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Abstract
Introduction: Acute appendicitis is the most common surgical cause of abdominal pain in children. 
Its clinical diagnosis is difficult. Ultrasound has proven useful for the diagnosis of this pathology.

Purpose: To determine the validity and reliability of ultrasound in acute appendicitis in children.

Methods: Retrospective analysis of a cohort of children younger than 15 years old with acute 
abdominal pain who underwent abdominal ultrasound for suspected acute appendicitis. To estimate 
the diagnostic validity and reliability of the ultrasound we used the sensitivity, specificity, accuracy 
and the Kappa coefficient.

Results: Of the 353 patients, 183 were boys and 170 were girls, whose average age was 9.8 years. 
Ultrasound diagnosed appendicitis in 143 patients. 154 appendectomies were performed, of which 
92 were uncomplicated appendicitis and 62 were complicated appendicitis. The appendicular 
perforation rate was 25%. The pathological diagnosis of appendicitis occurred in 147 children. The 
negative appendectomy percentage was 4.5%. The ultrasound showed sensitivity: 85%, specificity: 
90%, diagnostic accuracy: 88% and Kappa coefficient: 0.8, p<0.05. The reliability of ultrasound in boys 
was 0.74 and in girls: 0.75, p>0.05. Kappa coefficient was 0.8 in preschoolers, 0.8 in schoolchildren 
and 0.6 in adolescents, p<0.05.

Conclusion: Ultrasound proved to be reliable and useful in the diagnosis of appendicitis. Its 
performance was not modified according to sex, however as the age increased, the ultrasound 
decreased its diagnostic value.
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Introduction
Abdominal pain is a common complaint in children and a reason of frequent emergency-

room visits. The cause of abdominal pain may be medical or surgical, with appendicitis being 
the most frequent surgical cause [1]. Clinical diagnosis is difficult and challenging, both because 
the symptomatology is nonspecific and because of the limited collaboration of the patient in the 
anamnesis and physical exam, among others [2,3]. The early diagnosis of appendicitis prevents 
complications such as perforation, peritonitis, sepsis and intestinal obstruction; it also reduces the 
length of hospital stay [4].

The laboratory tests and ultrasound are the tests that are most frequently used in order to 
improve the diagnostic certainty of appendicitis in the event of acute abdominal pain in the child. 
The results of the blood tests are variable and nonspecific and have not demonstrated greater 
diagnostic utility [5,6,7].

Some studies have shown that ultrasound increases diagnostic certainty of appendicitis, allowing 
early diagnosis, reducing complications and lowering the negative appendectomy rate from 15% 
to 40% to 3% to 7% [8,9]. Ultrasound is recommended as an initial imaging study in all children 
with suspected acute appendicitis [10]. However, other studies conclude that, despite their use, the 
percentages of appendicular perforation and negative laparotomies have not decreased, and that the 
routine use of this test is associated with an increase in hospital expenses [11,12].

The main objective of our study was to analyze the diagnostic reliability of ultrasound in children 
with abdominal pain and suspected acute appendicitis.
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Materials and Methods
Study design and setting

This study is a retrospective analysis of a cohort of children 
with acute abdominal pain who underwent abdominal ultrasound 
for suspected acute appendicitis and were treated in the emergency 
department of pediatrics of the University Hospital Complex of 
Santiago of Compostela, Spain.

Patients and data collection
Only children younger than 15 years with acute abdominal pain 

who received abdominal ultrasound as the initial imaging were 
included. Patients with traumatic abdominal pain, medical origin of 
the abdominal pain (such as acute gastroenteritis, constipation, etc.), 
with abdominal ultrasound requested for other causes and those who 
did not receive imaging were excluded.

Definitions and variables
Histopathological analysis was our gold standard for diagnosing 

appendicitis and to compare with ultrasound findings. Due to the 
lack of uniformity criteria to establish the pathological diagnosis 
of the type of appendicitis, only a positive or negative diagnosis 
was considered. The study variables included ultrasound diagnosis, 
intraoperative features and pathological diagnosis. The Ultrasound 
diagnosis considered 3 results: Positive, negative and indeterminate.

