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Abstract

Background: Acute appendicitis is one of the most common causes of abdominal
pain, accounting for about one-third of patients presenting at emergency services with
acute abdomen. A high degree of suspicion is essential for diagnosis.

Aim: Evaluate the correlation between the Alvarado score and the tomographic and
Intraoperative findings of patients with acute appendicitis.

Methods: Descriptive, cross-sectional, retrospective study using  data
obtained from the Internment Management System of all hospitalized patients with
acute appendicitis from June 2014 to June 2015. Data were analyzed and Statistics
generated through the Epi Info 7.0 program.

Results: 240 patients were evaluated. Of these, 150(62.5%) were male and 90(37.5%)
were female, with a mean age of 28.6years. The exclusive clinical diagnosis was
performed in 42 patients(17.4%). The relationship between the positive Alvarado score
and the tomographic findings was evaluated, being considered positive in the presence
of two or more findings. The positive association between Positive Alvarado Score
and the presence of tomographic findings was obtained, with Odds Ratio of 1.665
and P=0.1805. The association between the intraoperative findings and the positive
Alvarado score was evaluated, in which 8(11.11%) patients were in the edematous
phase(Odds Ratio=0,8182 P=0,6474), 31(43,05%) were phlegmonous(Odds
Ratio=0,8128, P=0,4655), 15(20.83%) in the gangrenous phase(Odds Ratio=0,9175,
P=0,8028) and 18(25%) in the perforated phase(Odds Ratio=1,7949, P=0,1278).

Conclusion: There is a positive association between Alvarado score and the presence
of tomographic findings, as well as the association between positive Alvarado score
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Introduction

Acute appendicitis(AA) is one of the most common causes of
abdominal pain, accounting for about one-third of patients presenting
to emergency services with acute abdomen. Surgeons perform about
280,000 appendectomies per year in the United States.'” Despite
the high prevalence, its diagnosis remains a challenge mainly
among young, elderly and women of child-bearing age, where a
number of other inflammatory, genitourinary and gynecological
conditions may present signs and symptoms that are similar to this
condition.? A delay in performing the appendectomy increases the
risk of perforation of the appendix, which increases the morbidity and
mortality.’ A high degree of suspicion is essential for the diagnosis
of this patology. The diagnosis of in patients with typical clinical
findings can be made based on clinical and laboratory tests. Pains
in the lower right quadrant, migration of pain, anorexia, nausea or
vomiting, fever, leukocytosis are effective and practical criteria for
such diagnosis. However, about one-third of the patients will present
with atypical clinical and laboratory findings, requiring radiological
complementation.'* Thus, a numerical scale was created by Alvarado
based on clinical data and blood count to identify the probability
of being a case of AA.> Alvarado’s original work was published in
1988 and is based on his retrospective analysis of data from 305

Patients with abdominal pain suggesting AA. Eight predictive factors
of diagnostic value in AA were identified and a score of 1 or 2 was
assigned to each factor based on its predictive value for diagnosis.>
The score of 1 was given for each of the criteries following: elevation
of temperature greater than 37.3°C, pain in the lower right quadrant,
migratory pain to the lower right quadrant, anorexia, nausea or
vomiting, and increased granulocytic series. The Alvarado score(AS)
of 2 was given for two criteries: discomfort in the lower right quadrant
and leukocytosis(>10,000).>¢ Conduct recommendations are given
based on the total score. An AS between 5-6 is “compatible” with the
diagnosis of AA and is recommended routine examination or clinical
observation, with a diagnostic probability of 66%. Facing a score
of 7-8, the diagnosis of appendicitis is “likely,” and a score of 9 or
10 is “very likely” to be in the presence of an AA, both requiring
surgical intervention. The probability to be between 7-10 is 93%.
A value up to 4 tends to exclude this condition, with a probability
of 30%.%" According to the score of this scale, imaging methods
can be added to the investigation, being the abdomen ultrasound
and the computed tomography(CT) of the abdomen and pelvis, the
main ones. If the AS is >7, surgery without complementation may
be indicated by imaging studies. The choice between US and CT
of the abdomen varies and depends on certain factors, such as the
preference and experience of the institution, age, sex, biotype of
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the patient and duration of the clinical history.® The ultrasound of
abdomen is indicated as initial method, mainly for children, young
women and pregnant women, since it does not emit ionizing radiation
and also assists in the differential diagnosis of other causes of acute
abdomen. However, with no visualization of the appendix, one should
continue the study with CT, which represents the most used imaging
study for patients with suspected AA.>* Technological advances and
increasing availability have fundamentally changed the approach to
suspected AA. Several authors suggest routine CT for patients with
AS <4.7% Complementation by such methods is important for atypical
symptoms, retrocecal localization appendix, obese patients, and
disease-related complications

