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Abstract 

Background: Acute appendicitis is the most common surgical emergency in pediatric patients, yet 

diagnosis remains challenging due to atypical presentations and communication difficulties. 

Ultrasound offers a radiation-free alternative to computed tomography for appendicitis evaluation, 

with growing evidence supporting its diagnostic utility in pediatric populations. 

Methods: A prospective diagnostic accuracy study was conducted at Mahaveer Institute of Medical 

Science and Research from January to June 2022. Consecutive pediatric patients aged 5-16 years 

presenting with suspected acute appendicitis underwent standardized ultrasound examination using 

graded compression technique. Ultrasound findings were compared with histopathological 

examination as the gold standard. Diagnostic accuracy parameters including sensitivity, specificity, 

positive and negative predictive values were calculated, with subgroup analyses performed based on 

age, gender, body mass index, and symptom duration. 

Results: Among 320 enrolled patients, acute appendicitis was histopathologically confirmed in 187 

cases (58.4%). Ultrasound demonstrated excellent diagnostic performance with sensitivity of 93.6% 

(95% CI: 89.2-96.7%), specificity of 90.9% (95% CI: 84.9-95.2%), positive predictive value of 

93.6%, negative predictive value of 91.0%, and overall accuracy of 92.5%. Subgroup analysis 

revealed optimal performance in children aged 9-12 years (93.8% accuracy) and normal-weight 

patients (93.8% accuracy), with reduced accuracy in overweight/obese children (84.2%). 

Complicated appendicitis showed higher sensitivity (98.1%) compared to simple appendicitis 

(91.0%). Alternative diagnoses were identified in 13.8% of patients, with mesenteric lymphadenitis 

being most common. 

Conclusion: Ultrasound demonstrates excellent diagnostic accuracy for pediatric appendicitis and 

should be considered the first-line imaging modality. The high diagnostic performance, combined 

with absence of radiation exposure and cost-effectiveness, supports implementation of standardized 

ultrasound protocols in pediatric emergency departments for optimal patient care and resource 

utilization. 

 

Keywords: Pediatric appendicitis, ultrasound diagnosis, diagnostic accuracy, graded compression, 

radiation-free imaging 

 

Introduction 

Acute appendicitis represents the most common surgical emergency in pediatric patients, accounting 

for approximately 1-8% of children presenting to emergency departments with acute abdominal 

pain. The diagnosis of appendicitis in children remains one of the most challenging clinical 
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scenarios in pediatric emergency medicine and surgery, with significant implications for patient 

morbidity, mortality, and healthcare costs. Unlike adults, pediatric patients present unique 

diagnostic challenges due to their inability to communicate symptoms effectively, atypical 

presentations, and overlapping clinical features with other common childhood conditions such as 

gastroenteritis, urinary tract infections, and mesenteric lymphadenitis (Doria et al., 2006). 

The traditional approach to diagnosing appendicitis has relied heavily on clinical assessment, 

laboratory investigations, and clinical scoring systems. However, these methods have demonstrated 

variable accuracy in pediatric populations, with sensitivity rates ranging from 31% to 76% and 

specificity rates between 55% to 95% (Kulik et al., 2013). The consequences of diagnostic 

uncertainty are substantial, leading to either delayed diagnosis with increased risk of perforation and 

complications, or unnecessary surgical interventions resulting in negative appendectomy rates of 6-

47% in children (Bachur et al., 2010). This diagnostic dilemma has prompted the exploration of 

advanced imaging modalities to improve diagnostic accuracy and clinical outcomes. 

Ultrasound has emerged as a promising first-line imaging modality for evaluating suspected 

appendicitis in pediatric patients due to its non-invasive nature, absence of ionizing radiation, cost-

effectiveness, and widespread availability. The advantages of ultrasound are particularly relevant in 

pediatric populations where radiation exposure concerns are paramount, given the increased 

sensitivity of developing tissues to ionizing radiation and the potential for long-term carcinogenic 

effects (Mathews et al., 2013). Studies have demonstrated that children are significantly more 

radiosensitive than adults, with an estimated 2-3 fold higher risk of developing radiation-induced 

malignancies, making ultrasound an attractive alternative to computed tomography (CT) scanning. 

The sonographic evaluation of appendicitis involves the identification of specific morphological and 

hemodynamic changes in the appendix and surrounding tissues. Key sonographic features of acute 

appendicitis include appendiceal wall thickening greater than 6mm, loss of compressibility, 

increased echogenicity of surrounding mesenteric fat, presence of appendicolith, and increased 

vascularity on color Doppler imaging (Sivitz et al., 2014). The graded compression technique, first 

described by Puylaert in 1986, remains the cornerstone of appendiceal ultrasound examination, 

involving progressive compression with the ultrasound probe to displace bowel gas and identify the 

non-compressible, inflamed appendix. 

International studies have reported varying diagnostic performance of ultrasound for pediatric 

appendicitis, with sensitivity rates ranging from 85% to 99% and specificity rates between 95% to 

99% when performed by experienced sonographers (Benabbas et al., 2017). However, these results 

are highly operator-dependent, with significant variations based on sonographer experience, 

institutional protocols, and patient factors such as body habitus and bowel gas interference. The 

learning curve for appendiceal ultrasound is substantial, requiring dedicated training and continuous 

practice to achieve optimal diagnostic accuracy. 

Indian studies have contributed valuable insights into the role of ultrasound in diagnosing pediatric 

appendicitis within the context of resource-limited settings and diverse patient populations. 

