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Abstract 

Background: Appendicitis is one of the most common causes of acute abdominal pain in children, requiring 
accurate diagnosis to differentiate between simple and complicated cases for appropriate management. 
Ultrasound is a preferred imaging modality due to its non-invasive nature and absence of radiation. Objective: 
To assess the utility of specific sonographic signs in diagnosing simple and complicated appendicitis in 
pediatric patients. Methods: This retrospective study was conducted at Maternal and Child Birth hospital 
Najran City during period June 2023 to June 2024. Data were collected from 305 pediatric patients aged 2–
18 years who underwent ultrasound for suspected appendicitis. Clinical presentations, laboratory results, and 
ultrasound findings, including appendiceal diameter, wall thickening, non-compressibility, peri-appendiceal 
fluid, echogenic fat, and appendicolith presence, were evaluated. Surgical or histopathological confirmation 
was used as the gold standard. Statistical measures, including sensitivity, specificity, and predictive values, 
were calculated. Results: Ultrasound demonstrated high diagnostic accuracy, with a sensitivity of 95% and 
specificity of 90%. Key signs for simple appendicitis included appendiceal diameter >6 mm (95%) and non-
compressibility (94%). For complicated appendicitis, peri-appendiceal fluid (65%), echogenic fat (80%), and 
appendicolith (48%) were significant predictors. Abscess or perforation was observed in 66.7% of complicated 
cases and had a specificity of 100%. Conclusion: It is concluded that ultrasound is an effective diagnostic tool 
for identifying appendicitis in children and distinguishing between simple and complicated cases. Targeted use 
of sonographic signs can guide timely and appropriate management, improving outcomes in pediatric care. 
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Introduction 

Appendicitis remains one of the most common causes of acute abdominal pain requiring surgical intervention 
in children, with a lifetime risk of approximately 7-8%. Accurate and timely diagnosis is critical to reducing 
complications, which include perforation, peritonitis, abscess formation, and sepsis. These complications not 
only increase morbidity but also contribute to longer hospital stays, higher healthcare costs, and more complex 
surgical interventions [1]. Despite its prevalence, appendicitis can be challenging to diagnose in children due 
to the overlap of symptoms with other conditions and the variability of clinical presentations across different 
age groups [2]. Clinical evaluation, including history-taking and physical examination, is often the first step in 
diagnosing appendicitis. Symptoms such as abdominal pain, nausea, vomiting, anorexia, and fever, along with 
signs like tenderness in the right lower quadrant, are suggestive of the condition. However, these features are 
not always reliable in pediatric patients [3]. Younger children, in particular, may present with atypical 
symptoms or have difficulty articulating their discomfort, leading to diagnostic uncertainty. Laboratory 
markers, including elevated white blood cell (WBC) count and C-reactive protein (CRP), can support the 
clinical diagnosis but lack specificity. Consequently, imaging has become an indispensable tool in evaluating 
suspected appendicitis [4]. 
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Ultrasound (US) is widely regarded as the first-line imaging modality in children with suspected appendicitis 
due to its advantages of being non-invasive, radiation-free, and cost-effective. Unlike computed tomography 
(CT), which exposes children to ionizing radiation and carries potential long-term risks, ultrasound is safe for 
repeated use and is readily available in most clinical settings [5]. Its utility, however, depends heavily on the 
expertise of the operator and the quality of the equipment. In skilled hands, ultrasound achieves high sensitivity 
and specificity in diagnosing appendicitis, making it a valuable diagnostic tool. Sonographic signs play a 
critical role in the detection of appendicitis. For simple appendicitis, key features include an appendiceal 
diameter greater than 6 mm, thickened and hyperemic walls, non-compressibility of the appendix, and peri-
appendiceal fluid collection. Additional findings, such as echogenic fat in the surrounding mesentery, further 
support the diagnosis [6]. In cases of complicated appendicitis, more advanced sonographic features come into 
play. These include evidence of perforation, abscess formation, the presence of an appendicolith, and signs of 
localized or generalized peritonitis. The distinction between simple and complicated appendicitis is crucial, as 
it directly influences the management strategy [7]. While simple appendicitis may be treated conservatively 
with antibiotics or laparoscopic appendectomy, complicated cases often require more extensive surgical and 
medical interventions. Despite its advantages, ultrasound has limitations. Operator dependence and patient 
factors, such as obesity and excessive bowel gas, can hinder image acquisition and interpretation [8]. In 
equivocal cases, adjunct imaging techniques, such as CT or magnetic resonance imaging (MRI), may be 
necessary to confirm the diagnosis. However, improving the understanding and utilization of sonographic signs 
can minimize the need for additional imaging and ensure accurate diagnosis in the majority of cases [9]. 