Considering its cost, radiation risk and potential delay of
therapeutic intervention, CT should be reserved for the cases cited
above. With a sensitivity of 87% to 100% and a specificity of 95 %
to 100%, CT with contrast is the most reliable diagnostic test for AA.
Such an examination is extremely important in differential diagnosis
and to reduce the rate of negative appendectomies.® The objective of
the present study is to evaluate the correlation between the Alvarado
score and the tomographic and intraoperative findings of patients with
acute appendicitis.

Methods

The study was carried out at Grajau General Hospital, using
the database of the period from June 2014 to June 2015. This is a
descriptive, intersectional, retrospective study using data obtained
from the Management System such as hospitalar admission, pre and
postoperative exams, surgical data and the evolution of all cases of
acute appendicitis. Inclusion criteria include all patients diagnosed with
acute appendicitis in this period, excluding the pediatric population(less
than 13years old) from the study. The research is made up of patients
of both sexes. It was not possible to calculate the Alvarado score for
2 patients and in 8 patients the anatomopathological examinations
were not obtained due to laboratory results unavailability. The use of
the free informed consent term for the present study does not apply,
since it is based only on the medical records of patients with acute
appendicitis, and the data obtained will be kept confidential, without
any type of intervention. Statistical analysis was performed using the
Epi-Info 7 software. The categorical variables in each group were
compared by Chi-square test and Fisher’s exact test(if more than 20%
of the expected frequencies were less than 5). Continuous variables
were compared using independent Student’s t-test and p=<0.05 was
considered statistically significant. Approval in the Ethics Committee
in Research n° 1269716.

Results

A total of 379 appendectomies were performed, and 139 pediatric
patients were excluded from the sample. A total of 240 patients were
studied. Of these, 150(62.5%) were male and 90(37.5%) were female,
with a mean age of 28.6years. The exclusive clinical diagnosis of
AA, without complementation by imaging tests, was performed in 42
patients(17.4%). Abdominal US and CT showed sensitivity of 39.13%
and 96.52%, respectively. The US and TC specificities were 40% and
25%, respectively. The positive predictive value(PPV) was 92.30%
for the US and 95.86% for the CT. The US accuracy of 39.17% and
92.76% for CT(Table 1).

Out of a total of 97(40.41%) patients who had abdominal US,
39(40.2%) had a diagnosis of AA. Of these, 7(17.95%), despite the
diagnosis already established, continued with the tomographic study.
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Abdominal CT was requested for 152 patients(63.33%). Of this
number, 145(95.39%) were diagnosed with AA. In 11 patients(4,76%),
pathological examination revealed appendicitis in the edematous
phase, 157 in the phlegmonous phase(67.97%), 45(19.48%) in the
gangrenous phase and 2 in the necrotic phase(0.87 %). The number
of negative appendectomies was 16 patients(6.93%). Taking into
account the classification made by Alvarado, the following data were
obtained: AS 0-4; 46(19.33%), AS 5-6; 120(50.42%) and AS 7-10;
72(30.25%), out of a total of 238 patients of that it was possible to
perform the calculation(Table 2).

