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DILATATION OF BOWEL LOOPS ON RADIOLOGICAL IMAGES:

PROGNOSTIC VALUE IN NECROTIZING ENTEROCOLITIS*

Daniel Lahan Martins1, Anderson Gonçalves2, Guilherme de Castro Dabus1, Joaquim Murray

Bustorff-Silva3, Hugo Oliveira Olímpio4, Beatriz Regina Alvares5, Lourenço Sbragia3

OBJECTIVE: To evaluate the prognostic value of bowel loops dilatation as a finding on radiographs in the
development and mortality of neonates with necrotizing enterocolitis. MATERIALS AND METHODS: On
abdominal radiographs of 53 patients for diagnostic suspicion of necrotizing enterocolitis, the major diam-
eters of dilated bowel loops (AD) were measured, as well as the distance between the upper border of the
first lumbar vertebra and the lower border of the second one (L1-L2), and the distance between the lateral
borders of the first lumbar vertebra (L1) pedicles, and the subsequent association between AD/L1-L2, AD/
L1. This measure was considered as a possible determining factor for potential complications, surgical inter-
vention and mortality. RESULTS: The patients who needed surgical management and who had complica-
tions during progression and died of the disease had showed increased AD and AD/L1-L2 (p < 0.05). AD/
L1 values and site of the most dilated bowel loop were not different in the groups with unfavorable progres-
sion. CONCLUSION: Bowel loop dilatation detected on initial supine abdominal radiographs suggests a worst
prognosis in necrotizing enterocolitis. Furthermore, measurement of the most dilated bowel loop on these
radiographs is a simple and reproducible method that adds diagnostic and prognostic information.
Keywords: Necrotizing enterocolitis; Radiography; Progression.

Valor preditivo da distensão de alças intestinais em radiografias no prognóstico de enterocolite necrosante.

OBJETIVO: Avaliar o valor prognóstico da distensão de alças intestinais observada em radiografias na evo-
lução e mortalidade de neonatos com enterocolite necrosante. MATERIAIS E MÉTODOS: Nas radiografias
de abdome de 53 pacientes obtidas no momento da suspeita diagnóstica de enterocolite necrosante, foi
realizada a medida do diâmetro da alça mais distendida (AD), assim como a distância entre a borda superior
da primeira vértebra lombar e a borda inferior da segunda (L1-L2), a distância entre as bordas laterais dos
pedículos da primeira vértebra lombar (L1), e foram estabelecidas as associações entre AD/L1-L2 e AD/L1.
Esta medida foi considerada como possível determinante de potenciais complicações, intervenção cirúrgica
e mortalidade. RESULTADOS: Os pacientes que necessitaram de tratamento cirúrgico, aqueles que tiveram
complicações durante a evolução e aqueles que morreram da doença tiveram a relação entre AD e AD/L1-L2
maiores (p < 0,05). Os valores de AD/L1 e a localização da alça mais distendida não foram diferentes nos
grupos com evolução desfavorável. CONCLUSÃO: Distensão de alça intestinal detectada em radiografias de
abdome realizadas na admissão sugerem pior prognóstico em enterocolite necrosante. Outrossim, medidas
do diâmetro da alça mais distendida nessas radiografias são um método simples e reprodutível que oferece
informações diagnósticas e prognósticas.
Unitermos: Enterocolite necrosante; Radiografia; Evolução.
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to aid in the decision making process to
define therapeutic strategies in case of ne-
crotizing enterocolitis(5–7).

Frequently, abdominal radiographs are
requested at the admission of patients with
symptoms suggesting necrotizing entero-
colitis, aiding in the initial steps for the
management of the disease. Furthermore,
radiographic images provide information
on the disease progression, including the
detection of necrotizing enterocolitis com-
plications(8,9), as well as forewarning of the
risk of intestinal perforation in the presence
of distended loops(10,11).