Objective 

This study focuses on evaluating the diagnostic utility of sonographic signs in distinguishing between simple 
and complicated appendicitis in children. By analyzing specific features and their predictive values, we aim to 
enhance the accuracy and reliability of ultrasound as a diagnostic tool.  

Methodology 

This retrospective study was conducted at Maternal and Child Birth hospital Najran City during period June 
2023 to June 2024. 

Inclusion criteria  

1. Pediatric patients (2–18 years old) presenting with acute abdominal pain and clinical suspicion of 
appendicitis. 

2. Patients who underwent ultrasound as the primary imaging modality. 
3. Availability of complete medical records, including clinical presentation, laboratory investigations, 

imaging findings, and surgical or pathological confirmation. 

Exclusion criteria  

1. Patients with incomplete records or missing imaging data. 
2. Cases where appendicitis was excluded based on clinical or imaging findings. 
3. Patients who underwent imaging modalities other than ultrasound as the primary diagnostic tool. 

Data Collection 

Data were extracted from the hospital's electronic medical records system. Patient demographics, including age 
and gender, were recorded alongside clinical presentations such as abdominal pain, nausea, vomiting, fever, 
and tenderness in the right lower quadrant. Laboratory results, including white blood cell (WBC) count and C-
reactive protein (CRP) levels, were reviewed to complement the clinical findings. Detailed sonographic reports 
were analyzed to extract information on key ultrasound features, including appendiceal diameter, wall 
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thickening, non-compressibility, peri-appendiceal fluid, echogenic fat, presence of appendicolith, and evidence 
of complications such as abscess or perforation. To ensure the reliability of the findings, only cases with 
complete medical records, including imaging results and surgical or histopathological confirmation, were 
included in the study. Surgical or histopathological findings were used as the gold standard for confirming the 
diagnosis of simple or complicated appendicitis. For cases managed conservatively without surgery, follow-up 
records were reviewed to confirm the resolution of symptoms or alternative diagnoses. All data were 
anonymized to maintain patient confidentiality, and ethical approval for the study was obtained from the 
institutional review board prior to data collection. This comprehensive approach ensured that all relevant 
clinical, laboratory, and imaging information was systematically gathered and analyzed to evaluate the 
diagnostic utility of sonographic signs in distinguishing between simple and complicated appendicitis in 
children. 

Statistical Analysis 

Data were analyzed using statistical software [Insert Software Name]. Descriptive statistics were used to 
summarize demographic and clinical data. The sensitivity, specificity, positive predictive value (PPV), and 
negative predictive value (NPV) of individual sonographic signs were calculated. Receiver operating 
characteristic (ROC) curves were generated to evaluate the diagnostic performance of ultrasound in identifying 
simple and complicated appendicitis. Multivariate analysis was performed to identify the most predictive 
sonographic features for complicated appendicitis. 

Results 

A total of 305 pediatric patients were included in the study, with a median age of 10 years (range: 2–18 years). 
Of these, 160 (52.5%) were male and 145 (47.5%) were female. Based on clinical, imaging, and surgical 
findings, 200 patients (65.6%) were diagnosed with simple appendicitis, 75 patients (24.6%) had complicated 
appendicitis, and 30 patients (9.8%) had no appendicitis. 

Table 1: Demographics and Diagnosis Distribution 

Parameter Value 
Total Patients 305 
Median Age (Range) 10 years (2–18) 
Male 160 (52.5%) 
Female 145 (47.5%) 
Simple Appendicitis 200 (65.6%) 
Complicated Appendicitis 75 (24.6%) 
No Appendicitis 30 (9.8%) 

The diagnostic performance of sonographic signs highlights the reliability of specific features in identifying 
appendicitis. An appendiceal diameter >6 mm showed the highest sensitivity (95%) and specificity (90%), 
making it a primary diagnostic marker. Non-compressibility also demonstrated high diagnostic accuracy, with 
a sensitivity of 94% and the highest specificity at 96%, along with a PPV of 98%, indicating strong predictive 
value for appendicitis. Peri-appendiceal fluid, while less sensitive (80%), provided strong specificity (85%), 
particularly for complicated cases. Echogenic fat and appendicolith had moderate predictive values, while 
abscess/perforation was definitive for complicated appendicitis with 100% specificity and PPV. 
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Table 2: Diagnostic Performance of Sonographic Signs 

