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INTRODUCTION 

Acute Appendicitis is one of the commonest surgical 

emergencies that require a prompt diagnosis in order to 

minimize morbidity and avoid serious complications. 

There is an evident inclination amongst surgeons to 

operate when the diagnosis of acute appendicitis is 

probable rather than wait until it is certain.1 In this 

process of making an accurate clinical diagnosis of this 

condition, identification of patients who require 

immediate surgery as opposed to those who will get 

benefit from active observation is not always easy.2 

Depending on various demographic groups, a clinical 

decision to operate leads to removal of a normal appendix 

in 15% to 30% cases.3 Though some of the cases of acute 

appendicitis may resolve spontaneously, the number of 

“non-therapeutic operations should not be achieved at the 

expense of an increase in the number of complications 

including abscess formation and perforations.4 

For solving this ‘surgical dilemma’ various diagnostic 

aids and scoring systems have been devised to aid 

decision making in doubtful cases. There have been 

claims that these aids can dramatically reduce the number 

of appendicectomies in patients without appendicitis, and 

the days of hospitalization. The various aids described in 
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reaching an accurate diagnosis and deciding surgical 

intervention in such cases include scoring systems, 

ultrasonography, computed tomography, computer 

programs, magnetic resonance imaging and 

laparoscopy.5-12 Of these imaging techniques have been 

shown to have an edge in accurately diagnosing this 

condition with ultrasonography being a modality which is 

cheap, easily available, noninvasive and with virtually no 

side effects. Graded ultrasonography has been reported to 

have an accuracy of 71 to 95%.13 There always have been 

arguments favoring clinical skills and scoring methods 

based over ultrasonography especially in patients with 

high probability ofappendicitis.14 

Several scoring methods have been devised to aid 

decision making in doubtful cases, including, Alvarado, 

Ohmann’s and several others.15-17 These scores utilize 

routine clinical and laboratory assessment, thus being 

simple to use in a variety of clinical settings. The various 

scoring systems with their sensitivity and specificity offer 

a sound judgment in deciding which patients require 

operative measures. We initially designed a protocol 

incorporating the major clinical scores including 

Alvarado and Ohmann with ultrasonography on the basis 

of work in our institution. We then conducted a 

prospective observational study to see whether the 

various tests and their combinations were accurate 

enough to differentiate patients with acute appendicitis 

from those with a non-inflamed appendix as confirmed 

later by histopathology studies of the resected specimen. 

METHODS 

Study 52 cases of clinically suspected acute appendicitis 

were selected for this study admitted to the surgical 

casualty of Seth G. S. Medical College and KEM 

Hospital Mumbai. Patients were selected from both sexes 

of different socio-economic background with selection 

done randomly. Age less than 12 years, evidence of 

generalized peritonitis, palpable mass in the right iliac 

fossa, evidence of acute confusional state or dementia 

were excluded. Patients were explained about the study 

and an informed vital consent about the whole process 

was taken.  

Clinical scoring 

A detailed history was elicited with due consideration to 

age, sex, the presenting symptoms, especially the history 

of migratory pain to right lower quadrant, anorexia, 

nausea, and vomiting or urinary symptoms. 

Measurements of body temperature were done. All 

patients underwent a thorough clinical examination, 

specially eliciting tenderness in the right iliac fossa, 

rebound tenderness in the right iliac fossa, involuntary 

muscular tension. Routine blood examination including 

hemoglobin, total and differential leukocyte counts, 

platelets, renal and liver function tests were conducted. 

Depending upon clinical details and routine blood 

investigation, every patient was allotted modified 

Alvarado score and Ohmann’s score. An ultrasonography 

was also done for all these patients. 