Table | Sensitivity and specificity between diagnostic methods

AS (%) Us (%) TC (%)
Sensitivity 30,63 39,13 96,52
Specificity 75 40 25
Accuracy 33,61 39,17 92,76
VPP 94,44 92,30 95,86

AS, alvarado score; US, ultrasound; CT, computed tomography

Table 2 Results obtained with the application of AS in the sample

AS Patients (%)

0-4 46 19,33%
6-May 120 50,42%
10-Jul 72 30,25%
TOTAL 238 100,00%

AS, alvarado score

After the AS was obtained, the patients were divided according
to the following results: 21(8.82%) patients with a score of 0-3,
185(77.73%) were between 4-7, and 32(13, 44%) between 8-10. Of
the patients with Alvarado score between 0-3, 13(61.9%) patients
were diagnosed with appendicitis by abdominal CT, with a score
of 4-7 were 112(60.54%) and between 8-10 were 19(59.37%)
diagnosed with this condition by CT. For AS with cutoff point of 8
for the diagnosis of AA, the sensitivity of the AS was 13.45%, with
the PPV being 96.87%. When the numbers mentioned by Alvarado
were used, 30(65.21%) of the patients with AS 0-4 were submitted
to CT, and in 28 cases(93.33%), the diagnosis of AA was confirmed
by the examination. Of the patients with AS 5-6, out of 120 patients,
82(68.33%) underwent the examination, with the diagnosis confirmed
in 79(96.34%) of these patients. Already, for patients with AS 7-10(72
patients), CT was requested for 39(54.16%), and the diagnosis of
acute appendicitis was confirmed in 37(94.87%) of these patients.

The sensitivity of AS according to data from the original Alvarado
study and when applied in the present study was 30.63%, with
specificity of 75%, accuracy of 33.61% and PPV of 94.44%(Table
1). Regarding the tomographic findings of 152(63.33%) patients
submitted to such examination, we obtained the following results,
according to Table 3.

The relationship between positive AS and tomographic findings
was evaluated, being considered positive in the presence of two
or more findings. Of 40 patients who had CT and had positive AS,
26(65%) had significant tomographic changes. We obtained a positive
association between positive AS and the presence of tomographic
findings, with Odds Ratio(OR) of 1.665 and P=0.1805(Table 4).
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Table 3 Tomographic findings obtained in the patients submitted to the
examination

Tomographic Cases number %
Findings

Thickness of 126 82,89%
Appendix

Blurring of the 92 60,93%
Adjacent Fat

Free liquid 50 32,89%
Thickness of wall 39 21,19%
Appendecolite 23 15,13%
Extra luminal gas 6 3,97%
Thickness of cecum 4 2,65%
Inflammatory mass 3 1,99%

Table 4 Relationship between Alvarado score and tomographic findings

Tomographic

Alteration

Yes No Total
Positive AS 26(65%) 14(35%) 40
Negative AS 58(52,73%) 52(47,27%) 110
Total 84 66 150

The relationship between positive AS and gender was also studied.
Of the 72 patients with positive AS, 46(63.89%) were males and
26(36.11%) were females(OR=1.11 and P=0.7210). In the present
study, the association between the intraoperative findings(phases of
AA) and positive AS was evaluated, where 8(11.11%) patients were
in the edematous phase(OR=0.8182; P=0,(OR=0.8128, P=0.4628),
15(20.83%) in gangrenous phase(OR=0.9175, P=0.8028), 31(43.05%)
phlegmonous phase and 18(25%) in the perforated phase(OR=1.7949;
P=0.1278)(Table 5).

Table 5 Relationship between Alvarado’s score and the appendicitis phase
obtained in the anatomopathological study

Appendicitis  Positive  Negative OR p
phase AS AS

Normal 0 | X X
Edematous 8 22 0,8182 0,6474
Phlegmonous 31 80 0,8128 0,4655
Gangrenous 15 37 0,9175 0,8028
Perforated 18 26 17,949 0,1278

OR, odds ratio and statistical significance for p<0.05

When the association was made between age and positive AS, the
present study showed that the mean age of patients with negative AS
was 28.53years, while the mean number of patients with positive AS
was 29.07years. P=0.7587. Of the patients with negative AS(0-4), out
of a total of 46, 44(95.65%) had histologically proven appendicitis.

