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ABSTRACT

Acute appendicitis is one of the most important and common causes of acute abdominal
pain in patients admitted to the emergency department of hospitals. Diagnosis of this disease in
people admitting with abdominal pain is not simple. On the one hand, delay in diagnosis is the most
important factor of in increasing mortality in these patients. This study aims to investigate the
Alvarado scores in acute appendicitis patients hospitalized in an emergency department.  This is
a retrospective cross-sectional study conducted on 480 patients (354 male, 126 female) diagnosed
with acute appendicitis and underwent appendectomy in a surgical ward. Patients with identical
Alvarado scores were placed in separate groups and the diagnostic accuracy of each score (1 to
10) was calculated for all patients based on age gender. To evaluate the diagnostic accuracy of
Alvarado scoring in both genders compared with the total population, Independent T sample test
was used. In addition, the appendix phase was extracted by the information available in the file.
From the Alvarado scores - in the total study population - tenderness with 16.99% (480/476
patients), and temperature rise with 37.39% (480/189 patients) had the lowest frequency. This
amount (sensitivity of Alvarado score > 6) was 6.89%, and 3/87% in men and women, respectively.
No statistically significant difference in diagnostic sensitivity was observed in any of the above
groups. In investigation patients for appendix phase, supportive phase had the highest frequency.
Our findings show that Alvarado scoring system can be used as a proper diagnostic method in the
diagnosis of acute appendicitis. In addition, it was shown that supportive phase had the highest
frequency.
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INTRODUCTION

Acute appendicitis is the most common
cause of abdominal pain and its diagnosis can be
difficult especially in the early stages of the disease.
In addition, significant morbidity and mortality was
occasionally observed in patients, which may be
due to errors in well timed diagnosis of the disease1.
The overall mortality rate in acute perforated
appendicitis is also approximately 3% (or 50 times
higher). The mortality rate of perforated appendicitis
in the elderly is approximately 15% (5 times higher
than the overall rate) [6]. Currently, the main method
of appendicitis diagnosis is clinical method and
laboratory tests such as white blood cells count

and their percentage differences helps to the
diagnosis2. Currently, the main method of
appendicitis diagnosis is clinical method and
laboratory tests such as white blood cells count
and their percentage differences helps to the
diagnosis. History and physical examination are
the most effective diagnostic methods3. Basic
organisms observed in natural appendicitis, acute
appendicitis, and perforated appendicitis is
Escherichia coli and Bacteroides fragilis. However,
there may be many types of optional and anaerobic
bacteria and mycobacteria6. There are different
scoring systems based on signs and symptoms of
the patient to evaluate acute abdominal pain.
MANDRELS scoring system was proposed by
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Alfredo Alvarado in 19864. This scoring system is
based on clinical and laboratory criteria.

From 1983 to 2000, nineteen studies have
been conducted aiming to devise rating ways to
diagnose appendicitis or check diagnostic accuracy
of the innovated rating methods using laparoscopic
imaging. Teicher et al. (1983) proposed using rating
techniques for the diagnosis of acute appendicitis,
and by comparing the two groups with positive and
negative appendectomy surgery, showed that by
using the rating methods, the normal
appendectomy surgery would be reduced to a third
rank5.

The MANDRELS scoring system was
proposed by Alfredo Alvarado to facilitate the
diagnosis of acute appendicitis in 1986. This scoring
system is based on clinical and laboratory criteria.
These criteria include: Pain shift, anorexia, nausea,
and vomiting, right lower quadrant of the abdomen
tenderness, rebound tenderness, temperature rise,
leukocytosis, and shift to the left. In this scoring
system, tenderness in the right lower quadrant of
the abdomen and leukocytosis receive score two
and the others received score one, that will be a
total of 10 scores. He concluded that patients with
score six and higher would be more likely suffering
from appendicitis. This study aims to evaluate the
sensitivity of this scoring system in acute
appendicitis diagnosis and its relationship with
appendix phase.

