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Abstract Introduction: Acute appendicitis in children is associated with morbidity
and mortality due to late diagnosis. Several scoring systems, such as
Alvarado and PAS have been developed to help diagnose acute appendicitis
in children to make the most accurate and prompt decision. The purpose
of this study was to compare the efficacy and diagnostic value of these
scoring systems.

Materials and Methods: In this cross-sectional study, 130 children aged
5-14 with suspected acute appendicitis were included. After the collection
of demographicdata, all patients were scored by Alvarado and PAS systems.
The decision for surgery was made by a surgeon, independently of these
scores. The diagnosis of acute appendicitis was affirmed by surgical and

Keywords pathologic findings.

e Acute Appendicitis )
Results: Male: Female ratio was 1.32:1, and the average age of the

patients were 9.2+2.7 years. The mean Alvarado and PAS scores were
* PAS Score higher in patients with positive pathologic findings. Neutrophilia >75%
* Pediatric and RLQ tenderness had the highest relationship with the diagnosis of the
disease. The diagnostic value of Alvarado was higher than PAS concerning
the area under the ROC curve. The cutoff point of 7 was associated with a
sensitivity of 74.5% and specificity of 66.7% for the Alvarado score, and a
sensitivity of 58.5% and specificity of 79.2% for the PAS score.

¢ Alvarado Score

Conclusions: The results showed the high sensitivity of Alvarado and the
high specificity of PAS. However, the sensitivity, specificity, PPV, and NPV of
these criteria were not satisfactory for the confirmation of the diagnosis.
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Introduction

Acute appendicitis is known as a prevalent
emergency condition requiring surgery in children.'
Since communicating with pediatric individuals
is difficult and some of the signs and symptoms
may be unspecific, diagnosis of this condition
can be challenging and may lead to increasing
numbers of negative appendectomies (56.7%) and
delayed diagnosis, which increase the morbidity,
complications, the duration of hospitalization, and

treatment costs.**

Computed tomography (CT) is the modality of
choice in this regard in most countries. However,
imaging modalities have been recognized as one
of the key sources of increasing healthcare costs.
Nowadays, studies aiming to find an alternative
to prevent excessive imaging have attracted
considerable international attention. Although the
CT may be considered as the standard diagnostic
modality in these patients in tertiary and referral
centers, in less-developed countries, not all the
hospitals are equipped with CT-scans and in some
circumstances, referring the patient to another
medical center is not possible or logical due to the
emergency nature of appendicitis. Furthermore,
in some countries, CT- scan may not be covered
by some health insurance companies and can be

considered as a financial burden'-*"

This study was performed with the purpose of

reducing the unnecessary exposure of the pediatric
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patients to ionizing radiation, medical costs and
redundant surgical consultation requests in the
emergency departement by acquiring a reliable

diagnostic scoring system and clinical suspicion.

A number of scoring systems have been recently
introduced for diagnosis of acute appendicitis!'?
of which, the Alvarado score and the Pediatric
Appendicitis Score (PAS) are known as the most
highly accepted and reliable scales in pediatrics.'
However, there is an inconsistency between

different authors in this regard.'* 1

Nevertheless, few studies had compared the
diagnostic values of Alvarado and PAS scoring
system in acute appendicitis of children at the time

of our study.
Materials and Methods

In this prospective cross-sectional study, 130
children aged 5-14 who underwent appendectomy
with a primary diagnosis of acute appendicitis
referred to the teaching hospitals of Tabriz-Iran

were included.

After

including age, sex, and body mass index all

collecting  demographic information,

patients were evaluated by an experienced surgeon
in the fastest possible time and scored based on the

Alvarado scoring system and PAS scoring system.

Table 1 Demonstrates PAS and Alvarado scoring

systems based on patients’ signs and symptoms.
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Table 1: Alvarado & PSA scoring system

Variable Alvarado Score* PAS Score**
Migration of pain 1 1
Anorexia 1 1
Nausea or Vomiting 1 1
Tenderness in Right lower quadrant 2 2
Rebound tenderness 1 -
Elevated body temperature 1 1
Leukocytosis (=10,000/uL) 2 1
Shift of WBC count to the left (>75% 1 1
PMN)
Cough/ percussion/ hoping cause pain in - 2
the RLQ
Total 10 10

Surgery decision making was made by the
designated pediatric surgeon independently of
the scoring system. All surgeries were performed
by one elected pediatric surgeon via McBurney
approach. The diagnosis of acute appendicitis was
made by surgeon’s investigation and his experience
during the operation (a swollen and enlarged
appendix with signs of inflammation is considered
as positive for appendicitis) and also based on the
pathology reports of the appendix samples which

were sent to a certain pathology lab.

