve analysis
and by other published reports.!*1*2! The diagnostic performance
of the thick bowel wall (more than 2.5mm), intramural gas
(pneumatosis intestinalis), portal venous gas and reduced
peristalsis were measured using the area under ROC curve
(AUC). AUCs were also used to compare the logistic with other
single sonographic parameter for diagnosing NEC using the
Hanley and McNeil method.”**! The predictions of all models
were expressed in sensitivity, specificity, positive and negative
predictive values at a particular cut-off value. A value of P < .05
was considered significant in all the analyses. Statistical analysis
of continuous and categorical variables and ROC curve analysis
were computed using MedCalcV.11.0.3.0 (MedCalc software,
Mariakerke, Belgium).

3. Results

3.1. Description of the study population

Throughout the study period, 91 preterm neonates were
hospitalized with an early diagnosis of suspected NEC (n=35)
or definite NEC (n=356). We demonstrate AUS findings in
Table 1.

3.2. Description of abdominal ultrasonography

AUS revealed free peritoneal gas (n=10), abdominal fluid (n=38),
thick bowel wall (more than 2.5 mm) (n=3), thin bowel wall (less

Demographic and clinical characteristics of all patients (n=91).

Suspected  Definite NEC
NEC (N=35) (N=56)
number number

Variables (percent) (percent) P value
Maternal age (years, mean + SD) 29.2+4.6 28.8+4.8 426
Multiple births (%) 9 (25.7) 16 (28.6) .766
Female gender (%) 15 (42.8) 25 (44.6) .867
Gestational age (weeks, mean + SD) 29.3+3.2 29.6+2.6 .326

Birthweigth (g, mean +SD)
Abdominal sonography

1.432+0.416 1.389+0.385 137

Free peritoneal gas 10 (28.6) 18 (32.1) 7?2
Abdominal fluid 8 (23.9) 12 (21.4) 873
Thick bowel wall (more than 2.5 mm) 3(8.6) 17 (30.4) .028
Thin bowel wall (less than 1.1 mm) 4 (11.4) 12 (21.4) 223
Intramural gas 7 (20.0) 25 (44.6) 017

(pneumatosis intestinalis)

Portal venous gas 2 (11.4 14 (25.0) .019

Focal fluid collections 15 (42.8) 27 (48.2) 618
Reduced peristalsis 4 (11.4) 17 (30.4) .037
Treatment modality (%) .001
Medical 35 (100) 17 (30.4)
Surgery 0 39 (69.6)
Mortality 0 4(7.2) 106
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than 1.1mm) (n=4), intramural gas (pneumatosis intestinalis)
(n=7), portal venous gas (n=2), focal fluid collections (n=135)
and reduced peristalsis (n=4) in suspected NEC group. While in
the definite NEC group, there were free peritoneal gas (n=18),
abdominal fluid (n=12), thick bowel wall (more than 2.5 mm)
(n=17), thin bowel wall (less than 1.1 mm) (n=12), intramural
gas (pneumatosis intestinalis) (n =23), portal venous gas (n=14),
focal fluid collections (n=27) and reduced peristalsis (n=17).
Among these characteristics, there were significant differences of
thick bowel wall (more than 2.5 mm) (P=.028), intramural gas
(pneumatosis intestinalis) (P=.017), portal venous gas (P=.019)
and reduced peristalsis (P=.037) between these 2 groups.
Figure 1 illustrates the sonographic findings of different groups
of patients.

3.3. Diagnostic value of sonography

A multivariable logistic regression analysis was performed to
assess these sonographic factors that demonstrated significant
effects in univariate analysis for diagnosis of NEC. After
adjusting for competing sonographic factors, we identified that
thick bowel wall (more than 2.5mm) (P=.013, OR: 1.246),
intramural gas (pneumatosis intestinalis) (P=.002, OR:1.983),
portal venous gas (P=.022, OR:1.655) and reduced peristalsis

www.md-journal.com

Multivariate logistic regression for diagnosis of premature
neonates with NEC.

Multivariate
Variable Beta value OR 95% ClI P value
Thick bowel wall (more 0.463 1246  1.168-3.482 .013
than 2.5 mm)
Intramural gas (pneumatosis 0.328 1.983  1.284-4.125 .002
intestinalis)
Portal venous gas 0.217 1655  1.471-3.318 .022
Reduced peristalsis 0.124 1.667  1.461-2.971 .011

(P=.011, OR:1.667) were independent diagnostic factors
associated with NEC (Table 2).

3.4. The role of sonographic parameters in diagnosing
NEC

The performance of sonographic parameters to diagnose NEC
was measured in term of AUROC. The AUROC for thick bowel
wall (more than 2.5 mm), intramural gas (pneumatosis intesti-
nalis), portal venous gas and reduced peristalsis were 0.595 (95 %
CI: 0.442 to 0.736) (Fig. 2A), 0.687 (95% CI: 0.500 to 0.839)

Free peritoneal gas

Portal venous gas

Figure 1. Abdominal sonography scans obtained using a 12 MHz linear tranducer in neonates. The examinations were performed 12 hours after the onset of clinical
signs: (A) free peritoneal gas; (B) portal venous gas; (C) intramural gas (pneumatosis intestinalis); (D) thick bowel wall (more than 2.5 mm).
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Figure 2. Receiver operating curve of 4 sonographic features seen in neonates with necrotizing enterocolitis. The sonographic parameters were: thick bowel wall
(more than 2.5mm)(A), intramural gas (pneumatosis intestinalis) (B), portal venous gas (C) and reduced peristalsis (D).

