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Abstract
Background: Appendicitis is a common cause of acute abdomen in all age groups and a simple
appendicitis can progress to perforation which is associated with much higher morbidity and mortality.
Acute appendicitis is the most common surgical condition and appendectomy is the most common
operation done on emergency basis. This study aims at studying diagnostic accuracy of ultrasonography
and Alvarado score for acute appendicitis and decreasing the negative appendectomy rate in cost effective
manner.
Methods: In all 200 patients suspected to have acute appendicitis were examined and evaluated with
modified Alvarado scoring and ultrasonography. Accuracy of alvarado scoring and ultrasonography in
diagnosing acute appendicitis was calculated after correlating with the histopathological finding.
Results: The sensitivity and specificity of clinical diagnosis i.e modified alvarado scoring and
ultrasonography were 89.17, 44.44 and 94.26, 88.88 respectively.
Conclusion: The diagnostic accuracy of clinical diagnosis was 84.57 and that of ultrasonography was 88%.
Thus ultrasonography may be suggested as a useful diagnostic method for acute appendicitis. However the
difference in their diagnostic values is not statistically significant.
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Introduction
Acute appendicitis and the subsequent appendectomy are the most familiar surgical phenomenon
for the general population and is considered a common surgical procedure [1]. Lifetime risk of
developing appendicitis is of 7 %. Highest frequency is seen in second and third decade of life
with risk gradually decreasing until age of 50, when it stabilizes [2]. Numerous advances in the
diagnosis and treatment of appendicitis have emerged in the past 125 years. Nonetheless, acute
appendicitis continues to challenge surgeons to this day. Acute appendicitis presenting in a
typical fashion may be diagnosed with relatively ease, these typical presentations are exceptions
and not the rule. Typical symptoms and laboratory investigation may not be seen in 20-33 %
patient with this disease [2, 3]. Various aetiologies have been proposed for acute appendicitiss [4]
but most common accepted hypothesis is obstructive cause due to faecolith in adults and
lymphoid hyperplasia in children [5]. Acute appendicitis presenting in a typical fashion may be
diagnosed with relatively ease, these typical presentations are exceptions and not the rule.
Typical symptoms and laboratory investigation may not be seen in 20-33 % patient with this
disease [6, 7]. The accurate pre-operative diagnosis of acute appendicitis remains an enigmatic
challenge. Nowadays commonly used diagnostic aids for appendicitis are CECT abdomen,
laparoscopy, diagnostic scores and ultrasonography [8].
Patients are more likely to perforate if they do not present to the hospital promptly [9] but even
when they do, late diagnosis by medical professionals may also lead to delayed surgery and
therefore potential rupture. Thus, every effort must be made to have a patient diagnosed
correctly and undergo treatment in an expeditious manner.
Various score have been devised for diagnosis of acute appendicitis but out of them the
Alvarado score is a reliable, cheap and reproducible tool for the diagnosis of acute appendicitis
in the emergency room [10]. Ultrasonography helps to diagnose acute appendicitis and is
advantageous over other radiological investigation like Computer Tomography scan and
Magnetic resonance Imaging as it is easily available, is cost effective, portable, has no side
effects and is non invasive.
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Materials and methods
Out of the total patients admitted with clinical suspicion of acute
appendicitis or appendicular perforation under surgery
department between October 2017 to October 2019 in our
institute, 200 patients are randomly selected and included in this
study. Detailed clinical history of patients was taken and every
patient was examined in detail. Blood samples were collected
from the patient and sent for complete blood count with

haemoglobin,
biochemical
investigations,
Human
immunodeficiency virus, hepatitis Bs Ag, blood grouping and
cross match. Alvarado scoring was used and score was
calculated for individual patient. Alvarado score is a 10 point
scoring system for the diagnoses of acute appendicitis based on
clinical features and investigations. In his original paper he
recommended an operation for all the patients with score of 7 or
more and observations for patients with 5 or 6 [11].

Modified Alvarado Score

Appendicitis in ultrasonography is considered positive if
anteroposterior diameter of equal to or greater than 7 mm, non
compressible appendix, interruption of continuity of mucosa,
free fluid, periappendicular mass, increased echogenicity of
mesentery, presence of faecolith. Patients were operated in
conventional manner or laproscopically. Patients who underwent
surgery were only included in this study.
Histopathological report of all operated cases were noted in the
study. Final diagnosis of acute appendicitis was confirmed only
after histopathological report. Accuracy, sensitivity and
specificity of ultrasound and clinical diagnosis was calculated.

Statistical Method
Significance of accuracy is tested by Z test for difference
between two proportions.
Results
The maximum incidence of appendicitis was found in the group
21- 30 years (38.5%). The youngest patient was 9 years old and
the oldest was of 61 years old. When the incidence of cases
between 11-30 years is seen together then it comprises of 73%
of patients.

Graph 1: Age wise distribution of cases
In the present study the number of male patients and female patients was 122 and 78 respectively. The male: female ratio was found
to be 1.5:1.
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Table 1: Clinical presentation of patients with clinical diagnosis of
acute appendicitis
Symptoms
Pain in right iliac fossa
Shifting of pain
Fever
Nausea and Vomiting
Anorexia
Tenderness
Rebound Tenderness

Total number of cases
200
136
163
149
156
197
149

Percentage
100
68
82.5
74.5
78
98.5
74.5

In the present study, pain in right iliac fossa is basic criteria to
include the patient in this study. The second most common
symptom after pain in right iliac fossa was fever which was seen
in 82.5 % of cases.
The most consistent sign was tenderness in right iliac fossa, it
was seen in 197 cases out of 200 i.e. 98.5 % of patients who are
suspected of having acute appendicitis.

