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ABSTRACT

Background: Abdominal pain is common in children that can manifest
as acute or chronic. In some cases, are requires immediate
management. The most difficult challenge is to make diagnosis to
identify the cause.

Objective: This study is aimed to demonstrate the evidence of the use
of abdominal ultrasonography (AUS) to determine the cause of pain in
relation to surgical decision.

Methods: Patients with acute abdominal pain were referred for AUS.
Prospective cross- sectional method was done in 268 children aged 5
to 15 years old, in which 116 of them are male. Patients who did not
require surgery and outpatients were asked to make a response
whether the improvement during and after the treatment. Patient who
were required surgical, will be confirmed by histopathology.

Results: No abnormalities (563.73%). The abnormal findings were:
enterocolitis (13.43%), mesenteric adenitis (12.68%), constipation
(6.72%), appendicitis (6.34%), cystitis (5.97 %), adrenal tumor (0.07 %)

INTRODUCTION

Abdominal pain in paediatrics can manifest as either acute or
recurrent pain. Acute abdominal pain is defined as a severe,
sudden, and persistent pain that requires surgical
intervention. Appley defined recurrent abdominal pain as an
attack that occurred at least 3 times in 3 months within the
past 1 year.! Epidemiological data shows that 10-12% of boys
in the age 5-10 suffered from abdominal pain, but the
incidence rate keep on decreasing later on. Girls are more
prone to functional abdominal pain than boys with the ratio
of (15.9% vs 11.5%.2

Barr classified abdominal pain into 3 groups: organic,
dysfunctional and psychogenic. Organic pain is caused by a
particular disease, such as urinary tract infection. Diagnosis
of an organic disease as the cause of recurrent abdominal pain
have been reported, but only found in 5-15.6% of the cases.®
Dysfunctional pain is caused by a variety of normal
physiology and is divided into two categories, the specific
pain syndrome (if the mechanism to produce pain is known)
and nonspecific pain syndrome (if the mechanism is unclear
or unknown). Psychogenic pain is caused by either emotional
or psychosocial stress in absence of organic abnormalities or
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and intussusception (0.04%). Findings shows, the use of AUS to deter
mine the cause were able to reduce surgical decision from 27.98% to
7.46%. Thus, ultrasonography changed the management plan in
20.52%of patients.
Conclusion: The AUS is useful for evaluation abdominal pain in
children. An accurate diagnosis is important to prevent unnecessary
surgery.
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dysfunction. The cause of recurrent abdominal pain is the
biggest contributing factor of psychophysiology.:?

Diagnosing abnormalities of the abdominal organs requires
radiological imaging in order to find the cause of abdominal
pain in children. The imaging techniques such as
fluoroscopy, computed tomography (CT-scan) and magnetic
resonance imaging (MRI) are advanced, but plain abdominal
radiography remains the modality of choice to assess the
signs and symptoms of suspicious bowel pathologies. On the
other hand, AUS plays a very significant role in detecting the
presence of abdominal organ pathology in pediatric patients.
In our hospital, AUS is the first modality of choice in
assessing pediatric patients with abdominal pain. In certain
conditions in which AUS could not be done optimally, such
as the presence of excessive intestinal gas, an additional
procedure such as X-Ray is conducted to eliminate the
presence of abdominal organ perforation. AUS alone have
often been able to identify the cause of some common
conditions such as: gastroenteritis, mesenteric
lymphadenopathy, appendicitis, constipation, as well as rare
conditions such as intussusception, duplication cysts, adrenal
tumor and pyloric stenosis. This article is a presentation of
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the cases found using AUS in children with acute abdominal
pain emphasized in children aged 5-15 years. Cases such as
mesenteric lymphadenitis, cystitis, colitis, appendicitis and
constipation are found using AUS. Using AUS as the
modality to determine the cause of abdominal pain were able
to reduce surgical decision and changed the management
plan in some of the patients.

The study protocol was reviewed and approved by ethics
committee of Atmajaya University. (NO: 16/04/KEP-
FKAUA/2012). No additive evaluation was ordered for the
patients enrolled in this study hence, no informed consent
was requested from the patients and their parents. However
study aims was explained for their parents and they were
informed that they were entered in our study.

