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Introduction 
 “Diagnosis of appendicitis is usually easy”–thus wrote Sir 

Zachary Cope, but with the order: “but there are difficulties which 
need to be discussed”. The “difficulty” alluded to by Cope relates to 
our inability to reliably diagnose appendicitis on clinical grounds.1 
Acute Appendicitis is the most common cause of acute abdomen and 
of course, a common disease in surgical practice.2 It forms 10% of all 
emergency abdominal operations. Simple appendicitis can progress 
to perforation, which is associated with a much higher morbidity 
and mortality, and surgeons have therefore been inclined to operate 
when the diagnosis is probable rather than wait until it is certain.3 
Acute appendicitis is essentially a clinical diagnosis.4 Routine history 
and physical examination still remain the most practical diagnostic 
modalities. Absolute diagnosis of course is only possible at operation 
and histopathologic examination of the specimen5 over the last 
two decades different protocols have been introduced and have 
been tested by different researchers which include Lidverg, Fenyo, 
Ohman and Alvarado scoring system to make an early diagnosis of 
this sometimes very elusive disease. Alvarado in 1986 introduced 
a criterion for the diagnosis of acute appendicitis which was later 
modified to accommodate additional parameters along with original 
Alvarado scoring system.6–9 The classical Alvarado score included 
left shift of neutrophil maturation(one score) yielding a total score 
o10. Kalan et al.10 omitted this parameter which is not routinely 
available in many laboratories, and they produced a modified score.10 
This study will be carried out to evaluate the Modified Alvarado 
Scoring System in patients admitted with the diagnosis of Acute 
Appendicitis. Purpose of different scoring systems for diagnosis of 
the appendicitis is to facilitate the surgeon and to avert a negative 
appendicectomy. Modified Alvarado score is a 9point scoring system 
based on symptoms, clinical signs and leucocyte count as shown 
in the table given below. The classical Alvarado score includes left 
shift of neutrophil maturation, which is not routinely done in many 
laboratories. The modified Alvarado score which includes an extra 
sign (e.g. cough test, Rovsing sign or rectal tenderness) is helpful 
in minimizing unnecessary appendectomy and is practical, reliable 
and easily done. Some studies demonstrated that this extra sign had 

a sensitivity of 68% and a specificity of 58% in the diagnosis of acute 
appendicitis.

Materials and methods
A total of 70 patients were admitted in DMC&H, out of which 

30 patients were included in the study who gave consent. After 
institutional review board approval was obtained, 30 patients, 
during the period of 6 months from January 2013 to June 2013 with 
the provisional diagnosis of Acute Appendicitis admitted in the 
wards and emergency in the department of surgery in the hospital 
Dayanand Medical College & Hospital, Ludhiana were included in 
the study After collecting the basic clinical data (name, age, gender, 
history and examination) and collecting the routine lab values), the 
modified Alvarado score was assigned to each of the patient (Table 1). 
Diagnosis of acute appendicitis was confirmed by operative findings 
and histopathological assessment of the appendicectomy specimen. 
Finally the reliability of Modified Alvarado scoring system was 
assessed by calculating Negative appendicectomy rate (the proportion 
of operated patients having normal appendix removed) and Positive 
predictive value (the proportion of patients with a positive test result 
who actually have the disease).

Table 1 Modified alvarado scoring system

Modified alvarado score Score
Migratory right iliac fossa pain 1
Anorexia 1
Nausea/vomiting 1
Signs
Tenderness right lower quadrant 2
Rebound tenderness right iliac fossa 1
Pyrexia >=37.5 1
Extra sign(cough test, rovsing sign or rectal tenderness)
Investigations 1
Leukocytosis 2
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Abstract

Acute appendicitis is one of the commonest surgical emergencies. Simple appendicitis 
can progress to perforation, which is associated with a much higher morbidity and 
mortality, and surgeons have therefore been inclined to operate when the diagnosis is 
probable rather than wait until it is certain. Routine history and physical examination 
still remain most practical diagnostic modalities. Absolute diagnosis of course is only 
possible at operation and histopathological examination of the specimen. For this 
reason rate of negative Appendicectomy as reported in the world literature varying from 
20-40%. The present study was undertaken in DMC&H from Jan 2013 to June 2013 to 
evaluate the usefulness of Modified Alvarado scoring system in reducing the number 
of negative appendicectomy and to evaluate its sensitivity & positive predictive value 
in the diagnosis of acute appendicitis. In this study the negative appendicectomy rate 
is 10.00% with the rate being equal in females (10%) and males (10%).
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Results
In this series of 30cases, the patients who presented with the acute 

