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Abstract

Background: The plain abdominal x-ray is one of the commonly requested
investigations in the children emergency room, paediatric surgical ward and
neonatal wards. The short interval required to carry out this investigative
procedure and obtain results makes it the first imaging modality used to un-
ravel the different causes of acute abdominal conditions in children. The
safety of abdominal x-ray in children makes it attractive for use in paediatric
surgical practice as part of routine work-up for undifferentiated acute abdo-
minal conditions and also to diagnose specific causes of acute abdomen in
children. Setting: Olabisi Onabanjo University Teaching Hospital, Sagamu,
Ogun State. Objectives: Evaluation of the role of plain abdominal x-ray in
diagnosing common acute abdominal conditions in children. Materials and
method: Patients admitted to the children emergency room, paediatric surgical
wards, children’s ward and neonatal ward who had plain abdominal x-ray as
part of their diagnostic work-up were included in the study. They were stu-
died prospectively between March 2011 and April 2021. Results: Three Hun-
dred and Ninety-nine patients who had plain abdominal x-rays as part of
their diagnostic work-up were studied. Males were 240 while females were
159, a male to female ratio of 1.5:1. The patients were aged between 1 day to
16 years. Differential diagnoses made with plain abdominal x-ray were intes-
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tinal obstruction in 298, perforated viscus 69 patients, intra-abdominal
masses 13 patients and location of intra-abdominal foreign body 14. Intestin-
al obstruction cases in which plain abdominal x-ray played a role in their di-
agnosis and management included the following: intussusception 66, neonat-
al sepsis 60, malrotation 48, intestinal atresia 42, anorectal malformation 32,
hirschsprung’s disease in 30 cases, pyloric stenosis 24, obstructed hernia 22,
post-operative adhesions 16 and intestinal helminthiasis 12. Perforated viscus
accounted for 69 indications. Out of these indications, perforated gut in in-
tussusception 19, perforated typhoid ileitis was responsible in 13 cases, gut
perforation in blunt abdominal trauma 8, perforation in strangulated hernia
11 cases, perforated gut in malrotation 7, ceacal perforation in hirschsprugs
disease 6 and colonic perforation in necrotizing enterocolitis 5 cases. Con-
clusion: Plain abdominal x-ray remains a role to play in the differential di-
agnosis and management of common paediatric acute abdominal conditions.
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1. Introduction

Acute abdominal conditions present commonly in the children emergency room
and their management will require investigative modalities to aid the differential
diagnosis of the underlying surgical abdominal condition [1]. Abdominal radio-
graphy remains one of the most readily available investigations in the emergency
department. In spite of its usefulness in making quick provisional diagnosis for
the paediatric patient with surgical abdominal conditions, it is limited by several
factors such as low sensitivity and specificity in confirming definitive diagnosis
and correctly excluding other differential diagnosis [2].

However, plain radiograph of the abdomen continues to be a great and useful
diagnostic tool for quick and early identification of neonatal, infantile, childhood
and adolescent abdominal conditions such as neonatal intestinal obstruction,
neonatal sepsis, pyloric stenosis, intestinal perforation, swallowed foreign body
and abdominal masses. In the past, it was the only available tool for radiological
assessment of a paediatric patient with acute abdomen [3].

Presently, the advent of modern radiological modalities of investigations such
as abdominal ultrasound, abdominal computerized tomography scan and mag-
netic resonance imaging techniques have further improved the usefulness of
plain abdominal x-ray in resolving more complex surgical conditions of the ab-
domen in paediatric age group [4].

The non-invasive nature and low-risk of ionizing radiation make plain abdo-
minal x-ray relevant and safe as a radiological modality for the differential diag-

nosis of children with acute abdominal conditions [5].
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In assessing the surgical abdomen of the child using plain abdominal radio-
graph, the erect, supine and lateral views are usually employed. Other views that
could provide useful information are decubitus film and cross-table lateral view
[6].

Basic information regarding the size, shape and position of abdominal organs
can also be obtained with plain abdominal x-rays. The presence of stones in the
gallbladder, kidneys and ureters could be detected by the plain abdominal radi-
ograph [7].