METHODS

Prospective cross-sectional method was conducted in this
study. Total of 268 children were involved, ranged from age
5 to 15 years old, in which 116 of them are male and 152 of
them are female. The children are they who came with the
complaint of colic/acute abdominal pain of any reasons, and
who sought for treatment to the pediatric outpatient clinics
at Pantai Indah Kapuk Hospital. After the pediatricians
found out that the patients were presented with acute
abdominal pain, they were referred to the department of
radiology for AUS examination to determine the source of
pain. Based on the result, pediatricians would decide whether
the patients need to be admitted to hospital or not. The

inclusion criterion was acute abdominal pain. The exclusion
criteria were chronic abdominal pain (pain for more than 3
months and affected the child's daily activities), incomplete
data (when not all of the abdominal organs could be
evaluated due to excessive gas), absence of post-therapeutic
result, and absence of operative and histopathology report.
The examinations were done using General Electric S6
ultrasound machine and was performed in all abdominal and
pelvic areas by radiologists (the researcher), using sector and
linear transducers. All organs that could be assessed by
ultrasound were carefully analyzed. All images were printed
on paper, but only images with pathological findings were
copied to the compact disc.

RESULTS

A total of 268 children, 5 to 15 years of age, who came with
abdominal pain were examined from June 2012 to Mey 2013.
The result of AUS showed 53.73% children had no abdominal
organ abnormalities. The abnormal findings were,
respectively: enterocolitis (13.43%), mesenteric adenitis
(12.68%), constipation (6.72%), appendicitis (6.34%), cystitis
(5.97%), adrenal tumor (0.07%) and intussusception (0.04%),
Surgery was planned in 27.98% patients beforehand, but after
the ultrasound procedure was done the needs for surgical
intervention decreased to 7.46%. Thus ultrasonography
changed the management plan in 20.52% of patients. Most of
the patients did not require any surgical management.

Graph 1. Findings of Abdominal
Ultrasonography (AUS) in Acute Abdominal
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DISCUSSION

From the most to the least common findings, the result of the
AUS examination were as follows: 1. No abnormalities of
abdominal organs, 2. Enlargement of the lymph node, 3.
Cystitis, 4. Colitis, 5. Hydronephrosis, 6. Appendicitis, 7.
Constipation, intussusception, 8. Adrenal tumor. Some of the
cases will be discussed below. No abdominal organ
abnormality, this condition was found in 90% of children at
the age of 5- 10 years old. In this study, 10% of the patients
have organic abdominal pain, while reported prevalence of
organic abdominal pain in children varied between 10% and
30%.4

Spleen, the mucosa-associated lymphoid tissue, and the
lymph nodes are our body’s second line of immune system.
Lymph node diameter varies between0.2- 2.5 cm, depends on
the function and location of the lymph node as well as the age
of the patient.>® Enlargement of nodes (lymphadenopathy)
are usually caused by inflammation process, either by local or
systemic conditions. Some example of local inflammation
resulting in mesenteric lymphadenopathy are infections such
as: appendicitis, diverticulitis, cholecystitis, and pancreatitis.
Lymphadenopathy can also be caused by malignancies
(Hodgkin/Non-Hodgkin’s disease, leukemia, metastasis, etc.)
as well as immunological processes.

Mesenteric lymphadenopathy may also be occurred as part of

an inflammatory response in the case of perforation of the
abdominal organs.® Lymph node morphological assessments
are mainly based on clinical history, location, age, palpation,
experience and physical exam, while ultrasound findings are
only secondary data, the definite diagnosis are by
histopathology.> Lymph node was often found in the lower
right abdomen near the terminal ileum, caecum and
appendix.5678

Enlarged mesenteric nodes were found in lower right region
(88%) in which 28% of them was categorized as mesenteric
lymphadenitis6. Mesenteric nodes are considered enlarged
when the size of the short axis is >8 mm?7.8(Figure 1).
Mesenteric lymphadenitis is an inflammation of the lymph
node in the abdominal mesentery. Its main symptom is
abdominal pain, often located in the lower right region to
right iliac fossa, while some of the cases could heal
spontaneously or felt intermittently. The pain is described as
a non-localized pain in the abdomen that goes together with
peristaltic movement, while appendicitis pain often start
around the umbilical area then moves to the right iliac fossa,
rarely goes to another area. Another difference is that one or
two weeks prior to the pain there are history of common cold
and throat infection. It was estimated that 1 in 5 children who
were clinically diagnosed with appendicitis was actually
suffering from lymphadenitis.®

