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Abstract

Background: Appendicitis is a common cause of acute abdomen in pediatrics. Although various criteria have been
suggested in early diagnosis of appendicitis, these criteria are not as applicable for pediatric patients. Because of
this, imaging has an important role in the diagnosis of appendicitis in pediatric patients. The present study was
conducted on 121 pediatric patients with possible diagnosis of appendicitis. All of the patients underwent initial
evaluation and then underwent sonographic imaging. Sonography was used to assess the existence of signs
associated with appendicitis, or its complications. Imaging findings were compared in patients with complications
with those with complications. True false positive, false negative, true positive, and true negative values were
calculated. Sensitivity and specificity of ultrasonography in determining appendicitis was evaluated.

Results: The mean age of children was 8.08 ± 3.25 years, with ages ranging from 3 to 14 years. Of the 121 children,
74(61.2%) were male and 47(38.8%) were female. In total, there were 3(2.4%) false positives and 2(1.6%) false
negatives based on sonographic findings. There were also 54(44.6%) true positive and 62(51.2%) true negative
based on sonographic findings. Based on the findings of ultrasound in this study, ultrasound sensitivity was 96.4%,
specificity was 95.3%, positive predictive value was 94.7%, and negative predictive value was 96.8%.

Conclusion: Ultrasonography is indicated in the diagnosis of appendicitis in pediatric patients and has optimal
sensitivity and specificity in the diagnosis. Furthermore, it is a suitable diagnostic method for evaluating
complications of appendicitis.
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Background
Appendicitis is one of the common causes of acute ab-
domen in pediatric patients [1]. Although the patho-
physiological characteristics of appendicitis are well
understood and clear, the same cannot be said about its
clinical signs and symptoms and diagnosis. Because of
the obscure nature of disease progression and existence
of multiple differential diagnosis which exactly mimic its
clinical findings, scholars have suggested clinical criteria
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for the detection and management of appendicitis [2].
One of the most recognized of these criteria is the
Alvarado scale and the modified Alvarado scale, where
patients are classified to low-, intermediate-, and high-
risk patients. Although this criterion is shown to be a
powerful tool in the proper diagnosis of appendicitis, it
partly depends on subjective information from the pa-
tients [3]. This is particularly problematic in pediatric
patients, because of the inability of the patient to prop-
erly express some of the criteria mentioned in the scor-
ing system. Practical evidence approves this statement,
as studies performed on pediatric patients have generally
regarded the Alvarado score to be less specific in
pediatric patients compared to adults. More so, this scale
is licensed under a Creative Commons Attribution 4.0 International License,
tion and reproduction in any medium or format, as long as you give
the source, provide a link to the Creative Commons licence, and indicate if
party material in this article are included in the article's Creative Commons

ine to the material. If material is not included in the article's Creative Commons
by statutory regulation or exceeds the permitted use, you will need to obtain

To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

http://crossmark.crossref.org/dialog/?doi=10.1186/s43159-020-00023-1&domain=pdf
http://creativecommons.org/licenses/by/4.0/
mailto:m.aghazadeh75@yahoo.com


Hajalioghli et al. Annals of Pediatric Surgery           (2020) 16:12 Page 2 of 7
is shown to better rule out patients rather than rule
them in [4].
All of the aforementioned issues have mediated the in-

creasing use of biomedical imaging methods in the diag-
nosis of appendicitis, such as CT scan and
ultrasonography [5, 6]. Ultrasonography is currently be-
ing considered as the first line of diagnostic imaging be-
cause of its ease of performance and relatively low cost,
but limitations remain regarding its sensitivity and speci-
ficity in diagnosing appendicitis. Furthermore, some
studies have suggested that this technique does not sig-
nificantly reduce the rate of negative appendectomy and
should not be routinely considered in clinical decision
making, while others have suggested otherwise [7]. More
so, because of operator-dependent characteristic of
ultrasonography, results could vary greatly in different
clinical settings, where sonography is not performed by
radiology specialists [8]. In this study, we examine the
efficacy of ultrasonography in diagnosing appendicitis in
pediatric patients.

