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Abstract 

Objectives: An early and precise diagnosis is important to confirm acute appendicitis (AA) in children. Ultrasound imaging techniques have demonstrated 
higher value in the diagnosis of AA. This study was conducted to ascertain the nondiagnostic and diagnostic rates of U/S examinations for appendicitis in 
children and possibly examine the causes of these high failure rates.  

Material and Methods: All abdominal and appendiceal U/S examinations for patients ≤16 years old that were performed at King Saud University 
Medical City (KSUMC), Riyadh, Saudi Arabia, between April 2019 and December 2021 (approximately 32 months) were retrospectively examined and 
evaluated after the local ethics committee gave its approval for the study. Final ultrasound reports were categorized as “positive,” “negative,” “borderline,” 
or “not visualized.”

Results: During the 32 months, 112 results of patients (62, 55.4% males and 50, 44.6% females), who underwent ultrasound (U/S) of the appendix were 
performed, reviewed, and analyzed (mean age, 10.59 ± 2.9 years). The rate of U/S non-diagnostic results was recorded in 77 (68.8%) cases, whereas 35 
studies (31.2%) were classified as diagnostic. Of all the 35 diagnostic U/S studies, seven had follow-up CT scans, which showed five (35.7%) positive and two 
(14.3%) negative results. On the other hand, of the 77 non-diagnostic ultrasound (U/S) scans, seven had follow-up CT scans, which showed 3 (21.4%) borderline 
and 4 (28.6%) non-visualized appendices. There was no significant difference in the rate of US non-diagnostic results according to gender or the procedure 
performed. U/S sensitivity was 47.1%, specificity was 87.5%, positive predictive value was 87.5%, and negative predictive value was 47.5%. 

Conclusion: We found a high rate of nondiagnostic tests for appendicitis. A comprehensive reassessment of the patient is required, and a second US may 
be necessary to confirm the diagnosis. It is recommended that implementing a standard US report template based on validated secondary appendicitis signs, 
assessment of appendiceal size, and improved techniques from a graded compression US to CT or MRI would improve diagnostic accuracy.
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INTRODUCTION

A prompt and accurate diagnosis is crucial to confirm or 
rule out perforation in acute appendicitis (AA), a condition 
with a high prevalence. With a lifetime frequency of about 
7%, it is the most common abdominal emergency. Since 
the presentation is often typical, clinical diagnosis remains 
challenging in both juvenile and adult populations. 
Often, non-specific symptoms coexist with those of other 
disorders [1].

Although the clinical diagnosis of this condition based 
on the patient’s medical history and physical examination 
(according to the Alvarado standard), some patients lack 
the AA-specific symptoms, and the outcomes of early 
diagnostic procedures like laboratory tests and white 
blood cell counting are ambiguous and on the verge 
of being inconclusive [2]. More specialized diagnostic 
techniques, such as laparoscopy, ultrasonography (U/S), 
barium enema, computed tomography (CT) scan, and 
magnetic resonance imaging (MRI), must be used in 
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these individuals to differentiate appendicitis from other 
disorders with comparable clinical symptoms [3]. An 
increase in morbidity and death is linked to an appendicitis 
diagnosis that is made too late. Additionally, an inaccurate 
appendicitis diagnosis forces unneeded surgery, making 
the essential choice of whether to operate or not difficult 
[4]. There is widespread agreement that high rates of 
negative appendectomies (approximately 15 percent) 
must be accepted to lower the rate of perforation because 
AA with perforation is linked to severe morbidity and an 
increase in mortality [4,5].

A failed appendectomy could expose the patient to 
risks beyond those associated with the operation. Before 
the age of 20, tonsils and the appendix can be surgically 
removed, but there is an increased risk of suffering an 
acute myocardial infarction (AMI) as a result. Hence, one 
study found that before adulthood, when tonsillectomy 
and appendectomy were performed, that moderately more 
likely to cause a subsequent AMI, and Such operations 
have been linked to long-term health impacts. The authors 
note that more research is required, but small changes 
in immune function after these operations may change 
the cardiovascular risk and raise the risk for Hodgkin’s 
lymphoma [6].

