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ABSTRACT

Introduction: Acute appendicitis is one of the most common 
causes of acute abdomen. Early and accurate diagnosis is 
crucial to prevent morbidity and mortality. The Modified 
Alvarado Score is the most extensively used scoring system 
for diagnosing acute appendicitis. This study aims to assess 
the validity of the Ohmann Score in our population and 
compare it with the commonly used Modified Alvarado 
Score. Materials and Methods: A prospective comparative 
observational study was conducted in the Department of 
General Surgery at our hospital, enrolling a total of 85 patients 
with suspected acute appendicitis. The Ohmann Score and 
Modified Alvarado Score were calculated for each patient at 
the time of admission, and histopathological findings after 
surgery were correlated to predict the sensitivity, specificity, 
positive predictive value (PPV), and negative predictive 
value (NPV) for both scoring systems. Results: In this study, 
data from 85 patients were analyzed. The Modified Alvarado 
Score had a sensitivity of 59.49%, specificity of 66.67%, PPV 
of 95.92%, and NPV of 11.11%. In comparison, the Ohmann 
Score had a sensitivity of 89.87%, specificity of 83.33%, PPV of 
98.61%, and NPV of 38.46%, demonstrating higher sensitivity, 
specificity, PPV, and NPV. The area under the ROC curve for the 
Ohmann Score was 0.866 (95% CI: 0.775–0.930), compared to 
0.624 (95% CI: 0.513–0.727) for the Modified Alvarado Score. 
Conclusion: The Ohmann Score is a feasible and easy-to-use 
scoring system for diagnosing acute appendicitis, with better 
sensitivity, specificity, positive predictive value, and negative 
predictive value compared to the Modified Alvarado Score.

Keywords: Acute Appendicitis, Ohmann Score, Modified 
Alvarado Score
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INTRODUCTION

Acute inflammation of the vermiform appendix, a blind-
ended tubular structure present at the convergence of the 
taenia coli arising from the cecum, denotes acute appendicitis 
[1]. It is one of the most common causes of acute abdomen, 
with a lifetime risk of developing the condition being 6.7% in 
females and 8.6% in males [2]. Early and accurate diagnosis 
is the cornerstone in the management of this condition to 
prevent morbidity and mortality [3,4]. Patients usually present 
with a sudden onset of pain in the peri-umbilical region, 
which then shifts to the right iliac fossa (RIF) and is associated 
with anorexia, nausea, vomiting, and fever. Tenderness and 
rebound tenderness elicited over the RIF is a vital clinical clue 
for its diagnosis. However, these typical findings are found in 
only 50–60% of cases, making early and accurate diagnosis of 
acute appendicitis challenging. Inaccurate diagnosis results in 
negative appendectomy rates ranging from 2-30%, whereas 
delayed surgical intervention can lead to perforation and 
peritonitis rates as high as 20% [2,3,5,6]. Imaging modalities 
like ultrasonography (USG), computed tomography (CT), and 
magnetic resonance imaging (MRI) have high sensitivity and 
specificity for the evaluation of patients with suspected acute 
appendicitis, but issues of availability, cost, and time raise 
questions about their application [2,5,7].

Given these diagnostic challenges, various scoring systems 
have been formulated for the accurate diagnosis of acute 
appendicitis. Alvarado proposed a scoring system in 1986 
with a total score of 10 using eight parameters, including 
symptoms, signs, and laboratory variables, which was later 
modified by Kalan et al. in 1994 to create the Modified Alvarado 
Score (MAS) with a total score of 9. This has become the most 
extensively used scoring system today [8]. Similarly; Ohmann 
et al. developed the Ohmann Score in 1999 for the diagnosis 
of the same acute condition, taking into consideration the 
epidemiological aspects of the disease. The Ohmann Score 
includes age as a parameter, uses fewer laboratory parameters, 
and incorporates clinical variables, making clinical diagnosis 
more feasible [9].

In developing countries like ours, where there are resource 
constraints, a scoring system that includes fewer laboratory 
variables and has a higher diagnostic yield will help in the 
early and accurate diagnosis of acute appendicitis. This will 
ultimately reduce negative appendectomies, appendicular 
perforation peritonitis, morbidity, and mortality. This study 

is therefore conducted to assess the validity of the Ohmann 
Score in our population and to compare it with the extensively 
used Modified Alvarado Score.

MATERIALS AND METHODS

Following the ethical clearance from the Institutional Review 
Board (IRB) of National Academy of Medical Sciences (NAMS), a 
prospective observational comparative study was conducted 
at Bir Hospital, Kathmandu, Nepal. Those patients who were 
admitted with diagnosis of acute appendicitis were included 
in the study excluding ones below 16 years, those managed 
conservatively, and those diagnosed as appendicular lump, 
abscess and perforation.