Methods
Patients
The present descriptive analytical study was performed
in the pediatric referral center of north east of Iran. Of
all of the patients being referred to the hospital with the
possible diagnosis of acute appendicitis, 121 subjects
were included. Inclusion criteria consisted of being be-
tween 2 and 15 years old, existence of abdominal pain,
pain in the right iliac fossa or right lower quadrant and
being in a stable hemodynamic condition. Exclusion cri-
teria consisted of being in a state of shock.

Sonographic evaluation
All of the subjects were first evaluated by a pediatric sur-
geon with more than 10 years of experience. Those with
suspected appendicitis where then referred to the radi-
ology ward to undergo sonographic evaluation, which
was done by Sonix-OP, utilizing a linear probe (5–14
mHz), and a convex probe ( 55–9 mHz). Patients were
then classified to three groups: group 1 where does with
normal findings (appendix diameter equal or less than 6
mm and compressible appendix). These patients under-
went further evaluation for right lower quadrant pain.
The second group were those with findings which
strongly suggested appendicitis (diameter of the appen-
dix more than 6 mm, non-compressible appendix).
These patients underwent further ultrasonographic
evaluation for existence of complications of acute appen-
dicitis, such as abscess formation, free fluid in the abdo-
men, hyper-echo line under the mucosa, and increased
echogenicity of fatty tissue surrounding the appendix.
The third group were patients in which the appendix
was not visualized. These patients were further classified
to two subgroups, those with findings suggestive of an-
other etiology for pain, and those with findings suggest-
ive for acute appendicitis, such as free abdominal fluid,
localized dilation of small intestine loops, and inflamma-
tion in the fatty tissue surrounding the appendix.

Follow-up of patients
Patients underwent appendectomy based on the most
recent guidelines. Pathologic results were then compared
with imaging findings.
Patients which did not undergo surgery were followed

for one week after their discharge from the hospital. A
second follow-up session was done 1 month after
discharge.

Statistical analysis
Analysis was done by SPSS version 18. Normality was
assessed by Kolmogorov-Smirnov test. Chi-squared test
was used for qualitative variables and independent t test
was used for quantitative variables. Correlation between
variables was assessed by Spearman test. p less than 0.05
was considered significant. The power of the study was
set at 80%.

Ethical considerations
The present study was performed in a tertiary medical
center. The study was performed by the local ethics
board of this institution, and the university to which it
was affiliated with. The imaging was done based on a
previously established guideline in the center the study
was performed. This study was performed based on
guidelines of the Helsinki declaration.

Results
The mean age of children was 8.08 ± 3.25 years, with
ages ranging from 3 to 14 years. Of the 121 children,
74(61.2%) were male and 47(38.8%) were female. The
average age of boys was 8.16 ± 3.23 years and the aver-
age age of girls was 7.95 ± 3.30 years. The average age at
admission was not significantly different between boys
and girls (p = 0.737).
Concerning the symptoms of the disease, 166(95.9%)

had abdominal pain, 67(55.4%) had nausea and vomiting,
and 53(43.8%) had anorexia. On the abdominal examin-
ation, 102(84.3%) had RLQ tenderness, 21(17.4%) had
rebound tenderness, and 15(12.4%) had gardening. Ac-
cording to the ultrasound findings, there were 37 cases
(30.6%) of normal appendix) compressible with a diam-
eter of less than 6 mm(, 49 cases (40.5%) of inflamed ap-
pendix (uncompressible and less than 6 mm in
diameter), and 35 cases (28.9%) of non-visible appendix.
The average diameter of appendix in the group, along

with the normal appendix, was 4.53 ± 1.06 mm.



Table 1 Ultrasonography findings in patients with appendicitis

Observed radiological findings Frequency

Mean appendix diameter 8.57±3.01

Appendicoliths 13 (26.5%)

Disruption of sub-mucosal membrane 16 (32.7%)

Free fluid 16 (32.7%)

Secondary signs Increased echogenicity In peri-appendicular fat 38 (77.6%)

Lymphadenopathy 7 (14.3%)

Fluid collection 12 (24.5%)