Positive: Acute appendicitis was diagnosed when an inflamed 
appendix (non-compressible tubular structure of more than 6 
mm in diameter) was visualized non-visualization of the inflamed 
appendix but presence of secondary signs of appendicitis (increased 
echogenicity of periappendiceal fat, free fluid, periappendiceal fluid 
collection, fecalith and dilated bowel loops with altered peristalsis).

Negative: A normal appendix was diagnosed when a normal-
size appendix was observed without secondary signs. In cases when 
appendix was not visualized, the absence of secondary signs or 
identification of another disease was considered as negative diagnosis.

Indeterminate: Partial visualization of appendix or an 
appendix of 6 mm without any other signs. In these cases, the 
further decision on treatment was based on clinical grounds and/
or Computed Tomography scan (CT). Intraoperative Diagnosis (in 

case of appendectomy): Defined according to the description of the 
macroscopic characteristics of the appendix made by the surgeon 
during the surgical intervention.

Uncomplicated appendicitis: Includes simple and phlegmonous 
appendicitis. Complex appendicitis: Includes gangrenous and 
perforated appendicitis, plastron, abscess and peritonitis.

Histopathological diagnosis
Positive or negative diagnosis was considered, depending on the 

presence or absence of microscopic signs of inflammation. Negative 
Appendectomy was defined as an operation with a preoperative 
diagnosis of appendicitis and absence of acute inflammatory cells in 
appendiceal biopsy.

Statistical analysis
An analysis was made through decision trees. Descriptive statistics 

using frequencies and percentages were used for qualitative variables. 
Means and 95% confidence intervals were used for quantitative 
variables. The independent t-test or Mann-Whitney U test was used 
to compare means. The comparison of proportions was done with 
Chi-square or Fisher's exact test.

The diagnostic reliability of abdominal ultrasound of the acute 
appendicitis and its possible variation according to age and sex, 
was determined by calculating the Kappa concordance coefficient, 
sensitivity, specificity, positive and negative predictive value and 
diagnostic accuracy. For the calculation, the epiR package and SPSS 
15 were used. Statistical significance was proven with a p<0.05.

Results
Our study population was 353 children. For the analysis of 

the reliability of ultrasound, the 7 patients with an in determined 
ultrasound diagnosis were not included. Of the 353 patients, 183 were 
boys and 170 were girls. The average age was: 9.8 years. Ultrasound 
diagnosed acute appendicitis in 143 patients, normal appendix in 203 
children and in 7 cases the ultrasound finding was undetermined. An 
appendectomy was performed in 154 children. The histopathological 
diagnosis of appendicitis occurred in 147 cases. The percentage of 
appendicular perforation was 25% and the percentage of negative 
appendectomies was 4.5% (Table 1). The ultrasound findings with 
the highest reliability and accuracy diagnostic were appendicular 
diameter greater than 6 mm and rarefaction of periappendiceal 
fat (Table 2). Ultrasound showed 85% sensitivity, 90% specificity, 
diagnostic accuracy of 88% and Kappa coefficient: 0.8, p<0.05 (Table 
3). The reliability of ultrasound according to sex, showed a Kappa 
coefficient of 0.74 in boys and 0.75 in girls, p>0.05 (Table 4). Kappa 
coefficient calculated by age group was of 0.8 in preschoolers, 0.8 in 
schoolchildren and 0.6 in adolescents, p<0.05 (Table 5).