Figure 1: Enlarged nodes, Gray-scale ultrasound (A)

The cause of mesenteric lymphadenitis is frequently evolved
from common cold cause by viral infection,Yersinia
enterocolitica, Pseudo-tuberculosis, Streptococcus viridans
or Campylobacter jejuni.®® The source of infection spreads to
intestinal wall by invasion to the lymph nodes around the
intestines. All parts of the intestines maybe affected, but small
intestines are the most common. Enlargement of nodes cause
the mesenteries to stretch, in which will further aggravating
the pain. Some of these conditions could be self-limiting but
in certain cases, these conditions could get worse where the
pus would be formed and cause more extensive infection.®

Mesenteric adenitis is diagnosed based on: clinical history,
physical ~examination, laboratory and radiological
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examination. Increase in white blood cell count (showing a
typical condition of infection) in complete blood test and
positive Yersinia enterocolitica serology test will support the
diagnosis of mesenteric adenitis. Through AUS, enlarged
lymph node (Figure 1) in the form of hypoechoic nodules will
be seen, which is different from the surrounding tissue and
mesenteric thickening will also support the diagnosis.®

Cystitis is part of urinary tract infection (UTI) defined as the
colonization of pathogens that occurs anywhere along the
urinary tract: kidneys, ureters, bladder, and urethra.
Traditionally, UTI is classified based on the site of infection:
pyelonephritis  (kidney), cystitis (bladder), urethritis
(urethra) and based on the severity (with or without
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complication). UTI is one of the most common infections in
the pediatric patients. UTI complications occur when the
urinary tract is infected because of structural or functional
abnormalities, or the presence of a foreign object, such as
urinary catheter. Abnormalities in AUS were found in 12% of
the study population who were diagnosed with UTI
Vesicoureteral reflux was diagnosed in about 50% of the
children with UTI aged less than 1

Doppler ultrasound (B)

year. In pediatric patient it is more simple and practical to
categorize UTI as the first-episode infection or recurrent
case. Unlike UTI in adult which is generally benign, UTI in
the pediatric population is believed to be one of the causes of

acute morbidity and chronic medical conditions, such as
hypertension and renal failure in adulthood. Definitive
diagnosis of UTI is the urine culture.’® The route of infection
in UTl is through fecal-perineal-urethral-bladder. Because of
anatomical structure differences, at the same age of one year
of the first year of life, girls have a higher risk of UTI
compared to boys. In girls, the periurethral and vaginal area
are moist; therefore becoming a suitable medium for the
growth of uropathogens. The short urethra in women is also
contributing for the uropathogens to reach the bladder easily.
A typical ultrasound picture of cystitis shows thickening of
the lateral and posterior wall in a half-filled bladder (Figure
2). Another sign of cystitis is the presence of debris (found in
the bladder) that moves when child is repositioned.1%!

Figure 2: Cystitis in ultrasound, the thickness of the bladder wall >3.0mm

Initially AUS was used to assess intestinal morphology, the
pylorus and surrounding structures on infants with vomiting.
Compression ultrasonography was needed to assess the
appendix and other intestinal loops. Now ultrasound is used
in assessing intestinal morphology including the thickness of
the bowel wall, bowel dilatation, muscular hypertrophy,
blood flow and the presence of a mass or other
abnormalities.?The size of normal bowel wall thicknessis
<3mm.B

The digestive system which extends from oesophagus down
to rectum, have a characteristic multi-lamellated appearance
in AUS, compatible with their histological structure. This
pattern distinguishes the intestine from adjacent structures,
and disruption of the pattern could help in diagnosing
intestinal pathology. Bowel wall thickening is the most
common sign of intestinal disease. Thickening with
concentric pattern is a sign of benign disease while eccentric
pattern is usually a sign of malignancy, but some of them are
overlapping. In general, the abnormal intestine structures are
more easily seen with ultrasound compared to normal
condition due to the decreased bowel movement.'4