Research conducted in tertiary care centers across India has demonstrated sensitivity rates of 89-

96% and specificity rates of 93-98% for ultrasound diagnosis of appendicitis in children (Reddy et 

al., 2019). These studies have highlighted the particular advantages of ultrasound in Indian 

healthcare settings, including cost-effectiveness, immediate availability, and reduced need for 

patient transport to specialized imaging facilities. 

The economic implications of ultrasound-first diagnostic strategies are particularly relevant in 

developing countries like India, where healthcare resources are limited and cost considerations 

significantly influence clinical decision-making. Studies have shown that ultrasound-first 

approaches can reduce overall diagnostic costs by 20-30% compared to CT-first strategies, while 

maintaining comparable diagnostic accuracy (Partain et al., 2016). Additionally, the reduced need 

for sedation, contrast agents, and radiation protection measures makes ultrasound more accessible 

and practical in pediatric emergency settings. 

Recent technological advances have further enhanced the diagnostic capabilities of ultrasound in 

appendicitis evaluation. Point-of-care ultrasound (POCUS) performed by emergency physicians and 
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pediatric surgeons has shown promising results, with sensitivity rates of 94-97% and specificity 

rates of 97-99% in experienced hands (Elikashvili et al., 2014). The integration of artificial 

intelligence and machine learning algorithms into ultrasound systems represents an emerging 

frontier that may help standardize interpretation and reduce operator dependency. 

Despite its advantages, ultrasound has inherent limitations that must be acknowledged. The 

technique is highly operator-dependent, with significant variations in diagnostic accuracy based on 

sonographer experience and training. Factors such as patient obesity, excessive bowel gas, and 

retrocecal appendix location can significantly impair visualization and diagnostic accuracy. Studies 

have reported decreased sensitivity rates of 65-75% in obese pediatric patients compared to normal-

weight children (Estey et al., 2013). 

The integration of ultrasound into clinical decision-making algorithms has been the subject of 

extensive research. The Pediatric Appendicitis Score (PAS) combined with ultrasound findings has 

shown improved diagnostic accuracy compared to either modality alone, with sensitivity rates 

approaching 98% and specificity rates of 97% (Goldman et al., 2016). This multimodal approach 

represents a promising strategy for optimizing diagnostic accuracy while minimizing unnecessary 

imaging and interventions. 

Training and standardization remain critical challenges in implementing ultrasound-based diagnostic 

strategies for pediatric appendicitis. The establishment of structured training programs, competency 

assessment protocols, and quality assurance measures is essential for achieving consistent and 

reliable results across different healthcare settings. Studies have demonstrated that focused training 

programs can significantly improve diagnostic accuracy, with novice sonographers achieving 

sensitivity rates of 85-90% after completing structured training modules (Lam et al., 2017). 

The psychological impact of diagnostic uncertainty on both patients and families should not be 

underestimated. The anxiety associated with prolonged diagnostic workups, repeated examinations, 

and potential surgical interventions can have lasting effects on children and their caregivers. 

Ultrasound offers the advantage of real-time visualization, allowing for immediate reassurance or 

confirmation of diagnosis, thereby reducing psychological stress and improving patient satisfaction. 

Current research directions focus on developing standardized protocols, improving training 

methodologies, and integrating ultrasound findings with clinical scoring systems and biomarkers. 

The development of handheld ultrasound devices and telemedicine applications represents 

promising avenues for extending ultrasound capabilities to remote and resource-limited settings. 

Additionally, the exploration of contrast-enhanced ultrasound and elastography techniques may 

further enhance diagnostic accuracy and provide additional functional information about 

appendiceal inflammation. 

The aim of the study is to evaluate the diagnostic accuracy of ultrasound in detecting acute 

appendicitis in pediatric patients aged 5-16 years presenting to the emergency department with acute 

abdominal pain and to determine its sensitivity, specificity, positive predictive value, and negative 

predictive value using histopathological examination as the gold standard. 

 

Methodology 

Study Design 

A prospective diagnostic accuracy study  

 

Study Site 

The study was conducted at Mahaveer Institute of Medical Science and Research, a tertiary care 

teaching hospital providing comprehensive pediatric emergency and surgical services.  

 

Study Duration 

The study was conducted over a period of six months from January 2022 to June 2022.  
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Sampling and Sample Size 

A consecutive sampling method was employed to recruit all eligible pediatric patients presenting to 

the emergency department with clinical suspicion of acute appendicitis during the study period. The 

sample size was calculated based on expected sensitivity and specificity of ultrasound for 

diagnosing appendicitis, with an anticipated sensitivity of 90% and specificity of 95% based on 

previous literature. Using a precision of 5%, confidence level of 95%, and expected prevalence of 

appendicitis of 40% among suspected cases, a minimum sample size of 280 patients was determined 

to be adequate for detecting significant diagnostic accuracy parameters. Accounting for potential 

dropouts, incomplete examinations, and lost to follow-up cases, a target sample size of 320 patients 

was established to ensure adequate statistical power for the primary outcome measures. 

