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ABSTRACT

Necrotising enterocolitis (NEC) in preterm
babies is a serious gastrointestinal emergency
with potentially devastating consequences.
Prompt and accurate diagnosis continues

to be a challenge for health professionals.
Early identification of clinical warning signs is
extremely important, but the diagnosis relies
heavily on the interpretation of abdominal
radiographs. Postgraduate training of
paediatricians and neonatologists in neonatal
abdominal radiography is scarce, and there

is variability of radiological input to neonatal
services. Lack of a standardised approach and
descriptive terminology for interpretation may
result in inadequate communication between
clinical and surgical teams, inaccurate
diagnosis, inappropriate treatment, and
unnecessary cessation of feeds and transfers
to surgical units. This paper offers a guide
designed for the doctor who on a busy

night shift needs to interpret an abdominal
radiograph and decide on a differential
diagnosis of NEC in a preterm baby. It helps
to provide structure and standardisation to
interpretation of radiological signs using a
comprehensive but simple method to support

the clinical diagnosis. Our aim is to enhance
the correct diagnosis of NEC.

INTRODUCTION
Necrotising enterocolitis (NEC) is a
serious life-threatening gastrointestinal
disease in the newborn, affecting 1%-5%
of neonatal intensive care unit admissions
and up to 10% of neonates under 1500¢g."
The incidence and severity of NEC rise in
inverse relationship to gestational matu-
rity. The overall mortality rate in NEC
is between 20% and 40%, approaching
50% in extremely low birthweight
infants, who require surgical treatment of
NEC.? Approximately 25% of NEC survi-
vors suffer from serious comorbidities
including short gut syndrome and neuro-
development impairment.>™

The current diagnosis of NEC is based
on the modified Bell’s criteria®” (table 1),
which include clinical, pathophysiolog-
ical and radiological signs, and classify
the severity of the disease in stages from
I (suspicion of NEC) to IIIB (perforated
NEC). The system, based on the surgical

Table 1

Modified Bell's staging criteria (Kliegman and Walsh’)

Modified Bell's staging  Clinical findings

Radiographic findings Gastrointestinal findings

Stage | Apnoea, bradycardia and
temperature instability.

Stage IIA Apnoea, bradycardia and
temperature instability.

Stage IIB Metabolic acidosis and
thrombocytopaenia.

Stage llIA Mixed acidosis,
coagulopathy, hypotension,
oliguria.

Stage llIB Shock, worsening vital

signs and laboratory
values.

Mild abdominal distension,
stool occult blood, gastric
residuals.

Moderate abdominal
distension, haematochezia,
absent bowel sounds.
Abdominal tenderness and
oedema.

Abdominal wall oedema,
erythema and induration.

Normal gas pattern or mild
ileus.

lleus with dilated

bowel loops and focal
pneumatosis.

Widespread pneumatosis,
portal venous gas, ascites.
Moderate to severely
dilated bowel loops,
ascites, no free air.

Pneumoperitoneum. Bowel perforation.
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Figure 1 Soap bubble appearance (arrow) persisting at 48 hours
into treatment for necrotising enterocolitis. Found to be necrotic
ascending colon at laparotomy.

description of 48 cases published in 1950, is based on
categorical criteria for X-ray appearances, which are
not always straightforward. The current surviving
population of extreme premature infants often have
degrees of intestinal dysmotility that produce abnormal
X-ray changes that are not in themselves secondary to
NEC but are prone to misinterpretation.

Abdominal X-rays (AXRs) are heavily relied on to
help establish a diagnosis of NEC. Interpretation of
plain abdominal radiographs in premature infants is
usually challenging, and as a consequence feeds may be
suspended for several days in many of these babies
because of a concern of NEC, impairing both nutri-
tional and neurodevelopment outcomes.* > Correct
identification of specific signs on abdominal radio-
graphs and consistency in terminology are therefore
paramount.

In this article we offer guidance for interpreting
abdominal radiographs in preterm babies where NEC
is a differential diagnosis.

PATHOLOGICAL CORRELATION WITH
RADIOGRAPHY

In NEC, bacteria penetrate the mucosal defence, and
their by-products of metabolism lead to the formation
of intramural gas (figures 1-3). As NEC progresses,
the inflammatory cascade leads to transmural involve-
ment. Eventually, ischaemic changes take place due to
compromise of the microvasculature. Necrosis of the
non-perfused bowel wall finally takes place and may
be so severe that sloughing of the bowel wall occurs,
eventually leading to perforation (figures 4-6)."

