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Abstract 

Introduction: 

Ultrasound (USG) is a safe and cost-effective first-line imaging technique for the diagnosis of 

acute appendicitis. The objective of this study was to assess the diagnostic efficacy of ultrasound 

by correlating its findings with histopathological results. 

Materials and Methods: 

This retrospective observational study was conducted at the Bharat Ratna Late Shri Atal Bihari 

Vajpayee Memorial Government Medical College in Rajnandgaon, Chhattisgarh, India, from 

January 2022 to January 2024. The study encompassed 208 cases of suspected acute 

appendicitis. Ultrasound scores were determined based on specific sonological criteria and these 

scores were subsequently compared to histopathological findings to evaluate diagnostic 

accuracy, sensitivity, and specificity. 

Results: 

Out of a total of 208 cases, 190 underwent comprehensive ultrasonographic  assessment followed 
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by histopathological examination. The study population was predominantly male, comprising 

77.88% of the participants, with 33.17% of patients aged between 11 and 20 years. The 

retrocecal positioning of the appendix was identified as the most prevalent, occurring in 72.63% 

of cases. The USG demonstrated a sensitivity of 91.03%, a specificity of 87.37%, and an overall 

accuracy of 63.16% in the diagnosis of acute appendicitis. The kappa (κ) value was calculated to 

be 0.589, indicating a moderate level of agreement between the USG findings and the 

histopathological results. Furthermore, the study revealed variability in diagnostic accuracy 

contingent upon the ultrasound scoring system employed. 

Conclusion: 

Ultrasound is a valuable diagnostic tool for acute appendicitis. However, relatively low accuracy 

of the ultrasound scoring system indicates that,it should be utilized in conjunction with clinical 

judgment and, when appropriate, other diagnostic methods. 
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Introduction: 

 Acute appendicitis is recognized as the most common abdominal surgical emergency 

worldwide, with age-standardized incidence rates varying from 53.8 to 1349.8 cases per 100,000 

individuals [1]. The timely and accurate diagnosis of appendicitis is of paramount importance 

[2]. A missed or delayed diagnosis can result in increased morbidity and mortality due to 

complications such as perforation [3,4], while unnecessary removal of a normal appendix has 

also been associated with elevated mortality rates [5]. According to the American College of 

Radiology Appropriateness Criteria [7], contrast-enhanced computed tomography (CT) is the 

preferred imaging modality for diagnosing appendicitis in adults. In contrast, ultrasound (US) is 

recommended as the first-line imaging technique for pediatric and pregnant patients [8]. 

Although abdominal CT provides superior sensitivity, it is accompanied by high costs, limited 

availability in certain healthcare facilities, and potential risks, including iatrogenic ionizing 

radiation, allergic reactions to iodinated contrast media, nephrotoxicity, and prolonged hospital 

stays [6]. Conversely, ultrasound is regarded as a safer and relatively cost-effective alternative 

[10]. A meta-analysis comprising 18 studies has demonstrated that abdominal ultrasound (USG) 

exhibits significant diagnostic accuracy in patients with suspected acute appendicitis [9]. 

The present study was conducted to evaluate the diagnostic efficacy of ultrasound (USG) in 

Diagnosing Appendicitis performed at our institution, with particular emphasis on its sensitivity, 

specificity, and overall diagnostic accuracy. This assessment was achieved by correlating the 

findings from USG with histological diagnoses, which are considered the gold standard for the 

diagnosis of acute appendicitis. 

 

Materials and Methods: 

Study Design and study population: 

This retrospective observational study aimed to evaluate the diagnostic efficacy of ultrasound in 

the diagnosis of appendicitis. The study was conducted over a two-year period, from January 

2022 to January 2024, at the Department of Surgery, Bharat Ratna Late Shri Atal Bihari 

Vajpayee Memorial Government Medical College, Rajnandgaon, Chhattisgarh, India. The 
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primary outcomes assessed included diagnostic accuracy, sensitivity, and specificity, which were 

determined by correlating ultrasound findings with histological diagnoses. 

 

The study population consisted of all patients presenting with right iliac fossa pain who were 

suspected of having acute appendicitis, spanning a wide age range from 5 to 80 years. The 

research included all cases of acute appendicitis that underwent appendicectomy, while 

excluding patients with specific complications such as appendicular phlegmon, appendicular 

abscess, recurrent appendicitis, cases of interval appendicectomy, and those with a history of 

previous appendicitis. All patients underwent abdominal ultrasound, during which appropriate 

sonologic scores were calculated. These scores included: anteroposterior diameter greater than 6 

mm (score 1), non-compressible tubular structure (score 1), echogenic changes in the 

periappendicular fat (score 1), thickness of the appendicular wall greater than 2 mm (score 1), 

target sign (score 1), and presence of appendicolith (score 1), yielding a maximum total score of 

six [10]. The calculated ultrasound score was then correlated with the gold standard 

histopathological diagnosis. 