The present study was aimed at evalu-
ating the prognostic value of intestinal

INTRODUCTION

Necrotizing enterocolitis is the most fre-
quent gastrointestinal emergency occurring
in neonates, and the main cause of death
due to gastrointestinal diseases in this
population. This disease affects 11% of
infants weighing less than 1,500 g(1), with
mortality rates approaching 40%(2). The
group under highest risk includes infants
from mothers who have given birth with
less than 28 weeks of gestation, and birth
weight < 1,000 g(3,4).

Considering that the clinical presenta-
tion at the initial symptoms onset is vari-
able, a comprehensive workup is required
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loops distension evidenced on abdominal
radiographs in correlation with the neces-
sity of surgical intervention, occurrence of
complications and mortality rate in neo-
nates with necrotizing enterocolitis.

MATERIALS AND METHODS

The present prospective study included
54 infants diagnosed with necrotizing en-
terocolitis, and assisted in the intensive care
unit of our institution, in the period be-
tween 1995 and 2005, with the previous
approval of the Committee for Ethics in
Human Research.

Chart 1 Necrotizing enterocolitis staging system based upon historical, clinical and radiographic data

(adapted from Bell et al.(7)).

Stage I (suspect)

a. Any one of more historical factors producing perinatal stress.

b. Systemic manifestations – temperature instability, lethargy, apnea, bradycardia.

c. Gastrointestinal manifestations – lack of appetite, increasing pregavage residuals, emesis, mild

abdominal distension, occult blood in stool (no anal fissure).

d. Abdominal radiographs demonstrating distension and paralytic ileus.

Stage II (definite)

a. Any one or more historical factors.

b. Above mentioned signs and symptoms plus persistent occult blood in stool or gastrointestinal

bleeding; marked abdominal distension.

c. Abdominal radiographs show significant intestinal distension with paralytic ileus; edema in small

bowel loops, persistently distended intestinal loops, portal vein gas.

Stage III (advanced)

a. Any one or more historical factors.

b. Above mentioned signs and symptoms plus deterioration of vital organs, evidence of septic shock

or severe gastrointestinal bleeding.

c. Abdominal radiographs may demonstrate pneumoperitoneum in addition to other findings described

on IIc.

The necrotizing enterocolitis stages
were defined as I, II or III, according to the
Bell’s criteria, in the presence of symptoms
suggesting this disease (Chart 1)(7).

The first abdominal radiograph after the
suspicion of necrotizing enterocolitis was
performed with the patient in dorsal decu-
bitus, and the image was analyzed by two
radiologists. The most distended intestinal
loop was identified and its diameter (AD)
was measured with a millimeter ruler. Mea-
surements were performed as proposed by
Edwards (Table 1)(10), assessing the dis-
tance between the upper edge of the first
lumbar vertebra and the lower edge of the

second one, including the disc space (L1-
L2) and the distance between the lateral
edges of the first lumbar vertebra (L1)
pedicles (Figure 1). Also, the AD/L1-L2
and AD/L1 ratios were calculated.

Such measurements and evaluations
were aimed at obtaining absolute values of
intestinal loops distension, minimizing dif-
ferences of height, weight and age, so al-
lowing them to be compared.

The site of the most distended loop was
classified according to the following ana-
tomical regions: right hypochondrium, left
hypochondrium, right flank, left flank,
right iliac fossa, and left iliac fossa.

Radiological findings were compared
among the patients with different outcomes
related to the disease progression: necessity
of surgical intervention, complications and
death. necrotizing enterocolitis complica-
tions considered were: intestinal perfora-
tion, enteral fistula, dehiscence, colonic
stenosis, and necrotizing enterocolitis re-
fractoriness to the treatment(2,11). Measure-
ments were correlated with the Bell’s ne-
crotizing enterocolitis staging system at the
moment of the diagnostic suspicion in or-

Figure 1. Abdominal radiograph of a neonate with

necrotizing enterocolitis demonstrating the mea-

surements utilized in the present study. AD, diam-

eter of the most distended loop; L1, distance be-

tween the lateral edges of the first lumbar vertebra

(L1) pedicles; L1-L2 - distance between the upper

edge of the first lumbar vertebra and the lower edge

of the second one, including the disc space.

