
applied  
sciences

Article

Evaluation of Ultrasound Accuracy in Acute
Appendicitis Diagnosis

Magbool Alelyani 1,*, Ibrahim Hadadi 1, Nasser Shubayr 2,3 , Yazeed Alashban 4 , Mohammed Alqahtani 1,
Mohamed Adam 1, Hajar Almater 1 and Sultan Alamri 5

����������
�������

Citation: Alelyani, M.; Hadadi, I.;

Shubayr, N.; Alashban, Y.; Alqahtani,

M.; Adam, M.; Almater, H.; Alamri, S.

Evaluation of Ultrasound Accuracy in

Acute Appendicitis Diagnosis. Appl.

Sci. 2021, 11, 2682. https://doi.org/

10.3390/app11062682

Academic Editor: Francesco Bianconi

Received: 9 February 2021

Accepted: 15 March 2021

Published: 17 March 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Radiological Sciences, College of Applied Medical Sciences, King Khalid University,
Abha 61421, Saudi Arabia; ihadadi@kku.edu.sa (I.H.); mosalqhtani@kku.edu.sa (M.A.);
madam@kku.edu.sa (M.A.); 437804506@kku.edu.sa (H.A.)

2 Diagnostic Radiology Department, College of Applied Medical Sciences, Jazan University,
Jazan 45142, Saudi Arabia; nshubayr@jazanu.edu.sa

3 Medical Research Center, Jazan University, Jazan 45142, Saudi Arabia
4 Department of Radiological Sciences, College of Applied Medical Sciences, King Saud University,

Riyadh 11362, Saudi Arabia; Yalashban@ksu.edu.sa
5 Department of Radiological Sciences, College of Applied Medical Sciences, Taif University,

Taif 21944, Saudi Arabia; s.alamri@tu.edu.sa
* Correspondence: maalalyani@kku.edu.sa

Abstract: Acute appendicitis it a quite common abdominal disorder and considered as a difficult
diagnosis. An accurate diagnosis is essential to prevent any complication from delayed surgical
intervention. Aim: To evaluate the diagnostic accuracy of ultrasound in acute appendicitis cases in
Saudi Arabia compared with histopathology. Moreover, to determine whether there is a correlation
between the accuracy of ultrasound in acute appendicitis and the sonographers’ expertise. Methods:
A retrospective study was conducted, including patients who admitted to the emergency room
with clinical symptoms of suspected acute appendicitis and underwent ultrasound examinations.
Diagnostic features, including diameter of the appendix ≥7 mm, free fluid, lack of compressibility,
no appendix seen, normal appearance, and thick wall, were recorded for each patient. Results:
Only 61 of the 132 patients in the study were accurately diagnosed with the use of ultrasound.
Just 44 of them were diagnosed with appendicitis (true positives) and 17 without appendicitis (true
negatives). However, 69 patients who had positive histopathologic results received a negative
ultrasound diagnosis (false negatives), and 2 patients with negative histopathologic findings had
a positive ultrasound diagnosis (false positives). There was no significant association between the
accuracy of the ultrasound diagnosis and the years of experience of the sonographers. Conclusion:
a low level of diagnostic accuracy was demonstrated when utilizing ultrasound to diagnose cases
of acute appendicitis. In addition, no association was found between the years of experience of the
sonographer conducting the examination and the diagnosis of acute appendicitis.
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1. Introduction

Acute appendicitis it a quite common abdominal disorder with a lifetime incidence
of 7% [1]. Based on clinical and laboratory data, acute appendicitis is considered as a
difficult diagnosis and can mimic various medical conditions of urologic, gastrointestinal,
or gynecologic origin [2,3]. In pregnant patients, misdiagnosis and unneeded laparotomy
may lead to sever complications and have detrimental consequences on fetal outcome [4].
The degree of inflammation can lead to inconsistent clinical presentation. It has been
reported that the perforation risk in acute appendicitis can increase by 5% every 12 h,
meaning that an appendectomy should be performed no later than 36 h after a diagnosis of
acute appendicitis is confirmed [5]. Therefore, any delay in diagnosis can lead to adverse
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effects such as perforation and wound abscesses [6]. On the other hand, mortality rate
caused by acute appendicitis is reported to be about 0.25% taking into account all age
groups [7–9]. A diagnostic approach that is only based on the patient’s history and a
clinical examination will lead to negative appendectomy rates of between 16% and 47%.
However, that figure drops to between 6% and 10% when medical imaging modalities are
used in the diagnostic process [10]. Therefore, an accurate diagnosis is essential to prevent
any complication from delayed surgical intervention.