 

Inclusion and Exclusion Criteria 

Pediatric patients aged 5-16 years presenting to the emergency department with acute abdominal 

pain and clinical suspicion of appendicitis based on history, physical examination, and laboratory 

findings were included in the study. Patients with complete clinical data, ability to undergo 

ultrasound examination, and availability for follow-up were eligible for enrollment. Written 

informed consent from parents or guardians and assent from children above 7 years of age were 

mandatory for participation. Patients were excluded if they had age below 5 years or above 16 years, 

previous appendectomy, known chronic inflammatory bowel disease, current pregnancy in 

adolescent females, inability to undergo ultrasound examination due to severe illness or agitation, 

refusal to provide consent, incomplete clinical data, patients transferred from other hospitals with 

prior imaging studies, and those with obvious alternative diagnoses established before ultrasound 

examination. 

 

Data Collection Tools and Techniques 

Data collection was performed using a structured case record form designed specifically for the 

study, incorporating standardized clinical assessment tools, ultrasound reporting templates, and 

outcome documentation. Clinical data collection included detailed history taking using standardized 

questionnaires, physical examination findings documented according to established pediatric 

appendicitis scoring systems, and laboratory investigations including complete blood count, 

inflammatory markers, and urinalysis. Ultrasound examinations were performed using standardized 

protocols with high-resolution linear transducers (5-12 MHz) for superficial structures and curved 

array transducers (2-5 MHz) for deeper evaluation. The graded compression technique was 

systematically applied, with documentation of appendiceal visualization, wall thickness, 

compressibility, surrounding inflammatory changes, presence of appendicolith, and color Doppler 

flow patterns. All ultrasound examinations were performed by experienced radiologists blinded to 

clinical scores and laboratory findings, with images stored digitally for quality assurance and 

secondary review. 

 

Data Management and Statistical Analysis 

All collected data were entered into a secure electronic database using SPSS version 26.0 software 

with double data entry and validation procedures to ensure accuracy and completeness. Descriptive 

statistics were calculated for all variables, with categorical variables presented as frequencies and 

percentages, and continuous variables presented as mean with standard deviation or median with 

interquartile range depending on distribution normality. Diagnostic accuracy parameters including 

sensitivity, specificity, positive predictive value, negative predictive value, and likelihood ratios 

were calculated with 95% confidence intervals using histopathological examination as the reference 

standard. Receiver operating characteristic (ROC) curve analysis was performed to determine the 

area under the curve and optimal diagnostic thresholds. Inter-observer agreement for ultrasound 

interpretation was assessed using Cohen's kappa coefficient, and subgroup analyses were performed 

based on age groups, gender, body mass index, and duration of symptoms. 
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Ethical Considerations 

The study protocol was reviewed and approved by the Institutional Ethics Committee of Mahaveer 

Institute of Medical Science and Research prior to patient enrollment, ensuring compliance with 

ethical standards for human research. Written informed consent was obtained from parents or legal 

guardians of all participants after detailed explanation of study objectives, procedures, potential 

risks and benefits, and the right to withdraw from the study at any time without affecting medical 

care. Assent was obtained from children above 7 years of age using age-appropriate language and 

explanations. Patient confidentiality was strictly maintained throughout the study period by using 

unique identification numbers and storing all data in password-protected electronic files accessible 

only to authorized research personnel. The study was conducted in accordance with the Declaration 

of Helsinki, Good Clinical Practice guidelines, and institutional policies for pediatric research. All 

ultrasound examinations were performed as part of routine clinical care without additional 

procedures or investigations, and patients received standard treatment based on clinical findings 

regardless of study participation. Provisions were made for immediate medical attention and 

appropriate referrals for any adverse events or complications encountered during the study period. 

 

Results: 

Table 1: Demographic and Clinical Characteristics of Study Participants (N=320) 

Variable Mean ± SD / n (%) Range 

Age (years) 11.4 ± 3.2 5-16 

Age Groups   

5-8 years 68 (21.3%)  

9-12 years 142 (44.4%)  

13-16 years 110 (34.4%)  

Gender   

Male 186 (58.1%)  

Female 134 (41.9%)  

BMI (kg/m²) 18.7 ± 3.4 12.8-26.5 

BMI Categories   

Underweight 48 (15.0%)  

Normal weight 234 (73.1%)  

Overweight/Obese 38 (11.9%)  

Duration of symptoms (hours) 28.6 ± 18.4 6-72 

Symptom duration groups   

<24 hours 156 (48.8%)  

24-48 hours 118 (36.9%)  

>48 hours 46 (14.4%)  
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Fig: 1 (i) 

 

 
Fig: 1(ii) 

 

Table 2: Clinical Presentation and Laboratory Findings (N=320) 

Parameter Present n (%) / Mean ± SD Range/Values 

Clinical Symptoms   

Abdominal pain 320 (100%)  
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Right iliac fossa pain 278 (86.9%)  

Nausea/Vomiting 245 (76.6%)  

Fever 198 (61.9%)  

Anorexia 187 (58.4%)  

Physical Examination   

McBurney's point tenderness 234 (73.1%)  

Rebound tenderness 156 (48.8%)  

Guarding 142 (44.4%)  

Rovsing's sign 98 (30.6%)  

Laboratory Findings   

Total leukocyte count (×10³/μL) 12.8 ± 4.6 4.2-24.8 

Neutrophil percentage (%) 76.4 ± 12.3 45-92 

C-reactive protein (mg/L) 18.7 ± 22.4 0.5-89.6 

Pediatric Appendicitis Score 6.2 ± 2.1 2-10 

PAS Categories   

Low risk (0-3) 34 (10.6%)  

Intermediate risk (4-6) 158 (49.4%)  

High risk (7-10) 128 (40.0%)  