MATERIALS AND METHODS

This is a retrospective study based on the
data present in the patients’ records. Alvarado signs
and symptoms were investigated from the medical
history records of the patients. In this study, white
blood cell count greater than 11,000, and the
presence of more than 75% neutrophils have been
considered as leukocytosis (in adults), and shift to
the left, respectively. Appendix phase was extracted
from the surgical resident’s description in the file.
All data was entered in SPSS system edition 15.
Patients with identical Alvarado scores were placed
in separate groups and the diagnostic accuracy of
each score (1 to 10) was calculated in the total
study population and each gender. To evaluate the
diagnostic accuracy of Alvarado scoring in both

genders compared with the total population,
Independent T sample test was used. In this study,
the chi-square statistical test has also been used to
investigate the relationship between Alvarado
score and appendix phase.

RESULTS

Total of 480 patients (354 men, 126
women) with acute appendicitis that underwent
appendectomy surgery were studied. From the
Alvarado scores-in the all study population -
tenderness with 16.99% (480/476 patients), and
temperature rise with 37.39% (480/189 patients)
had the lowest frequency. In the entire study
population, Alvarado score > 7 had diagnostic
sensitivity of 72.5%, and Alvarado score> 6 had
diagnostic sensitivity of 89%. The sensitivity to
Alvarado score (> 6) in men and women was 6.89%
and 3.87%, respectively. No statistically significant
difference in diagnostic sensitivity was observed in
all of the above groups. In the studied patients for
appendix phase, supportive phase had the highest
frequency.

Table 1: The frequency distribution of Alvarado
scores for different symptoms in the all patients

Tenderness 99.16 % 476
Anorexia 94.16% 452
Rebound 88.75% 426
Pain shift 80.62% 387
Vomiting 79.37% 381
Leukocytosis 66.25% 318
Shift to the left 62.08% 298
Temperature rise 39.37% 189

From the Alvarado scores - in the all studied
population - tenderness with 476 patients (16.99%),
and temperature rise with 189 patients (37.39%)
had the lowest frequency. The frequency distribution
of Alvarado scores for different clinical and
pathological parameters of the disease is presented
in Table 1:

From the Alvarado scores in men,
tenderness (43.99%) had the highest frequency,
and temperature rise (27.39%) had the lowest
frequency. The frequency of Alvarado scores are
presented in Table 2:
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From the Alvarado scores in women,
tenderness (42.98%) had highest frequency, and
temperature rise (69.39%) had the lowest
frequency. The frequency distribution of the Alvarado
scores in women is presented in Table 3:

score 10, total scores of 9 and 10, score > 8, score
7, and score > 6 have the diagnostic sensitivity of
13.1%, 45.8%, 58.1%, 72.5%, and 89%,
respectively.

Table 2. The frequency distribution of
Alvarado scores for different symptoms in men

Tenderness 43.99% 352
Anorexia 94.36% 334
Rebound 89.84% 318
Pain shift 82.21% 291
Vomiting 78.25% 277
Leukocytosis 65.82% 233
Shift to the left 61.3% 217
Temperature rise 39.27% 139

Table 3: The frequency distribution of Alvarado
scores for different symptoms in women

Tenderness 98.42% 124
Anorexia 94.45% 119
Rebound 85.72% 108
Vomiting 82.54% 104
Pain shift 76.2% 96
Leukocytosis 68.26% 86
Shift to the left 64.29% 81
Temperature rise 39.69% 50

Table 4.The frequency distribution of
Alvarado scores (1 to 10) in all patients

Score Number of patients Percent (%)

Score 3 5 1%
Score 4 12 2.5%
Score 5 36 7.5%
Score 6 79 16.5%
Score 7  69 14.4%
Score 8 59 12.3%
Score 9 157 32.7%
Score 10 63 13.1%

The highest score obtained was 10 and
the lowest score was 3. Scores 1, and 2 have not
been observed in any patient. Score 9 with 32.7%
of cases and score 3 with 1% of cases have the
highest and lowest frequency, respectively.
According to the chart above it can be seen that

Table 4: The frequency distribution of
Alvarado scores (1 to 10) in the men

Score Number of patients Percent (%)

Score 3  5 1.4%
Score 4 10 2.8%
Score 5 22 6.2%
Score 6 51 14.4%
Score 7 54 15.3%
Score 8 48 13.5%
Score 9 119 33.7%
Score 10 45 12.7%

The highest obtained score in men was
10, and the lowest score obtained was 3. Scores 1,
and 2 have not been observed in any patient. Score
9 with 7.33% of cases and score 3 with 1/4% of
cases have the highest and lowest frequency,
respectively. According to the chart above it can be
seen that score 10, total scores of 9 and 10, score >
8, score > 7, and score > 6 have the diagnostic
sensitivity of 12.7%, 46.4%, 59.9%, 75.2%, and
89.6%, respectively.