Sonographic Sign Sensitivity 
(%) 

Specificity 
(%) 

PPV (%) NPV (%) 

Appendiceal Diameter >6 
mm 

95 90 92 93 

Wall Thickening/Hyperemia 88 85 90 82 
Non-Compressibility 94 96 98 88 
Peri-Appendiceal Fluid 80 85 84 81 
Echogenic Fat 75 70 78 66 
Appendicolith 48 88 80 60 
Abscess/Perforation 66 100 100 82 

The comparison between simple and complicated appendicitis reveals notable differences in the prevalence of 
sonographic signs. Appendiceal diameter >6 mm and non-compressibility were consistently observed in both 
simple (95% and 94%, respectively) and complicated appendicitis (93% and 88%, respectively). However, 
peri-appendiceal fluid (10% vs. 65%), echogenic fat (60% vs. 80%), and appendicolith (12% vs. 48%) were 
significantly more frequent in complicated cases. Abscess or perforation was exclusively associated with 
complicated appendicitis (66.7%), highlighting its critical role in identifying severe cases. 

Table 3: Comparison of Sonographic Signs in Simple vs. Complicated Appendicitis 

Sonographic Sign Simple Appendicitis 
(n=200) 

Complicated Appendicitis (n=75) 

Appendiceal Diameter >6 mm 190 (95%) 70 (93%) 
Wall Thickening/Hyperemia 185 (92.5%) 55 (73.3%) 
Non-Compressibility 188 (94%) 66 (88%) 
Peri-Appendiceal Fluid 20 (10%) 49 (65%) 
Echogenic Fat 120 (60%) 60 (80%) 
Appendicolith 24 (12%) 36 (48%) 
Abscess/Perforation 0 (0%) 50 (66.7%) 

n enlarged appendiceal diameter (>6 mm) was the most common finding, present in 94.5% of cases overall. 
Non-compressibility (90.9%) and wall thickening (87.3%) were similarly prevalent. Features like peri-
appendiceal fluid (29.1%) and appendicolith (21.8%) were more frequent in complicated cases (65% and 48%, 
respectively) compared to simple appendicitis. Abscess or perforation was observed exclusively in complicated 
cases (66.7%), making it a hallmark for severe presentations. 

Table 4: Frequency of Sonographic Signs in Diagnosed Cases 

Sonographic Sign Frequency in All 
Cases (n=275) 

Frequency in Simple 
Appendicitis (n=200) 

Frequency in 
Complicated Appendicitis 
(n=75) 

Appendiceal Diameter >6 
mm 

260 (94.5%) 190 (95%) 70 (93%) 

Wall 
Thickening/Hyperemia 

240 (87.3%) 185 (92.5%) 55 (73.3%) 

Non-Compressibility 250 (90.9%) 188 (94%) 66 (88%) 
Peri-Appendiceal Fluid 80 (29.1%) 20 (10%) 49 (65%) 
Echogenic Fat 210 (76.4%) 120 (60%) 60 (80%) 
Appendicolith 60 (21.8%) 24 (12%) 36 (48%) 
Abscess/Perforation 50 (18.2%) 0 (0%) 50 (66.7%) 

Peri-appendiceal fluid showed good sensitivity (65%) and high specificity (90%), with a strong NPV (86%) 
for ruling out complications. Echogenic fat demonstrated the highest sensitivity (80%), while appendicolith 
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offered high specificity (88%) but lower sensitivity (48%). Abscess or perforation was the most definitive 
predictor, achieving 100% specificity and PPV, confirming its role as a key indicator of complicated 
appendicitis. 

Table 5: Predictive Value of Sonographic Signs for Complicated Appendicitis 

Sonographic Sign Sensitivity 
(%) 

Specificity 
(%) 

Positive Predictive 
Value (PPV) (%) 

Negative Predictive 
Value (NPV) (%) 

Peri-Appendiceal 
Fluid 

65 90 71 86 

Echogenic Fat 80 70 50 90 
Appendicolith 48 88 80 60 
Abscess/Perforation 66 100 100 82 

Discussion 

The findings of this study underscore the high utility of ultrasound in diagnosing appendicitis in children, 
particularly in differentiating between simple and complicated cases. Among the 305 pediatric patients 
evaluated, ultrasound demonstrated excellent diagnostic accuracy, with a sensitivity of 95% and specificity of 
90% [10]. These results affirm ultrasound's status as a first-line imaging modality for pediatric appendicitis, 
offering reliable, non-invasive, and radiation-free diagnosis. The most consistent sonographic finding for 
diagnosing appendicitis was an enlarged appendiceal diameter (>6 mm), which had a sensitivity of 95% and 
was present in 94.5% of all confirmed cases [11]. Non-compressibility of the appendix showed high specificity 
(96%) and was frequently observed in both simple and complicated appendicitis. These findings align with 
existing literature, highlighting these features as key diagnostic criteria [12]. 