The diagnostic accuracy for a wide variety of diseases has been improved significantly
by imaging modalities. Computed tomography (CT) is the most specific and sensitive for
diagnosing appendicitis [11]. However, CT uses significant amounts of ionizing radiation
and has some limitations when imaging children and pregnant women [12]. A non-ionizing
imaging technique such as ultrasound (US) can be used instead. In children, using US
showed a substantial drop in negative appendectomy rates [13]. The importance of this is
in reducing patient exposure to ionizing radiation, particularly in children. US has become
increasingly popular as a diagnostic modality since it first became available for diagnosing
appendicitis during the 1980s [14,15]. There are several benefits associated with using US
as a diagnostic technique, including safety (no ionizing radiation), low cost, and real-time
imaging [16]. However, graded compression ultrasonography has shown different levels
of accuracy for diagnosing patients suspected of acute appendicitis. The sensitivity and
specificity results range from 44% to 100% and 47% to 99%, respectively. The experience
and skill level of the sonographer may account for this variability [17].

The study aimed to evaluate the diagnostic accuracy of US in acute appendicitis cases
in a central hospital in Saudi Arabia compared with histopathology, which is the current
gold standard and to determine whether there is an association between the accuracy of
US in acute appendicitis and the sonographers’ expertise.

2. Materials and Methods
2.1. Patients

This observational, retrospective, hospital-based cross-sectional study was conducted
in Saudi Arabia between February 2019 and December 2020. The study included patients
who admitted to the emergency room with clinical symptoms of suspected acute appen-
dicitis and underwent US examinations. Each patient’s age, sex, sonography report and
histopathological results were retrieved from their medical records. The elapsed time
between the US examination and the surgery was not recorded.

2.2. Medical Staff

Emergency physicians referred patients with clinical symptoms of suspected acute
appendicitis to the radiology department where sonographers perform sonography under
supervision of the radiologists who prepare the sonography reports. Based on the clini-
cal symptoms and the sonography report, surgeons were authorized to decide whether
a patient needed to be immediately transferred to the operating room or could stay
for observation.

2.3. US Procedure

All US examinations were performed using Philips iU22 or xMATRIX (Philips, Seattle,
WA, USA) US scanners. Either a curvilinear transducer (at 3.5 MHz) or a linear transducer
(at 5–7 MHz) was used, depending on the patient’s weight, and a graded compression
technique was used to diagnose appendicitis. Diagnostic features, including diameter
of the appendix ≥7 mm, free fluid, lack of compressibility, no appendix seen, normal
appearance, and thick wall, were recorded for each patient.

2.4. Histopathological Results

The histopathological results for each subject were retrieved from their medical records.
The histopathology test was performed after they had surgery. The histopathology test
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involved both macroscopic and microscopic examinations of the surgically-removed ap-
pendix. The features assessed included signs of acute inflammation, chronic inflammation,
and luminal obstruction.

2.5. Data Analysis

The descriptive statistics of frequency and percentage were used to summarize the
data. We calculated the diagnostic accuracy measures as follows: sensitivity (ability to
correctly report images with appendicitis), specificity (ability to correctly classify images
without appendicitis as being normal), PPV (probability that the appendicitis is present
when the test is positive), NPV (probability that the appendicitis is not present when the
test is negative), and accuracy (overall probability that a patient is correctly diagnosed).
Then, the Chi-square test for independent samples was used to determine the association
between the socio-demographic characteristics (sex and age) of the subjects, the years of
experience of the sonographer, and the accuracy of the diagnosis. We then divided the
sonographers into three subgroups based on their expertise and compared between their
diagnostic performances (sensitivity and specificity) using the Chi-square test. A bar chart
for the specificity and sensitivity of US was plotted against the various US features that
were used for the diagnosis of acute appendicitis. A boxplot was used to demonstrate the
relationship between the age of the subjects and the US features. The data were analyzed
at 95% confidence interval using Statistical Package for the Social Sciences (SPSS) Version
24 (IBM Corporation, Armonk, NY, USA).

3. Results

The study included 132 patients. The majority of the patients (59.8%) were within
the age range of 21–40 years. (Table 1) shows socio-demographic characteristics of the
patients and accuracy of the US diagnosis. There was no significant association between
the accuracy of the US diagnosis and the sex (p = 0.42) and age (p = 0.4) of the subjects.