The data were analyzed by IBM® SPSS®
release 23.0.0. Descriptive data were reported as
percentage, mean + SD. Tables and charts were
drawn for variables. In order to compare the
diagnostic value of Alvarado and PAS criteria for
the diagnosis of acute appendicitis, sensitivity,
specificity, PPV, and NPV of each of the two
systems, “Fisher’s exact t-test,” and “Chi-square”

tests were used.
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The ROC curve was also plotted for both systems
to determine the best cut-off point to confirm or
deny detection, and the “Youden” index was
used to select it (J=Max[Sn+Sp]). In this study, P
values less than 0.05 were considered statistically

significant.
Results

In this study, 130 children aged 5 to 14 who referred
to the teaching hospitals of the Tabriz University
of Medical Science, Iran, who were suspected
of having acute appendicitis, were evaluated. 74
patients were males,and 56 were females. The
mean age of the patients was 9.2 + 2.7 years, with

a median of 9 years (min=5, max=14).

Considering the age distribution of patients,
and according to the “Kolmogorov-Smirnov”
statistical test, the population did not have a normal
distribution (p<0.01) Figure 1.
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Figure -1 -age distribution of children referred to the
hospitals of Tabriz University of Medical Science in

2017 with suspicion of acute appendicitis.

The mean age of the patients was 9.63 £+ 2.49 years
and 8.28 + 2.81 years for female and male patients,
respectively, which based on “Mann-Whitney U
test” was not significantly different (p=0.15).

In the present study, 76.2% of the patients had

positive findings during an appendectomy
procedure, based on surgeon’s investigation and
experience, while pathological examinations
showed 81.5% of the cases were positive for acute
appendicitis. These results indicate a sensitivity
of 93.4% and specificity of 100% (PPV=100%,
and NPV=77.4%) for positive surgical findings
for the diagnosis of acute appendicitis. The mean
score of the Alvarado system in patients was 7.11
+ 1.86, with a median of 8 and the mode of 8 with
an interval of 9. The median of the PAS system in

these patients was 6.42 + 1.92, with a median of 7
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and a mode of 6 with an average of 9.

There was a significant correlation between
the scores of the Alvarado system and the PAS
according to the Pearson correlation test, so with
an increase in the score of the Alvarado, the PAS
score also increased (p<0.01, R=0.93).

Alvarado scores among subjects with positive
pathologic findings (7.40 + 1.81) and those
without positive pathologic findings (5.83 +
1.52), was significantly different according to the
“Mann-Whitney U test”, which means the mean
Alvarado score was higher in those subjects whose

pathologic findings were positive (p<0.01).

These results were also valid in evaluating the PAS
scores in patients; the mean PAS score was 1.86 +
6.70 and 1.71 £ 5.21 in patients with and without
positive pathologic reports, respectively (p<0.01)
Figure 2.

Examining the prevalence of clinical findings
in each scoring system, tenderness in the right
lower quadrant (90%), nausea and vomiting
(86%), leukocytosis (85% 4%), anorexia (81.5%),
neutrophil percentage higher than 75% (66%),
fever (greater than 37.3 °C) (48%), rebound
tenderness in the right lower quadrant (43.1%),
migration of pain to the right lower quadrant
(33.8%), and increase in body temperature (greater
than or equal to 38°C) (20%), in sequence, had the
most common prevalence among the patients, as

shown in Figure 3.

Evaluating the relationship between the diagnostic
criteria of the two systems, according to the

logistic regression test, the neutrophil percentage
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Figure 2: Mean score of Alvarado and PAS against pathologic finding
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Figure 3: Frequency percentage of Alvarado and PAS scores

more than 75% and RLQ tenderness possessed
the highest correlation with the correct diagnosis
(Exp=6.15, 6.01).

Comparing the diagnostic value of the Alvarado
and PAS scale, the diagnostic value of the Alvarado
was somewhat higher than the PAS based on the
area below the ROC chart (0.77 vs. 0.73), but the
difference as not significant (p=0.8) Figure 4.
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However, according to Figure4, Alvarado’s
criterion was more sensitive, and PAS was more

specific.

For defining the cut-off point for the Alvarado
scoring system, considering the sensitivity of 74.5%
and specificity of 66.7%, the cut-off point was
considered to be 7,and for the PAS criteria, with the
sensitivity of 58.5% and specificity of 79.2%, the

cut-off point was considered to also be 7.
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SCores

Based on the previously mentioned materials, PPV
and NPV for Alvarado system were 90.8% and
37.2%, respectively. In addition, PPV and NPV
for the PAS system were calculated as 92.5% and
30.2%, respectively.