symptoms and pre-operatively diagnosed to have acute appendicitis 
were studied. Out of the total 30cases that were studied and operated 
based on the clinical scoring system. Out of the 30cases that were 
studied, 27 had acutely inflamed appendix. The percentage of the 
inflamed appendix found on operation was 90% and 10% of the patients 
were found to have normal appendix i.e, 3 out of the 30patients were 
found to have normal appendix. In this study, the males accounted for 
66.7% and the females accounted for 33.3%. Out of the 30patients, 
total number of males was 20 and the total number of females was 
10. The number of patients was highest in the age group 21-30years 
(40%) followed by 9-20years (26.7%). The least were in the age 
group 45years and above. Out of 30patients, 20 were male (66.6%) 
and 10 were female (33.3%). Most of the patients were of younger age 
group. This result shows that there is predominance in the younger 
age group and incidence peaks around 15 to 30years and decreases as 
the age progresses. Migratory RIF pain was in 28patients out of the 
30patients i.e. 93.3% of the patients. Anorexia was symptom in 90% 
of the patients i.e. in 27cases it was present. Nausea and vomiting was 
present in 83.3% of the cases. Tenderness RLQ was present in 93.3% 
of the cases. Rebound tenderness was present in 70% of the patients. 
Raised temperature was found in 53.3% of the patients, leukocytosis 
in 80% of the patients. Rovsing’s was present only in 40% of the 
patients (Table 2).
Table 2 Presentation of clinical features

Clinical features No. Percentage (%)

Migratory RIF Pain 28 93.3

Anorexia 27 90

Nausea &Vomiting 25 83.3

Tenderness RLQ 28 93.3

Rebound Tenderness RLQ 21 70

Elevated Temperature 16 53.3

Leukocytosis 24 80

Extra Signs (Rovsing’s Sign) 12 40

Total of 30patients were operated, out of which 30 were male 
and 10 were female. 15male patients having score >7 had acute 
appendicitis, 1patient had normal appendix. Male patients having 
score of 5-6 were 4, out of which 3 patients had acute appendicitis, 
1patient had normal appendix. In 9 female patients having a score 7-10, 
9 had acute appendicitis, no one having normal appendix. In 1 female 
with score 5-6, 0 had normal appendix. Acute Catarrhal Appendicitis 
was present in 73.3% of the cases. Acute Gangrenous Appendicitis 
was present in 10% of the cases. Acute perforated appendicitis was 
present in 6.7% of the cases. The most common of the all was Acute 
Catarrhal Appendicitis. Out of the 30patients, patients having score 
>7 were 16males and 9female patients. Of these 15 male patients had 
acute appendicitis and 9 female patients had acute appendicitis. On 
histopathological examination, 1 patient having normal appendix with 
MAS>7 Out of the 30patients, patients having score 5-6 were 4males 
and 1female patients. Of these 3 male patients had acute appendicitis 
and 1male patient had acute appendicitis. On histopathological 

examination, 1patient having normal appendix with MAS5-6. 
Increased proportion (40%) of negative appendicectomy is noticed 
for the Alvarado Score 5-6 and significantly decreased proportion 
(10%) negative appendicectomy is noticed for the Alvarado Score 
7-10 with an Odds ratio of 4.98 and P value 0.014 (Table 3). The 
positive predictive value in patients having score >7 was 93.75% in 
case of males and 100% in case of females. Similarly the positive 
predictive value in patients having score 5-6 was 75% in case of males 
and 0% in case of the females (Table 4). In this study the negative 
appendicectomy rate is 10.00% with the rate being equal in females 
(10%) and males (10%) (Table 5).
Table 3 Diagnostic value of modified alvarado score.