Copyright:
©2018 Spina etal. 02

Discussion

AAis one of the most common causes of abdominal pain, accounting
for about one-third of patients presenting to emergency services with
acute abdomen. Surgeons perform about 280,000 appendectomies per
year in the United States.>'° The risk of developing AA during life is
around 8.6% for men and 6.7% for women.'? It is the main a disease
of adolescents and young adults, with a peak incidence during the 2™
and 3" decades of life, being uncommon before fiveyears and after
50years.>!! Regarding gender and age group, studies presented a mean
age ranging from 27.82+9.26 to 36+17.78years, with a predominance
of' males(55.3 to 70.3%) and female patients varying between 29.7 and
44.7% of the samples evaluated.*'>!3 In the present study, we present
150(62.5%) male patients and 90(37.5%) female patients, mean age
of 28.67years. Thus, the age range of AA is in agreement with the
literature, being the male predominant. In our series, abdomen US
and CT showed sensitivity of 39.13% and 96.52%, respectively, and
specificity was 40% and 25%. The PPV was 92.3% for the US and
95.86% for the CT. The US accuracy of 39.17% and 92.76% for CT.
According to US-related studies, US sensitivity varied from 68 to
96% and specificity from 46.7 to 95.9%, with PPV between 82.2 and
94% and accuracy from 65.7 to 87%."

With respect to tomography studies, sensitivity varied from 91.2 to
98.5%, specificity from 62.5 to 98%, PPV 92.1 to 98% and accuracy
0f 90%.%712 In a study carried out by Caglayan et al.!” for cases with
suspected AA with AS between 4-6, a total of 297 patients underwent
appendectomy and of these, 174 were submitted to the US, with a
negative result in 71. Among the latter, 52 had AS between 4-6, being
submitted to appendectomy after confirmation of the condition after
CT. The mean AS score was 4.9.12

In the present study the sensitivity, specificity and accuracy of the
US were found to be well below the values described in the literature.
Most of the investigations followed to the CT scan. This is mainly
due to the fact that US is a dependent examiner, being performed by
different radiologists, with diverse experiences and in an emergency
setting. In addition, the performance of the US varies according to the
characteristics of each patient, such as intra-abdominal fat, excessive
gas formation or even failure to visualize the cecal appendix in its
retrocecal presentation. In general, the US should be used as the initial
examination according to the clinical suspicion, however, in case
of doubt, it is essential to complement with advanced radiological
examination, avoiding high morbidity and mortality rates. CT showed
sensitivity and PPV of 96.52% and 95.86%, respectively, according
to the literary data collected. The specificity was 25%, much lower
than that reported in the literature. The test had a good accuracy, in
the amount of 92.76%. Such a diagnostic method has been widely
used in the suspicion of AA and its differential diagnoses, being
important to evaluate the characteristics of the cecal appendix and
possible complications. Thus, the rate of negative appendectomies
is evident. Thus, CT should remain the main choice in the diagnosis
of this sickness. However, waiting to perform the test can lead to a
delay in diagnosis, delaying surgery and increasing the chances of
complications. The higher costs of CT when compared to US can
be offset by a shorter hospital stay and, as mentioned, lower rates
of negative appendectomies. Unnecessary study exposes the patient
to radiation, and efforts should be made to reduce such risk. In the
present study, 39 patients had the diagnosis of appendicitis directly
through the US, and despite this diagnosis, CT was still requested for
7(17.95%) of these patients. Consequently, increasing costs for the
hospital is inevitable.
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In this case was observed that appendicitis in the edematous
phase was present in 11 patients(4.76%), 157 in the phlegmonous
phase(67.97%), 45(19.48%) in the gangrenous phase and 2 in the
necrosed phase(0.87%). The number of negative appendectomies was
16 patients(6.93%). In surgical practice, a negative appendectomy rate
of 20% has already been well tolerated.”'** According to the recent
literature, the rate varies from 5 to 16%, with acceptable upper negative
appendectomy rates are accepted in order to minimize the incidence
of perforation.' However, such rates are no longer acceptable because
although the number of complications in negative appendectomy
is low, conditions such as incisional hernia, intestinal obstruction
secondary, among others, can result in significant morbidity after the
surgical procedure.’

