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ABSTRACT

Introduction: Despite many advances in diagnosis, diagnosing appendicitis remains difficult. 
Various diagnostic scoring systems have been developed in an attempt to improve the diagnostic 
accuracy of acute appendicitis. The study aimed to determine the accuracy of the Modified Alvarado 
and Eskelinen score in diagnosing acute appendicitis and to correlate the histopathological findings 
with the severity of acute appendicitis.

Materials and Methods: A prospective study was conducted in TUTH including 84 patients with 
a clinical diagnosis of acute appendicitis managed surgically for 10 months. Modified Alvarado and 
Eskelinen Score were calculated and histopathological findings were correlated for predicting the 
severity of appendicitis.

Results: Out of 84 patients  Modified Alvarado Score had sensitivity and specificity of 67.79% and 
32% when the score was taken as 7  and Eskelinen Score had sensitivity and specificity of 70.17% 
and 29.62% when the score was taken as 55. However, the sensitivity of the Modified Alvarado 
Score increased to 92.85% and specificity to 14.28% when the cut-off score was taken as 6. 
Modified  Alvarado Score predicted 67% and 63% of uncomplicated and complicated appendicitis 
respectively and Eskelinen Score predicted 72% of uncomplicated and 67% of complicated 
appendicitis when the score was taken as 7 and 55 respectively.

Conclusions: Both Modified Alvarado and Eskelinen Scores have low sensitivity in diagnosing 
acute appendicitis. With cut off for Modified Alvarado Score taken as 6, sensitivity increased. There 
was no correlation between the severity of appendicitis with the increase in Modified Alvarado and 
Eskelinen Score.
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INTRODUCTION

Acute appendicitis is the commonest surgical emergency and 
the second most common cause of right lower quadrant pain in 
patients presenting to the emergency department.1 Lifetime risk 
of suffering from appendicitis is about 7%.2 Despite advances 
in diagnosis, diagnosing appendicitis still remains difficult.3

 Diagnosis is made clinically and the decision to 
undergo surgery is often given without certainty of 
the definitive diagnosis.4  Surgical intervention early in 
the course of the disease limits  complications and leads to 
too many negative  appendectomies  being performed with an 
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associated mortality rate of 10%.5 There is a significant rise in 
mortality from less than 1% in nonperforated cases to 5% or more 
when perforation occurs.6

 Based on various reports the negative appendectomy rate is 
about 20 to 30%.7 Misdiagnosis and late surgical intervention 
lead to complications with high morbidity and mortality such as 
perforation and peritonitis.8 

Several scoring systems are being used to aid in the diagnosis of 
acute appendicitis. Of these, the Modified Alvarado score (MAS)  
is frequently used. Among other scoring systems, Eskelinen Score 
(ES) is also used. These scoring systems take into consideration 
various signs and symptoms and also laboratory findings.  This 
study aimed to compare MAS and ES systems to predict the 
severity of appendicitis using histopathological diagnosis as a 
gold standard. 

MATERIALS AND METHODS

A prospective observational study was conducted in the 
Department of GI and General Surgery, IOM-TUTH between 
Kartik 2075 to Asoj 2076 with a sample size of 84. Inclusion 
criteria of the study include admitted cases with the diagnosis 
of acute appendicitis managed surgically and exclusion criteria 
being age less than 16 years, complications of acute appendicitis 
such as appendicular abscess, appendicular lump, appendicular 
perforation peritonitis (managed by midline laparotomy) and 
patient not giving consent. Ethical clearance was taken from IRB, 
TUTH, Maharajgung.

Patients were initially assessed in the emergency department. 
History and physical examination were done and whether to opt 
for surgical management or not was decided by the attending 
surgeon. Obtained data entered as per diagnostic score (MAS 
and ES). Statistical data analysis was done using SPSS version 
20 using the Chi-square test and ROC curve and the level of 
significance was taken as 5 percent.

RESULTS

Out of 84 patients mean and standard deviation of the age of 
patients were 29.20± 11.68 with the range of 17 – 72 years as 
shown in figure.1. Maximum patients were in of age group 16-24 
years out of which 55(65.4%) were male and 29(34.52%) were 
female.

