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ABSTRACT: 
Background: To evaluate the accuracy of ultrasonography in diagnosing acute appendicitis. Materials & methods: A total 

of 100 patients were enrolled. All patients with Alvarado score 4-7 and divided them in two groups: those with Ultrasound 

study prior to surgery and those without any imaging modalities for diagnosis of AA. The results were analysed using SPSS 

software. Results: Overall, Sensitivity and specificity of ultrasound in diagnosis of acute appendicitis was 74% and 68.2%, 

respectively. In 5to16 years old patients, sensitivity and specificity of ultrasound in diagnosis of acute appendicitis was 75% 

and 65.8% respectively and in ages between17 to 60, sensitivity was 71.2% and specificity was 70.5%. Conclusion: 
Ultrasound is more useful when the patient is female and the result of sonography is positive.  
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INTRODUCTION 
Appendicitis represents one of the most common 

causes of abdominal pain of adult patients referred to 

the emergency department. More than 250,000 cases 

of appendicitis are diagnosed in the United States each 

year, and appendectomy is the most frequent emergent 

surgery performed worldwide.
1,2

 Despite its 

prevalence, the diagnosis of appendicitis can be 

elusive and fraught with pitfalls because of the 

absence of a pathognomonic sign or symptom, the 

poor predictive value of associated laboratory testing, 

and its varied presentation diagnosis. 
3,4

Acute 

appendicitis is one of the most common causes of 

acute abdominal pain and it is an urgent condition that 

requires prompt surgical intervention to minimize 

morbidity and mortality. Previous studies have shown 

the better performance of computed tomography (CT) 

than ultrasound (US) in diagnosing appendicitis and 

attested to the high sensitivity and specificity of CT, 

which are reported to be 87–100 % and 83–100 %, 

respectively. 
5,6

 However, the diagnosis of acute 

appendicitis can still be missed, especially when the 

patients have equivocal CT findings. 
7
 

Among imaging methods currently used in the clinical 

practice, Ultrasound (US) is a valuable tool. It was 

first introduced by Puylaert in 1986, who described the 

"graded compression" technique apt to better visualize 

the inflamed appendix 
8
 by using the graded 

compression technique, a linear high-frequency 

transducer is placed on the right lower quadrant and 

pressure is applied gradually while imaging, 

displacing overlying gas-filled loops of bowel. 

Moreover, this noninvasive option is repeatable, 

avoids the exposure to nonionizing radiation and can 

be less expensive as compared to Computed 

Tomography (CT) costs. At US, findings suggestive of 

appendicitis include, a thickened wall, a 

noncompressible lumen, outer appendiceal diameter 

greater than 6 mm, absence of gas in the lumen, 

appendicoliths, echogenic inflammatory 

periappendiceal fat change, and increased blood flow 

in the appendiceal wall . If compared to other 

diagnostic tests, US is inferior to CT as to sensitivity; 

due to its low negative predictive value for 

appendicitis, it may not be as useful for excluding 

appendicitis. More recently, color and power Doppler 

examination of the appendix have proven to be a 

useful adjunct to improve the sensitivity by 

demonstrating increased flow in an inflamed appendix. 
9,10

 Hence, this study was conducted to evaluate the 

accuracy of ultrasonography in diagnosing acute 

appendicitis.  

 
MATERIALS & METHODS 
A total of 100 patients were enrolled. All patients with 

Alvarado score 4-7 and divided them in two groups: 

those with Ultrasound study prior to surgery and those 

without any imaging modalities for diagnosis of AA. 

The complete history was taken. Laboratory 

investigations, sonography report and 

histopathological reports of patients were gathered. 

The results were analysed using SPSS software.  

 
RESULTS 
Overall, Sensitivity and specificity of ultrasound in 

diagnosis of acute appendicitis was 74% and 68.2%, 

respectively. In 5to16 years old patients, sensitivity 

and specificity of ultrasound in diagnosis of acute 

appendicitis was 75% and 65.8% respectively and in 
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ages between17 to 60, sensitivity was 71.2% and 

specificity was 70.5%. The overall accuracy of 

ultrasound was 72.5%.The positive predictive value 

and the negative predictive values of ultrasound were 

85% and 44.1% respectively. In age group of 17-60, 

accuracy was 71%, positive predictive value was 85% 

and negative predictive value was 45%.  