Local dilation of intestinal loops 5 (4.1%)
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Frequency of ultrasound evidence and secondary signs
in 49 patients with inflamed appendices in ultrasound
were in accordance with Table 1.
Frequency of ultrasound evidence and secondary signs

in 49 patients with inflamed appendices in ultrasound
based on perforation or non-perforation, as shown in
Table 2.
The frequency of secondary signs in 35 patients with

non-visualized appendices in ultrasound is in accordance
with Table 3.
Secondary signs were seen in 8(22.9%) patients out of

35 patients with non-visualized appendices in ultra-
sound, 7(20.0%) of whom had perforated appendicitis,
and 1(2.9%) had non-perforated appendicitis.
Table 4 shows the frequency of clinical and laboratory

findings based on appendix ultrasonography.
Of the 121 patients, 62 patients (51.2%) did not

undergo surgery and were monitored. Two cases from
group 2 with improvement of symptoms, 33 cases from
group 1, and 27 cases from group 3 with no secondary
signs.
Fifty-nine patients underwent surgery. Forty-seven

patients from group 2, 8 patients from group 3 with
secondary signs, and 4 patients from group 1.
Thirty-six patients had acute inflammatory appendi-
citis (29.8%), 21 patients (17.4%) had perforated ap-
pendicitis, and 2 patients (1.7%) had normal
appendices.
Table 2 Ultrasonography findings in patinets with appendicitis in re

Observed radiological findings

Mean appendix diameter

Appendicoliths

Disruption of sub-mucosal membrane

Free fluid

Secondary signs Increased echogenicity In peri-appendicular

Lymphadenopathy

Fluid collection

Local dilation of intestinal loops
Table 5 shows the frequency of diagnoses during sur-
gery based on ultrasound findings.
Among the 59 patients who underwent surgery, the

pathologic results were evaluated as confirmatory of the
final diagnosis. Of the 47 patients in group 2 who under-
went surgery, 46 had a positive pathology for appendi-
citis and 1 patient had normal appendix who was
diagnosed with Meckel’s diverticulum at surgery. Of the
8 patients in group 3 who underwent surgery, all had a
positive pathology for appendicitis. Of the 4 patients in
group 1 who underwent surgery, 2 had positive patho-
logic findings of appendicitis, 1 had bowel obstruction
and one had complicated urachal cysts. According to
this report, 40 cases (67.8%) of acute purulent appendi-
citis, 16 cases (27.1%) of gangrenous appendicitis, 1 case
(0.8%) of urachal cyst and granulation tissue, and 1 case
(0.8%) of normal appendix were reported.
In two patients, the appendicitis was ruled out during

the subsequent flow-up due to the absence of secondary
signs in the sonography, despite the high diameter of the
appendix (more than 6 mm). Appendicitis was also sug-
gested in three patients, despite the low diameter of ap-
pendix (less than 6 mm), due to secondary signs
(disruption of sub mucosa) in sono which were also con-
firmed by pathological specimen results.
Of the 59 patients who underwent surgery, only 1 had

a normal pathologic report, so a negative appendectomy
rate was 1.7%.
gards to perforation status of the appendix

With perforation Without perforation

8 (42.1%) 5 (16.7%)

11 (57.9%) 5 (16.7%)

7 (36.8%) 9 (30.0%)

fat 12 (63.2) 26 (86.7%)

4 (21.1%) 3 (10.0%)

11 (57.9%) 1 (3.3%)

3 (15.8%) 2 (6.7%)



Table 3 Frequency of secondary signs in patients with un-observable appendicitis

Secondary signs Frequency

No secondary signs observed 27 (77.7%)

Secondary signs observed Increased peri-appendicular fat echogenicity 8(100%)

Lymphadenopathy 1(12.5%)

Local collection 5(62.5%)

Local dilation of intestinal loops 4(50%)
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The following ultrasound diagnoses were made for the
33 patients in group 1 who did not undergo surgery: 14
cases with mesenteric lymphadenitis, 2 cases with intes-
tinal invagination, 6 cases with terminal ileitis, 1 case
with cystitis, and 10 cases with no signs of any disease.
The following ultrasound diagnoses were made for 27

patients in group 3 with secondary signs: 11 cases with
mesenteric lymphadenitis, 2 cases with ureteral stones,
and 14 cases with no signs of any disease.
In total, there were 3 (2.4%) false positives and 2