 

 

 

Data Collection and Statistical Analysis: 

Data were collected regarding patient demographics, duration of symptoms, comorbidities, prior 

abdominal conditions, results from physical and local examinations, laboratory tests, and 

ultrasound studies. The study employed the statistical software SPSS version 26 (IBM Corp., 

Armonk, NY) for data analysis, calculating sensitivity, specificity, positive predictive value 

(PPV), negative predictive value (NPV), diagnostic accuracy and appropriate cut-off for USG 

scores, with statistical significance set at p < 0.05. 

 

Result: 

This study conducted an analysis of 208 cases of acute appendicitis, with comprehensive 

demographic and diagnostic data collected from January 2022 to January 2024. Among the 

participants, 190 underwent a complete ultrasound (USG) assessment followed by 

histopathological examination. The study population was predominantly male, comprising 

77.88% of the total cases, with 33.17% of the patients classified within the adolescent age group 

(11 to 20 years). The most frequently observed location of the appendix was retrocecal, 

accounting for 72.63% of cases. Intraoperative findings indicated that 65.79% of the appendices 

were inflamed and edematous, while appendicular perforation was noted in 20.53% of the cases. 

Histopathological examination confirmed the diagnosis of acute appendicitis in 93.42% of cases. 

In contrast, 3.29% of appendices were determined to be normal, while additional findings 

included carcinoid tumors (1.32%) and mucinous cystadenoma (1.32%). [Table-1] 

Ultrasound (USG) exhibited a sensitivity of 91.03%, specificity of 87.37%, and an accuracy of 

63.16% in the diagnosis of acute appendicitis. The positive predictive value (PPV) was recorded 

at 93.42%, and the negative predictive value (NPV) was 63.16%. The κ value was calculated to 

be 0.589, indicating moderate agreement between USG and histopathological results. The p-

value was found to be less than 0.0001, suggesting a statistically significant correlation between 

USG findings and histopathological outcomes. [Table-2] 
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The study further evaluated the diagnostic accuracy of the ultrasound scoring system, which 

exhibited variability based on the assigned score. At a score of '2' the sensitivity was recorded at 

83.72%, while the specificity was 88.88%. Conversely, at a score of '3' the sensitivity decreased 

to 12.50%, whereas the specificity increased to 96.10%. [Table-3] 

 

 

Table1:Demographic and diagnostic features of the participants 

Variables Frequency in number Percentage 

Age group (in years) 

5 yer--10 18 8.65 

11 year -20 69 33.17 

21-30 54 25.96 

31-40 29 13.94 

41-50 18 8.65 

51-60 11 5.28 

>61 9 4.32 

Gender 

Male 162 77.88 

Female 46 22.11 

Total USG 190*  

Diagnosed normal or other than appendicitis  38  

Diagnosed Appendicitis  152  

Position of appendix 

Retrocaecal 138 72.63 

Pelvic 36 18.94 

Subcaecal 8 4.21 

Pre-ileal 6 3.15 

Post-ileal 2 1.05 

Intraoperative findings 

Inflamed and oedematous appendix 125 65.78 

Appendicular perforation 39 20.52 

Faecolith 13 6.84 

Gangrenous appendix 10 5.26 

Mucocele 3 1.57 

Histopathological findings 

Acute appendicitis 174 93.42 

Normal appendix 7 3.28 

Carcinoid tumour 4 1.31 

Mucinous cystadenoma 3 1.31 

Granulomatous appendicitis 2 0.65 
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Table2: Conformity of the USG and histopathology results of the study patients 
Variables  Histopathological  diagnosis Total  

Appendicitis 

(positive ) 

Normal or 

other than 

appendicitis 

(negative) 

 N N  

USG diagnosis  Appendicitis 

(positive ) 

142 10 152 

Normal or other 

than appendicitis 

(negative) 

14 24 38 

Total  174 16 190 

Statistical Statistical analysis Result Sensitivity 91.03% 

Specificity 87.37% 

Accuracy  63.16% 

PPV 93.42% 

NPV 63.16% 

κ 0.589 

p-value <0.0001 

 