Interpretations

Figure 2 Widespread pneumatosis seen as crescents (arrow).

There is strong evidence of a multifactorial aetiology.
Predisposing factors include genetic susceptibility,
intestinal immaturity, imbalance in microvascular tone,
abnormal microbial colonisation of the intestines and a
highly immunoreactive intestinal mucosa.®

Figure 3 Arrow 1 shows the branching tree of the portal venous
gas. Arrow 2 shows the crescents of pneumatosis. Arrow 3 shows
widespread soap bubbling.
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Figure 4  The football sign" is demonstrated with gas on either side
of the falciform ligament (arrow 1). Arrow 2 shows the lucency over
the liver, indicating pneumoperitoneum.

Figure 5 Arrow 1 shows gas under the diaphragm. Arrow 2 shows a
‘triangle” under the liver. Arrow 3 points at the ‘Rigler sign’.

Figure 6  X-ray taken lying on the left side. Arrow 1 shows the
‘Rigler sign’. Arrow 2 shows widespread soap bubbling. Arrow 3 shows
the solid liver clearly outlined by free intraperitoneal gas when the
baby is placed right side up.

Many of the radiographic signs of NEC are depen-
dent on the phenomenon of gas-forming organisms
intruding on the tissue planes in the gut and thereby
revealing their pathological presence. Pneumatosis
intestinalis (intramural gas) in a neonate is consid-
ered a virtually pathognomonic radiographic sign
of NEC. The bubbly appearance is due to submu-
cosal gas ‘blebs’, whereas curvilinear lucencies in the
bowel wall are due to gas in a subserosal location.
The reported incidence of pneumatosis in cases of
NEC varies from 19% to 98%."'° However, in clin-
ical practice, disagreement often occurs over signs on
X-rays when it is unclear if findings are suggestive of
pneumatosis or not.

The other virtually pathognomonic sign is portal
venous gas (PVG). It is not as early a sign as pneuma-
tosis and may appear and disappear rapidly, and may
easily be missed."” PVG (portal venous gas) may also
be seen when a UVC is in situ, where there is no prior
suspicion of NEC.

Pneumoperitoneum is a frequent indication for
surgical intervention, but is complicated by the fact
that only in between one half and three quarters of
patients with perforation is free air detectable even
on lateral film. .Physiological deterioration despite
maximal medical therapy remains a relative indication
for operation.”

RADIOGRAPHIC TECHNIQUE

A supine anteroposterior film is recommended when
NEC is suspected. Further AXRs (612 hourly), depen-
dent on the clinical state of the infant, are recom-
mended if there are signs of pneumatosis on the initial
radiograph.

A lateral decubitus radiograph (right side up) may be
useful when perforation is suspected but not clear on
plain anteroposterior X-ray. A lateral shoot-through
radiograph, with the baby supine rather than right side
up, may be useful in case of an unstable infant where
it would be beneficial to reduce or avoid movement.
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Box 1 Proposed guide: how to read abdominal

X-rays where there is a suspicion of necrotising
enterocolitis (NEC)

A. General information.
> Identify.
— The patient.
— Date of the film.
— Time of the film.
» Check the adequacy of the film.
— Ensure that it is a straight film and appropriately
centred.
— Make sure it includes all of the abdomen, tops of the
diaphragms and the lung bases.
— Check the X-ray penetration.

— Note the presence of artefacts such as gel mattresses,

monitoring equipment and so on.
> Assess the degree of rotation.

— Assess the orientation of the visible anterior ribs
and the pelvic appearances to determine if there is
significant rotation.

» Equipment.

— Identify the site and location of equipment such as
gastric tubes, drains, urine catheters, long lines and
umbilical catheters.

» Chest.

— If visible, assess the chest for signs of pathology.

> Air.

— Stomach bubble on the left, unless suspected
rotational abnormality.

— Bowel gas pattern.

— Normal: a reasonable amount of equal calibre gut
throughout the abdomen™.
— Abnormal: any alteration to calibre, continuity,
asymmetry or paucity.
> Soft tissue.

— Liver should be located on the right upper quadrant
and should cross the midline.

— Kidneys may be visible as soft tissue shadows.

— Bladder may be visible as a soft tissue density
projected over the central pelvis, possibly rising into
the abdomen.

» Bone.

— Spine: look for abnormal vertebrae and asymmetries.

— Sacrum: look for sacral anomalies.

— Ribs: number and shape.