Recent years have seen a significant increase in the 
importance of research focusing on various aspects of 
imaging techniques in the diagnosis of AA, including 
radiation protection. However, widespread accessibility 
and cost-effectiveness became increasingly important 
aspects of contemporary U/S imaging in the diagnosis of 
AA [7]. Radiologists and many other medical subspecialists 
already perform U/S imaging for suspected AA all over the 
world, with or without the assistance of sonographers [8].

More than 70% sensitivity and specificity have been 
observed in several studies on ultrasound that demonstrate 
its value in the diagnosis of appendicitis. Although U/S has 
a demonstrated function in the diagnosis of AA. Therefore, 
the operator’s expertise, skill, and understanding are 
crucial [9]. This study will concentrate on the challenges 
associated with diagnosing AA in patients seen in the U/S 
department, the prevalence of the condition, and strategies 
for increasing diagnostic precision. Determining the scope 
of the issue and the reasons behind non-diagnostic U/S 
exams in appendicitis cases may help us better understand 
the reasons behind delayed diagnosis, misdiagnosis, or 
high rates of unsuccessful appendectomies and reduce 
the likelihood that patients will need surgery. The current 
study was conducted to ascertain the nondiagnostic and 
diagnostic rates of U/S examinations for appendicitis in 
children and possibly examine the causes of these high 
failure rates.  

MATERIALS AND METHODS

All abdominal and appendiceal U/S examinations for 
patients ≤16 years old that were performed at King Saud 
University Medical City (KSUMC), Riyadh, Saudi Arabia, 
between April 2019 and December 2021 (approximately 
32 months), were retrospectively examined and evaluated 
after the local ethics committee gave its approval for 
the study. The study excluded all U/S studies performed 
outside of KSUMC, those performed on critically ill patients, 
patients with other pathologies identified that explain the 
patient’s symptoms, patients who underwent emergency 
surgeries without first undergoing a U/S, and U/S images 
with poor quality.

Data on the patients’ demographics, U/S results, and 
pathological analysis were all collected. Following that, 
final ultrasound reports were categorized as “positive,” 
“negative,” “borderline,” or “not visualized.” A report that 
identified appendicitis was deemed positive. A report 
that stated that the radiologist determined it to be either 
a normal appendix or that it was not appendicitis was 
considered negative. Borderline was a report that did 
not include the radiologist’s diagnosis but indicated any 
unusual or ambiguous findings that might be connected 
to appendicitis. When a report claimed that it was 
unable to locate the appendix, this was considered “not 
visualized”. Positive and negative reports were regarded 
as “diagnostic,” “borderline,” and “not visualized” as not 
diagnostic, respectively.

The data were analyzed using the Statistical Package 
for Social Sciences (SPSS software) version 25.0 (SPSS 
Inc., IBM, Armonk, New York, USA). Results are expressed 
as numbers and percentages for categorical variables and 
mean and standard deviation for continuous variables. The 
relationship between categorical variables (sonographic 
findings, operative data, pathological diagnosis) was done 
using the Chi-square test, and the Pearson correlation test 
(for continuous variables such as age). A p-value of ≤0.05 
was considered statistically significant.

RESULTS

During the 32 months, 112 results of patients (62, 
55.4% males and 50, 44.6% females) who underwent U/S 
of the appendix were performed, reviewed, and analyzed. 
The mean age of all patients was 10.59 ± 2.9 years (range: 
4.0 to 16.0 years). Sixty-two (55.4%) of the U/S procedures 
were U/S of the abdomen, whereas 22 (19.6%) were U/S 
of the abdomen and pelvis, 4 (3.6%) were U/S of the 
lower abdomen for appendicitis, and 24 (21.4%) were 
unspecified other areas. The rate of U/S non-diagnostic 
results was recorded in 77 (68.8%) cases, whereas 35 
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studies (31.2%) were classified as diagnostic. Follow-up 
CT scans were obtained in 49 (43.7%) patients, including 
41 (83.7%) diagnostic and 8 (16.3%) non-diagnostic CT 
scans. Table 1 demonstrates the detailed characteristics of 
the patients.

