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) ABSTRACT

Objective: To evaluate the diagnostic accuracy of ultrasonography in pediatric acute appendicitis.

Methods: In this cross-sectional study, 230 children aged 5-15 years with the diagnosis of acute appendicitis
were studied. This study included the evaluation of demographic indices, ultrasound findings at diagnosis,
and then comparing the results with the description of the patient’s procedure and the pathology report of
these patients. Patients who did not undergo ultrasound before surgery or their ultrasound did not include the
evaluation of appendicitis or their pathologic report was not available were excluded.

Results: Overall, we have included a total number of 230 children with clinical diagnosis of acute appendicitis
among whom there were 121 (52.6%) girls and 109 (47.4%) boys with mean age of 11.44+2.90 years.
Preoperative ultrasound report showed that 51.3% were normal and 48.7% had acute appendicitis. 34.8% had
normal appendix and 65.2% had a pathological diagnosis of acute appendicitis. The sensitivity and specificity
of ultrasound in these children were 58% and 68%, respectively. Positive and negative predictive values were
77% and 46%, respectively. The area under curve (AUC) was 0.853 (CI 95% 0.788-0.917) indicating a test with
moderate accuracy.

Conclusion: According to the obtained results, abdominal ultrasonography is of acceptable diagnostic accuracy
in pediatric patients with acute appendicitis. The use of auxiliary techniques in ultrasound would increase the
sensitivity and specificity in the diagnosis of acute appendicitis in children.
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Introduction medical surgeries worldwide [1-3]. This disease is
caused by intratubular obstruction, accumulation

Acute appendicitis is one of the most common of fecal matter, lymphoid hyperplasia, ingestion of
causes of abdominal pain in patients referring foreign objects, parasites and tumors. Appendicitis

to the emergency department, and appendectomy occurs less in children compared with adults, but its
is one of the most commonly used emergency complications are more prevalent in children [4, 5].
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Acute appendicitis is common among children and
has the potential to be a very serious disease [6]. Each
year, 80000 children in the United States suffer from
appendicitis. The rate of developing this disease in
children under 14 years of age is 4 per 1000. The most
common age of developing appendicitis in children
is 12—18 years of age [6-8]. Since acute appendicitis
can progress quickly and move towards more complex
pathologies, the early and correct diagnosis of acute
appendicitis is necessary to reduce the risk of
perforation [9, 10]. Moreover, lack of timely diagnosis
causes complications such as gangrene and rupture of
the appendix that lead to peritonitis, phlegmon and
abscesses[2, 6]. Diagnosis of acute appendicitis is
based on clinical symptoms. The clinical symptoms of
acute appendicitis are completely different. Symptoms
can be classic or variable [11, 12]. The classic clinical
symptoms of appendicitis include abdominal pain,
nausea and vomiting, anorexia and general boredom,
occurring in less than 50% of cases, so most cases of
acute appendicitis have atypical symptoms. Diagnosis
of acute appendicitis in children is more difficult
than adults. This is due to the controversial nature
of biography and examination in children and the
occurrence of symptoms in atypical form in them [11].

Despite the advances in imaging technology, the
hallmark of acute appendicitis is still based on patient
biography and careful examination. Nevertheless, in
addition to clinical examinations, the use of imaging
can be very helpful in the correct diagnosis and
reduction of the risk of progression of the disease and
reduce the negative appendectomy rate [10]. In some
studies, ultrasound, CT scan and MRI are used to
increase the accuracy of diagnosis, and in some cases
it is said to improve prognosis. However, the common
use of them has not yet been proven [9]. Studies have
shown that the use of ultrasound and CT scan before
surgery can reduce the negative appendectomy rate
and increase the accuracy of diagnosis [13-15].
However, some studies did not indicate increase in
the diagnosis of negative appendectomy rate and the
reduction of complications [15, 16]. The noteworthy
point is that the use of low-risk methods for children
is very important [9].

Ultrasound is an easy and inexpensive method with
high precision for diagnosis of internal defects and is
recommended for the evaluation of acute appendicitis.
Diagnostic criteria of appendicitis in ultrasound are
wall thickness of more than 6 mm, luminal dilatation
and presence of mass in R.L.Q or fecalith. Many
studies have been conducted on the use of ultrasound
to confirm or reject acute appendicitis in suspected
patients, but its accuracy is still unclear [14, 16].
An ultrasound of the appendix may be helpful even
in patients with abnormal signs, including children
and the elderly whose diagnosis is often delayed [14,
16]. Although the diagnostic accuracy depends on
the operator, it seems that auxiliary diagnosis with
ultrasound can be considered as a low-risk diagnostic
method with high sensitivity [17, 18].
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However, there are always contradictory opinions
in studies, and there are no supplementary studies to
confirm or reject this issue. Therefore, the aim of this
study was to evaluate the sensitivity and specificity
of ultrasound to detect acute appendicitis in children
in order to reduce the negative appendectomy rate.