» Abnormal shadows.
— Calcifications: are usually radio-opaque shadows.
— Mass.
— Areas of different opacities within a shadow.
— Mass effect when bowel is pushed all to one side.

B. Signs of NEC.

Box 1 Continued

Interpretations

NEC, and therefore clinical correlation and presence of
other radiological signs are required for a presumptive
diagnosis of NEC. It is generally accepted that the bubbly
appearance is due to submucosal gas ‘blebs’, whereas
curvilinear lucencies in the bowel wall are due to gas in a
subserosal location.

The bubbly morphology may be confused with stool in

a normal colon. This is more commonly seen in older
infants and children. A follow-up film 6 hours later is
recommended to observe changes in position in the case
of stool. The bubble pattern in stools is more regular and
uniform and with very small bubbles. Stools are irregular,
and different textures can be appreciated.

Gas in the portal venous system (figure 3): seen as a
shadow on the liver area, like the branching of a tree
upwards. This is typically appreciated in the periphery

of the liver, compared with biliary air, which is centrally
located. Care should be taken not to mistake bronchial
shadows from the inferior lobe of the right lung for
portal venous gas; these would appear as branches of a
tree pointing downwards. Portal venous gas is seen easily
in USS (Ultra sound scan).

C. Signs of perforation (figures 4, 5, 6 and 8).'®

| 2

Rigler sign: is a sharp demarcation of the bowel wall
(almost like a line drawn with a pencil), usually one of
the first signs of perforation and implies that there is air
on both sides of the bowel wall.

Football sign: a large ovoid or circular lucency over the
liver or in the central part of the abdomen due to a large
amount of free intraperitoneal air. Sometimes, but not
always, the falciform ligament is outlined due to the air
being present on either side of it. This is seen as a faint
linear opacity situated longitudinally within the right
upper abdomen, reeresentmg the seams or laces of an
American football."

Air under the diaphragm: can be seen in an
anteroposterior or lateral view. Lateral view, ask for right
side up so that the solid liver is clearly outlined by free
intraperitoneal gas.

Triangle sign: when free air becomes trapped in between
loops of bowel, it can give the appearance of triangular
shapes. This is also commonly seen under the liver.
Lucency over solid abdominal organs: lucency over a
solid organ may be indicative of pneumoperitoneum. This
may be of variable sizes and may not look like a football.
Gas in patent processus vaginalis (PPV): gas in the PPV
can be seen with perforation and may reach down to the
scrotum in boys.

D. Other important signs.

» Crescents (figures 2, 3 and 7): curvilinear appearance of > Fixed loop: the presence of a non-moving, persistently
intramural gas—pathognomonic of NEC. Crescents are dilated loop has been f?g’g“ed as a hallmark of
more commonly seen in the right lower quadrant (NEC impending perforation.™ "It is a radiographic sign that
commonly affects the terminal ileum and the ascending should be interpreted with caution as such loops can
colon). However, they may involve any part of the normalise with medical treatment. o
gastrointestinal tract including the stomach. » Persistent pneumatosis (flg'ure'1):.pneumat05|s visible on
» Soap bubbles (figures 1, 3 and 6): symmetrical, small, in X-rays beyond 24hours of institution of therapy may be
linear patterns—soap bubbles are not always specific of an indication of severe ischaemia.
Continued Continued
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Box 1 Continued

» Bowel dilatation: bowel dilatation is considered normal
in premature babies on invasive and non-invasive
ventilation. The normal calibre of the bowel loop should
be equal to the measurement of either the width of L5 or
the distance between the top of L1 to the bottom of L2.

» Separation of the bowel loops (figure 9): an increase
in peritoneal fluid between the loops. Commonly seen
in generalised or systemic sepsis and not in itself an
indication of primary gut pathology. It is often mistaken
as ‘thickened bowel wall'.

» Dilated bowel loops in the centre of the abdomen
(described by some surgeons as the ‘flowerpot’ sign):
implies that there is significant ascites and correlates
with a sick baby.

» Dilated loops surrounding an area of the abdomen that
looks radio-opaque (‘inverse flower pot’ sign): implies a
mass occupying the central abdominal space.