 Figure 1: Age-wise distribution  among the study population                                                          

MAS of 7 were 29 patients which accounted for the highest 
percentage similarly with the score of 8 there were 23 patients 
and score of 6 were 19 patients. ES was highest with a score of 
> 57 which accounted for 55 patients and with 16 patients with a 
score of 48-57 and 13 patients in<48. Patients with MAS ≥ 7 were 
57 and < 7 were 27 patients and Eskelinen scores≥ 55 were 59 and 
<55 were 25 patients as shown in figures 2 and 3.

Figure 2: Modified Alvarado Score (n=84)

Figure. 3: Eskelinen Score (n=84)

The histopathological finding revealed 43 to be inflamed 
appendicitis, 37 gangrenous, 1 perforation, 2 follicular 
hyperplasias, and 1 case of resolving appendicitis. 52.3% were 
uncomplicated appendicitis and 45.2% were complicated 
appendicitis and 2.3% were normal.

MAS with a score ≥ 7 predicted 69 % of uncomplicated and 67 
% of complicated appendicitis and a score < 7 predicted 31% 
of uncomplicated and 33% of complicated appendicitis. Whereas 
ES ≥55 predicted 72 % of uncomplicated and 67% of complicated 
appendicitis and a score < 55 predicted 28% of uncomplicated 
and 33% of complicated appendicitis as shown in figures 4 and 5.

Figure 4: Predicted complicated and uncomplicated 
appendicitis according to MAS

https://www.sciencedirect.com/topics/medicine-and-dentistry/mortality-rate
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Figure 5: Predicting complicated and uncomplicated 
appendicitis according to ES        

When the cut-off score for MAS was taken as 7 the sensitivity, 
specificity, PPV, and NPV were 67.79%, 32%, 70.17, and 
29.62 respectively and when the cut-off for ES was taken as 55, 
sensitivity, specificity, PPV, and  NPV were 70.17%, 29.62%, 
67.79 and 32 respectively with the area under curve for MAS 
0.523 and ES 0.488. However when the cut-off for MAS was 
taken as 6 the sensitivity of MAS increased to 92.85% and 
specificity of 14.28%, PPV 68.42%, and NPV 50%, and with ES 
cut-off as 57 sensitivity, specificity, PPV and NPV were 68.42%, 
50%, 92.85%and 14.28 respectively with the area under curve for 
MAS 0.74 and ES 0.46.

DISCUSSION

Acute Appendicitis is one of the commonest surgical emergencies. 
Although being one of the most common abdominal emergencies 
with a lifetime risk of about 7 % 2, the pathogenesis of appendicitis 
is still not fully understood. However, making a correct and timely 
diagnosis remains a challenge.9 Besides clinical evaluation with 
various clinical signs and symptoms many modern diagnostic 
tools such as graded compression sonography, CT, and diagnostic 
laparoscopy have proven to be effective in the diagnosis of acute 
appendicitis. It is generally accepted that the removal of a normal 
appendix is safer in questionable cases and that delaying surgery 
leads to an increased rate of perforation.10  Several scoring systems 
have been devised for the purpose of increasing both sensitivity 
and specificity in diagnosing acute appendicitis.11 According to 
publications criteria for diagnostic quality have been postulated 
as a 15 % rate of negative appendectomies, a 10% rate of negative 
laparotomy, a 35% rate of potential perforation, and a 15% rate 
of overlooked perforations, and a 5 % rate of overlooked acute 
appendicitis.12 Further misdiagnosis and late surgical intervention 
lead to complications with high morbidity and mortality such 
as perforation and peritonitis. The generally accepted negative 

appendectomy rate is approximately 15-20 % .13

The incidence of acute appendicitis in the study population fall at 
a maximum in the 16-24 age group which accounted for 34.84% 
and the minimum in the age group > 65 years which accounted 
for 1.1% which is similar to other studies.14 15 

Out of 84 patients in the study 65.4% were male and 34.5% were 
female similar to the sex distribution as done by Wu Xingye et 
al.16 Other studies have also suggested the male preponderance of 
disease, Carditello A showed a male: female ratio of 3:1 and Ko 
Ys Lin Lh showed male: female ratio to be 10:1 .These studies 
also had similar observations as compared to this study.17 18 19 