Table 3: Sensitivity and specificity of the ultrasonography score 
USG SCORE  Positive On 

Histopathology  

Negative  On 

Histopathology 

Total  Sensitivity 

(%)  

Specificity 

(%)   

p-

value 

Score “0” (Negative 

on USG) 

14 24 38 91.10 70.51 -- 

Positive 

on USG 

Score 

“1”  

39 4 43 

73.59 85.71 

3.2 

Score 

“2”  

72 3 75 

83.72 88.88 

0.59 

Score 

“3”  

29 2 31 

67.44 92.30 

2.1 

Score 

“4”  

2 1 3 

12.50 96.10 

0.79 

Total  156 34 190    

 

Discussion: 

The findings of this study highlight the significance of ultrasound (USG) as a diagnostic tool for 

acute appendicitis, particularly in settings with limited resources. The demographic 

characteristics of the study population, which was predominantly male (77.88%) and included a 

substantial proportion of adolescents (33.17%), align with established epidemiological trends 

associated with acute appendicitis. This condition is known to be more prevalent among younger 

males, a trend corroborated by existing literature [12,13,14]. In recent years, ultrasound has 

emerged as a vital instrument in the diagnostic process, particularly due to its non-invasive 
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nature, absence of ionizing radiation, and relative accessibility. Numerous studies have validated 

the efficacy of USG in diagnosing appendicitis, especially in pediatric and adolescent 

populations, where minimizing radiation exposure is critical [15,16,17]. Recent research has 

concentrated on enhancing the diagnostic accuracy of USG through various methodologies, 

including the development of scoring systems and the application of advanced ultrasound 

techniques [18,19,20]. A meta-analysis conducted by Arruzza et al. in 2022 reported pooled 

sensitivity and specificity of USG for acute appendicitis at 82.1% and 85.9%, respectively [21], 

which closely correspond to the sensitivity (91.03%) and specificity (87.37%) observed in the 

current study. The accuracy of ultrasound can be affected by factors such as the anatomical 

position of the appendix and the proficiency of the operator [23,24]. In the present study, the 

majority of appendices were found to be retrocecal (72.63%), a position recognized as more 

challenging for ultrasound visualization. This observation is supported by multiple studies 

indicating that retrocecal appendicitis can diminish the sensitivity of ultrasound, thereby 

necessitating careful consideration of alternative imaging modalities, such as computed 

tomography (CT), in ambiguous cases [23,24,25,26,27]. The introduction of scoring systems to 

standardize ultrasound interpretation represents a significant advancement in the field. The 

Alvarado score, although primarily clinical, has been integrated with ultrasound findings to 

enhance diagnostic accuracy [28,29,30]. Recent studies, including those by Bhardwaj et al. 

(2023) and Jain S et al. (2022), have proposed modified scoring systems that incorporate 

ultrasound parameters, demonstrating potential in increasing both the sensitivity and specificity 

of appendicitis diagnosis [18,31]. However, the present study revealed that the overall accuracy 

of the USG scoring system was 63.16%, with sensitivity decreasing and specificity increasing at 

higher scores. This inverse relationship suggests that while elevated scores may confirm the 

diagnosis with greater confidence, they may overlook cases presenting with lower scores, 

underscoring the necessity for comprehensive clinical evaluation. Furthermore, the moderate κ 

value (0.589) observed in this study indicates only fair agreement between USG and 

histopathological findings, suggesting opportunities for improvement in diagnostic protocols and 

the potential advantages of combining USG with other diagnostic modalities. 

 

This study advocates for the sustained utilization of ultrasound as the primary imaging modality 

for suspected appendicitis, particularly in pediatric populations and regions with restricted access 

to computed tomography (CT). It is imperative for clinicians to recognize the limitations of 

ultrasound, particularly in cases of retrocecal appendicitis or when low scoring is observed. 

Future research endeavors should focus on enhancing ultrasound scoring systems and integrating 

ultrasound with complementary diagnostic tools to augment diagnostic accuracy. 

 

Limitations:  

The study's limitations encompass its retrospective design, which may introduce selection bias, 

as well as the inherent variability in the skill levels of ultrasound operators, potentially impacting 

the consistency of the results. Furthermore, the relatively low accuracy of the ultrasound scoring 

system indicates that, although it serves as a valuable tool, it should be utilized in conjunction 

with clinical judgment and, when appropriate, other diagnostic modalities. 