Materials and Methods

Study Population

This cross-sectional study was performed on
230 children aged 5 to 15 years with clinical
diagnosis of acute appendicitis who referred to
Shahid Motahari Hospital of Marvdasht in 2017
and underwent appendectomy. 230 children aged
5 to 15 years who referred to Shahid Motahari
Hospital of Marvdasht and were diagnosed with
acute appendicitis, ultrasound was performed for
them before surgery and underwent appendicitis
surgery and their pathologic results were available.
It should be noted that all information about
ultrasound, operation descriptions and patient’s
pathology reports were collected from the archives
of medical records of Shahid Motahari Hospital of
Marvdasht and, if necessary, from separate archives
of Radiology and Laboratory of Shahid Motahari
Hospital of Marvdasht. The inclusion criteria of
samples were diagnosis of acute appendicitis with
abdominal pain, including pain in the right iliac
fossa or lower abdominal pain or other clinical
symptoms suspected of acute appendicitis. The
exclusion criteria were patients who did not undergo
ultrasound prior to surgery or their ultrasound did
not show appendicitis or their pathologic report was
not available. The study protocol was approved by
the Shiraz University of Medical Sciences medical
ethics committee and institutional review board. As
this was retrospective study, no informed written
consent was needed.

Study Protocol

In this study, the ultrasound findings of the samples
were evaluated at the time of diagnosis along with
the patient’s procedure description and the pathology
report of the patients. The Ethics Committee
approval of Shiraz University of Medical Sciences
was obtained for this study. Ultrasound findings,
findings during surgery, pathologic findings in the
archives of medical records and radiology, and the
laboratory of Shahid Motahari Hospital of Marvdasht.
Positive pathologic report indicates any pathological
evidence of inflammation in the studied tissue, which
is categorized into seven groups according to the
following criteria:

1. No specific sign of inflammation or appendicitis:
normal appendix tissue and lack of appendicitis
symptom.

2. Reactive follicular hyperplasia: stimulation of
the tissue and the presence of lymphoid aggregation.

3. Early acute appendicitis: entrance of
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polymorphonuclear leukocytes (PMN) into the
mucosal layer of appendix.

4. Acuteappendicitis: entranceof polymorphonuclear
leukocytes (PMN) into the muscular layer of the
appendix.

5. Acute appendicitis and periappendicitis: entrance
of polymorphonuclear leukocytes (PMN) into the
serosa layer.

6. Acute suppurative appendicitis: high
accumulation of polymorphonuclear leukocytes
(PMN) into the entire appendix wall.

7. Acute gangrenous appendicitis: appendix wall
necrosis

Stages 1 and 2 were considered as a normal
appendix in the pathology report and from stage 3
on, were considered as appendicitis, and we used it
as a definitive diagnosis for evaluating the ultrasound
parameters.

Ultrasonography

Abdominal ultrasound was performed using the
graded compression technique with a 5.0-MHz
linear array transducer. Positive ultrasound results
for appendicitis was defined as the presence of an
enlarged non-compressible appendix with an outer
wall diameter greater than 6 mm, the presence of a
complex mass, or the presence of an appendicolith.
And the absence of ultrasound evidence was
considered as a normal appendix. In the patients’
procedure description, based on the evidence
provided by the surgeon, any macroscopic evidence
of inflammation was considered as appendicitis. The
ultrasound data were correlated with surgical and
pathological findings. After extraction, these data
were recorded in a checklist for data collection and
further analysis.

Statistical Analysis

Sampling was done randomly. Sample size was
calculated based on o= 0.9, p=0.05 and d: 0.04. After
collected of information, results were evaluated by
statistical package for social sciences (SPSS Inc.,
Chicago, Illinois, USA) for Windows, version 18.0.

Descriptive data were collected from the frequency
distribution table, central indexes, distribution
and percentages. Continuous quantitative data
were compared between the two groups using the
independent t-test and Chi-Square test were used
to compare the discrete data between the groups.
In addition, the correlations between variables
were performed and 0.05 was considered as the
significance level.

Results

This cross-sectional study was performed on 230
children aged 5 to 15 years with clinical diagnosis
of acute appendicitis. Of these children, 121 (52.6%)
were girls and 109 (47.4%) were boys. The mean age
of the samples was 11.44+2.90 years. The results
showed that there was no significant difference
between the studied samples in terms of age and
gender (Table 1).