Table 1. Socio-demographic characteristics of the patients and accuracy of the ultrasound diagnosis.

Number of Patients (%) Number of Accurate Diagnosis (%)

Sex
Male 48 (36.4%) 20 (32.8%)

Female 84 (63.6%) 41 (67.2%)

Age range
1–20 37 (28%) 18 (48.6%)
21–40 79 (59.8%) 36 (47.4%)
41–60 7 (5.3%) 4 (50%)
61–80 7 (5.3%) 1 (14.3%)

81–100 1 (0.76%) 0 (0.0%)
No significant association between the accuracy of the US and the sex and age of the subjects.

Only 61 of the 132 patients in the study were accurately diagnosed with the use of
ultrasound. Just 44 of them were diagnosed with appendicitis (true positives) and 17 with-
out appendicitis (true negatives). However, 69 patients who had positive histopathologic
results received a negative US diagnosis (false negatives), and 2 patients with negative
histopathologic findings had a positive US diagnosis (false positives). The analysis revealed
that the sensitivity of the US was 38.9% (95% CI 29.9 to 48.5), the specificity was 89.5%
(95% CI 66.8 to 98.7), the positive predictive values (PPV) was 95.7% (95% CI 85.3 to 98.8),
and the negative predictive values (NPV) was 19.8% (95% CI 16.6 to 23.4). The overall
diagnostic accuracy was 46.2% (95% CI 37.5 to 55). The features of the 2 subjects that were
incorrectly diagnosed as positive (false positive) included diameter ≥7 mm (1 patient) and
free fluid (1 patient), and both patients were female.

(Table 2) shows differences in expertise (years) of sonographers and their diagnostic
performances in diagnosing appendicitis. Sensitivity and specificity were found to be not
significantly different between all subgroups. A comparison performed between the true
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and false US diagnoses against the ultrasound features that were used for the diagnosis
reported by the sonographers. These US features were divided into six categories and
checked against the histopathology diagnoses (Table 3).

Table 2. The expertise of sonographers and their diagnostic performance in diagnosing appendicitis.

Experience Sensitivity (%) Specificity (%)

<10 years 36% 83.3%
10–19 years 31% 89%
>20 years 52% 100%

Chi-square test showed no significant differences between subgroups in sensitivity and specificity.

Table 3. Ultrasound findings for appendicitis diagnoses.

Imaging Feature Accurate (N = 61) Missed (N = 71)

Diameter ≥ 7 mm 17 6
Free fluid 28 25

Lack of compressibility 5 7
No appendix seen 7 24

Normal appearance 2 7
Other 2 2

Evaluation of sensitivity, specificity, and age (years) against the US image features
was performed. These features were categorized into six main categories using a thematic
approach, and checked against the histopathology diagnosis as shown in Figures 1–3.

Figure 1. Sensitivity readings against image features.
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Figure 2. Specificity readings against image features.

Figure 3. Boxplot illustrating the relationship between patients’ age and image features. The black
dots represent data outliers.

4. Discussion

US has been touted as an examination that may help in the diagnosis of acute appen-
dicitis in addition to physical examination [18]. Furthermore, the non-ionizing characteris-
tics of US have led to an increased interest in exploring its diagnostic accuracy for acute
appendicitis. The only drawback in the choice of US as a diagnostic strategy is the concern
about its diagnostic accuracy as explored in this study.

In this context, the graded compression US has been reported to demonstrate highly
variable levels of accuracy. In particular, its sensitivity has been recorded as ranging
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between 44% and 100%, and its specificity between 47% and 99% [17]. However, it has also
been reported that the sensitivity of US can be as high as 90% if the diagnosis is made by
an individual with a high level of expertise in the field [19].

In the present study, the sensitivity of US for diagnosing acute appendicitis was
38.9%, and the specificity was 89.5%. The study also demonstrated that there was no
significant association between the accuracy of US diagnosis and the years of experience of
the sonographers. A mere 46.2% of the patients in this study were correctly diagnosed.

According to D’Souza et al., the appendix is not commonly visualized by US, as US
demonstrates insufficient sensitivity for diagnosing appendicitis [20]. During the current
study, the visualization of the appendix was not possible in 21.8% of cases, and the number
of false-negative cases was 24 out of a total 31 subjects.