(Fig. 2B), 0.708 (95% CI: 0.522 to 0.855) (Fig. 2C) and 0.667
(95% CI: 0.479 to 0.823) (Fig. 2D), respectively. Table 3 shows
the predictive accuracies of these parameters in diagnosing NEC.

Moreover, we built a logistic model to diagnose NEC according

to the results of multivariable logistic regression analysis. We
found the AUROC for the logistic model was 0.841 (95% CI:
0.669 to 0.946) (Fig. 3), which was significant higher than the
single sonographic parameter for diagnosing NEC.

Predictive accuracies of AUS characteristics in diagnosing patients with NEC.

Variable Thick bowel wall Intramural gas Portal venous gas Reduced peristalsis Logistic model
AUROC 0.595 0.687 0.708 0.667 0.841
Sensitivity 30.7% 37.5% 50.0% 75.0% 90.0%
Specificity 88.4% 100.0% 91.6% 58.3% 63.6%
Positive-predictive value 78.0% 74.0% 82.0% 63.0% 80.0%
Negative-predictive value 46.0% 62.0% 55.0% 78.0% 64.0%
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Figure 3. Receiver operating curve of logistic model in neonates for diagnosing
necrotizing enterocolitis.

4. Discussion

Necrotising enterocolitis (NEC) is a serious disorder in preterm
infants with a mortality of up to 60%. In order to reduce the
mortality, early and precise diagnosis and rapid initiation of
proper treatment are essential.”*?%! The etiology of NEC is yet
incompletely understood, although several fundamental factors
in the pathogenesis, such as prematurity, enteral feeding,
intestinal colonization by bacteria and bowel ischemia are
known.*®! The clinically suspected diagnosis was usually
confirmed by abdominal radiography (AR) which was also used
for developing a well-known staging system of NEC by Bell.["!
Bell’s original classification system, as well as its modified version
by Walsh and Kliegman!°! are still widely applied. Although
many reports have been published on ultrasound use for
diagnosing NEC,'*”-*#] Plain AR continues to be used as the
current standard imaging modality for diagnosing NEC.

Ultrasound offers some potential advantages over plain X-ray
films, in that it can depict bowel wall thickness and echogenicity,
free and focal fluid collections, peristalsis, and the presence or
absence of bowel wall perfusion using Doppler imaging.!'**! An
additional benefit is the absence of ionizing radiation. Recent
data suggest that abdominal US can identify or exclude infants
with NEC who may need surgery by detecting bowel necrosis
(prior to the development of perforation or clinical deterioration)
with high sensitivity and specificity. Surgically intervening earlier
in the clinical pathway of NEC may lead to improved
outcomes.*! Finally, ultrasound may be useful in helping to
decide the appropriate time to re-initiate and advance feeding.
Consistent with previous research results, our findings showed
that several sonographic factors that demonstrated significant
effects in univariate analysis for diagnosis of NEC were
independent diagnostic factors after multivariable logistic
regression analysis.
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The significant usefulness of AUS in the diagnosis of NEC, known
since 1984, was reported in a number of studies.'”**3! Studies
have examined the AUS as an adjunctive measure for the diagnosis
and management of infants with NEC. This imaging modality
allows for an earlier detection of typical NEC signs, with more rapid
disease management. When comparing with the AR in predicting
NEC, studies showed that AR can depict bowel distension, to some
extent bowel wall thickness, pneumatosis intestinalis (PI) portal
venous gas (PVG) and free abdominal air, while AUS could easily
depict as well. Moreover, AUS provides important additional
information regarding bowel wall viability and free abdominal fluid,
which might be helpful in diagnosis and management of NEC.3*%!
The great value of AUS is that it enables the direct evaluation of the
intestinal wall on grayscale imaging, peristalsis on real-time imaging
and bowel-wall perfusion with Doppler interrogation. Moreover,
the AUS simultaneously enables evaluation of the peritoneal cavity
for free fluid and focal fluid collections, as well as free gas. It is
generally considered a “real-time” and the radiologists could not
objectively and accurately evaluate the ultrasound examinations in
retrospect. This study identified thick bowel wall (more than 2.5
mm), intramural gas (pneumatosis intestinalis), portal venous gas
and reduced peristalsis were significant in diagnosing NEC.
Thickening of bowel wall during NEC occurs due to mucosal
hemorrhage and edema, and its finding is proposed to reflect the
earliest pathologic feature in NEC prior to the formation of PL
Thickening of the bowel wall usually is accompanied by an increase
in echogenicity. Meanwhile, some case reports were published to
show that .a thickness below 1.0mm indicated an abnormal
thinning resulting from ischemia or necrosis, while in this study, it
showed no independent significance. Intramural gas emerges due to
the passage of presence of intramural air, delivered by bacterial
fermentation of intestinal contents, into the injured bowel wall. PVG
is believed to originate from the absorption of intramural gas into the
intestinal venous system travelling into the portal vein thereafter,
thus PVG is as early a finding as PL***! After that, we explored the
performance of sonographic parameters to diagnose NEC in term of
AUROC. We found the AUROC for the logistic model was 0.841
(95% CI: 0.669 to 0.946), which was significantly higher than the
single sonographic parameter for diagnosing NEC.

However, there are limitations of this study:

(1) the sample size is too small in this study, and further larger
sample studies are needed to confirm the present results;

(2) whether the logistic model have the optimal specificity and
sensitivity for NEC diagnosis and prognosis also needs future
confirmation.

In conclusion, we found that thick bowel wall (more than 2.5
mm), intramural gas (pneumatosis intestinalis), portal venous gas
and reduced peristalsis were independent diagnostic factors
associated with NEC. The logistic model was significant superior
to the single sonographic parameter for diagnosing NEC.
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