E. Some frequently used terminology.

» Thickened bowel wall: often misinterpreted as
oedematous bowel wall. Pathology specimens show that
bowel loops affected by NEC are not oedematous but

in fact separated from adjacent loops by intraperitoneal Figure 8 Both arrows show the very subtle difference in

fluid. radiolucency indicating large gas bubble in front of the liver from
» Mottling: a term commonly used in neonatal care but perforation.

not clear or specific; preferred terminology is ‘bubbly’ or

'soap bubbles'.
It is useful to remember that when a sick neonate presents with It is important to develop a methodical approach
abdominal distension, the ‘abdominal’ symptoms may also be (box 1) to reading AXRs as it ensures that important

secondary to non-abdominal pathology such as chest infection.
Therefore, review the lung visible on the abdominal film. ) . ] )
*It is accepted that one cannot distinguish small and large immediate attention are recognised.
intestines on a plain X-ray in an infant, as the normal haustral
pattern of the colon is not seen. The position of the gut in the
abdominal radiograph is not an indication of which part of the
intestine it is.

structures are not ignored and findings that require
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Figure 9 Infant with sepsis (not necrotising enterocolitis). The
arrow point to the ‘separation of bowel loops’ by an increase in
Figure 7 Crescent from pneumatosis. intraperitoneal fluid.
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Figure 10 Multiple choice questions 4 and 5: abdominal X-ray of
the infant.

CLINICAL QUESTIONS
In a preterm baby with non-specific symptoms, does a
normal AXR rule out NEC?

NEC is a multisystem disease and the diagnosis relies
on a full assessment of the infant with analysis of clin-
ical and laboratory markers and radiology. The main
problem with radiographic signs of NEC is that they
might have a high positive predictive value (the highest
values for pneumoperitoneum) but a very low sensi-
tivity (less than 50%). The X-ray should always be
interpreted in conjunction with the clinical picture.
Tam et al'® reviewed the medical records of 80 infants
undergoing exploratory laparotomy for presumed

Interpretations

advanced NEC or focal intestinal perforation (FIP).
Radiographic criteria were evaluated as predictors of
NEC or perforation. They demonstrated high speci-
ficity but low sensitivity for radiographic signs tradi-
tionally associated with NEC and FIP (table 2).

In a baby with NEC, is resolution of pneumatosis and PVG
on AXR a good sign?

In most patients the resolution of pneumatosis indi-
cates clinical improvement, although in some babies
the disappearance of pneumatosis coincides with clin-
ical worsening. The amount of intramural gas present
does not always relate to the clinical severity of NEC.'”

PVG in NEC probably occurs in between 10% and
30% of patients. It is commonly associated with more
severe disease and a higher mortality than babies
without PVG. However, as with pneumatosis, clinical
improvement does not always accompany the disap-
pearance of PVG on radiographs.'”’

In a preterm baby, should the presence of dilated bowel
loops on AXR raise a suspicion of NEC?

Diffuse gaseous distension of the intestine is frequently
suspected of indicating early or developing NEC.
However, many premature babies who do not have
NEC also have distended abdomen, particularly in
the first 2 weeks of life. Low birthweight infants may
frequently suffer from gaseous distension, bile-stained
aspirates and intolerance to feeds in the absence of any
detectable anatomical abnormality. Babies on nasal
CPAP (continuous positive airway pressure) also often
have distended abdomen.’

Is ‘bowel wall thickening’ a reliable sign on AXR in a baby
with suspected NEC?

‘Separation’ of gas-filled bowel loops on radiography
is often misinterpreted as being secondary to bowel
wall thickening. In reality it is the increase in intra-
peritoneal fluid that creates this separation between
the loops. It is a non-specific radiographic sign and
should be interpreted with caution. It can be seen

Table 2 Probability analysis of radiological criteria as predictors of necrotising enterocolitis or perforation as stratified by birth

weight'®

Radiological finding Group Sensitivity (%) Specificity (%) Positive predicative value (%) Negative predictive value (%)  Prevalence (%)

Pneumatosis All 44 (n=27) 100 (n=19) 100 36 34
EX LBW 35 (n=12) 100 (n=15) 100 41 24
LBW 56 (n=15) 100 (n=4) 100 25 48

Portal venous gas All 13 (n=8) 100 (n=19) 100 26 10
EX LBW 12 (n=4) 100 (n=15) 100 50 8.1
LBW 15 (n=4) 100 (n=4) 100 15 13

Pneumoperitoneum All 52 (n=23) 92 (n=33) 88 61 29
EX LBW 47 (n=15) 100 (n=17) 100 50 31
LBW 67 (n=8) 84 (n=16) 73 80 26

Gasless abdomen All 32 (n=14) 92 (n=33) 82 52 18
EX LBW 41 (n=13) 82 (n=14) 81 42 27
LBW 8.3 (n=1) 100 (n=19) 100 63 28

EX LBW, extremely low birth weight; LBW, low birth weight.
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in systemic sepsis and when the infant is generally
oedematous. True bowel wall thickening is difficult
to determine from plain abdominal radiographs and
in fact is rarely seen in NEC. Abdominal ultrasound
is a better modality to assess bowel wall thickness.' !