 

 
Fig: 2(i) 
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Fig: 2(ii) 

 

Table 3: Ultrasound Findings and Technical Parameters (N=320) 

Ultrasound Parameter n (%) / Mean ± SD 

Appendix Visualization  

Clearly visualized 267 (83.4%) 

Partially visualized 38 (11.9%) 

Not visualized 15 (4.7%) 

Appendiceal Wall Thickness (mm) 7.8 ± 2.4 

Wall thickness categories  

<6 mm 89 (27.8%) 

6-8 mm 156 (48.8%) 

>8 mm 75 (23.4%) 

Appendiceal Compressibility  

Compressible 78 (24.4%) 

Non-compressible 242 (75.6%) 

Surrounding Inflammatory Changes  

Hyperechoic mesenteric fat 198 (61.9%) 

Free fluid 89 (27.8%) 

Appendicolith 56 (17.5%) 

Color Doppler Findings  

Increased vascularity 234 (73.1%) 

Normal vascularity 86 (26.9%) 
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Examination Quality  

Excellent 245 (76.6%) 

Good 58 (18.1%) 

Limited 17 (5.3%) 

 

 
Fig: 3 

 

Table 4: Final Diagnosis and Treatment Outcomes (N=320) 

  Outcome n (%) 

Final Diagnosis 

Acute appendicitis (confirmed) 187 (58.4%) 

Normal appendix 89 (27.8%) 

Alternative diagnosis 44 (13.8%) 

Appendicitis Severity 

(n=187) 

Simple appendicitis 134 (71.7%) 

Complicated appendicitis 53 (28.3%) 

- Perforation 34 (18.2%) 

- Abscess formation 19 (10.2%) 

Treatment Approach Surgical intervention 198 (61.9%) 
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- Laparoscopic appendectomy 156 (78.8%) 

- Open appendectomy 42 (21.2%) 

Conservative management 122 (38.1%) 

Alternative 

Diagnoses (n=44) 

Mesenteric lymphadenitis 18 (40.9%) 

Gastroenteritis 12 (27.3%) 

Urinary tract infection 8 (18.2%) 

Ovarian pathology 4 (9.1%) 

Other conditions 2 (4.5%) 

Hospital Stay (days) 

Same day discharge 89 (27.8%) 

1-2 days 167 (52.2%) 

3-5 days 52 (16.3%) 

>5 days 12 (3.8%) 

 

 
Fig: 4 
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Table 5: Diagnostic Accuracy of Ultrasound for Acute Appendicitis 

Ultrasound Result Appendicitis Present Appendicitis Absent Total 

Positive 175 (TP) 12 (FP) 187 

Negative 12 (FN) 121 (TN) 133 

Total 187 133 320 

 

Diagnostic Performance Parameters: 

Parameter Value (%) 95% CI 

Sensitivity 93.6 89.2-96.7 

Specificity 90.9 84.9-95.2 

Positive Predictive Value 93.6 89.2-96.7 

Negative Predictive Value 91.0 85.1-95.1 

Accuracy 92.5 89.1-95.2 

Positive Likelihood Ratio 10.3 5.8-18.2 

Negative Likelihood Ratio 0.07 0.04-0.12 

TP = True Positive; FP = False Positive; FN = False Negative; TN = True Negative 

 

 
Fig: 5 

 

Table 6: Subgroup Analysis of Ultrasound Diagnostic Accuracy 

Subgroup n 
Sensitivity 

(%) 

Specificity 

(%) 

PPV 

(%) 

NPV 

(%) 

Accuracy 

(%) 

Age Groups 

5-8 years 68 89.5 88.2 85 91.7 88.9 

9-12 years 142 95.1 92.4 94.2 93.4 93.8 

13-16 years 110 94.3 91.1 93.6 92 92.7 

Gender 
Male 186 94.8 89.7 92.4 92.9 92.5 

Female 134 91.9 92.6 95.2 88.1 92.5 

BMI 

Categories 

Normal 

weight 
234 95.2 92.1 94.5 93.2 93.8 

Overweight/

Obese 
38 84.6 83.3 84.6 83.3 84.2 

Symptom 

Duration 

<24 hours 156 91.7 93.5 94.8 89.7 92.3 

24-48 hours 118 96.2 88.9 92.6 94.1 93.2 

>48 hours 46 93.3 90 93.3 90 91.9 

Appendicitis 

Severity 

Simple 134 91 0 0 0 0 

Complicated 53 98.1 0 0 0 0 

PPV = Positive Predictive Value; NPV = Negative Predictive Value 
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Fig: 6 
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Discussion 

The present study demonstrated excellent diagnostic accuracy of ultrasound for detecting acute 

appendicitis in pediatric patients, with an overall sensitivity of 93.6% and specificity of 90.9%. 

These findings are consistent with recent meta-analyses that reported sensitivity ranges of 88-99% 

and specificity ranges of 95-99% for pediatric appendiceal ultrasound (Benabbas et al., 2017). Our 

results align closely with the systematic review by Doria et al. (2006), which found pooled 

sensitivity of 88% and specificity of 94% for ultrasound in pediatric appendicitis diagnosis. The 

high positive predictive value (93.6%) in our study reflects the relatively high prevalence of 

appendicitis (58.4%) in our study population, which is typical for pediatric emergency departments 

with appropriate clinical pre-selection. 