Graph 2: Gender distribution of cases

Table 2: Observed Ultrasonography findings in all cases
Usg Findings
Acute Appendicitis with Target Lesion 7 Mm or More
Acute Appendicitis with Target Lesion Less Than 7mm
Appendicular Perforation
Non Inflammed Appendix

Out of the total 200 cases with clinical suspicion of acute
appendicitis, 140 patients had ultrasonography suggestive of
acute appendicitis with target lesion more than 7 mm while 19
patients had ultrasonography showing acute appendicitis with
target lesion less than 7 mm i.e. 5 or 6 mm. None of the cases

No. of Cases
140
19
22
19

Percentage
70
9.5
11
9.5

showed acute appendicitis with target lesion less than 5 mm.
In 10 % of the cases, appendicular perforation was diagnosed on
ultrasonography.
19 out of the total 200 cases showed no appendicular
inflammation on ultrasonography.

Graph 3: Alvarado score distribution among all the cases

In this study, Alvarado score was equal to or above 7 in 140 patients and it was 5-6 in 60 patients. There was no patient who had
Alvarado score between 1- 4.
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Graph 4: Histopathological report

Out of the 200 cases which were operated, 18 cases were
reported as normal appendix which makes the rate of negative
appendicectomies of our study to be 9 %. Perforated
appendicitis was reported in 12.5 % of the cases i.e. 25 out of
total 200 cases.
Discussion
Despite its high prevalence, the diagnosis of acute appendicitis
can be challenging and requires a high index of suspicion on the
part of the examining surgeon to facilitate prompt treatment of
this condition, thereby avoiding the substantial morbidity (and
even mortality) associated with perforation. Total incidence of
appendicitis in the age group of 11-30 years of age is found to be
73% in our study. In Busuttil series of 136 patients had 72%
patients in second and third decade of life [12]. In the present
study male predominance was found amounting to 61% of the
total cases making the male to female ratio for incidence of
acute appendicitis to be 1.5:1. It is comparable to the study
conducted by John Berry and Malt which showed similar results
[13]
. In study conducted by Zarandi et al. they observed 67%
males and 33% females and the ratio was 2:1 [14]. Ira Teicher et
al. demonstrated male to female ratio as 2:1 [15]. Mark C.
Horatta, found that there was no gender predominance among
males and females [16]. A male preponderance exists, with a male
to female ratio of 1.4:1 according to study done by Addiss DG et
al. [17]
In our study, out of the total 200 cases operated, 19 had normal
appendix on histopathological examination which makes the
negative appendectomy rate of 9.5 % which is comparable to
other studies. In a study conducted by Yara F. Alhamdani
(n=441) [18] negative appendectomy rate was reported to be 9.5%
while in a study by Tanrikulu et al. [19] the rate was found to be
8.2%. E.P. Johansson (n=305) reported a negative
appendectomy rate of 9% [20].
Table 3: Correlation of ultrasonography findings with HPE
In present study
Ultrasonography
Positive
Negative

Appendix on histopathology
Confirmed appendicitis Normal appendix
148
3
9
16

In our study, the sensitivity and specificity of ultrasonography in
detecting acute appendicitis is found to be 94.2% and 84.2%

respectively. The sensitivity for USG was 98.33% and
specificity was 90% in a study conducted by N. Gujar et al. [21]
In a study done by Al-Ajerami Y (22) (n=180) sensitivity and
specificity were found to be 84.8% and 83.3% respectively.
Sensitivity and specificity of 87% and 74% was reported in a
study by Pickuth et al. (n=120) [23].
Table 4: Correlation of Alvarado score diagnosis with HPE
Acute appendicitis
Alvarado scoring system
Positive
Negative

Histopathological report
Positive
Negative
140
10
17
8

In our study the sensitivity and specificity of Alvarado score for
acute appendicitis was 89.17 % and 44.4 % respectively. The
sensitivity and specificity of modified Alvarado score was
98.44% and 94.4% for Alvarado score in a study done by N.
Gujar et al. [21] The overall sensitivity, specificity of Alvarado
score in a study conducted by Jalil A et al. [24] Sensitivity and
specificity of the Alvarado scoring system were found to be
93.5% and 80.6% respectively by Memon ZA et al. [25]
Conclusion
Thus, Sensitivity and specificity of Alvarado score for acute
appendicitis was 89.17 % and 44.4 % respectively. The
sensitivity and specificity of ultrasonography was 94.2% and
84.2% respectively. Diagnostic accuracy of alvarado score and
ultrasound for diagnosing acute appendicitis was found to be
89.67% and 93.18% respectively.
Thus ultrasonography has higher accuracy in diagnosing acute
appendicitis. However, statistically there is no significant
difference observed in the diagnostic accuracy of
ultrasonography and clinical diagnosis. (z=1.25, p>0.05)
In conclusion, ultrasonography may be suggested as a useful
diagnostic method for acute appendicitis given the availability,
cost and low exposure to ionizing radiation. Non-visualization of
the appendix should lead to clinical reassessment.
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