Table 1 Ratio of diameter of the most distended intestinal loop (AD) and measurements between lat-

eral edges of the first lumbar vertebra (L1) pedicles and between upper edges of the first lumbar vertebra

and lower of the second (L1-L2) (adapted from Edwards(10)).

Population, Age/loop-vertebra ratio

Normal (n = 375) / 0.9:

AD/L1-L2

AD/L1

Suspected NEC (all) (n = 188) / 11.3:

AD/L1-L2

AD/L1

Proved NEC (n = 48) / 17.1:

AD/L1-L2

AD/L1

Suspected NEC, not-proved (n = 140) / 9.3:

AD/L1-L2

AD/L1

Congenital obstruction (n = 24) / 3.4:

AD/L1-L2

AD/L1

Mean

0.61

0.57

0.96

0.90

1.05

0.97

0.93

0.87

1.63

1.59

Standard deviation

0.11

0.11

0.20

0.21

0.23

0.23

0.18

0.19

0.40

0.38

NEC, necrotizing enterocolitis.
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Table 2 Clinical and radiological data of neona-

tes with necrotizing enterocolitis.

Maturity

Preterm

Term

Delivery type

Cesarean

Normal

Sex

Male

Female

Nutritional status

SGA

AGA

LGA

Birth weght (g)*

Gestational age

(weeks)*

Symptoms onset

(days)*

AD (mm)*

AD/L1-L2*

AD/L1*

49 (92%)

4 (8%)

38 (60%)

15 (40%)

30 (57%)

23 (43%)

28 (53%)

24 (45%)

1 (2%)

1590.6 (± 586.5)

520–2790

33.3 (± 2.7)

28–39.3

16.4 (± 14,4)

1–75

18.64 (± 5.84)

10.00–44.40

1.28 (± 0.32)

0.76–2.75

1.53 (± 0.37)

0.92–3.38

Patients description

SGA, small for gestational age; AGA, adequate for ges-

tational age; LGA, large for gestational age. * Mean (±

standard deviation).

der to minimize other clinical factors inter-
ference on the disease prognosis.

The non-parametric Kruskal-Wallis test
was utilized for statistical analysis to com-
pare two or three groups, and the chi-square
test for data organized in 2 × 2 and 3 × 2
tables (statistical significance = p < 0.05).

RESULTS

Clinical and radiological data describ-
ing the 53 patients with necrotizing entero-
colitis are shown on Table 2.

The association between radiological
measurements and progression, and Bell’s
staging system is demonstrated on Table 3.
Groups different from Bell’s system have
presented no variation as regards measure-
ments or progression (p < 0.05).

The correlation between clinical and
radiological findings and surgical interven-
tion, complications and death are shown,
respectively, on Tables 4, 5 and 6.

The patients submitted to surgery and
those with complications presented in-
crease in AD and AD/L1-L2 ratio; patients

Table 4 Correlation between clinical and radiological data and surgical intervention rate.

Progression

Neonates

n (%)

Maturity (preterm/term)

Delivery type (cesarean/normal)

Nutritional status (SGA/AGA/LGA)

Birth weight (g)

Gestational age (weeks)

AD (mm)*

AD/L1-L2*

AD/L1

Surgical intervention

No

33 (62%)

32/1

22/11

17/16/0

1487.12

33.2

16.82

1.19

1.47

Yes

20 (38%)

17/3

16/4

11/8/1

1761.25

33.4

21.65

1.42

1.63

p

0.148

0.235

0.391

0.128

0.818

0.002

0.024

0.165

SGA, small for gestational age; AGA, adequate for gestational age; LGA, large for gestational age. * p < 0.05.

Table 5 Correlation between clinical and radiological data and complications rate.