 

Conclusion: This study highlights the significance of ultrasound in the diagnosis of acute 

appendicitis. The results advocate for the sustained application of ultrasonography in clinical 
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practice, especially when combined with other clinical findings and diagnostic approaches. 

Furthermore, the relatively low accuracy of the ultrasound scoring system indicates that, 

although it serves as a valuable tool, it should be utilized in conjunction with clinical judgment 

and, when appropriate, other diagnostic methods. 

 
 

References: 
1. Guan L, Liu Z, Pan G, Zhang B, Wu Y, Gan T, Ouyang G. The global, regional, and national 

burden of appendicitis in 204 countries and territories, 1990-2019: a systematic analysis from the 

Global Burden of Disease Study 2019. BMC Gastroenterol. 2023 Feb 22;23(1):44. doi: 

10.1186/s12876-023-02678-7. PMID: 36814190; PMCID: PMC9945388. 

2. Candice Crocker ,Magdi Akl ,Mohamed Abdolell ,Mahsa Kamali ,Andreu F. Costa, Ultrasound 

and CT in theDiagnosis of Appendicitis:Accuracy With Considerationof Indeterminate 

ExaminationsAccording to STARD Guidelines. AJR 2020; 215:639–644ISSN-L 0361–

803X/20/2153–639, doi.org/10.2214/AJR.19.22370. 

3. Abu Foul S, Egozi E, Assalia A, Kluger Y, Mahajna A. Is early appendectomy in adults 

diagnosed with acute appendicitis mandatory? A prospective study. World J Emerg Surg 2019; 

14:2 

4. Ditillo MF, Dziura JD, Rabinovici R. Is it safe to delay appendectomy in adults with acute 

appendicitis? Ann Surg 2006; 244:656–660 

5. Kotaluoto S, Ukkonen M, Pauniaho S-L, Helminen M, Sand J, Rantanen T. Mortality related to 

appendectomy: a population based analysis over two decades in Finland. World J Surg 2017; 

41:64–69 

6. Galal MA, Fouad I (2018) The Accuracy of Pre-Operative Radiological Assessment with 

Histopathological Correlation in Suspected Acute Appendicitis: Research in Saudi Arabia and 

Recommended Diagnostic Routine Approach. J Surg: JSUR-1167. DOI: 10.29011/2575-

9760.001167 

7. Koberlein GC, Trout AT, Rigsby CK, et al.; ExpertPanel on Pediatric Imaging. ACR 

Appropriate-ness Criteria suspected appendicitis: child. J AmColl Radiol 2019; 16(suppl 

5):S252–S263 

8. Garcia EM, Camacho MA, Karolyi DR, et al.; Ex-pert Panel on Gastrointestinal Imaging. ACR 

Ap-propriateness Criteria: right lower quadrantpain—suspected appendicitis. J Am Coll 

Radiol2018; 15(suppl 11):S373–S387 

9. Abdominal ultrasound and its diagnostic accuracy in diagnosing acute appendicitis: a meta-

analysis. Fu J, Zhou X, Chen L, Lu S. Front Surg. 2021;8:707160.  

10. Reich B, Zalut T, Weiner SG. An international evaluation of ultrasound vs. computed 

tomography in the diagnosis of appendicitis. Int J Emerg Med. 2011 Oct 29;4:68. doi: 

10.1186/1865-1380-4-68. PMID: 22035447; PMCID: PMC3215954. 

11. The use of ultrasonographic and Alvarado scores in evaluating abdominal pain suggestive of 

acute appendicitis. Alvarez JF, Lopez JMG, Chavez AMG, Acosta BV, Henandez DAA, Pascual 

SR, Vazquez AAG. J Int Surg. 2017;4:757–763. 

12. Addiss, D. G., Shaffer, N., Fowler, B. S., & Tauxe, R. V. (1990). The epidemiology of 

appendicitis and appendectomy in the United States. American Journal of Epidemiology, 132(5), 

910-925. 

13. Al-Omran, M., Mamdani, M. M., McLeod, R. S., & Baxter, N. N. (2003). Epidemiologic features 

of acute appendicitis in Ontario, Canada. Canadian Journal of Surgery, 46(4), 263-268. 

14. Ferris, M., Quan, S., Kaplan, B. S., Molodecky, N., Ball, C. G., Chernoff, G. W., ... & Dixon, E. 

(2017). The global incidence of appendicitis: A systematic review of population-based studies. 

Annals of Surgery, 266(2), 237-241. 