Ultrasonography 

All the 52 patients in this study had graded compression 

ultrasonographic evaluation using linear array transducers 

according to the situation. The normal appendix is 

compressible with a wall thickness of less than or equal 

to 3mm. the sonographic hallmark of appendicitis is a 

direct visualization of the inflamed appendix. The typical 

appearance is that of concentrically layered, almost 

incompressible, sausage-like structure demonstrated at 

the site of maximum tenderness.18 

The usual findings to diagnose acute appendicitis were 

• Visualization of the non-compressible appendix as a 

blind-ending tubular a peristaltic structure 

• Target appearance of more than equal to 6 mm in 

total diameter on cross section/ maximal mural wall 

thickness more than or equal to 2mm 

• Diffuse hypoechogenicity (associated with higher 

incidence of perforation) 

• Lumen may be distended with anechoic/hyperechoic 

material 

• Loss of wall layers 

• Visualization of appendicolith 

• Localized periappendiceal fluid collection 

• Prominent hyperechoeic mesoappendix-pericaecal 

fat. 

All these patients underwent the operative procedure of a 

laparotomy or laparoscopy where suspected appendicitis 

had an appendectomy. Intraoperatively findings were 

recorded including position, width, and length of the 

appendix. The gross appearance of the appendix 

including the presence of inflammation, obstruction, 

gangrene and perforation. Other findings including 

appendicolith were also recorded. Histopathology 

examination of all the resected specimens was done for 

tissue diagnosis of appendicular inflammation which was 

confirmed on the basis of infiltration of the muscular 

propria by neutrophil granulocytes. Patients were also 

followed up in their post-operative course. 

RESULTS 

The total no of cases in this study were 52 of which 28 

were males and 24 females. Of all the patients who 

underwent appendicectomy, 31 (59.62%) were 

histologically positive for acute appendicitis and 21 

(40.38%) were histologically negative (Table 1). All the 

patients were assigned modified Alvarado score, among 

which 36 (69.23%) were positive (>/ 7) and 16 (32.69%) 

were negative. All the patients were assigned the 

Ohmann’s score among which 29 (55.77%) were positive 

(>12) and 23 (44.23%) were negative (<11). All the 

patients also underwent ultrasonography of which 32 

(61.54%) were positive and 20 (38.46%) were negative.  
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Table 1: Patients according to histopathology. 

Characteristics  
Histopathology 

positive (n= 31) 

Histopathology 

negative (n=21) 

Age in years 14-52 17-57 

Male 22 6 

Female 9 15 

Alvarado positive 28 8 

Alvarado negative 3 13 

Ohmann’s positive 25 4 

Ohmann’s negative 6 17 

USG positive 28 4 

USG negative 3 17 

As per the symptomatology, the presenting symptoms 

was a pain in the right lower quadrant of the abdomen in 

all 52 cases. Shifting pain to RIF was seen in 42 cases 

(80.77%). Other symptoms complained by the patients 

were anorexia 44 cases (84.62%) nausea and vomiting 27 

cases (55.77%). Regarding signs, tenderness in right 

lower quadrant was found in 49 cases (94.23%) and 

rebound tenderness was seen in 40 cases (76.92%). Total 

leucocyte count was found to be more than 10 X 109/L in 

38 cases (73.08%). 

DISCUSSION 

Scoring system analysis 

As pre-the scoring systems used, Alvarado score of >6 

was present in 69.23% and 7.7% had a score of less than 

equal to 4. Among the 36 cases of positive Alvarado 

score (>/7), 28 were histopathologically positive and only 

8 were negative. But, among 16 cases of negative 

Alvarado score (<7) 13 cases were histologically negative 

and only 3 cases were histologically positive. It gave a 

sensitivity of 90.32%, specificity of 61.90%, positive 

predictive value (PPV) of 77.78%, Negative predictive 

value (NPV) of 81.25% and diagnostic accuracy of 

78.85% which was very much consistent with the 

previous studies (REF).18 in fact, our study has shown 

better sensitivity, as it is a prospective study and 

shortcomings of retrospective studies are ruled out. 

Modified Alvarado scoring system is a dynamic one, 

allowing observation and critical evaluation of the 

clinical picture.19,20 

 

Table 2:  Comparison of modified Alvarado score, Ohmann’s score Ultrasonography in the diagnosis of                       

acute appendicitis. 