Progression

Neonates

n (%)

Maturity (preterm/term)

Delivery type (cesarean/normal)

Nutricional status (SGA/AGA/LGA)

Birth weight (g)

Gestational age (weeks)

AD (mm)*

AD/L1-L2*

AD/L1

Complications

No

41 (77%)

39/2

30/11

22/18/1

1561.09

33.5

17.07

1.20

1.49

Yes

12 (23%)

10/2

8/4

6/6/0

1691.25

32.8

24.01

1.54

1.68

p

0.217

0.458

0.822

0.581

0.292

0.001

0.009

0.338

SGA, small for gestational age; AGA, adequate for gestational age; LGA, large for gestational age. * p < 0.05.

Table 6 Correlation between clinical and radiological data and mortality rate.

Progression

Neonates

n (%)

Maturity (preterm/term)

Delivery type (cesarean/normal)

Nutricional status (SGA/AGA/LGA)

Birth weight (g)

Gestational age (weeks)

AD (mm)*

AD/L1-L2*

AD/L1

Mortality

No

42 (79%)

38/4

30/12

21/0/21

1636.78

33.6

18.02

1.22

1.48

Yes

11 (21%)

11/0

8/3

3/1/7

1414.09

32.2

21.05

1.51

1.73

p

0.382

0.625

0.077

0.282

0.116

0.544

0.032

0.210

SGA, small for gestational age; AGA, adequate for gestational age; LGA, large for gestational age. * p < 0.05.

Table 3 Correlation between Bell’s stages, admission time and AD, AD/L1-L2, AD/L1 and disease

progression.

Bell

n (%)

AD (mm)

AD/L1-L2

AD/L1

Surgical intervention (no/yes)

Complications (no/yes)

Death (no/yes)

Bell I

11 (21%)

19.36

1.23

1.40

8/3

8/3

10/1

Bell II

16 (30%)

17.38

1.25

1.39

10/6

11/5

12/4

Bell III

26 (49%)

19.12

1.33

1.58

15/11

4/12

20/6

p

0.454

0.373

0.063

0.689

0.451

0.557
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who progressed to death demonstrated high
AD/L1-L2 ratio (p < 0.05).

In the group of patients who progressed
to surgery, 12 presented complications, and
seven died. No significant difference was
found in clinical data (maturity, delivery
type, nutritional status, birth weight, and
gestational age at delivery) and radio-
graphic measurements (AD, AD/L1-L2,
AD/L1) among patients who progressed to
surgical intervention, those who presented
complications and those who progressed
do death (p < 0.05).

In 16 (30%) patients, the most distended
loop was located on the right iliac fossa, in
15 (28%) on the left flank, in 9 (17%) on the
left iliac fossa, in 2 (4%) on the right hypo-
chondrium, and in 2 (4%) on the left hypo-
chondrium. No significant association was
found between the site of most distended
loop and the disease progression (p < 0.05).

DISCUSSION

Necrotizing enterocolitis is the first
cause of death due to gastrointestinal dis-
eases in neonates, and is characterized by
the development of diffuse intestinal necro-
sis in the preterm neonate submitted to
some type of stress(12,13). This disease inci-
dence is inversely related to the gestational
age at delivery and birth weight(14,15). Also,
age at the symptoms onset is inversely pro-
portional to the gestational age at delivery:
the more premature the infant, the longer
the necrotizing enterocolitis onset takes to
occur(7).

The clinical presentation is non-spe-
cific, including abdominal distension,
hemotochezia, food intolerance, biliary
symptoms, circulatory and respiratory in-
stability(5). Between 27% and 63% of neo-
nates with necrotizing enterocolitis require
surgical intervention(16).

Considering the wide range of symptoms
at the moment the necrotizing enterocoli-
tis is suspected, complementary examina-
tions, particularly abdominal radiography,
may aid in the identification of neonates
with imminent intestinal necrosis and neo-
nates requiring immediate surgical inter-
vention for minimizing complications(8,17).