Discussion

Pain in the abdomen is a common complaint of
patients in pediatric clinics. According to the fact
that acute appendicitis is considered as the most
common surgical emergency condition in pediatric
patients, early diagnosis of this disease is crucial.
On the other hand, there may be some diagnostic
challenges while dealing with the pediatric
population, especially preverbal children, which
make the diagnosis more problematic. Delayed
diagnosis may result in complications, high rate of

morbidity and mortality. 458 16

Many scoring systems have been created in order
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to evaluate the probability of acute appendicitis in
patients with acute abdominal pain and help with

prompt and accurate diagnosis. !> 1617

In this prospective cross-sectional study, we found
higher diagnostic value for the Alvarado scoring
system in comparison with PAS by analyzing
the data obtained from 130 children with acute
abdominal pain. Also, the results of this study
showed a higher sensitivity for Alvarado and
a higher specificity for PAS scoring systems
compared to each other.

Considering the facts mentioned above, the prompt
diagnosis of acute appendicitis is lifesaving.
However, unneeded diagnostic procedures
and surgeries should be avoided. Unnecessary
appendectomies possess a rate between 8.4% to
56.7% in children,® while in our study, we found a

rate of 18.5% for negative appendectomies.

The Alvarado score was first described by Alfredo
Alvarado in 1986. He performed a retrospective
cohort study on a population of 305 patients, both
adults and pediatrics with suspected appendicitis.
The initial aim of their study was to distinguish
that which patient should be directly referred to
the operating room after the primary evaluation.
Alvarado proposed only observation for patients
with a score of 5 or 6 and the surgical approach
for those who own a score of 7 and higher. He
also clarified that the individuals with a score of
equal to 5 or under were less likely to have acute
appendicitis and could have been discharged.!
Several studies have aimed to assess the accuracy
of the Alvarado scoring system. Hsiao et al.

found the Alvarado system as a useful method

Iranian Journal of Pediatric Surgery Vol.6 No.1/2020
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for diagnosing acute appendicitis after evaluating
222 patients.'® In a prospective cohort study by
Schneider et al.,"” they evaluated 588 pediatric
patients with acute abdominal pain using the
Alvarado system. The authors recommended a cut-
off value of 7 is associated with a high probability
of acute appendicitis (PPV=65%, NPV=46%,
sensitivity=72% and specificity = 81%).

According to the mentioned studies and other
similar ones, the validation and accuracy of
Alvarado score have been established for being
utilized in patients suspected of having acute

appendicitis. * %1

The result of our study concerning Alvarado score
was consistent with the other reported studies
(sensitivity of 74.5%, specificity of 66.7%, PPV of
90.8%, and NPV of 37.2%)).

Based on a prospective evaluation of 1170 patients
with acute appendicitis aged 4 to 15 on a cohort
study during five years, Samuel'” presented the PAS
scoring system in 2002. He reached a sensitivity,
specificity, PPV and NPV of 100%, 92%, 96%,
and 99%, respectively. Samuel concluded that
the presence of appendicitis is unlikely among
the patients with a score of less than 6; however,
a score of 6 and higher was remarkably related to

appendicitis.!’

Schneider et al.” found that if the cutoff point is
set at a score of 6 or greater, it shows a sensitivity
of 82%, specificity of 65% and PPV of 54%. Bhatt
et al." in their prospective observational study on
275 children aged 4 to 18, found the sensitivity of
92.8% and a specificity of 69.3%,considering the

Iranian Journal of Pediatric Surgery Vol.6 No.1/2020

Badebarin et al 7

score of 6 and higher as their cut-off point. On
the other hand, Goldman et al.’> said that if the
score of 7 were considered as the cut-off point, the
sensitivity and specificity would be 94% and 98%,
respectively. The inconsistency in the mentioned
results may be explainable by the difference in their
study populations. Some studies recommend only
observation for the score of 5 and 6 and proceeding
to the surgery in cases with a score of 7 or higher in

both scoring systems. ' 2

In our study, we found that a PAS score of 7 or
higher (rather than the score of 6 originally
proposed by Samuel) results in a sensitivity of
58.5%, a specificity of 79.2%, a PPV of 92.5%,
and a NPV of 30.2% which was somehow different

from the previous mentioned results.

It can be concluded that although the mean scores of
Alvarado and PAS in our patients were lower than
previous studies, the scores of the both Alvarado
and PAS systems were considerably higher in
patients with acute appendicitis than those who did

not have the disease.

Based on the area below the ROC Figure 4, the
diagnostic value was higher in the Alvarado system
than the PAS (0.77 vs. 0.73). However, according
to the chart’s shape, Alvarado’s criterion was more

sensitive, and the PAS was more specific.
Conclusion

The results of this study showed the higher
sensitivity of Alvarado criterion and more
specificity of the PAS. However, the sensitivity,
specificity, PPV, and NPV of these criteria were

not considered enough to confirm the diagnosis
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of acute appendicitis. Therefore, the surgeon’s
decision and the aid from other paraclinical
methods, such as medical imaging is necessary for

the accurate diagnosis.
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