20  In comparison to the study done by Kanumba et al, where 
the sensitivity and specificity of MAS was 94.1%  and 90.4%, 
PPV of 95.2  and NPV of  88.4.13 This  study  had Sensitivity of  
67.79%, Specificity of  32%, Positive Predictive Value of 70.17  
and Negative Predictive value of  29.62 keeping cut off of MAS  
as 7 and ROC analysis revealed an area index of 0.53 which was 
also lower than the study done by Pejana Rastovic et al.21

In a study done by Arzu Sencan et al, the Eskelinen score had 
sensitivity, specificity, PPV, and NPV of  79%, 85%, 65 and 91 
respectively and  ROC analysis revealed an area index of 0.91.

22
  

In this study, the Eskelinen Score had sensitivity, specificity, PPV 
and NPV of 70.17%, 29.62%, 67.79 and 32 respectively when the 
cut off value was taken as 55 and ROC analysis revealed an area 
index of 0.48. However, when the cut-off value was taken to be 
57, the sensitivity, specificity, PPV, and NPV were 68.42%, 50%, 
92.85, and 14.28 respectively and ROC analysis revealed an area 
index of 0.46.

On analyzing the Modified Alvarado Score with respect to the 
histopathology, the results were comparable with the other 
study.14 In our study, histopathological analysis out of 84 patients 
showed that 52.3% were uncomplicated appendicitis, 45.2% were 
complicated appendicitis and 2.3% were normal. Out of which, 
the Modified Alvarado score predicted 67% of uncomplicated 
appendicitis and 63% of complicated appendicitis when the 
score was ≥ 7 similar to the study conducted by Kamal Koirala 
et al in 2018.23 Eskelinen Score predicted 72% of uncomplicated 
appendicitis and 67% of complicated appendicitis of score ≥ 
55 which was less than a study in which ES predicted 80 % of 
appendicitis when correlated with histopathological reports.24

CONCLUSIONS

Both the MAS and ES have low sensitivity in diagnosing acute 
appendicitis. However taking the cut-off score for MAS from 7 
to 6 the sensitivity of MAS increased. There was no correlation 
with the severity of appendicitis with the increase in both scores.

REFERENCES

1.	  M.A. Mardan  MT. Role of ultrasound in acute appendicitis. J Ayub 
med coll Abbottabab.   2007; 19(3):72-9. Website

2.	 Omari AH, Khammash MR, Qasaimeh GR, Shammari AK, Yaseen 
MK, Hammori SK. Acute appendicitis in the elderly: risk factors for 
perforation. World J Emerg Surg. 2014;9(1):6. Crossref 

3.	 Paajanen H SE. Early appendicitis is still a difficult diagnosis. Acta 
Paediatr. 1996; 85(4):459-62. Crossref

4.	 Puylaert JB, Rutgers PH, Lalisang RI, de Vries BC, van der Werf 
SD, Dörr JP, Blok RA. A prospective study of ultrasonography in 
the diagnosis of appendicitis. N Engl J Med. 1987; 317(11):666-9. 
Crossref

 Dahal et al.

file:///C:/Users/Arush/Desktop/NMJ%20June%202022/M.A. Mardan  MT. Role of ultrasound in acute appendicitis. J Ayub med coll Abbottabab.   2007; 19(3):72-9
file:///C:/Users/Arush/Desktop/NMJ%20June%202022/M.A. Mardan  MT. Role of ultrasound in acute appendicitis. J Ayub med coll Abbottabab.   2007; 19(3):72-9
https://pubmed.ncbi.nlm.nih.gov/18444596/
doi: 10.1186/1749-7922-9-6.
https://pubmed.ncbi.nlm.nih.gov/8740305/
https://pubmed.ncbi.nlm.nih.gov/8740305/
DOI: 10.1111/j.1651-2227.1996.tb14061.x
doi: 10.1056/NEJM198709103171103.


Modified Alvarado Score and Eskelinen Score in Acute Appendicitis

N E P A L E S E  M E D I C A L  J O U R N A L   i s s u e  9   |   v o l  5   |   2 0 2 2 521

 Dahal et al.