 
Table 1: Analytic results for patients with ultrasonography as an accessory modality of diagnosis 

 Overall 5-16 years 17-60 years Males Females 
Sensitivity % 74% 75% 71.2% 77% 71.2% 

Specificity % 68.2% 65.8% 70.5% 45.2% 75.8% 

PPV % 85% 87% 85% 92% 84.3% 

NPV % 44.1% 45.8% 45% 25.5% 58% 

Accuracy % 72.5% 72.6% 71% 72.1% 73% 

 

DISCUSSION 
Acute appendicitis is one of the most common 

etiologies of acute abdomen that leads to operation .
11

 

Almost 7% of people undergo appendectomy due to 

diagnosis of acute appendicitis during their lifetime. 
12

Although it is a very common pathology its 

diagnosis still remains a challenge because it mimics 

many other conditions clinically. 
13

 Differential 

diagnosis of acute appendicitis are, but not limited to, 

mesenteric lymphadenitis, gastroenteritis, 

constipation, right lower lobe pneumonia and numbers 

of urologic or gynecologic diseases. 
14

 Hence, this 

study was conducted to evaluate the accuracy of 

ultrasonography in diagnosing acute appendicitis.  

In the present study, overall, Sensitivity and specificity 

of ultrasound in diagnosis of acute appendicitis was 

74% and 68.2%, respectively. In 5to16 years old 

patients, sensitivity and specificity of ultrasound in 

diagnosis of acute appendicitis was 75% and 65.8% 

respectively and in ages between17 to 60, sensitivity 

was 71.2% and specificity was 70.5%. A study by 

Pinto F et al, the gold standard for the diagnosis of 

appendicitis still remains pathologic confirmation after 

appendectomy. In the published literature, graded-

compression Ultrasound has shown an extremely 

variable diagnostic accuracy in the diagnosis of acute 

appendicitis (sensitivity range from 44% to 100%; 

specificity range from 47% to 99% ). This is due to 

many reasons, including lack of operator skill, 

increased bowel gas content, obesity, anatomic 

variants, and limitations to explore patients with 

previuos laparotomies. Graded-compression 

Ultrasound still remains our first-line method in 

patients referred with clinically suspected acute 

appendicitis: nevertheless, due to variable diagnostic 

accuracy, individual skill is requested not only to 

perform a successful exam, but also in order to triage 

those equivocal cases that, subsequently, will have to 

undergo assessment by means of Computed 

Tomography.
15

 

In the present study, the overall accuracy of ultrasound 

was 72.5%.The positive predictive value and the 

negative predictive values of ultrasound were 85% and 

44.1% respectively. In age group of 17-60, accuracy 

was 71%, positive predictive value was 85% and 

negative predictive value was 45%. Another study by 

Pacharn P et al, forty-nine patients (25.4%) had 

appendicitis on sonography, and 144 (74.6%) had 

negative sonographic findings. Computed tomographic 

scans were obtained in 51 patients (26.4%) within 4 

days after sonography. These included 39 patients with 

negative and 12 with positive sonographic findings. 