(1.6%) false negatives based on sonographic findings.
There were also 54 (44.6%) true positive and 62 (51.2%)
true negative based on sonographic findings.
Based on the findings of ultrasound in this study,

ultrasound sensitivity was 96.4%, specificity was 95.3%,
positive predictive value was 94.7%, and negative pre-
dictive value was 96.8%.
Figures 1, 2, and 3 illustrate imaging findings of se-

lected patients. Figure 1 shows a blind loop with AP
diameter of 7 mm at lower quadrant right mucosal layer
in in favor of perforation with adjacent fluid collection
(2.3 cc) and disruption of the mucosa of the appendix.
Figure 2 shows a non-compressible blind loop with A-

P diameter more than 6 mm and target shape at its
transverse view with adjacent hyper echogenicity of per-
ipheral fat and luminal distention is noted which showed
increased blood flow around the blind loop in color
Doppler study in favor of appendicitis.
Table 4 Clinical signs and symptoms in patients being studied,
in regards to ultrasonographic findings

Signs and
symptoms

Normal
appendicitis

Inflamed
appendix

Non-visible
appendix

p
value

Abdominal
pain

35 (94.6%) 48 (98%) 33 (94.3%) 0.633

Loss of
appetite

12 (32.4%) 24 (49%) 17 (48.6%) 0.247

Nausea 19 (51.4%) 29 (59.2%) 19 (54.3%) 0.761

Tenderness 28 (75.7%) 45 (91.8%) 29 (82.9%) 0.120

Rebound
tenderness

1 (2.7%) 11 (22.4%) 9 (25.7%) 0.017

Abdominal
guarding

1 (2.7%) 6 (12.2%) 8 (22.9%) 0.035

Mean WBC
count

10855.2±
3591.7

16533.2±
5112.0

13339.4±
4613.2

0.355
Figure 3 shows a non-compressible loop with a diam-
eter of 9.55 mm. Axial view shows a typical case of tar-
get sign, characterized by a hypo-echo center,
representing the existing intra-luminal fluid, and hyper
echo rims representing the mucosa.

Discussion
Although appendicitis is common at all ages, it is one of
the most common causes of acute abdominal pain in
children and adolescents [9]. Various factors such as age,
sex, race, geographical location, diet, and appendix pos-
ition can affect appendicitis-related mortality [10]. The
most important symptoms of appendicitis are abdominal
pain, nausea, vomiting, and fever. Pain is the most com-
mon symptom and occurs in 50 to 100% of cases. Nau-
sea and vomiting are usually followed by pain [11].
The pain is usually somatic and is felt around the um-

bilical region. In abdominal examination, in addition to
tenderness and guarding, rebound tenderness is of great
importance in diagnosis [12].
Proper and early diagnosis of appendicitis is important

to reduce the complications of perforation. However,
negative appendectomy often results in surgical and
anesthetic complications such as positive appendectomy.
Therefore, many methods have been suggested to im-
prove diagnostic accuracy in suspicious cases, such as la-
boratory tests, ultrasound, CT, and laparoscopy. Among
imaging modalities, ultrasound is a non-invasive, safe,
inexpensive, and affordable method [13–17], more so,
theoretically, Ultrasound has a higher diagnostic value,
especially in children, because of their lower body thick-
ness and less fat than adults [18, 19].
Sonographic findings in the diagnosis of acute appen-

dicitis are divided into three groups: negative, positive,
and suspicious. By evaluating secondary signs of acute
Table 5 Surgical findings in regard to ultrasonographic findings

Normal
appendix

Inflamed
appendix

Non-visible
appendix

37 49 35

Normal 2 (5.4%) 0 0

Appendicitis 2 (5.4%) 31 (63.3%) 3 (8.6%)

Perforated
appendix

0 16 (32.7%) 5 (14.3%)