Until these days, CT has become a reliable tool to evaluate
acute abdominal pain. However, considering the radiation
effect especially on pediatric patients, the use of AUS to
evaluate intestine is still the modality of choicel4. Fat tissue
of the mesenteries and omentum are usually easier to see
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through the wultrasound, unless under inflammatory
condition. Oedema and inflammatory cell infiltration are
more likely to increase the echogenicity of fat tissue. 4
Doppler imaging help to evaluate whether hyperemia is
present and the necrotic part could be detected if there is no
blood flow.®* The information got by Doppler ultrasound
completed the overall intestinal morphology. Increase of
vascularization could indicate inflammatory disease and
infection.141

Dynamic analysis using AUS, has the benefits to observe
intestinal motility, compressibility, and positional change in
real time. Decrease in intestinal peristaltic movement is a
nonspecific indicator of an unhealthy small intestine. A
number of conditions, such as small intestinal obstruction,
ischemia, enteritis and infiltration process can be the
underlying cause of a decrease in peristaltic movement, while
hyperperistaltic movement may appear in early partial
intestinal obstruction. Healthy bowel can also be compressed
and shifted by the pressure transducer. This technique is
commonly used to asses appendicitis, intussusception,
intestinal malignancy, or distention of lumen obstruction.*
Appendicitis, an infection of the appendix presenting as an
acute abdominal pain is an emergency condition that is
common in childhood. It often requires immediate
surgery.’6171819 |t is believed that most of the cases of
appendix lumen obstruction is due to fecal impaction or
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faecolith, in which then invaded with the bacteria. The
appendix may rupture in some cases, then forming a peri-
appendicular abscess. In physical examination patients with
appendicitis have classic symptoms, consisting of
periumbilical pain migrating to the right lower quadrant,
accompanied by fever and leukocytosis. However, the classic
sign are not always there, and the symptoms can be
nonspecific or overlapping with other causes of abdominal
pain.’

The use of CT-scan has been the first choice of imaging of
acute abdominal pain, with a sensitivity of 96% and
specificity to 97%. However, due to the considerations in
radiation dose in patients doing CT and increased theoretical
risk of radiation-induced cancer in children, so its use is
limited. AUS to evaluate disease primarily assess the
appendix in several studies have shown that the same
accuracy with CT. Therefore, AUS should be used as a
primary diagnostic modality in the evaluation of suspected

case of acute appendicitis in children. In 1986, Puylaert
reported assessment techniques to evaluate acute
appendicitis with compression ultrasound. Since then, many
studies about the use of AUS as a diagnostic tool have been
published.*”'® AUS criteria for the diagnosis of appendicitis
blind identification includes a tubular structure that cannot
be compressed to a diameter of 6 mm or more5. Since 1990,
several studies have shown that high-resolution ultrasound is
an accurate method for diagnosing acute appendicitis in
children. In children, ultrasound for appendicitis had a
sensitivity of 97.9% and specificity 91.7%20. AUS image of
acute appendicitis (Figure 3) shows: target sign in axial view
with diameter more than 6 mm and tubular structure in
longitudinal view, distention and obstruction of lumen, no
peristaltic = movement, non-compressible, increased
echogenicity of the surrounding structures, free pericaecal or
perivesical fluid, signs of local ileus paralytic and
appendicolith.

Figure 3: Ultrasound normal appendix at the terminal of caecum (A). Uncompressed appendix in acute appendicitis (B).
Appendix in longitudinal view with Doppler ultrasound, thickening of appendix wall in acute appendicitis (C).

AUS findings in perforation shows: tubular homogenous
structure and nonvisualized appendix wall, absence of
peristaltic movement, homogenous pericaecal area, presence
of mass without peristaltic movement, intestinal loop
thickening with the decrease of peristaltic movement and the
presence of sludge inside the urinary bladder. In the
condition when patients with typical symptoms of
appendicitis not detected by AUS (the appendix is not
visualized, or doubtful), it is recommended that AUS
examination should be repeated again in accordance with
clinical data. In fact, it has been reported that 98% of false-
negative ultrasound findings are due to the nonvisualization
of the appendix. Factors contributed to result of ultrasound
are: the retrocaecal location of the appendix and obese
patients. In patients with these conditions, it is more difficult
to use high frequency transducer because of the lower spatial
resolution. In this case, further evaluation with CT can be
considered, as suggested by several researchers.*®