Table 5: The frequency distribution of
the Alvarado scores (1 to 10) in women

Score Number of patients Percent (%)

Score 4 2 1.6%
Score 5 14 11.1%
Score 6 28 22.2%
Score 7 15 11.9%
Score 8 11 8.7%
Score 9 37 29.4%
Score 10 19 15.1%

Independent T test analysis showed no
significant difference in the frequency distribution
of the Alvarado scores in males, compared with
total population (P = 0.54).
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The highest score obtained in women was
10, and the lowest score obtained was 4. Scores 1,
2, and 3 have not been observed in any patient.
Score 9 with 4.29% of cases and score 4 with 6.1%
of cases have the highest and lowest frequency,
respectively. According to the chart above it can be
seen that score 10, total scores of 9 and 10, score >
8, score > 7, and score > 6 have the diagnostic
sensitivity of 15.1%, 44.5%, 53.2%, 65.1%, and
87.3%, respectively. According to p> 0.05 in
Independent T sample test, no significant difference
was observed in the frequency of the Alvarado
score in males, compared with total population (P
= 0.54).

In the total study population, patients who
got the score 6 or higher were 427 cases, from
which 317 were males and 110 were females.

The frequency distribution of appendicitis
phase was investigated in the studied population
(Fig. 1.)

As it can be seen in Figure 1, late
supportive phase with 9.77% (374 patients) is the
most prevalent. Early supportive phase, perforated
phase, and gangrene phase include 14.2% (68
patients), 5% (24 patients), and 9/2% of cases (14
patients), respectively.

In a study conducted in American
Alexandra Hospital, Alvarado score ≥ 7 had the

sensitivity of 77%, which is consistent with our
study12. In a study by Shepherd in Vincent Health
Center of America the Alvarado score ≥ 7 had the
sensitivity of 77 % that is consistent with the
sensitivity of this study9. In Kenman and Khan
(2005), conducted in at the Khyber Teaching
Hospital in Peshawar, Pakistan, the diagnostic
sensitivity score ≥7, 84.3% is mentioned. This rate
has been reported 88% in men, and 1.82% in
women. Statistics of this study are consistent with
our study10. In Sharivastava, Gupta, and Sharma
(2004) conducted in Guru Teg Bahadur Hospital in
Delhi, Alvarado score ≥ 6 had 92% sensitivity. In
addition, this rate was 84% for men, which is
consistent with our study11.

In Owen et al. (1994) conducted in Waltz
University Hospital in America, Alvarado score e” 7
had the sensitivity of 94%, and 87% in men and
women, respectively.

CONCLUSION

In general, our study population had
Alvarado score ≥ 6, and diagnostic sensitivity of
89%. This rate was 89.6%, and 87.3% in men and
women, respectively. No statistically significant
difference in diagnostic sensitivity was observed in
any of the above groups compared with the total
study population. In addition, it was shown that the
development of the appendix phase does not create
a significant increase in increased sensitivity of
Alvarado system.

According to the convenient diagnostic
accuracy of Alvarado scoring system in males and
females and also due to the simplicity and low
costing of this method and that it can be done
quickly, Alvarado scoring system can be used as a
convenient diagnostic method in cases of doubt to
acute appendicitis.

Due to the high sensitivity of score 6, it is
recommended that patients who receive score 6 or
higher in Alvarado scoring system to be moved to
the operating room to undergo appendectomy, and
patients with a score less than 6 are expected to
receive treatment.
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Fig. 1: Frequency of appendicitis
phase in the studied population
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