Sample size was calculated by using the formula: 

n = {Z2 * Sensitivity (1 – sensitivity)} / (w2 * p)

Where, 

n= sample size

Z = normal distribution value, set to 1.96 corresponding to 
95% Confidence Interval

w = maximum acceptable width for 95% Confidence Interval 
set to 10%

p = prevalence

A detailed clinical history, clinical examination with 
appropriate investigations as per the hospital protocol was 
carried out by surgery postgraduate resident on duty at the 
emergency department and the data were recorded on a 
structured performa. Subsequently, the Ohmann and modified 
Alvarado scores were calculated. Cut-off values as suggested 
by the authors of these scores were taken for computation 
of sensitivity and specificity. On the basis of these scoring 
systems, the patients were divided into two groups; one 
as acute appendicitis and the other as other cause of acute 
abdomen. Final decision regarding management (operative, 
observation, discharge) of the case was made by surgeon on 
duty. Any surgical intervention was conducted by surgical 
team under the guidance and supervision of Consultant on 
duty. The intra-operative findings were recorded and retrieved 
specimens were sent for histological examination preserved 
in 10% Formalin. Intraoperative findings were documented 
as normal appendix, acute appendicitis, complicated 
appendicitis or other pathology.
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The data collection was done on a separate proforma sheet 
for each patient. Data was collected till required number 
of sample was attained. The collected data was stored in an 
electronic database (MS-Excel Sheet) and statistical analyses 
were performed with statistical software (SPSS for Windows). 
Patients were stratified into different groups on the basis of 
cut off values suggested for each of Ohmann and modified 
Alvarado score and their sensitivity, specificity, positive 
predictive value and negative predictive value were calculated. 
Histopathological reports were taken as the reference for 
comparison. ROC curves were also obtained for these scores 

and area under the curves were compared for accuracy of the 
scores. A 95% confidence interval was taken, and p value less 
than 0.05 were considered as statistically significant.

RESULTS

The study was conducted with 85 patients suspected of acute 
appendicitis. The Ohmann score and Modified Alvarado score 
were calculated for each patient. The histopathological report 
was used as the reference for comparison, confirming 79 cases 
of acute appendicitis.

Age(in years) Male Female Total

Number Percentage Number Percentage Number Percentage

≤ 20 7 17.1 5 13.2 12 15.2

21-30 11 26.8 11 28.9 22 27.8

31-40 8 19.5 6 15.8 14 17.7

41-50 5 12.2 5 13.2 10 12.7

> 50 10 24.4 11 28.9 21 26.6

Table 1. Demographic data of patient diagnosed as acute appendicitis

In this prospective study, the mean age of patients with acute appendicitis was found to be 37.87 years, with a standard deviation 
of ± 17.03.

Figure 1. Age group distribution.

Similarly, the study found that the largest number of patients were in the age group 21-30 years, as shown in Table 1 
and Figure 1.
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 Figure 2. Gender distribution.

Table 2. Presence of Symptoms in cases of Acute Appendicitis

Symptoms Number of Cases Percentage (%)

Right iliac fossa pain 77 97.5

Anorexia 47 59.5

Nausea/ Vomiting 65 82.3

Fever 13 16.5

As shown in Table 2, the most common symptom was right iliac 
fossa pain. The majority of patients, 77 (97.5%), reported this 
symptom, while 65 (82.3%) experienced nausea and vomiting. 

Additionally, 47 (59.5%) patients developed anorexia, and 
the least number of patients, 13 (16.5%), complained of fever 
during history taking.

Signs Number of Cases Percentage (%)

Right iliac fossa tenderness 79 100

Rebound tenderness Right iliac fossa 70 88.6

Table 3. Presence of signs in cases of Acute Appendicitis

Similarly, during clinical examination, 79(100%) patients had 
tenderness in the right iliac fossa while only 70 (88.6%) patients 

had signs of rebound tenderness in the right iliac fossa.
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In this study, out of 72 patients with an Ohmann score of ≥12, 
71 (98.6%) had histopathological examination (HPE) positive 
for appendicitis, while 1 (1.4%) had a negative HPE result. 
Similarly, out of 13 patients with an Ohmann score of 6–11.5, 8 
(61.5%) had HPE-positive results, whereas 5 (38.5%) had HPE-

negative results. Therefore, the study shows that the Ohmann 
score has a sensitivity of 89.87% (81.02% - 95.53%), specificity 
of 83.33% (35.88% -99.58%), positive predictive value (PPV) 
of 98.61% (92.21% - 99.77%), and negative predictive value 
(NPV) of 38.46% (22.83% - 56.91%).