Discussion
Our results allow us to affirm that ultrasound should be 

used routinely in every child with abdominal pain and suspected 
appendicitis. The percentage of negative appendectomies in our 
analysis was 5% compared to 16% and even 30% to 60% in those cases 
without imaging techniques [13,14]. The use of ultrasound as a routine 
imaging test in children suspected of having acute appendicitis reduces 
the negative appendectomy rate without increasing radiation-based 
imaging and without increasing the perforation appendicular rate 
[15,16]. The percentage of appendicular perforation in our study was 
25%. The literature describes figures that vary from 18% to 60% [17]. 

 n (%)

Ultrasound Diagnosis  

Positive for appendicitis 143 (40.5)

Negative 203 (57.5)

Indeterminate/Not conclusive 7 (2)

Appendectomies 154 (44)

Intraoperative Diagnosis  

Uncomplicated appendicitis 92 (60)

Complicated appendicitis 62 (40)

Perforated appendicitis percentage 38 (25)

Anatomopathological Diagnosis  

Appendicitis 147 (95.5)

Negative 7 (4.5)

Negative appendicectomy percentage 7 (4.5)

Table 1: Ultrasound, intraoperative and anatomopathological diagnosis, of 
patients operated on with suspicion of appendicitis.
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Garcia Peña et al. [18] showed that the implementation of an imaging 
protocol using ultrasound and CT resulted in a marked decrease in the 
perforation rate from 35.4% to 15.5% and the negative appendectomy 
rate decreased from 14.7% to 4.9%. In our study, the sonographic 
findings of presence of a non-compressible tubular structure, a 
diameter greater than 6 mm and the rarefaction of periappendiceal 
fat presented the highest diagnostic accuracy. Of these ultrasound 
findings, having a diameter greater than 6 mm and the rarefaction of 
the periappendiceal fat reached a moderate reliability. Gracey et al. 
[19] in their study found that the transverse diameter of the appendix 
greater than 6 mm was the most important ultrasound predictor of 
appendicitis. The presence of inflamed echogenic periappendiceal fat 
and appendicolith were supportive features.

Pedram et al. [20] found that appendix diameter greater than 6 
mm had a sensitivity of 68%, specificity of 58% and an area under 
the curve of 0.853. In our study, the ultrasound showed a sensitivity 
of 85%, a specificity of 90%, a positive predictive value of 85%, a 
negative predictive value of 90%, a diagnostic accuracy of 88% and 
a good reliability with a Kappa coefficient of 0.8, similar results to 
other studies [21,22]. So, the ultrasound had a good reliability and 
correlated well with the histopathological diagnosis of appendicitis, 
which allows us to say that it is a useful and valid instrument in the 
diagnosis of appendicitis and should be used in cases of children with 
suspected appendicitis.

We found no variation based on sex in the reliability of ultrasound 
findings used to diagnose appendicitis. Ultrasound was less reliable in 
diagnosing appendicitis in adolescents. One explanation is because 
adolescents have a greater amount of body fat, which would decrease 

the performance of the ultrasound.

Multiple studies have shown that the imaging study of choice in 
adults with suspected appendicitis is abdominal CT, since it is not 
limited by body fat [23,24]. Wang et al. [3] recommend CT in children 
who are overweight or obese otherwise it will be misdiagnosed. 
Bachur et al. [25] in their study on the effect of age and sex on the 
usefulness of ultrasound found that the impact of imaging studies on 
appendicitis varies according to age and sex.

Ultrasound has proven to be a diagnostic tool of high reliability for 
appendicitis, but it is still under discussion as to when it is indicated. 
Some authors conclude that imaging tests in the suspicion of acute 
appendicitis should be used as a diagnostic complement in selected 
cases [11,12,26]. Other authors, however, believe that ultrasound 
could also improve the management of patients with a clear clinical 
diagnosis of appendicitis and affirm that it is reliable as a routine 
diagnostic study [21,27,28]. The Dutch task force on appendicitis 
published new guidelines in 2010 and proposed a mandatory 
pre-operative ultrasound to confirm or exclude appendicitis in 

 S (%)    E (%) PPV (%) NPV (%) Accuracy (%) Kappa

No compressible structure 75 (67-82) 91 (86-94) 85 (78-91) 84 (78-88) 84 (80-88)      0.04

Diameter >6 mm 71 (63-78) 91 (87-95) 85 (78-91) 81 (76-86)  83 (78-87)          0.6