Table 2 shows the appendix U/S results by impression, 
with the percentage of follow-up abdominal CT imaging. 
Of all the 35 diagnostic U/S studies, seven had follow-
up CT scans, which showed five (35.7%) positive and 
2 (14.3%) negative results. On the other hand, of the 77 

non-diagnostic U/S, seven had follow-up CT scans, which 
showed 3 (21.4%) borderline and 4 (28.6%) not visualized 
appendices.

There was no significant difference in the rate of US 
non-diagnostic results according to gender (male=42, 
54.5% vs. female=35, 45.5%, p=0.840). There was also 
no significant difference in the US non-diagnostic results 
according to the procedure performed (p=0.258). The 
mean age of the patient was not significantly different 
between those who had a US non-diagnostic result versus 
those with a US diagnostic result (p=0.465) (Table 3). We 
report a calculated U/S sensitivity of 47.1%, specificity of 
87.5%, positive predictive value of 87.5%, and negative 
predictive value of 47.5% compared to the CT scan. 

DISCUSSION

In the emergency room, pediatric patients with 
abdominal pain are a frequent occurrence, and imaging 
is frequently needed to establish whether surgical 
intervention is necessary. In our study, a significant 
percentage of appendix ultrasounds were not diagnostic 
(68.8%). Our results are almost identical to the Cohen et 
al study’s [10]. 63.34% nondiagnostic rate for diagnosis 
of AA in children. In their study, they noted that the risk 
of radiation exposure, in particular the elevated incidence 
of leukemia and brain tumors in children who have 
undergone CT scans, is still a major concern [10]. This is 
true even though a CT scan has a higher sensitivity than 
other imaging modalities like an ultrasound, despite the 
limitations of using an ultrasound to diagnose appendicitis. 
Although the absolute risk of tumors remains low, many 
have emphasized a careful approach to avoid unnecessary 
exposure [11,12]. The use of a CT scan has only been 
supported when a U/S is nondiagnostic. Another study 
done in a community setting revealed that a high percentage 
of pediatric appendix ultrasounds performed were 
nondiagnostic, and that follow-up CT imaging revealed 
that the likelihood of a CT scan was four times higher in the 
nondiagnostic group than the diagnostic group. Variability 
in radiologists’ interpretations is another potential cause 
of an increase in ambiguous readings. When compared 
to university radiologists who have had subspecialized 
training, community hospitals may have radiologists 
with less experience reading pediatric ultrasounds [13]. 
The adoption of standardized interpretative categories 
by the radiologist is one method of attempting to reduce 
interpretation variability. For instance, diagnostic accuracy 
is increased to 96.8% when considering the presence or 
absence of secondary symptoms when the appendix was 
not visible, compared to 94.1% for a binary interpretative 
scheme [14]. Some studies have developed protocols to 

Table 1: Detailed characteristics of 112 patients who had U/S of the appendix

Characteristics Mean (SD)    n (%)
  Age in years 10.59 (2.9)

  Age, min-max 4.0 – 16.0
Gender
  Male

  Female
62 (55.4%)
50 (44.6%)

Procedure type
  U/S abdomen

  U/S abdomen and pelvis
  U/S lower abdomen for appendicitis

  U/S Unspecified area

62 (55.4%)
22 (19.6%)

4 (3.6%)
24 (21.4%)

U/S results
  U/S positive
  U/S negative

  U/S borderline
  U/S not visualized

26 (23.2%)
9 (8.0%)

22 (19.7%)
55 (49.1%)

U/S categories
  Diagnostic

  Non-diagnostic
35 (31.2%)
77 (68.8%)

CT scan results (n=14)
  Diagnostic

 Non-diagnostic
7 (50.0%)
7 (50.0%)

Table 2: Appendix U/S results by impression with percentage of follow-up 
abdominal CT imaging.