Are there any other diagnostic modalities that may be
useful in the management of a baby where NEC is a
possible diagnosis?

Abdominal ultrasonography (AUS) has been reported as
a valuable tool for depicting the presence of focal fluid
collections and free gas, particularly in those patients
who might have already perforated but have no evidence
of this on AXR. Furthermore, it is useful in studying
bowel wall thickness, perfusion (colour and power
Doppler imaging) and peristalsis, all of which cannot be
assessed on X-ray. PVG is also easily seen on AUS. Rela-
tive limitations include difficulty in imaging when there
is a large amount of bowel gas and the potential to cause
abdominal discomfort in a labile patient." ' 12

LIMITATIONS

The recognised AXR changes in NEC have a good
positive predictive value but low sensitivity. Frequently
in clinical practice, however, the changes may be subtle
and difficult to interpret. Other more non-specific
signs are frequently misinterpreted as indicating NEC,
and the clinical experience of the treating physician
can be paramount in ensuring correct interpretation
and management.

There is variation in interpretation of AXR signs
among clinicians>™" and also among different profes-
sional groups. No formal training is currently offered
to paediatricians.

We present a local guideline based on agreement
among groups of professionals in order to standardise
interpretation.

CONCLUSIONS

AXR remains the modality of choice for diagnosis and
follow-up of NEC. Clinical correlation is important.
The standardisation of X-ray interpretation aims to
avoid cases of misclassified NEC and thereby reduce
the number of babies subjected to periods of suspended
oral feeding and unnecessary transfers, both of which
have an overall negative impact on neurodevelopmental
outcomes of preterm babies. Early identification of
abnormal signs on X-rays will allow timely institution of
medical therapy in cases of NEC.

Search strategy

Online OVID search was conducted using Embase
from 1974 to 2018 and OVID Medline(R) from 1946
to 2018. The following were the keywords used:
Necrotising enterocolitis OR Necrotizing Enteroco-
litis OR NEC AND X-ray OR imaging OR radiology
OR radiograph AND Diagnosis OR signs. Eighty-four
articles were obtained, of which 33 were found to be

relevant. Referenced articles from some of the papers
were also studied. A total of 19 articles were selected
for final article submission.

Clinical bottom lines

» Although positive radiographic findings are of great
predictive value, negative findings do not rule out the
possibility of necrotising enterocolitis (NEC).

» Both pneumatosis and portal venous gas are
pathognomonic signs of NEC; however, their absence
or disappearance is not always a reassuring sign and
therefore improvement should always be assessed
clinically.

» Dilated bowel loops on X-ray are a non-specific sign and
may also be present in normal premature babies; other
clinical and pathophysiological signs are required to
make a diagnosis of NEC.

» True 'bowel wall thickening' is rarely seen in NEC; the
term ‘separation of bowel loops’ is more appropriate and
is as such a non-specific sign.

» Abdominal USS is a useful adjunct to X-ray and can
provide additional valuable information in patients with
NEC.

Test your knowledge

Choose one answer for each of the following:
1. Which of the following signs is considered pathognomonic of
necrotising enterocolitis (NEC)?
A. Pneumoperitoneum.
Pneumatosis intestinalis.
Distended bowel loops.
Flower pot sign.
Football sign.

monNnw®m

2. Which sign is not suggestive of perforation?
Rigler sign.

Pneumoperitoneum.

Football sign.

Gas in patent processus vaginalis.
Intramural gas.

moNw>

3. Ina baby with NEC, which of the following may be considered an
indication for surgical intervention?
A. Inverse flower pot sign.
B. Separation of bowel loops.
C. Presence of crescents in the right lower quadrant.
D. Rigler sign.
E. Soap bubbles in the right lower quadrant.

4. In figure 10, which of the following signs is not present?

A. Intramural gas.
B. Rigler sign.
C. Dilated bowel loops.
D. Air under the diaphragm.
E. Gas in the portal venous system.
5. What is the diagnosis in the infant based on the X-ray findings in
figure 10?
A. NEC.
B. NEC with perforation.
C. Volvulus.

D. Intussusception.
E. Focal intestinal perforation.

Answers to the quiz are at the end of the references.
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