The aim in employing paediatric radiological diagnostic modalities is to ob-
tain the required diagnostic information using the least radiation dosage. For in-
stance, the well-known double-bubble sign is suggestive of duodenal atresia with-
out the need for further radiologic investigations. Plain abdominal radiographs
can suggest the presence of pyloric stenosis, intussusception, paralytic ileus, intes-
tinal obstruction, pathologic calcification and abdominal masses [8].

They also provide information on intramural air, portal venous air, free in-
tra-peritoneal air and air under the diaphragm secondary to intestinal perfora-
tion. It is important for the paediatrician to be familiar with normal findings of
plain abdominal radiographs in infants and young children that are different
from those in adults.

The reason for carrying out this study is to evaluate the usefulness of plain
abdominal x-rays in making provisional and definitive for common acute ab-

dominal condition in children at our centre.

2. Methodology

Patients admitted to the children emergency room, paediatric surgical wards,
children’s ward and neonatal ward and who had plain abdominal x-ray as part
of their diagnostic work-up were included in the study. They were studied pros-
pectively between March 2011 and April 2021 (10 years period).

The study site was paediatric surgery division of department of surgery, Ola-
bisi Onabanjo University Teaching Hospital, Sagamu, Ogun State, Nigeria.

Ethical approval was obtained from the health and research committee of our
institution before the commencement of this study.

Patients who presented with features of acute abdomen and who eventually
had plain abdominal x-ray as part of the initial diagnostic investigative modality
were enrolled into the study.

The bio-data, clinical features and indications for plain abdominal x-ray re-
quests were documented in a structured proforma. The provisional diagnosis was
initially documented before carrying out the plain abdominal x-ray. The features
on the plain abdominal x-ray were also noted and recorded in the research pro-
foma.

The relevant parameters seen on plain abdominal x-ray which assisted in as-
sessing the role of plain abdominal x-rays in diagnosing acute abdominal condi-

tions in children were single bubble gas shadow for pyloric stenosis, double bub-
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ble gas shadow suggestive of duodenal atresia, triple bubble gas shadow sugges-
tive of jejunal atresia, multiple air-fluid level suggestive of intestinal obstruction,
free peritoneal air (pneumo-peritoneum) and air under the diaphragm which
suggest intestinal perforation. Others include radiopaque objects for swallowed
foreign bodies and soft tissue shadows seen in intra-abdominal masses.

Patients included in this study were those who had features of acute abdo-
men and associated symptoms and signs which required plain abdominal x-ray
as relevant radiological investigation employed towards achieving a definitive
pre-operative diagnosis.

Data collected were analyzed using SPSS version 25.

3. Results

Three hundred and ninety-nine patients who had plain abdominal x-rays as part
of their diagnostic work-up to unravel the underlying aetiology of acute paedia-
tric surgical abdomen. Males were 240 while females were 159, a male to female
ratio of 1.5:1. The patients were aged between 1 day to 16 years. Differential di-
agnosis made with the plain abdominal x-ray were intestinal obstruction in 298,
perforated viscus 69 patients, intra-abdominal masses 13 patients and location of
intra-abdominal foreign body 14. Intestinal obstruction cases in which plain
abdominal x-ray played a role in their diagnosis and management included the
following: intussusception 66, neonatal sepsis 60, malrotation 48, intestinal
atresia 42, anorectal malformation 32, hirschsprung’s disease in 30 cases, pyloric
stenosis 24, obstructed hernia 22, post-operative adhesions 16 and intestinal
helminthiasis 12.

Perforated viscus accounted for 69 indications. Out of these indications, per-
forated gut in intussusception 19, perforated typhoid ileitis was responsible in 13
cases, gut perforation in blunt abdominal trauma 8, perforation in strangulated
hernia 11 cases, perforated gut in malrotation 7, ceacal perforation in hirsch-
sprugs disease 6 and colonic perforation in necrotizing enterocolitis 5 cases.

Predominant symptoms that were associated with surgical abdomen in the
patients studied were abdominal pain, irritability, abdominal swelling, history of
bilious vomiting, history of recurrent and persistent vomiting, history of inability
to pass meconium and stool, passage of red currant jelly stool, intra-abdominal
masses, history of swallowed foreign body and history of previous abdominal sur-
gery.