The appendix is not detectable by US when located retrocecally or deep inside the
pelvis. In addition, excessive overlying bowel gas may also impede the detection of appen-
dicitis. The diagnosis is also dependent on the expertise of the sonographer conducting
the procedure [7,21,22]. Conversely, our findings provide no evidence that the years of
experience improve sonographer’s performance in diagnosing appendicitis.

Lee et al. reported that the rate of negative appendectomies is 16% [23]. This study
reported a much lower rate of negative appendectomies, with only 1.4% of cases being
false positives. In contrast, Summa et al. reported that 2.2% of appendicitis diagnoses were
false positives [22], while Al-Ajerami reported a figure of 4.4% [24].

Several factors can influence the acute appendicitis diagnosis by US, the most crucial
of which is the outer diameter of the vermiform appendix. In a previous study, a sensitivity
of 97% and a PPV of 97% was noted when the outer diameter of the vermiform appendix
was 7 mm or more; however, it also showed a high rate of false positives. Insufficient
compressibility can also influence diagnosis, and levels of 85% sensitivity and 93% PPV
have been reported as a result [25].

During this study, an accurate diagnosis was made using US when the diameter of
the vermiform appendix was 7 mm or more, leading to a sensitivity of 74% and a PPV of
93.3% (See Figure 4a,b). The presence of free fluid also afforded a sensitivity of 53% and
a PPV of 95% (See Figure 4c). The presence of free fluid is widely known as a secondary
feature, and it could often be suggestive of an abdominal condition but not specific for
appendicitis [26,27]. In this study, approximately 50% of cases presented free fluid showed
an absence of a distinctly visualized appendix. Therefore, radiologists argue that the
appendix must be seen to confirm the inflammation. Nevertheless, the visualization of the
appendix can often be difficult. It has been found that repeating ultrasound examination
for secondary features after a few hours is necessary. It significantly improved ultrasound
sensitivity and patient’s management [28].

Figure 4. Cont.
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Figure 4. Longitudinal (a) and transverse (b) real-time ultrasound scan of acute appendicitis with diameter > 7 mm (white
measure) and wall thickness 2.6 mm (green measure) for 33-year-old male patient with pain in the right lower quadrant;
transverse (c) real-time ultrasound scan for 34-year-old female patient with suspected appendicitis shows free fluid in the
right lower quadrant.

The study showed that there was no significant association between the age and sex of
the patients and the accuracy of the diagnosis. However, female patients were diagnosed
less accurately than male patients. These findings are in parallel with that of Paulson et al.
and Al-Ajerami [24,25,29]. The higher number of false positives in female patients could be
due to gynecological conditions (e.g., ruptured or bleeding ovarian cysts) that can mimic
the signs and symptoms of acute appendicitis [30].

The insignificance of the association between sonographer years of experience and the
accuracy of the diagnosis could be due to the study design, as the sample population was
retrospectively retrieved from individuals who underwent an appendectomy. This study
design also meant it was not possible to report any instances where US prevented unneces-
sary surgery by determining that the appendix was normal.

This study demonstrated that US had low sensitivity, high specificity, high PPV,
and low NPV, which is also consistent with the majority of earlier studies [24,31–33].
This study also showed that US has a low diagnostic accuracy. This is in agreement with
the findings of a systematic review and meta-analysis stating that the diagnostic accuracy
of US is not better than that of physical examination [18]. However, the high PPV of US
suggests that it could be used as a first-line test for the diagnosis of acute appendicitis.
However, care should be taken when making a clinical decision, as this study showed that
US was unable to identify a positive acute appendicitis in almost two-thirds of the cases.
As a result, it may be better to use a CT scan in highly suspected cases to avoid the risk
of severe outcomes. A previous review suggested that CT is a good choice for use as a
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confirmatory test because of its technical reproducibility and its high sensitivity (87–100%)
and specificity (89–99%) [31].

This study has certain limitations. For example, factors that could have affected
diagnostic accuracy, such as patient fasting status, the retrocecal location of their appendix,
their weight, could not be taken into consideration.

It must be acknowledged that US is not a primary technique used to examine appen-
dicitis conditions at this specific central Hospital, and our study attempts to explore the
benefit of using an US technique as a first-line modality in order to decrease the use of
ionizing radiation (CT). However, further studies could audit sonographer’ performance
thoroughly to clarify the variation in US accuracy.

5. Conclusions

Although this study demonstrated a low level of diagnostic accuracy when utilizing
US to diagnose cases of acute appendicitis, the specificity and the PPV values were high
supporting the use of US as a first-line test in the diagnosis of acute appendicitis.
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