The maximum outer wall diameter must be less than 6 mm
and mural thickness should less than 2 mm. Compression of
the appendix should be done and documented. Secondary
signs such as free water, fecolith, and the fat surrounding the
hypoechoic area should also be documented. Doppler
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imaging is helpful to evaluate the presence of hyperemia, in
which blood flow is decreased or absent in necrotic
appendix.6

The physiology of defecation is a complex process involving
coordinated activity of abdominal and pelvic muscles, and
anal sphincter relaxation, stimulated by distention of the
rectum by the stool. After continence has been reached,
defecation may be inhibited by external anal sphincter
contraction. Difficulty of passing stool occurs when there is
abnormal contraction of the sphincter and pelvic floor
whendefecating. Constipation is a common problem in
children. Generally, children will be considered having
constipation if they pass stool less than three times a week,
and when the stool is large, hard, and dry. The prevalence of
constipation is reported to fall between 0.3% to 2.8%, more
commonly found in children with less fiber consumption. In
the school age, constipation occurs more in boys than in girls
(ratio 3:1) and mostly functional (no objective evidence of
pathological condition).?

No general definition is applied about constipation.
Subjective criteria are mostly used, such as defecation
frequency and stool consistency. Constipation usually occurs
in children with underlying anorectal/spinal abnormality.
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However, functional idiopathic constipation commonly
occurs in children. There are many etiological factors of
constipation, and it is important to differentiate whether they
are functional or organic.?? Clinical evaluation of
constipation is often difficult with only plain abdominal x-
ray, which is commonly used in diagnosing constipation.
Obijective scoring technique includes the amount of stool in
the abdomen to evaluate constipation is introduced by
researchers like Barr et al, Leech et al, and Blethyn et al.
Criteria, such as duration of transit by recording time needed
for the stool to come out. This technique is done by collecting
stools or taking plain abdominal x-ray every day for 4-5 days.
Some literatures state normal colon transit time is <66 hours,
constipation is when the transit time is 66-100 hours, and also
very delayed type to reach >100 hours.?® Plain abdominal x-
ray often used to support the clinical history and
examination.

Researchers recommend to evaluate stool retention using
ultrasound. In chronic constipation, rectal ampulla which is
the upper part of superior rectum to levator ani muscle will
get bigger (megarectum). Children with constipation had
transverse diameter of rectal ampulla, bigger compared to
children without constipation.?® Singh et al reported the
usage of transpubical ultrasound to measure rectal diameter
which is crescent-shaped in children with constipation. The
crescent-shaped rectum is measured posterior to the bladder.
Measurement of rectal diameter and evaluation of stool
retention are done with ultrasound when the bladder is full
or half empty the examinations that could be done as
follows.** To measure the transverse diameter of rectal
ampulla, ultrasound probe should be placed superior to
symphysis. Measurement needs to be repeated due to
possibility in measuring the upper part of anus diameter
instead of the rectal ampulla. This is because of the probe
deflection in transverse plane. The largest measurement are
taken as the final result. Whether the rectal ampulla is empty
or not is determined by evaluating impacted stool in plane of
a completely filled bladder. Impacted stool will be displayed
as either well defined, with or without haustrations.??
Evaluating the stool filling the splenic flexure in ultrasound is
based on the visualization of the left kidney through spleen
window. Longitudinal axis of ultrasound cut along the
spleen’s long axis and left kidney. Lastly, evaluating the
transverse colon is based on the visualization of the
mesogastrium structure through left liver lobe window.?® The

median value for rectal width in constipated children are 3.4
Cm.24’25’26

CONCLUSIONS

In conclusion, in many pediatric patients with abdominal
pain, who had neither anatomical nor organ abnormality
detected, ultrasound examination does not contribute to
make a diagnosis. Abdominal Ultrasound is useful to evaluate
presence of organ abnormality particularly to identify
appendicitis and other causes such adenitis because both
cases have similar clinical presentation despite of different
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management. AUS also decrease the needs to use abdominal
X-ray.
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