Ohmann score Acute Appendicitis Not Acute Appendicitis Total (n-100)

<6 0 0 0

6-11.5 8 5 13

≥ 12 71 1 72

Total (n) 79 6 85

Table 4. Analysis of Ohmann score

Table 5. Analysis of modified Alvarado score

Modified Alvarado score Acute Appendicitis Not Acute Appendicitis Total (n-100)

0-4 1 1 2

5-6 31 3 34

≥ 7 47 2 49

Total (n) 79 6 85

Similarly, on analyzing the Modified Alvarado Score, out of 49 
patients with an MAS score of ≥7, 47 (95.91%) had positive 
histopathological examination (HPE) results for appendicitis, 
while only 2 (4.08%) had negative HPE results. Out of 2 patients 
with an MAS score of 0-4, 1 (50%) had a positive HPE result 

and 1 (50%) had a negative HPE result. This analysis shows that 
the MAS scoring system has a sensitivity of 59.49% (47.85% 
- 70.40%), specificity of 66.67% (22.28% - 95.67%), positive 
predictive value (PPV) of 95.92% (88.19% - 98.67%), and 
negative predictive value (NPV) of 11.11% (6.27% - 18.94%).

Table 6. Comparison of Ohmann and modified Alvarado Scoring Systems

Index Ohmann score Modified Alvarado score

Sensitivity (95% CI) 89. 87% (81.02% - 95.53%) 59.49% (47.85% - 70.40%)

Specificity (95% CI) 83.33% (35.88% - 99.58%) 66.67% (22.28% - 95.67%)

PPV (95% CI) 98.61% (92.21% - 99.77%) 95.92% (88.19% - 98.67%)

NPV (95% CI) 38.46% (22.83% - 56.91%) 11.11% (6.27% - 18.94%)

Accuracy (95% CI) 89.41% (80.85% - 95.04%) 60.00% (48.80% - 70.48%)

p value < 0.001 0.254

ROC (95% CI) 0.866 (0.775 – 0.930) 0.624 (0.513 – 0.727)
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Figure 4. ROC of Modified Alvarado Score.

Figure 3. ROC of Ohmann Score. 

In this study, the area under the receiver operating 
characteristic (ROC) curve for the Ohmann score was 0.866 
(95% CI; 0.775 – 0.930), while for the Modified Alvarado Score 
(MAS) it was 0.624 (95% CI; 0.513 – 0.727), as shown in Figures 
3 and 4. The p-value for the Ohmann score was < 0.001, 

indicating statistical significance, whereas the p-value for the 
MAS was 0.254, indicating statistical insignificance, as detailed 
in Table 6.
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Figure 5. ROC of Ohmann score and Modified Alvarado Score.

On comparing the values of the Ohmann score with the 
Modified Alvarado Score (MAS), the p-value was 0.1231, 
indicating statistical insignificance (Figure 5).

DISCUSSION

Acute appendicitis is the most common surgical emergency 
worldwide [10,11]. Since its earliest description by Dr. Reginald 
Heber Fitz in 1886, establishing an early diagnosis has been 
a significant challenge in managing this condition. Delays in 
diagnosis can lead to delayed surgical intervention, resulting in 
higher morbidity and mortality [12]. Sophisticated diagnostic 
tools such as graded compression sonography, CECT abdomen, 
and diagnostic laparoscopy have proven effective, alongside 
various signs and symptoms, for diagnosing appendicitis [13]. 
Similarly, several scoring systems have been developed to aid 
in the early and accurate diagnosis of acute appendicitis [14]. 
These scoring systems each have their own sensitivity and 
specificity [15]. Among these, the Modified Alvarado Score 
and the Ohmann Score are commonly used [8,16]. Despite 
this, diagnosing acute appendicitis remains challenging due 
to the variable presentation of the disease and the lack of a 
reliable diagnostic test [17].

There are few studies comparing the Ohmann and Modified 

Alvarado scoring systems. Hence, this study prospectively 
compared these scoring systems by enrolling 85 patients 
suspected of acute appendicitis.