Computed tomography changed the sonographic 

diagnosis in 10 patients: from negative to positive in 3 

cases and positive to negative in 7. Forty-three patients 

(22.2%) underwent surgery. The surgical findings 

were positive for appendicitis in 37 (86%) of the 43 

patients who had surgery. Patients with negative 

sonographic findings who, to our knowledge, did not 

have subsequent CT scans or surgery were considered 

to have negative findings for appendicitis. Seven 

patients with negative sonographic findings underwent 

surgery and had appendicitis; therefore, 137 of 144 

patients with negative sonographic findings did not 

have appendicitis. On the basis of these numbers, the 

NPV was 95.1%. Sonography has a high NPV and 

should be considered as a reasonable screening tool in 

the evaluation of acute appendicitis. Further imaging 

could be performed if clinical signs and symptoms 

worsen.
16

 Tarjan Z et al, the diagnostic accuracy and 

practical value of graded compression ultrasound was 

evaluated in 298 patients admitted for ultrasound 

examination because of having suspected appendicitis 

by surgeons. The result of the ultrasound was 

considered to be positive, if the inflamed appendix, 

larger, than 6.5 mm in outer diameter or an abscess 

was depicted. Of the 99 pathologically proven cases of 

acute appendicitis ultrasound was positive in 94, that 

is the sensitivity was 94.9%. The diagnostic accuracy 

and specificity were 96.3% and 97.9%. The predictive 

value of a positive test was 95.9%, and was 97.5% of a 

negative one. In the group of patients under 18 years 

(140 patients) sensitivity, specificity and diagnostic 

accuracy were 93.3%, 96.3% and 95% respectively. 

The use of ultrasound helped many patients to earlier 

operation and reduced considerably the negative 

laparotomy rate. The routine use of ultrasound in the 

diagnosis of appendicitis especially if the clinical 

presentation is equivocal, complements usefully the 

clinical signs and increases diagnostic accuracy.
17

 Sim 

JY et al, among 869 patients, 71 (8.2 %) had equivocal 

appendicitis findings and 63 (7.2 %) were diagnosed 

as probably not appendicitis. The sensitivity and 

specificity of CT combined with US re-evaluation 
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group (100 % and 98.1 %, respectively) exceeded 

those of the CT alone group (93 % and 99 %; 

equivocal group considered as negative appendicitis, 

100 % and 89.9 %; as positive, respectively, P < 

0.0001). After adding US re-evaluation, the overall 

negative appendectomy rate in our institution 

decreased from 3.4 to 2.3 %. For patients with 

equivocal CT findings of acute appendicitis, US re-

evaluation can improve diagnostic accuracy and 

decrease the rate of negative appendectomies.
18

 

In other published series, overall sensitivity of US in 

adult and adolescent patients was 86%, specificity 

81% , the positive predictive value of graded 

compression US was 84% (range from 46% to 95%), 

and the negative predictive value of graded 

compression US was 85% (range from 60% to 97). 

While the range of reported accuracy (82% to 96%) 

for US in children has been acceptable, the sensitivity 

(44% to 100%) and the specificity (47% to 99%) have 

varied considerably; also, the visualization rates vary 

widely in the published literature, from a low of 22% 

to a high of 98%. 
19

 Several factors might be taken into 

account as the causes of these variations. First, 

because US is an operator-dependent technique, with a 

steep learning curve, individual skill may be an 

important factor to determine an extremely variable 

diagnostic accuracy of appendicitis. 
20

 Moreover, 

difficulties to scan populations of fertile age females 

may be related to the broad and frequent overlap of the 

symptoms for acute abdominal conditions. 
21,22 

 

CONCLUSION 
Ultrasound is more useful when the patient is female 

and the result of sonography is positive.  

 
REFERENCES 
1. Reginelli A, Pezzullo MG, Scaglione M, Scialpi M, 

Brunese L, Grassi R. Gastrointestinal disorders in 

elderly patients. Radiol Clin North Am. 2008;5(4):755–
71.  

2. Macarini L, Stoppino LP, Centola A, Muscarella S, 

Fortunato F, Coppolino F, Della Valle N, Ierardi V, 

Milillo P, Vinci R. Assessment of activity of Crohn's 

disease of the ileum and large bowel: proposal for a 

new multiparameter MR enterography score. Radiol 

Med. 2013;5(2):181–195.  

3. Pittman-Waller VA, Myers JG, Stewart RM. et al. 

Appendicitis: why so complicated? Analysis of 5755 

consecutive appendectomies. Am Surg. 2006;5:548–
555.  

4. Addis DG, Shaffer N, Fowler BS. et al. The 

epidemiology of appendicitis and appendectomy in the 

United States. Am J Epidemiol. 1990;5:910–918. 