Fig. 1 Blind loop with AP diameter of 7 mm at lower quadrant right mucosal layer in in favor of perforation with adjacent fluid collection (2.3 cc)
and disruption of the mucosa of the appendix
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appendicitis in the absence of normal or inflamed ap-
pendicitis, it is possible to divide the suspicious group
into positive and negative groups in terms of the prob-
ability of acute appendicitis [20].
In this regard, the use of ultrasound with a specially

designed protocol for the diagnosis of acute and compli-
cated appendicitis in children is necessary to increase
the diagnostic accuracy.
As mentioned previously, ultrasound as a diagnostic

modality in acute appendicitis depends on the operator
and protocol, and because of this, it is necessary to de-
termine sensitivity and specificity in each center [18].
Angelina et al., investigated the accuracy of sonog-

raphy in the diagnosis of acute appendicitis in children.
In this study, 317 children were referred to a tertiary
pediatric hospital with acute abdominal pain. The results
of this study showed that the positive predictive value of
ultrasound was 92% and negative predictive value was
88%. Sensitivity and specificity were not calculated
Fig. 2 Non-compressible blind loop with A-P diameter more than 6 mm a
of peripheral fat and luminal distention is noted which showed increased b
of appendicitis
because there were 43 patients with equivocal ultra-
sound results [9]. The results of our study are consistent
with this study, with the difference that our study had a
higher predictive value. The result could be because of
the imaging protocol used in our study, where suspicious
patients were further evaluated for signs of appendicitis.
In a retrospective study by Ross et al. on 968 children,

the efficacy of ultrasonography in determining acute ap-
pendicitis in patients with non-visible appendix was
studied. In 526 cases, the appendix was not found in
sonography, of which 15.6% had a positive pathology for
acute appendicitis. The sensitivity and specificity of
ultrasound in the group where the appendix was fully
visible were reported 99.5% and 81.3%, respectively. The
study eventually found that children with no reassuring
clinical examinations following incompletely visualized
appendices on US may benefit from further imaging mo-
dalities, to reduce the rate of negative appendectomy
[21]. We also noticed an increase in sensitivity and
nd target shape at its transverse view with adjacent hyper echogenicity
lood flow around the blind loop in color Doppler study in favor



Fig. 3 Non-compressible loop with a diameter of 9.55 mm. Axial view shows a typical case of target sign, characterized by a hypo-echo center,
representing the existing intra-luminal fluid, and hyper echo rims representing the mucosa
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specificity following secondary evaluation. We utilized
ultrasonographic evaluation, but CT scan can also be
utilized, as mentioned previously. Interestingly Reddan
et al claimed that up to 46% of ultrasound studies do
not visualize the appendix and getting help with second-
ary signs in ultrasound can help make diagnosis more
accurate [22].
Secondary evaluation could also assist in the early

diagnosis of appendix perforation and secondary compli-
cations, such as abscess formation. Cuillin et al. con-
cluded that ultrasonography could be effective in the
diagnosis of perforated appendicitis and the best pre-
dictor for perforation was the absence of the echogenic
sub-mucosal layer and presence of loculated fluid collec-
tion in the pelvis [23].
In the present study, fluid collection and sub-mucosal

disruption were the most common findings of US in pa-
tients with perforated appendicitis. Importantly, in our
study, perforation rate in the second group was 32.6%,
and in the third group with secondary signs was 62.5%.
This may indicate that perforation of the appendix is
probably one of the causes of non-visualized appendix in
sonography. It could also indicate that non-visualized
appendix may be underdiagnosed, leading to perforation.
Regarding negative appendectomy, a study by Paydar

et al showed that 79.5% of appendectomies had some
degree of inflammation in the pathology report. Also,
the rate of negative appendectomy was 20.5% [24].
However, in the present study, the rate of negative ap-

pendectomy was 1.7%, which may be due to differences
in the criteria for selection of patients, as well as the
main purpose of the study and how to evaluate patients.
In a study by Fraukje et al., of the 75 children who

underwent appendectomy, 5% had a negative appendec-
tomy. This difference in comparison with the present
study may be due to a pathologist error or a reduction
in the rate of negative appendectomy based on this
protocol [20].

Conclusion
In conclusion, it is necessary to reduce the complications
of appendicitis perforation and minimize the number of
negative appendectomies. This can be done by getting a
detailed history, a thorough examination as well as diag-
nostic aids such as ultrasound. Based on the present
study, ultrasound with the above mentioned protocol is
an appropriate diagnostic method in the evaluation of
appendicitis in children. In cases of non-visualized ap-
pendices, acute appendicitis can be ruled out with high
confidence in the absence of secondary signs.
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