U/S impression
Total Follow-up CT scan

n % 95%CI n % 95%CI
Diagnostic

Positive
Negative

Total

26
9

35

23.2%
8.0%

31.2%

21-26
5-13

28-35

5
2
7 

35.7%
14.3%
50.0%

30-38
10-16
48-53

Nondiagnostic
Borderline

Not visualized
Total

22
55
77

19.7%
49.1%
68.8%

16-22
46-53
63-73

3
4
7

21.4%
28.6%
50.0%

18-25
24-32
48-53

Table 3: Comparing different variables based on diagnostic and non-diagnostic US 
results 

Diagnostic 
U/S n=35

Nondiagnostic 
U/S

N=77

OR for 
Nondiagnostic U/S

(95% CI)
p values

Age in years, 
mean (SD) 10.89 (2.7) 10.46 (2.9) t=-0.733 (-1.59-0.74) 0.465

Gender
Male

Female
20 (57.1%)
15 (42.9%)

42 (54.5%)
35 (45.5%) 0.930 (0.533-1.622) 0.840

Procedure
1
2
3
4

15 (42.9%)
8 (22.9%)
2 (5.7%)

10 (28.6%)

47 (61.0%)
14 (18.2%)

2 (2.6%)
14 (18.2%)

0.791 (0.606-1.033) 0.258
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restrict the use of CT scans. It has been discovered that 
protocols using CT solely after inconclusive appendix 
U/S had greater sensitivities and specificities than U/S 
alone, as well as a low rate of negative appendectomy 
[15]. One children’s hospital was able to minimize CT 
imaging by 41% while maintaining diagnostic accuracy by 
adhering to a clinical practice guideline [16]. Follow-up CT 
imaging is a logical next step in the diagnostic procedure 
in cases where U/S is nondiagnostic with persistent 
suspicion of appendicitis [15,16]. According to one study, 
individuals with incompletely visible appendices and the 
presence of sonographic secondary signals most often 
have appendicitis and do not require further imaging 
when using U/S alone [13]. In addition, whether or not 
the appendix is directly visible, MRI without secondary 
indications of appendicitis is successful in eliminating 
appendicitis, whereas otherwise negative right lower 

quadrant (RLQ) U/S that fail to identify the appendix are 
less beneficial. Regardless of the radiological modality, 
secondary signs of appendicitis without visibility of the 
appendix were not useful [17]. Here is an illustration of 
a non-diagnostic U/S of a 10-year-old child in which the 
appendix was not visible (Image 1) and a diagnostic U/S 
with signs of a significant wall thickening and an up to 0.8 
cm-long inflamed appendix (Image 2).

Without the need for additional imaging, patients 
with a negative or inconclusive U/S of the appendix and 
less than two predictors of pain migration to the RLQ, 
vomiting, male gender, and a white blood cell count higher 
than 12.0 x 10⁹ /L can be discharged home with next-day 
follow-up [18,19]. Another study revealed that patients 
with a nondiagnostic U/S without leukocytosis do not need 
any additional diagnostic imaging. Unfortunately, because 
our investigation concentrated on the radiological and 
not the clinical aspects of appendicitis, we were unable 
to evaluate these associations with likely predictors. 
Numerous more observations on the more probable 
causes of a nondiagnostic U/S for appendicitis have 
been made, including young adults and children who are 
overweight [19]. According to another study, a second U/S 
scan or clinical reassessment may provide a higher level of 
diagnostic accuracy for pediatric appendicitis, particularly 
in obese children with a low likelihood of appendicitis 
who should not routinely undergo U/S scanning [20]. 
Regarding age, we found no statistically significant 
difference between the diagnostic and nondiagnostic U/S 
results in this investigation.