Values 
Modified  

Alvarado score (%) 

Ultrasonography 

(%) 

Ohmann’s 

(%) 

Modified 

Alvarado score+ 

ultrasonography 

Ohmann’s score 

+ultrasonography 

Sensitivity 90.32 90.32 80.65 96.3 92.31 

Specificity 61.90 80.95 80.95 100 88.24 

PPV 77.78 87.5 86.21 100 92.31 

NPV 81.25 85 73.91 90 88.24 

Diagnostic accuracy 78.85 86.54 80.77 97.22 90.69 

Table 3: Comparing the different scoring methods and ultrasonography in the diagnosis of appendicitis. 

Scoring system Total positive Total negative False positive False negative 

Modified Alvarado score 28 13 8 3 

Ohmann’s score 25 17 4 6 

Ultrasonography 29 17 4 3 

 

Ohmann et al, performed a multivariate analysis, and of 

initial 15 parameters, 8 were included in the regression 

model, resulting in different values being attributed to 

each parameter. Patient with scores 6 or more should 

undergo observation and those with score 12 or more 

should proceed to immediate appendectomy.21 In this 

study (Table 3) 29 cases (55.77%) were positive 

Ohmann’s score (>/12) and 23 cases (44.23%) were 

negative (Ohmann’s -<11). Majority i.e. 18 cases 

(34.62%) had Ohmann’s score of 12 to 14: only 3 cases 

(5.77%) had a score <6. Among 29 cases (positive 

Ohmann’s score) histopathologically positive was 25 and 

only 4 cases were histopathologically negative. But 

among 23 cases (negative Ohmann’s score) only 6 cases 

were histopathologically positive and 17 cases were 

histopathologically negative. In our study (Table 2), the 

Ohmann’s score yielded sensitivity of 80.65%, specificity 

80.95%, PPV 86.21%, NPV 73.91% and diagnostic 

accuracy of 80.77%. 

Ultrasonography analysis 

Out of the total 52 patients in our study, appendicitis was 

diagnosed by ultrasonography in 32 patients (61.54%). 
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Among them, appendicitis confirmed in 28 patients 

(87.5%) on histopathological examination and only 4 

cases (12.5%) were histopathologically negative. but 

among the 20 sonographically negative cases, 17 patients 

(85%) were histologically negative and only 3 patients 

(5%) were histologically positive. As calculated by our 

study, the sensitivity of USG was 90.32%, specificity 

80.95%, PPV 87.5%, NPV 85% and Diagnostic accuracy 

of 86.54% which has been comparable with the other 

studies in the previous literature.22 

When modified Alvarado score and ultrasonography were 

compared in terms of sensitivity, specificity, positive 

predictive value, diagnostic accuracy and false-negative 

cases, the results are almost same. Neither one is 

significantly advantageous. But in cases were modified 

Alvarado score is negative or equivocal, the addition of 

ultrasonography reduces false negative cases. In our 

study both the specificity and the negative predictive 

value were 100% when both Alvarado scoring system 

and ultrasonography was used together. This hence 

proves ultrasonography has an adjunct value in suspected 

cases of acute appendicitis. 

Similarly, it was seen that when ultrasonography was 

used along with Ohmann’s score, the sensitivity, 

specificity, positive predictive value and diagnostic 

accuracy were all increased. The increase in all the test 

parameters when the scoring system and USG are used 

together than used individually have been compared. 

Follow up 

Patients were followed up for a period ranging from 2 to 

7 months. No significant complication was detected in 

any of the patients. 

CONCLUSION 

Our study showed that when any of the two scoring 

systems i.e. modified Alvarado score and Ohmann’s 

score was used along with USG, it increased the 

sensitivity, specificity, PPV, NPV, diagnostic accuracy 

and reduced the negative appendectomy rates. So, the 

combination of a scoring system with ultrasonography is 

very helpful to correctly diagnose acute appendicitis in 

patients presenting with acute right lower quadrant pain 

of abdomen. 

Funding: No funding sources 

Conflict of interest: None declared 

Ethical approval: The study was approved by the 

institutional ethics committee 

REFERENCES 

1. Hoffmann J, Rasmussen. Aids in the diagnosis of 

acute appendicitis. Br J Surg. 1989;76:774-9. 

2. Christian FG, Christian P. Diagnostic accuracy of 

Alvarado score in the diagnosis of aacute 

appendicitis. Ann R Coll Surg Engl. 1992;74:281. 