For complicated appendicitis, peri-appendiceal fluid, echogenic fat, appendicolith, and abscess or perforation 
were particularly useful indicators. Peri-appendiceal fluid was observed in 65% of complicated cases, 
indicating localized inflammation or perforation [13]. The presence of an appendicolith was significantly more 
common in complicated appendicitis (48%) compared to simple cases (12%), consistent with its known 
association with obstruction and increased risk of perforation. Notably, abscess or perforation was detected in 
66.7% of complicated cases and had a specificity of 100%, making it a definitive marker for this subgroup. 
The ability to distinguish between simple and complicated appendicitis is critical for optimizing patient 
management [14]. Simple appendicitis may be managed conservatively with antibiotics or laparoscopic 
appendectomy, whereas complicated cases often require urgent surgical intervention and post-operative care. 
The identification of features such as peri-appendiceal fluid and abscesses on ultrasound enables clinicians to 
triage patients effectively, minimizing delays in treatment [15]. 

Additionally, the study highlights the role of advanced sonographic techniques, such as Doppler imaging, in 
detecting wall hyperemia and differentiating inflamed from non-inflamed appendices [16]. These techniques 
enhance diagnostic accuracy and reduce the need for additional imaging modalities like CT, which expose 
children to ionizing radiation. Despite its advantages, ultrasound has limitations [17]. Operator dependency is 
a key challenge, as the accuracy of findings relies heavily on the skill and experience of the sonographer. 
Factors such as obesity and excessive bowel gas can also compromise image quality, leading to inconclusive 
results in some cases. In this study, 30 patients were ultimately diagnosed as not having appendicitis, reflecting 
a small rate of false positives that could lead to unnecessary interventions. 

Conclusion 

It is concluded that ultrasound is a highly effective and reliable diagnostic tool for identifying appendicitis in 
children, with specific sonographic signs like appendiceal diameter, non-compressibility, and peri-appendiceal 
fluid playing a critical role. The ability to distinguish between simple and complicated cases ensures timely 
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and appropriate management, reducing the need for radiation-based imaging. Enhancing sonographer expertise 
and standardizing protocols can further optimize diagnostic accuracy. 

References 

1. Tong L, Nataraja RM, VanHaltren K, Sulaksana TH, Vinycomb TI, Pacilli M. The utility of 
sonographic signs to diagnose simple and complicated appendicitis in children. Pediatr Surg Int. 2023 
Feb 11;39(1):114. doi: 10.1007/s00383-023-05397-y. PMID: 36764977; PMCID: PMC9918567. 

2. Nah SA, Ong SS, Lim WX, Amuddhu SK, Tang PH, Low Y. Clinical relevance of the nonvisualized 
appendix on ultrasonography of the abdomen in children. J Pediatr. 2017;182:164–9.e1. 
doi:10.1016/j.jpeds.2016.11.062. 

3. Hajalioghli P, Mostafavi S, Mirza-Aghazadeh-Attari M. Ultrasonography in diagnosis of appendicitis 
and its complications in pediatric patients: a cross-sectional study. Ann Pediatr Surg. 2020;16(1):1–7. 
doi:10.1186/s43159-020-00023-1. 

4. Mirza WA, Naveed MZ, Khandwala K. Utility and accuracy of primary and secondary 
ultrasonographic signs for diagnosing acute appendicitis in pediatric patients. Cureus. 
2018;10(12):e3779. doi:10.7759/cureus.3779. 

5. Doria AS, Moineddin R, Kellenberger CJ, Epelman M, Beyene J, Schuh S, et al. US or CT for diagnosis 
of appendicitis in children and adults? A meta-analysis. Radiology. 2006;241(1):83–94. 
doi:10.1148/radiol.2411050913. 