In a study conducted by Flum et al., rates of negative
appendectomies were reported between 15% and 34%, with around
15% being accepted in order to reduce the incidence of perforation.'
According to the work conducted by Sousa-Rodrigues et al.,' the rates
of negative appendectomies found were 17%.'® A study concluded by
Parks et al.'” The US presented a 5% negative appendectomy rate,
a CT scan of 4.3%, and a clinical diagnosis related to the physical
examination of 12, 2%. For Pickhardt et al.'® 7.5% was the rate of
negative'” appendectomy found, for Douglas et al.”® It was 15-30%, of
6.8% in the study by Jo et al.?! and 17.8% for Ozkan, et al.* In a study by
Yiiksel et al."” the rate of negative appendectomy was 19.4%. For AS
<4, arate of 43.5% was obtained, for AS 5-7 0f 24.1% and 11% for AS
between 8-10." According to the prospective study by Antevil et al.,?
there was a reduction of the rates of negative appendectomies from
16% to 4% after the implementation of an early surgical evaluation
and CT for all patients with suspected AA.?* Overall, the present study
had negative appendectomy rates of 6.93% for 16 patients. This is in
accordance with the cited literature, and is even below the statistics
cited by several authors. The low number suggests being due to the
high number of CT in the studied patients.

Taking into account the classification made by Alvarado,
the following data were obtained: AS 0-4; 46(19.33%), AS 5-6;
120(50.42%) and AS 7-10; 72(30.25%), and it was possible to
calculate the AS in 238 patients. The sensitivity of the AS according
to the data of the original study and when applied in the present study
was 30.63%, with specificity of 75%, accuracy of 33.61% and PPV of
94.44%. The exclusive clinical diagnosis, without imaging studies, of
AA was performed in 42 patients (17.4%).

Ascited by Alvarado et al., the score of 7 is given as high probability
of AA. Nanjundaiah et al."® obtained sensitivity and specificity of AS,
from the cut-off point of 7, of 58.9% and 85.7%, respectively. The
PPV and the negative predictive value(NPV) of AS were 97.3% and
19.1%, respectively.®'* Ohle et al.*® showed that for a cut-off point
of 5, there was a sensitivity of 99% and specificity of 43%. For the
cut of 7 the sensitivity was of 82% and specificity of 81%. Based on
these results the authors state that an AS <5 as a cutoff point is a good
way to exclude AA, while a cut of 7 is not specific enough to indicate
surgery.”* A retrospective 2007 study found that 5% of patients with
AS <3 were diagnosed with AA and 36% of patients with AS between
4 and 6 were diagnosed. * Gwynn et al., of the patients who presented
with acute abdominal pain in the emergency department, it was found
that 8.4%(12 of 143) of individuals with AA had an AS of less than
5.25

According to Ozkan et al.* in 36 cases(48.6%), AS was >7,
between 5 and 6 in 27 cases(36.5%), and <4 in 11 cases(14.9%), . The

Copyright:
©2018 Spina et al. 03

sensitivity of AS obtained in the analyzed studies was 54% to 87.41%,
specificity from 73.3% to 87.9%, PPV from 83.7% to 96%, and NPV
from 29% to 71%, 4% with an accuracy rate of 57.7% to 86.5%.%>2627
AA was determined in 86% of patients with AS >7 submitted to CT.*
In the study by Khan et al.?® when patients with AS <4 were divided
into two groups, one being those with discharge after monitoring and
the other those who were submitted to surgery, 17 of 100 patients were
in the first group and were dispensed. Three of the patients returned
within 48hours and the AS was calculated as 7, being submitted to
surgery and AA was detected(17%).%