3. Jones PF. Active observation in the management of 

acute abdominal pain in childhood. BMJ. 

1976;2:551-3. 

4. Velanovich V, Savata R. Balancing the normal 

appendectomy rate with the perforated appendicitis 

rate: implications for quality assurance. Am Surg. 

1992;58:264-9. 

5. Alvarado A. A practical score for the early 

diagnosis of acute appendicitis. Ann Emerg Med. 

1986;15:557-64. 

6. Teicher I, Landa B, Cohen M, Cabnik LS, Wise L. 

Scoring system to aid in the diagnosis of 

appendicitis. Ann Surg. 1983;198:753-9. 

7. Puylaert JBCM. Acute appendicitis: US evaluation 

using graded compression. Radiol. 1986;158:355-

60. 

8. Balthazar EJ. Appendicitis: prospective evaluation 

with high-resolution CT. Radiol. 1991;180:21-4. 

9. de Dombal FT, Leaper DJ, Staniland JR, McCann 

AP, Horrocks JC. Computer-aided diagnosis of 

acute abdominal pain. BMJ. 1972;2:9-13. 

10. Incesu L, Coskun A, Selcuk MB, Akan H, Sozubir 

S, Bernay F. Acute appendicitis: MR imaging and 

sonographic correlation. Am J Roentgenol. 

1997;168:669-74. 

11. Olsen JB, Myren CJ, Haahr PE. Randomized study 

of the value of laparoscopy before appendicectomy. 

Br J Surg. 1993;80:822-923. 

12. Moberg AC, Ahlberg G, Leijonmarck CE, 

Montgomery A, Reiertsen O, Rosseland AR, et al. 

Diagnostic laparoscopy in 1043 patients with 

suspected appendicitis. Eur J Surg. 1998;164:833-

40. 

13. Rao PM, Boland GWL. Imaging of acute right 

lower abdominal quadrant pain. Clin Radiol. 

1998;53:639-49. 

14. Sivit C. Imaging children with acute right lower 

quadrant pain. Pediatr Clin North Am. 1997;44:575-

89. 

15. Alvarado A. A practical score for the early 

diagnosis of acute appendicitis. Ann Emerg Med. 

1986;15:557-64. 

16. Kalen M, Rich AJ, Talbot DR, Canlitie WJ. 

Evaluation of modified Alvarado scores in the 

diagnosis of acute appendicitis. A prospective study. 

Ann R Coll Surg Engl. 76:418-419 

17. Ohmann’s C, Franke C, Yang Q, Marguties M, 

Chan M, Vanelk PJ, et al. Evaluation of Alvardo 

score in acute appendicitis; a prospective study. 

Roher, Chirug. 1995;66:135.  

18. Abu- Yousef MM, Bleacher JJ, Macer J, Ordinate 

LF, Franked A, Metcalfe AM. High-resolution 

sonography of acute appendicitis. AJR. 

1987;149:53-8. 

19. Al-Hashemy AM, Seleem MI. Appraisal of the 

modified Alvarado score for acute appendicitis in 

adults. Saudi Med J. 2004;25(9):1229-31. 



Thakur BA et al. Int Surg J. 2017 Aug;4(8):2419-2423 

                                                                                              
                                                                                                      International Surgery Journal | August 2017 | Vol 4 | Issue 8    Page 2423 

20. Sooriakumaran P, Lovell D, Brown R. A 

comparison of clinical judgment vs the modified 

Alvarado score in acute appendicitis. Int J Surg. 

2005;3:52-9. 

21. Bailey and Love’s Short Practice of Surgery 25th 

edition, Hodder Arnord (London); 2008:1206. 

22. Debnath LCJ, Sree Ram CMN, Balani LCS. 

Ultrasonography in patients with suspected acute 

appendicitis. MJAFI. 2005;61(3):249-52. 

 

 

 

 

 

 

 

 

Cite this article as: Thakur BA, Shinde PR, Sharma 

AR. A clinicopathology study to establish the 

accuracy of diagnosis of acute appendicitis in case of 

acute right lower quadrant pain of abdomen. Int Surg 

J 2017;4:2419-23. 