The results of the ultrasound report showed that 118
(51.3%) of the samples had normal ultrasound while
112 (48.7%) had acute appendicitis. 7 samples (3%)
had normal procedure description, and 223 (97%)
had procedure description of acute appendicitis.
Overall, 80 patients (34.8%) had normal pathologic
report of appendix and 150 (65.2%) had pathological
report of acute appendicitis (Table 2).

The results showed that in this study, the true
positive rate of ultrasound diagnosis was 87 relatives
to pathology report, the false positive diagnosis
rate was 25, the true negative rate was 55 and the
false negative rate was 63. The correlation between
the ultrasound detection and in acute appendicitis
showed R? of 0.048 (r=0.225). The best cutoff for
sonography detection, for measurement of outer
wall to outer wall diameter was >6 mm with a
specificity 58%, a sensitivity of 68%, and a zone
under the curve of 0.853 (CI 95% 0.788-0.917). In
addition, the positive and negative predictive value
of ultrasound for diagnosis of acute appendicitis
was calculated to be 77% and 46%, respectively
(Figure 1).

Table 1. The baseline characteristics of the patients with acute appendicitis in the current study

Variation Boys Girls Total p value
Sex 109 (47.4%) 121 (52.6%) 230 (100%) 0.090
Age (year) 12.04+2.76 10.77+£2.92 11.44+2.90 0.184

Table 2. The results of the ultrasound, procedure description and pathological report of the patients with acute appendicitis in the

current study

Boys Girls Total p value
Ultrasound Normal 45 (41.3%) 73 (60.3%) 118 (51.3%) 0.004
AA® 64 (58.7%) 48 (39.7%) 112 (48.7%)
Procedure Normal 4 (3.7%) 3(2.5%) 7 (3%) 0.611
description AA 105 (96.3%) 118 (97.5%) 223 (97%)
Pathology report ~ Normal 30 (27.5%) 50 (41.3%) 80 (34.8%) 0.055
AA 79 (72.5%) 71 (58.7%) 150 (65.2%)

*AA: Acute appendicitis
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Fig. 1. Receiver—operating characteristics (ROC) curve for
the diagnostic accuracy of ultrasonography in pediatric acute
appendicitis. Area under curve (AUC) = 0.853 (CI 95% 0.788-
0.917) suggestive of moderate accuracy.

Discussion

Acute appendicitis is one of the most common causes
of abdominal pain and one of the most common
causes of emergency surgery worldwide [1]. In most
cases, the diagnosis is based on clinical records and
clinical examinations, most notably with pain in the
central abdominal region, which then moves toward
the right iliac fossa [4, 5]. However, appendicitis
occasionally occurs with an atypical manifestation.
Therefore, it leads to a delay in diagnosis or
misdiagnosis. According to studies, the unnecessary
laparotomy rate for acute appendicitis is about 20-
25%. This rate even reaches 35-45% in women
of childbearing age, due to pelvic organ diseases
in women and complications of pregnancy in this
group [19]. Management of patients with clinical
suspicion of acute appendicitis include the decision
to operate the patient or not to operate the patient.
Therefore, any type of examination that will improve
the accuracy of the diagnosis will be helpful [20].

The goal of imaging in diagnosing acute
appendicitis is to increase the diagnostic efficiency,
along with lowering the cost and risk for the patient
[10]. Some studies have suggested that, in cases
where appendicitis is difficult to diagnose based on
clinical symptoms, graded compression ultrasound
is very helpful and the negative appendectomy rate
is reduced [13-15].

The results of this study showed that the true
positive rate of ultrasound diagnosis was 87, the false
positive rate was 25, the true negative rate was 55,
and the false negative rate was 63. The sensitivity
and specificity of ultrasonography in the diagnosis
of acute appendicitis compared to pathology report
was 58% and 68%, respectively. the positive and
negative predictive value of ultrasound for diagnosis
of acute appendicitis was calculated to be 77% and
46%, respectively

Several studies have been conducted on the use of
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ultrasound to confirm or exclude acute appendicitis
in suspected patients [13-16]. In the study of Blank
et al., all 6 cases of abscess and 4 of the 5 cases
of ruptured appendix were diagnosed correctly by
ultrasound [21]. In the study of Abu-Yousef et al., the
sensitivity and specificity of ultrasound diagnosis
were calculated to be 80 and 95%. In this study,
according to the pathologist, two of the three cases
of appendicitis were diagnosed with ultrasound
[19]. In addition, the sensitivity and specificity of
ultrasound in the diagnosis of acute appendicitis
in the study of Chen et al. were 96.4% and 67.6%,
respectively [22]. In the study of Lessin et al., the
sensitivity and specificity of ultrasound in the
diagnosis of acute appendicitis in children were
88% and 96%, respectively, and were significantly
higher than the clinical symptoms [23]. In a study
by Ramachandran et a/., the abdominal ultrasound
had a sensitivity of 90%, specificity of 96%, and
accuracy of 95% [24]. In a study in a general hospital
in 2005, sensitivity of ultrasound was 66.66% [25]. In
the study of Scammell et al., sensitivity of ultrasound
as a diagnostic method for acute appendicitis was
83.3% and specificity was 97.4% [26].