5.	 Kosloske AM, Love CL, Rohrer JE, Goldthorn JF, Lacey SR. The 
diagnosis of appendicitis in children: outcomes of a strategy based 
on pediatric surgical evaluation. Pediatrics. 2004;113(1 Pt 1):29-34. 
Crossref

6.	 Dogra BB. Acute appendicitis: Common surgical emergency. Med J 
DY Patil Univ 2014;7:749-52  Crossref

7.	 Yang HR  Wang YC, Chung PK, Chen WK, Jeng LB, Chen RJ. 
Laboratory tests in patients with acute appendicitis. ANZ J Surg. 
2006;76(1-2):71-4.  Crossref

8.	 Cardall T, Glasser J, Guss DA. Clinical value of the total white 
blood cell count and temperature in the evaluation of patients with 
suspected appendicitis. Acad Emerg Med. 2004; 11:1021–1027. 
Crossref

9.	 Khairy G. Acute appendicitis: is removal of normal appendix still 
existing and can we reduce its rate?  Saudi J Gastroenterol. 2009; 
15:167. Crossref

10.	 Kirshtein B, Roy-Shapira A, Lantsberg L, Mandel S, Avinoach E, 
Mizrahi S. The use of laparoscopy in abdominal emergencies. Surg 
Endosc. 2003;17(7):1118-24. Crossref

11.	 Erdem H, Çetinkünar S, Daş K, Reyhan E, Değer C, Aziret M, et 
al. Alvarado, Eskelinen, Ohhmann and Raja Isteri Pengiran Anak 
Saleha Appendicitis scores for diagnosis of acute appendicitis. 
World J Gastroenterol. 2013;19(47):9057-62. Crossref 

12.	 Park JS, Jeong JH, Lee JI, Lee JH, Park JK, Moon HJ. Accuracies 
of diagnostic methods for acute appendicitis. Am Surg. 
2013;79(1):101-6. Website

13.	 Kanumba ES, Mabula JB, Rambau P, Chalya PL. Modified 
Alvarado Scoring System as a diagnostic tool for acute appendicitis 
at Bugando Medical Centre, Mwanza, Tanzania. BMC Surg. 
2011;11:4. Crossref

14.	 Jain S, Gehlot A, Songra MC. Modified alvarado score in diagnosis 
of acute appendicitis: a clinicopathological study. Int Surg J. 
2018;5(3):878-88  Crossref

15.	 Lin KB, Lai KR, Yang NP, Chan CL, Liu YH, Pan RH, Huang 
CH. Epidemiology and socioeconomic features of appendicitis in 
Taiwan: a 12-year population-based study. World J Emerg Surg. 
2015;10:42. Crossref 

16.	 Xingye W, Yuqiang L, Rong W, Hongyu Z. Evaluation of 
Diagnostic Scores for Acute Appendicitis. J Coll Physicians Surg 
Pak. 2018;28(2):110-114. Crossref

17.	 Carditello A BM, Bonavita G, Lentini B, Sturniolo G. Acute 
appendicitis: clinico-diagnostic and therapeutic considerations. 
Chirurgia italiana. 1985; 37(2):174-82. Website

18.	 Ko YS, Lin LH, Chen DF. Laboratory aid and ultrasonography in 
the diagnosis of appendicitis in children. Zhonghua Min Guo Xiao 
Er Ke Yi Xue Hui Za Zhi. 1995;36(6):415-9. Website

19.	 Al-Omran M Momdani M, McLeod R,. Epidemiologic features 
of acute appendicitis in Ontario. Canadian J of Sur. 2003; 46(4): 
263–8. Website

20.	 Noudeh YJ, Sadigh N, Ahmadnia AY. Epidemiologic features, 
seasonal variations and false positive rate of acute appendicitis in 
Shahr-e-Rey, Tehran. Int J Surg. 2007;5(2):95-8. Crossref

21.	 Rastović P, Trninić Z, Galić G, Brekalo Z, Lesko J, Pavlović M. 
Accuracy of Modified Alvarado Score, Eskelinen Score and 
Ohmann Score in Diagnosing Acute Appendicitis. Psychiatr Danub. 
2017;29(Suppl 2):134-141. Website

22.	 Sencan A, Aksoy N, Yıldız M, Okur Ö, Demircan Y, Karaca I. 
The evaluation of the validity of Alvarado, Eskelinen, Lintula 
and Ohmann scoring systems in diagnosing acute appendicitis in 
children. Pediatr Surg Int. 2014;30(3):317-21. Crossref