The presence of generalized intestinal
distension is a relevant sign for an early
diagnosis, and distended loops distribution

is important in the evaluation of the disease
progression. Both findings constitute key
radiological elements in the diagnosis of
necrotizing enterocolitis(18). Not always
intramural gas and gas in the portal system
are associated with the disease severity.
Also, not always the disappearance of these
symptoms means a clinical recovery(19).

There is no review article demonstrat-
ing radiographic findings in patients with
symptoms suggesting necrotizing entero-
colitis and its association with their prog-
nosis. Wexler has studied five neonates with
necrotizing enterocolitis, and has suggested
that neonates with a persistently distended
loop were considered as candidates for lap-
arotomy. On the other hand, Leonard et al.
have measured loops in 21 neonates with
necrotizing enterocolitis and correlated with
surgical indication. None of the authors has
correlated the distended loop measurement
with the disease prognosis (20,21).

Pneumoperitoneum and free intraperi-
toneal fluid, as well as persistently dis-
tended loop (sentinel loop sign) found in
consecutive radiographic evaluations con-
stitute radiological indication for sur-
gery(22).

Abdominal radiography is an important
tool in the necrotizing enterocolitis diagno-
sis(10,23). Measurements of the most dis-
tended loop may be reliable indicators of
necrotizing enterocolitis when its diameter
is similar to the measurement of the L1
vertebra(10).

The results of the present study demon-
strated that measurements performed on
abdominal radiographs confirm numeri-
cally the subjective impression of clinical
experiments that distended loops are re-
lated to a poorer prognosis. Neonates with
unfavorable progression (those who re-
quired surgical intervention, underwent
complications or died) demonstrated intes-
tinal loops more distended on abdominal
radiograph at the moment of their admis-
sion for suspicion of necrotizing entero-
colitis.

Notwithstanding, it is necessary to be
careful, especially with preterm neonates
with intestinal distension secondary to
positive-pressure ventilatory assistance,
considering that in these cases this finding
does not necessarily imply severity of the
patients’ clinical condition(8).

Neonates submitted to surgery pre-
sented AD and AD/L1-L2, respectively
29% and 20% higher than those who have
not been submitted to surgery (p < 0.05).
Neonates with complications presented AD
and AD/L1-L2, respectively, 40% and 28%
higher, in comparison with those with no
complication (p < 0.05). Additionally, neo-
nates who progressed to death presented
AD/L1-L2 24% higher than those who sur-
vived (p < 0.05).

These neonates did not presented any
other disease or clinical alteration, so no
influence of these factors was present on
the results of radiographic measurements.

In spite of the absence of a statistically
significant difference, the right iliac fossa
was the most frequent site of the most dis-
tended loop (30%), which may be ex-
plained by the difficulty of collateral circu-
lation in the ileum-terminal region(24,25).

As regards neonates fitting into the
same stage of the Bell’s system, and pre-
senting with different disease progression,
a statistically significant difference was
observed between radiographic measure-
ments only in some groups, possibly be-
cause the small sampling size of our series.

The Bell’s necrotizing enterocolitis
staging system, besides representing a
clinical guidance added to the evaluation
of the intestinal distention degree on ab-
dominal radiographs, may aid in the defi-
nition of the disease prognosis, consider-
ing that, at stages I and II, the presence of
a significant intestinal distention increases
the suspicion of the disease severity(10,26).
Neonates requiring surgical intervention
presented with intestinal loops measuring
more than 21 mm (p < 0,05), while those
who developed additional complications
presented with intestinal loops measuring
more than 24 mm (p < 0,05).

CONCLUSION

The measurement of the most dilates
bowel loop in association with AD/L1-L2
on abdominal radiographs is a simple, non-
expensive and easily reproducible method
that adds diagnostic and prognostic infor-
mation regarding surgical outcomes and
complications in patients with necrotizing
enterocolitis.
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