In this study, the highest number of acute appendicitis cases 
was found in the age group of 21-30 years, with a mean age 
of 37.87 ± 17.03 years. Similar results were found in studies by 
Talukdar et al., Chong et al., Deo et al., Jain et al., and Meltzer 
et al., where the most common age group was 21-30 years, 
and the mean age was approximately 31.57 ± 14. 14 and 35 
years, which is close to our result [15,18-21]. The study also 
indicates that the incidence of acute appendicitis is higher in 
males than in females; out of 85 patients, 41 (51.9%) were male 
and 38 (48.1%) were female. A study on the epidemiology of 
acute appendicitis conducted in the United States, involving 
250,000 patients, concluded that males had a higher incidence 
of appendicitis compared to females, with an overall ratio of 
1.4:1. Similarly, Umar et al. (M= 1.5:1), Dahal et al., and Xingye 
et al. reported a higher prevalence in males compared to 
females (out of 84 patients, 65.4% were male and 34.5% were 
female) [11,22,23]. Additionally, Carditello A showed a male 
ratio of 3:1, and Ko Ys Lin Lh showed a ratio of 10:1 [24,25].

In this study, 77 (97.5%) patients had right iliac fossa pain, and 
79 (100%) had tenderness over the right iliac fossa, indicating 
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that the most common symptom is right iliac fossa pain and 
the most common sign is right iliac fossa tenderness. This is 
consistent with the study conducted by Ramchandra et al., 
where 87% of patients had right iliac fossa pain and 83% had 
tenderness over the RIF [26].

In the prospective study conducted by Kalan et al., the 
Modified Alvarado Score (MAS) of ≥7 showed a sensitivity of 
100% in children, 93% in men, and 67% in women. Similarly, 
Umar et al. reported that MAS of ≥7 had sensitivity, specificity, 
positive predictive value (PPV), negative predictive value 
(NPV), and diagnostic accuracy of 90.3%, 83.3%, 96.6%, 62.5%, 
and 89.2%, respectively. Jain et al. also found that MAS of 7-8 
had a sensitivity of 86.1%, specificity of 83.3%, PPV of 98.9%, 
and NPV of 27.8% [8,21,22]. In contrast, in our study, MAS of 
≥7 showed sensitivity of 59.49% (47.85% - 70.40%), specificity 
of 66.67% (22.28% - 95.67%), PPV of 95.92% (88.19% - 
98.67%), and NPV of 11.11% (6.27% - 18.94%), which are lower 
compared to the aforementioned studies.

Ohmann et al. conducted a multicenter prospective 
interventional study in Germany and Austria, where an 
Ohmann score of ≥12 showed a sensitivity of 95.5%, specificity 
of 78.1%, PPV of 50.2%, and NPV of 98.7%.9 Similarly, Bharath 
et al. evaluated the Ohmann score and found that a score of 
≥12 had an overall sensitivity of 75.5%, specificity of 78.5%, 
PPV of 94.33%, NPV of 40.74%, and diagnostic accuracy of 
76.25% [27]. In our prospective study, an Ohmann score of 
≥12 had sensitivity of 89.87% (81.02% - 95.53%), specificity of 
83.33% (35.88% - 99.58%), PPV of 98.61% (92.21% - 99.77%), 
and NPV of 38.46% (22.83% - 56.91%), which are consistent 
with the results of previous studies. Therefore, the Ohmann 
score demonstrates higher sensitivity, specificity, PPV, and 
NPV compared to the MAS.

In our study, the area under the receiver operating characteristic 
(ROC) curve for the Ohmann score was 0.866 (95% CI; 0.688 – 
1.000), while for the MAS it was 0.631 (95% CI; 0.402 – 0.859). 
Comparing the Ohmann score with the MAS, the p-value 
was 0.1231, indicating statistical insignificance. Similarly, in 
the study conducted by Hoseini et al., which compared the 
accuracy of the Ohmann and Alvarado scoring systems, the 
area under the ROC curve for the Ohmann score was 0.67 (95% 
CI; 0.598 to 0.742) and for the Alvarado score was 0.83 (95% 
CI; 0.77 – 0.88), with a p-value of 0.0001, indicating statistical 
significance [28].

CONCLUSION

Both the Ohmann Score and the Modified Alvarado Score are 
easy, fast, and reproducible scoring systems for the prompt 
diagnosis of acute appendicitis. However, imaging studies, 
combined with a high degree of clinical suspicion, are essential 
to reduce patient morbidity and mortality. This study shows 
that the Ohmann Score has higher sensitivity, specificity, 
positive predictive value (PPV), and negative predictive 
value (NPV) compared to the Modified Alvarado Score and is 
also comparatively easier to apply. Therefore, incorporating 
the Ohmann Score into daily practice for diagnosing acute 
appendicitis is feasible and justifiable. Nonetheless, similar 
studies with larger sample sizes and multi-institutional 
involvement are recommended.

LIMITATIONS

This study however has some limitations such as the sample 
size is relatively size and the exclusion of the paediatric 
population. Being a single institution based study narrows 
the possible implications of the findings in different setups. 
The effect of prior antimicrobial treatment from other health 
facilities was not addressed in this study.
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