HPE
MAS Total

P 
ValueMAS (5-6) MAS (7-9) No. %Age

No. %Age No. %Age

Appendicitis 3 60 24 96 27 90

0.014Normal 2 40 1 4 3 10

Total 5 100 25 100 30 100

Table 4 Final results of modified alvarado score

Total no. of 
patients Score >7 Appendicitis Positive predictive 

value

Male 20 16 15 93.75

Female 10 9 9 100

Score 5-6

Male 20 4 3 75%

Female 10 1 0 0%

Table 5 Negative appendicectomy rates

Sex No. Total
No. %age

Female 10 1 10.00%

Male 20 2 10.00%

Total 30 3 10.00%

Discussion
Throughout the world acute appendicitis remains a common 

abdominal emergency. Early and accurate diagnosis of acute 
appendicitis is essential so as to reduce the morbidity and mortality 
associated with delayed diagnosis and its complications. In addition 
to significant morbidity and mortality, negative appendicectomy 
is also responsible for loss of precious staff hours and financial 
resources. Though there are lots of advances in the diagnostic field 
with the invention of sophisticated investigations, diagnosis of acute 
appendicitis remains an enigma for the attendant surgeon. None 
of the investigations like ultrasound, Computed tomography scan 
conclusively diagnose appendicitis. A thorough clinical examination 
with basic investigations like TLC count remains the cornerstone 
in the diagnosis of acute appendicitis. A number of clinical scoring 
systems have been used as complimentary aid in diagnosis of acute 
appendicitis. Initial assessment can be improved by use of a clinical 
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scoring system. The present study was undertaken to evaluate the 
usefulness of Modified Alvarado scoring system in reducing the 
number of negative appendicectomy and to evaluate its sensitivity & 
positive predictive value in the diagnosis of acute appendicitis. Our 
results and observations were discussed and compared with various 
other studies. In this study, the males accounted for 66.7% and the 
females accounted for 33.3%. The number of patients were highest in 
the age group 21 to 30years (40%) followed by 9 to 20years (26.7%).
The least were in the age group 40years and above (10%). Out of 30 
patients, 20(66.6%) were males and 10(33.3%) were females. This 
showed that there was predominance in the males as compared to the 
females. Most of the patients were of the younger age group. This 
result shows that there is predominance in the younger age group 
and the incidence peaks around 21 to 30years and decreases as the 
age progresses. Pain was the commonest presenting symptom and 
migratory right iliac fossa pain was observed in 93.3% of all the cases 
of the present series. No significant difference in the duration of pain 
existed between acute appendicitis and other pathological conditions 
like renal/ureteric colic and gynaecological disorders in the study. 
Other symptoms observed were anorexia in 90% of the cases and 
nausea/vomiting in 83.3% of the cases. Majority of patients presented 
within 48 hours of the onset of the pain, with most of them presenting 
within 12 to 24hours of the onset of the pain.

On clinical examination tenderness at McBurney’s was the 
commonest sign (93.3%). Rebound tenderness was present in the 70% 
of the cases. In these cases, there was presence of local peritonitis or 
when inflamed appendix was more interiorly placed. Rovsing’s sign 
was positive in 40% of the cases and obturator test was positive only 
in 6.7% of the cases. On laboratory tests, leukocytosis was seen in 
80% of the cases. These results were in confirmation with the study 
done by Lewis et al. Out of the 20males, the score of more than 7 
were 16 and score of 5-6 were 4males. Out of the 10female patients, 
9 had a MAS of more than 7 and 1 was in the group of 5-6. Total of 
30 patients were operated, out of which 30 were male and 10 were 
female. 15patients having score >7 had acute appendicitis, 1patient 
had normal appendix. Male patients having score of 5-6 were 4, out of 
which 3 patients had acute appendicitis, 1patient had normal appendix. 
In 9female patients having a score 7-10, 9 had acute appendicitis, no 
one having normal appendix. In 1 female with score 5-6, 3 had normal 
appendix. In our series when the score was more than 7 indicating 
strong possibility of intra-abdominal infection localized to the Right 
Iliac fossa, emergency surgery was performed within 6hours. These 
patients had badly inflamed appendix with impending perforation once 
again indicating the sensitivity and specificity of the scoring system. 
In patients in whom score was between 5 and 6 were observed for a 
period of 12-24hours and re-assessed, where there was persistence 
of abdominal tenderness with increased WBC count appendicectomy 
was carried out. These patients were also found to have congested 
and inflamed appendix. In this study the sensitivity, specificity and 
positive predictive value were 100%, 0% and 91% respectively. The 
positive predictive value shown by this study is comparable with the 
studies done by M Kalan, KA Malik and TD Owen who reported 
87.5%, 85.3% and 87.4% respectively. This study also revealed 
that Modified Alvarado scoring system is more helpful in lowering 
negative appendicectomy rates. Overall the negative appendicectomy 
rate was equal in males and females. Since intraabdominal infection 
in females, particularly lower abdomen can be quite confusing, it 
is difficult to differentiate acute appendicitis from gynaecological 
conditions like twisted ovarian cyst and PID, laparoscopy and 

abdomino-pelvic Ultrasonography scan can be advised as a diagnostic 
tool to minimize negative appendicectomy. Increased proportion of 
negative appendicectomy is noticed for the modified Alvarado Score 
5-6 and significantly decreased proportion negative appendicectomy 
is noticed for the modified Alvarado Score 7-10.

A similar study was conducted on one hundred twenty eight 
patients admitted to Al-Kind teaching hospital from June 2009 to 
June 2010 by Raid E Rasam11 study aimed to assess the reliability 
and the reproducibility of this score for patients presenting in the 
emergency room with acute right lower quadrant abdominal pain.11 
A prospective manometric study concluded that the Alvarado score 
is a reliable, cheap and reproducible tool for the diagnosis of acute 
appendicitis in the emergency room.12 In our present study, usefulness 
of the modified Alvarado scoring system was demonstrated beyond 
doubt by reducing number of negative laparotomy especially in men. 
However in women the negative laparotomy was high and this can be 
avoided by using laparoscopy and abdomino-pelvic Ultrasonography 
scan as a diagnostic tool.
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