However, in a study by Marusch et al. that was
performed on 3924 suspected acute appendicitis
patients, the results showed low consistency of
ultrasound findings with pathologic reports: in 68.2%
of cases whose acute appendicitis was detected by
pathologist, ultrasound was not able to detect signs
of inflammation. In this study, ultrasound sensitivity
was reported 21.5% [27]. In addition, according to
various studies, the sensitivity of diagnosis of acute
appendicitis by ultrasound was 78 to 96%, with a
specificity of 85 to 98%. Some studies reported that
ultrasound examination in patients suspected of acute
appendicitis reduced the incidence of unnecessary
appendectomy by up to 7% and reduced the 6-hour
delay of surgical operation by 2%. However, the quality
of the results was highly dependent on the skill and the
accuracy of the person who performed the ultrasound.
Therefore, one of its disadvantages is its dependence
on the individual who causes the difference in the
results of various studies [13-16, 24-26].

According to recent studies, to diagnose acute
appendicitis, the finding that is most visible in
ultrasound and is accepted by radiologists, is the
existence of enlarged non-compressible appendix
with a maximum anterior-posterior diameter of
6 mm or more [13-16, 25]. Additionally, in acute
appendicitis, the blood flow with circumferential
view is recorded in the appendix wall. Therefore,
the presence of blood flow with circumferential view
in the appendix wall can be a strong confirmation
of the diagnosis of acute appendicitis. Despite the
high accuracy of ultrasound in the diagnosis of
acute appendicitis, there are always limitations and
problems with the use of this method, which leads to
false positive and negative responses [28]. Ruptured
appendix reduces the accuracy of ultrasound
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diagnosis [29]. The accuracy of ultrasound in
detecting appendicitis complications, such as
appendectomy abscess or gangrene appendicitis, is
more than when a person has only one uncomplicated
inflamed appendix [30]. The patient’s inhibition and
lack of cooperation with ultrasound procedure due to
pain even in uncomplicated acute appendicitis is also
mentioned as a reason for the failure of ultrasound
to detect acute appendicitis [19]. Moreover, the
presence of gas-filled bowel loops in the lower
right quadrant of the abdomen of obese patients,
and the absence of transducers with high resolution
can be considered as other causes of false negative
ultrasound for the observation of small structures,
such as uncomplicated inflamed appendicitis [19].
Thus, 15-30% negative appendectomy was reported
in developed countries [4]. In various studies, the rate
of finding a worm-shaped appendix was between
60-80% with sensitivity and specificity of more than
90% [31].

Studies have shown that the sensitivity of ultrasound
to detect acute appendicitis was 55-96% and the
specificity is 85-98%. The sensitivity of ultrasound
to detect acute appendicitis was also reported to
be 95% and reported to be 97% in another study.
Studies also show that in the hands of experienced

people, ultrasound has a sensitivity of 75-95% with
a diagnostic accuracy of 87-96% [32-34].

Recent studies have shown that Color Doppler
ultrasound is a reliable method for detecting acute
appendicitis. Adding Color Doppler to ultrasound
examination can improve the diagnostic accuracy
for detecting acute appendicitis [34]. Quillin et
al. showed that Color Doppler ultrasound had a
sensitivity of 87% and accuracy of 93% in the
diagnosis of acute appendicitis [34].

Therefore, these findings suggest that ultrasound can
be used to detect acute appendicitis in patients using
appropriate devices and experienced professionals.

In conclusion, ultrasound can be used in children
with clinical diagnosis or suspicion of acute
appendicitis according to patient’s condition.
Although the accuracy of the diagnosis is dependent
on the operator, it seems that it can be considered as
a low-risk diagnostic method with high sensitivity.
It also seems that using this method can play an
effective role in reducing negative appendectomy
rate. Therefore, the use of auxiliary techniques
in ultrasound would increase the sensitivity and
specificity in the diagnosis of acute appendicitis.

Conflicts of Interest: None declared.
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