Journal of Cardiovascular Disease Research   
ISSN: 0975-3583, 0976-2833 VOL15, ISSUE 09, 2024 

 
 

1164 
 

15. Doria, A. S., et al. (2006). US or CT for Diagnosis of Appendicitis in Children and Adults? A 

Meta-Analysis. Radiology, 241(1), 83-94. DOI: 10.1148/radiol.2411050913. 

16. Macco S, Vrouenraets BC, de Castro SM. Evaluation of scoring systems in predicting acute 

appendicitis in children. Surgery. 2016 Dec;160(6):1599-1604. doi: 10.1016/j.surg.2016.06.023. 

Epub 2016 Aug 12. PMID: 27528209. 

17. Sivit, C. J., et al. (2000). Evaluation of a scoring system for acute appendicitis in children. 

Pediatrics, 106(3), 677-683. 

18. Bhardwaj P, Behura A, Mohapatra I, Behera C, Mohanty S, Mishra A, Panda B, Krishna NS, 

Ranjit K. Assessment of the Diagnostic Reliability of Modified Alvarado Scores and Abdominal 

Ultrasonography in Acute Appendicitis. Cureus. 2023 May 14;15(5):e38991. doi: 

10.7759/cureus.38991. PMID: 37323340; PMCID: PMC10262105. 

19. Diagnostic values of ultrasound and the Modified Alvarado Scoring System in acute appendicitis. 

Nasiri S, Mohebbi F, Sodagari N, Hedayat A. Int J Emerg Med. 2012;5:26. 

20. Evaluation of combined use of modified alvarado score and ultrasound in predicting acute 

appendicitis: a prospective study. Kansakar N, Agarwal PN, Singh R, et al. Int Surg 

J. 2018;5:3594–3597. 

21. Cho SU, Oh SK. Accuracy of ultrasound for the diagnosis of acute appendicitis in the emergency 

department: A systematic review. Medicine (Baltimore). 2023 Mar 31;102(13):e33397. doi: 

10.1097/MD.0000000000033397. PMID: 37000097; PMCID: PMC10063291.  

22. E. Arruzza, S. Milanese, L.S.K. Li, J. Dizon, Diagnostic accuracy of computed tomography and 

ultrasound for the diagnosis of acute appendicitis: A systematic review and meta-analysis, 

Radiography, Volume 28, Issue 4, 2022, Pages 1127-1141, ISSN 1078-

8174,https://doi.org/10.1016/j.radi.2022.08.012. 

23. Sulu, B., et al. (2010). Retrocecal appendicitis: The diagnostic challenge and outcome. World 

Journal of Surgery, 34(1), 172-176. doi:10.1007/s00268-009-0273-3. 

24. Wiersma, F., & Beets, G. (2018). Ultrasonography in the diagnosis of appendicitis: Accuracy, 

reproducibility, and observer variation. Annals of Surgery, 267(4), 803-808. 

doi:10.1097/SLA.0000000000002303. 

25. Birnbaum, B. A., & Wilson, S. R. (2000). Appendicitis at the millennium. Radiology, 215(2), 

337-348. 

26. Lee, J. H., et al. (2013). Impact of the anatomic location of the appendix in acute appendicitis on 

the diagnostic performance of ultrasound. American Journal of Emergency Medicine, 31(9), 

1303-1307. 

27.  Keyzer, C., et al. (2005). Comparison of ultrasound and CT in the diagnosis of acute 

appendicitis: A systematic review and meta-analysis. Radiology, 236(2), 799-807. 

28. Alvarado, A. (1986). A practical score for the early diagnosis of acute appendicitis. Annals of 

Emergency Medicine, 15(5), 557-564. doi:10.1016/S0196-0644(86)80993-3. 

29. Kessler, N., Cyteval, C., Gallix, B., Lesnik, A., Blayac, P. M., & Bruel, J. M. (2004). 

Appendicitis: Evaluation of sensitivity, specificity, and predictive values of US, Doppler US, and 

laboratory findings. Radiology, 230(2), 472-478. doi:10.1148/radiol.2302021296. 

30. Shogilev, D. J., Duus, N., Odom, S. R., & Shapiro, N. I. (2014). Diagnosing appendicitis: 

Evidence-based review of the diagnostic approach in 2014. Western Journal of Emergency 

Medicine, 15(7), 859-871. doi:10.5811/westjem.2014.9.21568 

31. JainS, GehlotA, SongraMC.Modified alvarado score in diagnosis of acute appendicitis: a 

clinicopathological study. Int Surg J2018;5:878-82. 

 