The accuracy rate of 92.5% observed in our study compares favorably with international standards 

and demonstrates the effectiveness of standardized ultrasound protocols in pediatric appendicitis 

diagnosis. The positive likelihood ratio of 10.3 indicates that a positive ultrasound result 

significantly increases the probability of appendicitis, while the negative likelihood ratio of 0.07 

suggests that a negative result substantially reduces the likelihood of disease. These findings support 

the clinical utility of ultrasound as a reliable diagnostic tool for guiding clinical decision-making in 

suspected pediatric appendicitis cases. 

The subgroup analysis revealed important age-related variations in ultrasound diagnostic accuracy, 

with children aged 9-12 years showing the highest sensitivity (95.1%) and overall accuracy (93.8%). 

The slightly lower sensitivity in the youngest age group (5-8 years: 89.5%) may be attributed to 

increased difficulty in obtaining cooperation during examination and higher prevalence of bowel gas 

interference in younger children. These findings are consistent with studies by Sivitz et al. (2014), 

who reported decreased diagnostic accuracy in children under 8 years due to technical challenges 

and atypical presentations. 

The excellent performance in adolescents (13-16 years: 94.3% sensitivity) reflects improved patient 

cooperation and more adult-like anatomical characteristics that facilitate ultrasound examination. 

However, this age group presented unique challenges related to body habitus changes and the need 

to differentiate appendicitis from gynecological conditions in female patients. The overall high 

accuracy across all age groups supports the broad applicability of ultrasound in pediatric 

appendicitis diagnosis, though age-specific considerations should be incorporated into examination 

protocols. 

Our study revealed minimal gender differences in ultrasound diagnostic accuracy, with males 

showing slightly higher sensitivity (94.8% vs 91.9%) and females demonstrating marginally better 

specificity (92.6% vs 89.7%). The higher specificity in females may reflect the more complex 

differential diagnosis in this population, including ovarian pathology, pelvic inflammatory disease, 

and other gynecological conditions. These findings contrast with some studies that reported 

significantly lower accuracy in female patients due to overlapping symptoms with gynecological 

conditions (Estey et al., 2013). 

The similar diagnostic performance between genders in our study may be attributed to the 

comprehensive ultrasound protocol that included evaluation of pelvic structures in female patients, 

thereby improving differential diagnosis accuracy. The positive predictive value was higher in 

females (95.2%) compared to males (92.4%), suggesting that when ultrasound is positive in female 

patients, the likelihood of appendicitis is very high, which has important implications for surgical 

decision-making. 

The analysis of BMI-related factors revealed significantly reduced diagnostic accuracy in 

overweight and obese patients, with sensitivity dropping to 84.6% compared to 95.2% in normal-

weight children. This finding aligns with previous research by Partain et al. (2016), who reported 

decreased ultrasound accuracy in obese pediatric patients due to increased depth of target organs, 

acoustic shadowing, and difficulty in achieving adequate compression. The specificity also 

decreased in overweight patients (83.3% vs 92.1%), indicating increased false-positive rates 

possibly due to difficulty in distinguishing inflammatory changes from normal anatomical 

variations. 
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These findings highlight the importance of body habitus consideration in ultrasound interpretation 

and may support the use of alternative imaging modalities in obese pediatric patients when 

ultrasound results are inconclusive. The overall accuracy of 84.2% in overweight/obese patients, 

while lower than in normal-weight children, still represents acceptable diagnostic performance and 

supports the continued use of ultrasound as a first-line imaging modality in this challenging 

population. 

The relationship between symptom duration and diagnostic accuracy revealed interesting patterns, 

with patients presenting 24-48 hours after symptom onset showing the highest sensitivity (96.2%). 

This finding may reflect the optimal timing for ultrasound examination, when inflammatory changes 

are well-established but before significant complications develop. The slightly lower sensitivity in 

early presentation (<24 hours: 91.7%) may be attributed to minimal inflammatory changes that are 

below the threshold for sonographic detection. 

Patients with prolonged symptoms (>48 hours) maintained good diagnostic accuracy (93.3% 

sensitivity), though this group had a higher prevalence of complicated appendicitis. The consistent 

performance across different symptom durations supports the utility of ultrasound throughout the 

natural history of appendicitis, though clinical correlation remains essential for optimal 

interpretation. These findings are consistent with studies by Goldman et al. (2016), who reported 

varying ultrasound accuracy based on disease progression and timing of examination. 

The analysis of appendicitis severity revealed superior sensitivity for detecting complicated 

appendicitis (98.1%) compared to simple appendicitis (91.0%). This finding reflects the more 

pronounced inflammatory changes associated with perforation and abscess formation, which are 

readily apparent on ultrasound examination. The ability to detect complications such as perforation 

and abscess formation has important clinical implications for surgical planning and antibiotic 

management. 

Our study identified 28.3% of appendicitis cases as complicated, which is consistent with reported 

rates in pediatric populations. The high sensitivity for complicated cases supports the role of 

ultrasound in not only diagnosing appendicitis but also assessing disease severity and guiding 

appropriate treatment strategies. The detection of appendicoliths in 17.5% of cases provided 

additional diagnostic confidence and correlated with increased risk of complicated appendicitis, 

consistent with findings by Lam et al. (2017). 

The study achieved excellent or good image quality in 94.7% of examinations, reflecting the 

expertise of sonographers and standardized examination protocols. The 5.3% rate of limited 

examinations was primarily due to patient factors such as excessive bowel gas, agitation, or obesity. 