Significant physical findings elicited from the patients at presentation were
abdominal tenderness in the older child, abdominal distension, hyper-active bowel
sounds, hypo-active bowel sounds passage of bloody stool and blood-stained fin-

ger on digital rectal examination.

4. Discussion

In our study, we evaluated the usefulness of plain abdominal x-rays in the differen-

tial diagnosis of acute abdominal conditions in children. Amongst the patient stu-
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died, the commonest indication for using plain abdominal x-ray in children with
acute surgical conditions was intestinal obstruction, this was followed by neonatal
sepsis. Other indications observed in this study were swallowed foreign body, intes-
tinal perforation from abdominal trauma, strangulated hernia, intussusception and
perforated typhoid ileitis. Plain abdominal x-ray was also useful in identifying in-
crements in organ and tissue sizes as seen in abdominal masses. These findings
from our study are similar to the results of other workers [9] [10] [11].

Plain abdominal x-ray was useful in making pre-operative provisional and de-
finitive diagnosis for our patients with intestinal obstruction, intestinal perfora-
tion, swallowed foreign body and abdominal masses.

Diagnostic features seen on plain abdominal x-rays which assisted in making
provisional differential and definitive diagnosis for acute paediatric surgical ab-
dominal conditions includes the single bubble shadow (Figure 1) which is sug-
gestive of pyloric stenosis, the double bubble gas-shadow (Figure 2) which sug-
gests doudenal atresia, triple bubble gas shadow (Figure 3) which suggests je-
junal artresia, multiple air-fluid levels suggestive of small bowel obstruction
(Figure 4), intra-abdominal radiopaque object (foreign body) in the descending
colon (Figure 5(a)) and intra-abdominal radiopaque object (foreign body) in
the stomach (Figure 5(b)), pneumo-peritonuem (Figure 6) which is in keeping
with intestinal perforation. Air under the diaphragm suggests intestinal perfora-
tion (Figure 7). The usefulness of these features on plain abdominal radiographs
in diagnosing acute paediatric surgical abdominal conditions has also been hig-
hlighted by some researchers [12] [13] [14]. Traditionally, the erect and supine
plain abdominal x-ray views are mostly employed in diagnosing acute paediatric
surgical abdominal conditions; these were the views used in our study and this
findings is also in agreement with the results of other workers [15] [16].

On the other hand, an erect film can give extra information on the presence of
intra-peritoneal free gas and the position of the diaphragm. Other useful views

are lateral and lateral decubitus views [17].
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Figure 1. Plain abdominal x-ray showing the single
bubble shadow of pyloric stenosis.
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Figure 3. Tripple bubble-gas shadow suggestive of jejun-
al atresia.

Figure 4. Multiple air-fluid levels with typical step-ladder
pattern suggestive of ilealobstruction.
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(a) (b)

Figure 5. (a) Foreign body in the large bowel (descend-
ing colon); (b) Foreign body in the stomach.

It/
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Figure 6. Extra-luminal intra-peritonial gas suggestive of
pneumo-peritoneum secondary to intestinal perforation.

Figure 7. Air under the diaphragm from intestinal per-
foration.

In our study, the prominent symptoms that were associated with significant
plain abdominal x-rays findings and surgical abdomen were abdominal pain and
irritability, abdominal swelling, history of bilious vomiting, history of recurrent
and persistent vomiting, history of inability to pass meconium and stool, passage
of red currant jelly stool, intra-abdominal masses, history of swallowed foreign
body and history of previous abdominal surgery. This is similar to the findings
of Hampson et al. [18].
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Physical findings that the agreed with radiological reports in diagnosing com-
mon surgical abdominal conditions in children were abdominal tenderness in the
older child, abdominal distension, passage of bloody stool and blood-stained fin-

ger on digital rectal examination and hyper active bowel sounds [19].

5. Conclusion

Plain abdominal x-ray remains a useful radiological investigative tool for the di-
agnosis of acute surgical conditions in children.
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