In a study conducted by Yuksel et al.!” 37 patients with AS <4 were
dispensed, two were readmitted and one detected AA(5.4%). The
same author mentions that 23 patients with AS <4 underwent surgery
and AA was present in 13(56.5%) patients.'” According to Yildirim et
al.’14 patients with AS <4 underwent surgery and in 13(92.8%) were
detected AA. Of the 72(30.25%) patients with AS 7-10 the CT was
requested for 39(54.16%) and the diagnosis of AA was confirmed in
37(94.87%) of these patients.’ In the present study, CT Was a useful
test for the diagnosis of AA, taking into account the low sensitivity
found for AS. In view of the need for accurate diagnosis, just with
clinical diagnosis were 42 patients (17.4%).

According to the data of the present study, the sensitivity of the
AS was low, of 30.63% when compared with the literature studied.
The PPV(94.44%) and the specificity(75%) are in agreement with
the literary data. The accuracy was 33.61%. When the cutoft point
of 8 was used, the sensitivity of the EA fell to 13.45% and the VPP
increased to 96.87%.

The analysis performed by Ohle et al.,”® corroborates with the
analyzed data, where with the increase of the AS cutoff there is a
decrease in sensitivity. It was quoted by such author that the cutoff
point of 5 or less is ideal to exclude appendicitis and a value of 7 is
not specific enough to subject the patient to the surgical procedure.
The AS is an index of easy access in the suspicion of AA, however it
does not contain certain parameters, such as age, sex and duration of
the symptoms before the presentation. It has great value in hospitals
with few resources, because the decision to operate or not, is based
on clinical judgment, being the main diagnostic tool. However, as
evidenced in the present study, an AS 0-4 is not sufficient to exclude
appendicitis, since 46(19.33%) patients fall within this range, and of
that total 30(65.21%) were submitted To CT, and in 28(93.33%) the
diagnosis was reached through such imaging. Of these 46 patients,
44(95.65%) had AA, proven at the anatomopathological examination.
These data are above those reported in the literature, and McKay et al.
showed that 5% of patients with AS <3 were diagnosed with

AA and 36% of patients with AS 4-6 were diagnosed. In the same
way as Gwynn et al.,” evidenced that 8.4% of patients with AS 0-4
were diagnosed. The data of Yildirim et al.” are in agreement with the
present study, where the author cites that of 14 patients with AS <4,
in 13(92.8%) AA was proven. Thus, patients with AS <4, where in
the original Alvarado article would exclude appendicitis, should be
monitored. For those discharged, they should be informed of the need
for early reevaluation in the persistence of clinical manifestations.
Patients with AS 5-6 should be hospitalized for monitoring and
complementation with imaging methods, preferably CT. In the
present study, the majority of patients(50.42%) fit into this group,
further evidencing the need for imaging tests. Those with AS >7 may
undergo the surgical procedure without image complementation.
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The relationship between positive AS and tomographic findings
was evaluated, being considered positive in the presence of two or
more findings. Of 40 patients who had CT and with positive AS,
26(65%) had significant tomographic changes. We found a positive
association between positive AS and the presence of tomographic
findings, with OR=1.665 and P=0.1805. The association between
the intraoperative findings (phases of AA) and positive AS was
also evaluated, where 8(11.11%) patients were in the edematous
phase(OR=0.8182; P=0.6474);(OR=0.8128, P=0.4665), 15(20.83%)
in the gangrenous phase(OR=0.9175, P=0.8028) and 18(25%) in
the perforated phase(OR=1.7949, P=0.1278). It was evidenced an
association between AS and gender, where male patients are 11%
more likely to be positive. There was an increase in the correlation of
AS in patients with advanced age.

Conclusion

The present study demonstrated that there is a positive association
between AS positive and the presence of tomographic findings, with
AS being higher in the presence of 2 or more CT findings, as well as
the association between positive AS and perforation phase. With the
implementation of tomography for the suspicion of AA, there was a
considerable reduction in the rate of negative appendectomy, which is,
therefore, the better diagnostic tool when compared to the Alvarado
score.
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