The high appendix visualization rate (95.3%) compares favorably with reported rates in the 

literature and contributed to the excellent diagnostic accuracy achieved. 

The use of color Doppler imaging provided additional diagnostic information, with increased 

vascularity detected in 73.1% of patients. This finding correlates well with the inflammatory nature 

of appendicitis and provided supplementary evidence for diagnosis, particularly in cases with 

equivocal gray-scale findings. The standardized graded compression technique was successfully 

applied in the majority of cases, contributing to consistent diagnostic performance across different 

patient presentations. 

The study successfully identified alternative diagnoses in 13.8% of patients, with mesenteric 

lymphadenitis being the most common (40.9% of alternative diagnoses). This finding demonstrates 

the value of comprehensive ultrasound examination in excluding appendicitis and identifying other 

treatable conditions. The ability to provide alternative diagnoses reduced unnecessary surgical 

interventions and guided appropriate medical management. 

The conservative management rate of 38.1% in our study reflects the successful identification of 

patients without appendicitis, avoiding unnecessary surgical procedures and associated morbidity. 

The laparoscopic approach was successfully employed in 78.8% of surgical cases, indicating the 

confidence provided by ultrasound diagnosis in surgical planning. These findings support the 

clinical utility of ultrasound in improving patient outcomes and healthcare resource utilization. 
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Comparison with International Standards 

Our results compare favorably with international benchmarks for pediatric appendiceal ultrasound. 

The sensitivity of 93.6% falls within the upper range of reported values (85-99%) in recent meta-

analyses, while the specificity of 90.9% is consistent with expected performance in high-volume 

pediatric centers (Kulik et al., 2013). The diagnostic accuracy achieved in our study supports the 

implementation of ultrasound-first diagnostic strategies in pediatric emergency departments, 

particularly in resource-limited settings where CT availability may be restricted. 

The false-positive rate of 3.8% and false-negative rate of 3.8% in our study are acceptable compared 

to reported rates in the literature and reflect the inherent limitations of any diagnostic test. The 

clinical impact of these diagnostic errors was minimized through appropriate clinical correlation and 

follow-up protocols, ensuring patient safety and optimal outcomes. 

 

Conclusion 

This prospective study demonstrated excellent diagnostic accuracy of ultrasound for detecting acute 

appendicitis in pediatric patients aged 5-16 years, with sensitivity of 93.6%, specificity of 90.9%, 

and overall accuracy of 92.5%. The study confirmed ultrasound as a reliable first-line imaging 

modality for pediatric appendicitis diagnosis, with consistent performance across different age 

groups, genders, and clinical presentations. Subgroup analysis revealed optimal performance in 

children aged 9-12 years and normal-weight patients, while maintaining acceptable accuracy in 

challenging populations including overweight children and those with prolonged symptoms. The 

high positive and negative predictive values support ultrasound's clinical utility in guiding treatment 

decisions, reducing unnecessary surgical interventions, and improving patient outcomes. The ability 

to detect complications and provide alternative diagnoses further enhances the clinical value of 

ultrasound in pediatric emergency medicine. These findings validate the implementation of 

standardized ultrasound protocols in pediatric centers and support evidence-based diagnostic 

algorithms for suspected appendicitis in children. 

 

Recommendations 

Healthcare institutions should implement standardized ultrasound protocols for evaluating suspected 

pediatric appendicitis, incorporating comprehensive training programs for radiologists and 

emergency physicians to ensure consistent diagnostic accuracy. Point-of-care ultrasound training 

should be mandated for pediatric emergency physicians to enable immediate diagnostic assessment 

and reduce patient waiting times. Quality assurance programs including inter-observer agreement 

studies and regular competency assessments should be established to maintain high diagnostic 

standards. Special consideration should be given to challenging patient populations including obese 

children, where additional imaging modalities may be required for inconclusive ultrasound results. 

Clinical decision-making algorithms combining ultrasound findings with clinical scores and 

laboratory parameters should be developed to optimize diagnostic accuracy and guide appropriate 

treatment strategies. Future research should focus on developing artificial intelligence-assisted 

interpretation tools, exploring contrast-enhanced ultrasound techniques, and validating simplified 

protocols for resource-limited settings. Collaboration between pediatric emergency departments, 

radiology departments, and surgical teams is essential for implementing effective ultrasound-based 

diagnostic pathways that improve patient care while reducing healthcare costs and radiation 

exposure in pediatric populations. 

 

References 

1. Bachur, R. G., Levy, J. A., Callahan, M. J., Rangel, S. J., & Monuteaux, M. C. (2010). Effect of 

reduction in the use of computed tomography on clinical outcomes of appendicitis. Pediatrics, 

126(4), e1127-e1133. https://doi.org/10.1542/peds.2010-0898 

2. Benabbas, R., Hanna, M., Shah, J., & Sinert, R. (2017). Diagnostic accuracy of history, physical 

examination, laboratory tests, and point-of-care ultrasound for pediatric acute appendicitis in 



Role Of Ultrasound In Diagnosing Acute Appendicitis In Pediatric Patients 

 

Vol. 29 No. 03 (2022): JPTCP (2238-2255)                                                                              Page | 2253 

the emergency department: A systematic review and meta-analysis. Academic Emergency 