Increased echogenicity fat 61 (52-69) 96 (93-85) 92 (84-96) 77 (72-82)  81 (77-85) 0.6

Fecalith 16 (10-23) 100 (97-100) 96 (79-100) 62 (57-68) 64.6 (59-70)       0.2

Wall hypervascularization 4 (15-87) 99 (97-100) 75 (35-97) 59 (54-64) 60 (54-65)          0.04

Free fluid 57 (497-65) 83 (77-88) 71 (62-79) 73 (67-79)  72 (67-77)          0.4

Adenopatías 37 (29-45) 57 (50-64) 38 (30-46) 56 (49-63) 48 (43-54)        -0.07

Table 2: Diagnostic reliability and accuracy of the ultrasound findings.

S: Sensitivity; E: Specificity; PPV: Positive Predictive Value; NPV: Negative Predictive Value

Ultrasound
Acute Appendicitis  

Yes No Total

Positive 122 (85.3%) 21 (10.3%) 143 (41.3%)

Negative 21 (14.7%) 182 (89.7%) 203 (58.7%)

Total 143 (100%) 203 (100%) 346 (100%)

Table 3: Measures of the validity and reliability of abdominal ultrasound in the 
diagnosis of acute apendicitis with 95% confidence interval.
Table 3a:

Sensitivity 85 (78-91)

Specificity 90 (85-94)

Positive predictive value 85 (78-91)

Negative predictive value 90 (85-94)

Diagnostic accuracy 88 (84-91)

Kappa Coefficient 0.8 (0.6-0.9)

Table 3b:

 Appendicitis  

Sex Yes NO Total

Boys 12 (14.3%) 82 (88.2%) 94 (53.1%)

 72 (85.7%) 11 (11.8%) 83 (46.9%)

Total 84 (100%) 93 (100%) 177 (100%)

Girls 9 (15.3%) 100 (90.9 %) 109 (64.5%)

 50 (84.7%) 10 (9.1%) 60 (35.5%)

Total 59 (100%) 110 (100%) 169 (100%)

Table 4: Reliability of ultrasound in the diagnosis of appendicitis according to 
sex.

 Appendicitis  

Age group YES NO Total

Preschoolers 3 31 34

 17 3 20

Total 20 34 54

Schoolchildren 13 115 128

 88 10 98

Total 101 125 226

Adolescents 5 36 41

 17 8 25

Total 22 44 66

Table 5: Reliability of ultrasound in the diagnosis of appendicitis according to 
age group.

Coefficient Kappa Preschoolers: 0.8; Schoolchildren: 0.8; Adolescents: 0.6
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clinically suspected patients. In case of an inconclusive ultrasound, 
additional imaging such as CT or magnetic resonance imaging was 
recommended. De Castro et al. [15] examined the results after the 
implementation of the guidelines. They showed that mandatory 
preoperative imaging in children clinically suspected of having 
appendicitis, has resulted in a significant decrease of the negative 
appendectomy rate without increasing radiation based imaging, and 
that the strategy is equivalent in terms of costs.

In summary, ultrasound is reliable and useful in the diagnosis of 
acute appendicitis. Reduces the rate of negative appendectomy and the 
percentage of appendicular perforation. The ultrasound performance 
was not modified according to sex, however, its diagnostic value 
decreased when age increased.

Limitations
Our study was retrospective and had some limitations an 

inherent selection bias affected our results due to only children with 
acute abdominal pain who received abdominal ultrasound as the 
initial imaging were included. There was a lack of uniformity criteria 
to establish the pathological diagnosis of the type of appendicitis, 
so, only a positive or negative diagnosis was considered. Some 
radiology readings were accompanied by statements such as: If there 
is suspicion for appendicitis, please correlate clinically. In these 
cases, we spoke with the radiologist for further explanation. Another 
limitation was that patients with equivocal ultrasound were excluded 
in the diagnostic reliability analysis.
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