6. Zhang H, Liao M, Chen J, Zhu D, Byanju S. Ultrasound, computed tomography or magnetic resonance 
imaging – which is preferred for acute appendicitis in children? A meta-analysis. Pediatr Radiol. 
2017;47(2):186–96. doi:10.1007/s00247-016-3727-3. 

7. Tseng P, Berdahl C, Kearl YL, Behar S, Cooper J, Dollbaum R, et al. Does right lower quadrant 
abdominal ultrasound accurately identify perforation in pediatric acute appendicitis? J Emerg Med. 
2016;50(4):638–42. doi:10.1016/j.jemermed.2015.10.007. 

8. Chicaiza HP, Malia L, Mulvey CH, Smith SR. Revisiting the appendiceal diameter via ultrasound for 
the diagnosis of acute appendicitis. Pediatr Emerg Care. 2018;34(11):757–60. 
doi:10.1097/PEC.0000000000001278. 

9. Prendergast PM, Poonai N, Lynch T, McKillop S, Lim R. Acute appendicitis: investigating an optimal 
outer appendiceal diameter cut-point in a pediatric population. J Emerg Med. 2014;46(2):157–64. 
doi:10.1016/j.jemermed.2013.08.027. 

10. Trout AT, Towbin AJ, Fierke SR, Zhang B, Larson DB. Appendiceal diameter as a predictor of 
appendicitis in children: improved diagnosis with three diagnostic categories derived from a logistic 
predictive model. Eur Radiol. 2015;25(8):2231–8. doi:10.1007/s00330-015-3639-x. 

11. Reddan T, Corness J, Harden F, Mengersen K. Analysis of the predictive value of clinical and 
sonographic variables in children with suspected acute appendicitis using decision tree algorithms. 
Sonography. 2018;5(4):157–63. doi:10.1002/sono.12156. 

12. Mahida JB, Lodwick DL, Nacion KM, Sulkowski JP, Leonhart KL, Cooper JN, et al. High failure rate 
of nonoperative management of acute appendicitis with an appendicolith in children. J Pediatr Surg. 
2016;51(6):908–11. doi:10.1016/j.jpedsurg.2016.02.056. 

13. Anandalwar SP, Callahan MJ, Bachur RG, Feng C, Sidhwa F, Karki M, et al. Use of white blood cell 
count and polymorphonuclear leukocyte differential to improve the predictive value of ultrasound for 
suspected appendicitis in children. J Am Coll Surg. 2015;220(6):1010–7. 
doi:10.1016/j.jamcollsurg.2015.01.039. 

14. Zouari M, Hbaieb M, Issaoui A, Krichen E, Safi F, Dhaou MB, Mhiri R. Ultrasound Assessment in 
Children With Suspected Appendicitis: Time to Revise Diagnostic Criteria: A Prospective Cohort 
Study. Surg Infect (Larchmt). 2024 May;25(4):300-306. doi: 10.1089/sur.2023.370. Epub 2024 Apr 
16. PMID: 38625002. 

15. Zouari M, Issaoui A, Hbaieb M, Belhajmansour M, Meddeb S, Ben Dhaou M, Mhiri R. Predictive 
Factors of Acute Appendicitis in Children With Non-Visualized Appendix on Ultrasound: A 
Prospective Cohort Study. Surg Infect (Larchmt). 2024 Feb;25(1):26-31. doi: 10.1089/sur.2023.295. 
Epub 2023 Dec 6. PMID: 38054935. 



Frontiers in Health Informatics   www.healthinformaticsjournal.com  

 ISSN-Online: 2676-7104  

 2024; Vol 13: Issue 3 Open Access  
 

10664 

16. Pernía J, Cancho T, Segovia I, de Ponga P, Granda E, Velasco R. Predictive values of indirect 
ultrasound signs for low risk of acute appendicitis in paediatric patients without visualisation of the 
appendix on ultrasound. Emerg Med J. 2024 Jul 22;41(8):475-480. doi: 10.1136/emermed-2023-
213466. PMID: 38729752. 

17. Kouamé N, N'goan-Domoua AM, N'dri KJ, Konan AN, Yao-Bathaix MF, N'gbesso RD, Kéita AK. 
The diagnostic value of indirect ultrasound signs during acute adult appendicitis. Diagn Interv Imaging. 
2012 Mar;93(3):e24-8. doi: 10.1016/j.diii.2011.12.008. Epub 2012 Feb 23. PMID: 22421290. 

 

 

 

 

 

 

 