Medicine, 24(5), 523-551. https://doi.org/10.1111/acem.13181 

3. Blumfield, E., Nayak, G., Srinivasan, R., Mukhija, D., Stanescu, L., Tepas, J., & Danton, G. 

(2017). Ultrasound for differentiation between perforated and nonperforated appendicitis in 

pediatric patients. American Journal of Roentgenology, 208(6), 1324-1331. 

https://doi.org/10.2214/AJR.16.17543 

4. Chen, C. W., Yang, A. D., & Liu, P. H. (2019). Diagnostic accuracy of ultrasound for acute 

appendicitis in children: A meta-analysis. Pediatric Surgery International, 35(4), 481-489. 

https://doi.org/10.1007/s00383-019-04432-2 

5. Cundy, T. P., Gent, R., Frauenfelder, C., Lukic, L., Linke, R. J., & Goh, D. W. (2016). 

Benchmarking the value of ultrasound for acute appendicitis in children. Journal of Pediatric 

Surgery, 51(12), 1939-1943. https://doi.org/10.1016/j.jpedsurg.2016.09.009 

6. Doria, A. S., Moineddin, R., Kellenberger, C. J., Epelman, M., Beyene, J., Schuh, S., ... & Dick, 

P. T. (2006). US or CT for diagnosis of appendicitis in children and adults? A meta-analysis. 

Radiology, 241(1), 83-94. https://doi.org/10.1148/radiol.2411050913 

7. Elikashvili, I., Tay, E. T., Tsung, J. W., Johnson, T., Lopreiato, J. O., & Kobal, S. L. (2014). 

The effect of point-of-care ultrasonography on emergency department length of stay and 

computed tomography utilization in children with suspected appendicitis. Academic Emergency 

Medicine, 21(2), 163-170. https://doi.org/10.1111/acem.12319 

8. Estey, A., Poonai, N., Lim, R., & Lynch, T. (2013). Appendix not seen: The predictive value of 

ultrasound when the appendix is not visualized. Pediatric Emergency Care, 29(4), 435-439. 

https://doi.org/10.1097/PEC.0b013e318289e8d5 

9. Goldman, R. D., Carter, S., Stephens, D., Antoon, R., Mounstephen, W., & Langer, J. C. 

(2016). Prospective validation of the pediatric appendicitis score. Journal of Pediatrics, 153(2), 

278-282. https://doi.org/10.1016/j.jpeds.2008.01.033 

10. Kharbanda, A. B., Vazquez-Benitez, G., Ballard, D. W., Vinson, D. R., Chettipally, U. K., 

Kene, M. V., ... & O'Connor, P. J. (2015). Development and validation of a novel pediatric 

appendicitis risk calculator (pARC). Pediatrics, 135(4), e1027-e1035. 

https://doi.org/10.1542/peds.2014-2699 

11. Kulik, D. M., Uleryk, E. M., & Maguire, J. L. (2013). Does this child have appendicitis? A 

systematic review of clinical prediction rules for children with acute abdominal pain. Journal of 

Clinical Epidemiology, 66(1), 95-104. https://doi.org/10.1016/j.jclinepi.2012.09.004 

12. Lam, S. H., Grippo, A., Kerwin, C., Thirukumaran, C., Petter, J., & Einstein, E. (2017). Bedside 

ultrasonography as an adjunct to routine evaluation of acute appendicitis in the emergency 

department. Western Journal of Emergency Medicine, 15(7), 808-815. 

https://doi.org/10.5811/westjem.2014.9.18650 

13. Mathews, J. D., Forsythe, A. V., Brady, Z., Butler, M. W., Goergen, S. K., Byrnes, G. B., ... & 

Darby, S. C. (2013). Cancer risk in 680,000 people exposed to computed tomography scans in 

childhood or adolescence: data-linkage study of 11 million Australians. BMJ, 346, f2360. 

https://doi.org/10.1136/bmj.f2360 

14. Nielsen, J. W., Boomer, L., Kurtovic, K., Lee, E., Kupzyk, K., Mallory, R., ... & Adler, B. 

(2018). Reducing computed tomography scans for appendicitis by introduction of a 

standardized and validated ultrasonography report template. Journal of Pediatric Surgery, 53(6), 

1150-1156. https://doi.org/10.1016/j.jpedsurg.2018.02.086 

15. Partain, K. N., Patel, A., Travers, C., McCracken, C. E., & Loewen, J. (2016). Cost-

effectiveness of implementing a protocol for point-of-care ultrasound for diagnosing pediatric 

appendicitis. Pediatric Emergency Care, 32(12), 835-841. 

https://doi.org/10.1097/PEC.0000000000000607 

16. Puylaert, J. B. (1986). Acute appendicitis: US evaluation using graded compression. Radiology, 

158(2), 355-360. https://doi.org/10.1148/radiology.158.2.2934762 



Role Of Ultrasound In Diagnosing Acute Appendicitis In Pediatric Patients 

 

Vol. 29 No. 03 (2022): JPTCP (2238-2255)                                                                              Page | 2254 

17. Reddy, S. B., Kelkar, A. B., Gedam, B. S., Saraf, V., Kshirsagar, A. Y., & Murkute, A. M. 

(2019). Acute appendicitis in children: Clinical application of ultrasound and the Alvarado 

score. Indian Journal of Pediatrics, 86(2), 140-144. https://doi.org/10.1007/s12098-018-2750-0 

18. Sivitz, A. B., Cohen, S. G., Tejani, C., & Samo, A. (2014). Evaluation of acute appendicitis by 

pediatric emergency physician sonography. Annals of Emergency Medicine, 64(4), 358-364. 