In this study, we report a sensitivity of 47.1%, specificity 
of 87.5%, positive predictive value of 87.5%, and negative 
predictive value of 47.5% compared to the CT scan. At a 
community hospital that regularly performs U/S for the 
evaluation of appendicitis, previous research of children 
and adults found a sensitivity of 83% and a specificity of 
95% [21]. This study did not take into consideration the 
use of ultrasound to rule out appendicitis when it was not 
specifically noted in radiology reports, which could have 
reduced the number of negative/normal or nondiagnostic 
appendices. This could be the cause of the low negative 
predictive values and artificially high positive predictive 
values. Because of this, even though U/S has a high 
diagnostic positive predictive value, it demonstrates that 
it is better at identifying positive than negative findings, 
which is consistent with the findings of Johansson et al., 
[22]. Many academics have suggested employing a strategy 
in which CT is only used if the initial US evaluation is 
nondiagnostic [23]. Our analysis, unfortunately, shows that 
a large majority of appendix U/S values are nondiagnostic. 
This may be due to a variety of reasons, including the 

Image 1 Nondiagnostic U/S in which the appendix was not visible

Image 2 Diagnostic U/S showing signs of a significant wall thickening 
and an up to 0.8 cm-long inflamed appendix
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test’s operator dependence and adequate imaging. Apart 
from patient-related characteristics such as greater body 
mass index, normal appendix, retrocecal placement, distal 
tip inflammation, and perforation, several sonographers 
may not be recognized or may only be partially seen when 
doing pediatric ultrasounds [13].  

Accordingly, suggestions to increase appendix 
visualization and decrease nondiagnostic findings in kids 
with suspected AA, sonographers performing appendiceal 
U/S undergo training in the scanning technique, and 
awareness of secondary signs significantly improved the 
visualization rate and provided more useful findings to 
referrers [24]. Another is the adoption of a standardized 
ultrasound report form based on approved secondary 
appendicitis symptoms, which may eliminate unnecessary 
tests, increase diagnostic precision, and reduce the 
need for CT scans [25]. To avoid differences between 
ultrasounds, a comprehensive reassessment of the 
patient is required, followed by supplementary imaging 
if indicated. This may necessitate a second US test [1]. As 
stated by one study, implementing a standard US report 
template based on validated secondary appendicitis signs 
and a stepwise imaging approach that begins with graded 
compression US and progresses to CT or MRI may nearly 
eliminate non-diagnostic examinations and improve 
diagnostic accuracy [25,26]. Another recommendation for 
improving the appendicitis diagnostic US was measuring 
the size of the appendix and the presence of secondary 
symptoms if the appendix was not visible [27]. Partain 
et al., proposed that a variety of appendiceal diameters 
might be utilized as a positive criterion for appendicitis. 
The sensitivity of the US dropped while the specificity rose 
with a 7mm typical assessment of an atypical appendicitis 
size [27]. In another study, using forced upward sweepings 
of the high-frequency linear transducer moving upward 
on the low-lying cecum and false or true pelvic location 
of the vermiform appendix will improve US diagnostic 
accuracy [28]. An upgraded grasshopper optimization 
algorithm-based support vector machine may distinguish 
uncomplicated from complicated appendicitis and 
increase accuracy, sensitivity, and specificity to more than 
80% [29].

LIMITATIONS

We did have certain limitations because this was a 
retrospective study. First, the clinical or pathologic result 
of each patient’s medical course was not included in our 
study. Despite this study’s limitations, we concentrated 
on how initial U/S test findings affected future CT scan 
testing. Second, our ability to extend our assessment of 
the diagnostic sensitivity, specificity, and accuracy of 

appendiceal U/S may have been constrained by the small 
sample size.

CONCLUSION 

At our facility, a very high rate of nondiagnostic tests 
appears to be limiting the usefulness of ultrasound to 
diagnose appendicitis. The significant negative predictive 
value indicates that not all patients who underwent 
follow-up CT imaging after receiving a diagnostic U/S 
agreed with the results of the original ultrasound. If an 
appendix ultrasound is nondiagnostic, a comprehensive 
reassessment of the patient is required, and a second US 
may be necessary to verify the diagnosis. Implementing a 
standard US report template based on validated secondary 
appendicitis signs, assessment of appendiceal size, 
improved techniques such as forced upward sweepings for 
low-lying cecum and vermiform appendix, an algorithm-
based support vector machine, and a stepwise imaging 
approach from a graded compression US to CT or MRI 
improves diagnostic accuracy. However, it would be 
wise to establish a systematic approach, including other 
diagnostic tests, for the work-up of juvenile abdominal 
discomfort, until U/S displays improved and consistent 
test features. 
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