23.	 Koirala K, KC SR, Simkhada G, Mukhiya R, Pokharel N, KC G. 
Clinical and histopathological analysis of the patients undergoing 
appendectomy. J Pathol Nep. 2018;8(2):1337-40. Crossref

24.	 Unal Ozdemir Z, Ozdemir H, Sunamak O, Akyuz C, Torun M. 
Comparison of the reliability of scoring systems in the light of 
histopathological results in the diagnosis of acute appendicitis. Hong 
Kong Journal of Emergency Medicine. 2019;26(6):323-7.  Crossref

doi: 10.1542/peds.113.1.29
https://www.mjdrdypu.org/article.asp?issn=0975-2870;year=2014;volume=7;issue=6;spage=749;epage=752;aulast=Dogra
https://www.mjdrdypu.org/article.asp?issn=0975-2870;year=2014;volume=7;issue=6;spage=749;epage=752;aulast=Dogra
DOI: 10.4103/0975-2870.144866
https://pubmed.ncbi.nlm.nih.gov/16483301/
https://pubmed.ncbi.nlm.nih.gov/16483301/
https://pubmed.ncbi.nlm.nih.gov/16483301/
DOI: 10.1111/j.1445-2197.2006.03645.x
https://pubmed.ncbi.nlm.nih.gov/15466143/
https://pubmed.ncbi.nlm.nih.gov/15466143/
https://pubmed.ncbi.nlm.nih.gov/15466143/
DOI: 10.1197/j.aem.2004.04.011
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2841415/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2841415/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2841415/
doi: 10.4103/1319-3767.51367
doi: 10.1007/s00464-002-9114-1
doi: 10.3748/wjg.v19.i47.9057.
https://pubmed.ncbi.nlm.nih.gov/23317620/
doi: 10.1186/1471-2482-11-4.
file:///C:/Users/Arush/Desktop/NMJ%20June%202022/Jain S, Gehlot A, Songra MC. Modified alvarado score in diagnosis of acute appendicitis: a clinicopathological study. Int Surg J. 2018;5(3):878-88
file:///C:/Users/Arush/Desktop/NMJ%20June%202022/Jain S, Gehlot A, Songra MC. Modified alvarado score in diagnosis of acute appendicitis: a clinicopathological study. Int Surg J. 2018;5(3):878-88
file:///C:/Users/Arush/Desktop/NMJ%20June%202022/Jain S, Gehlot A, Songra MC. Modified alvarado score in diagnosis of acute appendicitis: a clinicopathological study. Int Surg J. 2018;5(3):878-88
https://dx.doi.org/10.18203/2349-2902.isj20180415
doi: 10.1186/s13017-015-0036-3.
doi: 10.29271/jcpsp.2018.02.110.
https://pubmed.ncbi.nlm.nih.gov/4017142/
https://pubmed.ncbi.nlm.nih.gov/4017142/
https://pubmed.ncbi.nlm.nih.gov/4017142/
https://pubmed.ncbi.nlm.nih.gov/4017142/
https://pubmed.ncbi.nlm.nih.gov/8592927/
file:///C:/Users/Arush/Desktop/NMJ%20June%202022/Al-Omran M Momdani M, McLeod R,. Epidemiologic features of acute appendicitis in Ontario. Canadian J of Sur. 2003; 46(4): 263–8
file:///C:/Users/Arush/Desktop/NMJ%20June%202022/Al-Omran M Momdani M, McLeod R,. Epidemiologic features of acute appendicitis in Ontario. Canadian J of Sur. 2003; 46(4): 263–8
file:///C:/Users/Arush/Desktop/NMJ%20June%202022/Al-Omran M Momdani M, McLeod R,. Epidemiologic features of acute appendicitis in Ontario. Canadian J of Sur. 2003; 46(4): 263–8
https://pubmed.ncbi.nlm.nih.gov/12930102/
doi: 10.1016/j.ijsu.2006.03.009
https://pubmed.ncbi.nlm.nih.gov/28492221/
doi: 10.1007/s00383-014-3467-0.
DOI : 10.3126/jpn.v8i2.20862
https://doi.org/10.1177/1024907918803535