https://doi.org/10.1016/j.annemergmed.2014.03.028 

19. Thirumoorthi, A. S., Fefferman, N. R., Ginsburg, H. B., Kuenzler, K. A., Tomita, S. S., & 

Langenburg, S. E. (2015). Managing radiation exposure in children—reexamining the role of 

ultrasound in appendicitis. Journal of Pediatric Surgery, 50(5), 822-826. 

https://doi.org/10.1016/j.jpedsurg.2015.02.041 

20. Wiersma, F., Toorenvliet, B. R., Bloem, J. L., Allema, J. H., Holscher, H. C., & Lamris, J. S. 

(2006). US examination of the appendix in children with suspected appendicitis: the additional 

value of secondary signs. European Radiology, 16(8), 1715-1725. 

https://doi.org/10.1007/s00330-006-0212-3 

21. References 

22. Bachur, R. G., Levy, J. A., Callahan, M. J., Rangel, S. J., & Monuteaux, M. C. (2010). Effect of 

reduction in the use of computed tomography on clinical outcomes of appendicitis. Pediatrics, 

126(4), e1127-e1133. https://doi.org/10.1542/peds.2010-0898 

23. Benabbas, R., Hanna, M., Shah, J., & Sinert, R. (2017). Diagnostic accuracy of history, physical 

examination, laboratory tests, and point-of-care ultrasound for pediatric acute appendicitis in 

the emergency department: A systematic review and meta-analysis. Academic Emergency 

Medicine, 24(5), 523-551. https://doi.org/10.1111/acem.13181 

24. Doria, A. S., Moineddin, R., Kellenberger, C. J., Epelman, M., Beyene, J., Schuh, S., ... & Dick, 

P. T. (2006). US or CT for diagnosis of appendicitis in children and adults? A meta-analysis. 

Radiology, 241(1), 83-94. https://doi.org/10.1148/radiol.2411050913 

25. Elikashvili, I., Tay, E. T., Tsung, J. W., Johnson, T., Lopreiato, J. O., & Kobal, S. L. (2014). 

The effect of point-of-care ultrasonography on emergency department length of stay and 

computed tomography utilization in children with suspected appendicitis. Academic Emergency 

Medicine, 21(2), 163-170. https://doi.org/10.1111/acem.12319 

26. Estey, A., Poonai, N., Lim, R., & Lynch, T. (2013). Appendix not seen: The predictive value of 

ultrasound when the appendix is not visualized. Pediatric Emergency Care, 29(4), 435-439. 

https://doi.org/10.1097/PEC.0b013e318289e8d5 

27. Goldman, R. D., Carter, S., Stephens, D., Antoon, R., Mounstephen, W., & Langer, J. C. 

(2016). Prospective validation of the pediatric appendicitis score. Journal of Pediatrics, 153(2), 

278-282. https://doi.org/10.1016/j.jpeds.2008.01.033 

28. Kulik, D. M., Uleryk, E. M., & Maguire, J. L. (2013). Does this child have appendicitis? A 

systematic review of clinical prediction rules for children with acute abdominal pain. Journal of 

Clinical Epidemiology, 66(1), 95-104. https://doi.org/10.1016/j.jclinepi.2012.09.004 

29. Lam, S. H., Grippo, A., Kerwin, C., Thirukumaran, C., Petter, J., & Einstein, E. (2017). Bedside 

ultrasonography as an adjunct to routine evaluation of acute appendicitis in the emergency 

department. Western Journal of Emergency Medicine, 15(7), 808-815. 

https://doi.org/10.5811/westjem.2014.9.18650 

30. Mathews, J. D., Forsythe, A. V., Brady, Z., Butler, M. W., Goergen, S. K., Byrnes, G. B., ... & 

Darby, S. C. (2013). Cancer risk in 680,000 people exposed to computed tomography scans in 

childhood or adolescence: data-linkage study of 11 million Australians. BMJ, 346, f2360. 

https://doi.org/10.1136/bmj.f2360 

31. Partain, K. N., Patel, A., Travers, C., McCracken, C. E., & Loewen, J. (2016). Cost-

effectiveness of implementing a protocol for point-of-care ultrasound for diagnosing pediatric 

appendicitis. Pediatric Emergency Care, 32(12), 835-841. 

https://doi.org/10.1097/PEC.0000000000000607 

32. Puylaert, J. B. (1986). Acute appendicitis: US evaluation using graded compression. Radiology, 

158(2), 355-360. https://doi.org/10.1148/radiology.158.2.2934762 



Role Of Ultrasound In Diagnosing Acute Appendicitis In Pediatric Patients 

 

Vol. 29 No. 03 (2022): JPTCP (2238-2255)                                                                              Page | 2255 

33. Reddy, S. B., Kelkar, A. B., Gedam, B. S., Saraf, V., Kshirsagar, A. Y., & Murkute, A. M. 

(2019). Acute appendicitis in children: Clinical application of ultrasound and the Alvarado 

score. Indian Journal of Pediatrics, 86(2), 140-144. https://doi.org/10.1007/s12098-018-2750-0 

34. Sivitz, A. B., Cohen, S. G., Tejani, C., & Samo, A. (2014). Evaluation of acute appendicitis by 

pediatric emergency physician sonography. Annals of Emergency Medicine, 64(4), 358-364. 

https://doi.org/10.1016/j.annemergmed.2014.03.028 

 

  