5. Bernard A, Birnbaum M, Stephanie R, Wilson M 

(2000) Appendicitis at the millennium. Radiology 

215:337–348 

6. Doria AS, Moineddin R, Kellenberger CJ et al (2006) 

US or CT for diagnosis of appendicitis in children and 

adults? A meta-analysis. Radiology 241:83–94 

7. Levine CD, Aizenstein O, Lehavi O, Blachar A (2005) 

Why we miss the diagnosis of appendicitis of 

abdominal CT: evaluation of imaging features of 

appendicitis incorrectly diagnosed on CT. AJR Am J 

Roentgenol 184:855–859 

8. Puylaert JB. Acute appendicitis: US evaluation using 

graded compression. Radiology. 1986;5:355–360.  

9. Quillin SP, Siegel MJ. Appendicitis: efficacy of color 

Doppler sonography. Radiology. 1994;5:557–560.  

10. Pinto F, Lencioni R, Falleni A. et al. Assessment of 

hyperemia in acute appendicitis: comparison between 

power Doppler and color Doppler sonography. Emerg 

Radiol. 1998;5:92–96. 

11. Yilmaz M, Akbulut S, Kutluturk K, Sahin N, Arabaci 

E, Ara C, et al. Unusual histopathological findings in 

appendectomy specimens from patients with suspected 

acute appendicitis. World J Gastroenterol. 

2013;19(25):4015–22.  

12. Flum DR, Morris A, Koepsell T, Dellinger EP. Has 

misdiagnosis of appendicitis decreased over time? A 

population-based analysis. JAMA. 2001;286(14):1748–
53.  

13. Elghany EA, Ali GG. Multi detector row helical CT 

and US in diagnosing appendicitis. The Egyptian 

Journal of Radiology and Nuclear Medicine. 

2011;42(2):139–45.  

14. Di Cesare A, Parolini F, Morandi A, Leva E, Torricelli 

M. Do we need imaging to diagnose appendicitis in 

children? Afr J Paediatr Surg. 2013;10(2):68–73. 

15. Pinto F, Pinto A, Russo A, Coppolino F, Bracale R, 

Fonio P, Macarini L, Giganti M. Accuracy of 

ultrasonography in the diagnosis of acute appendicitis 

in adult patients: review of the literature. Crit 

Ultrasound J. 2013 Jul 15;5 Suppl 1(Suppl 1):S2. 

16. Pacharn P, Ying J, Linam LE, Brody AS, Babcock DS. 

Sonography in the evaluation of acute appendicitis: are 

negative sonographic findings good enough? J 

Ultrasound Med. 2010 Dec;29(12):1749-55. 

17. Tarján Z, Makó E, Winternitz T, Kiss I, Kálmán A. Az 

akut appendicitis ultrahangos diagnózisának értékelése 

[The value of ultrasonic diagnosis in acute 

appendicitis]. Orv Hetil. 1995 Apr 2;136(14):713-7. 

Hungarian. 

18. Sim JY, Kim HJ, Yeon JW, Suh BS, Kim KH, Ha YR, 

Paik SY. Added value of ultrasound re-evaluation for 

patients with equivocal CT findings of acute 

appendicitis: a preliminary study. Eur Radiol. 2013 

Jul;23(7):1882-90. 

19. Yu SH, Kim CB, Park JW. et al. Ultrasonography in the 

diagnosis of appendicitis: evaluation by meta-analysis. 

Korean J Radiol. 2005;5:267–277.  

20. Birnbaum BA, Wilson SR. Appendicitis at the 

millennium. Radiology. 2000;5:337–348.  

21. Angelelli G, Moschetta M, Sabato L, Morella M, 

Scardapane A, Stabile Ianora AA. Value of "protruding 

lips" sign in malignant bowel obstructions. Eur J 

Radiol. 2011;5(3):681–5.  

22. Lorusso F, Fonio P, Scardapane A, Giganti M, Rubini 

G, Ferrante A, Stabile Ianora AA. Gatrointestinal 

imaging with multidetector CT and MRI. Recenti Prog 

Med. 2012;5(11):493–9.  


