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Abstract

Background Acute appendicitis (AA) is one of the most common reasons for visiting the emergency room. The lack
of proper diagnosis and rapid treatment of AA may lead to severe complications such as intestinal perforation and
increased mortality. This study aimed to evaluate the diagnostic accuracy of the Alvarado criteria, ultrasound, and
CRP criteria in comparison with their combined use in patients with suspected AA who presented to the emergency
room.

Methods In this diagnostic accuracy study, 1411 patients with suspected AA who presented to the emergency
department of Firoozabadi Hospital affiliated with Iran University of Medical Sciences and underwent appendectomy
from October 2019 to October 2021 were examined. Nine hundred eighty-eight patients were enrolled. All patients
were assessed using Alvarado, CRP, and ultrasound. The definitive diagnosis of AA was based on pathological findings
and was considered the gold standard. Statistical analyses were performed with STATA VER 11.5. The diagnostic
accuracy for each group was compared using the Pearson chi-square test. A value of p <0.05 was considered
statistically significant.

Results The mean age was 29.57 +13.66 years. The sensitivity and specificity of Alvarado in the diagnostic accuracy
of appendicectomy were 75.2% and 61.3% (Cl=95%), respectively. The sensitivity of ultrasound and CRP for predicting
appendicitis was significantly higher than the Alvarado criteria. The diagnostic accuracy for CRP was significantly
higher than ultrasound (64.9% vs. 60.7%, P: 0.003). The diagnostic accuracy of the simultaneous use of Alvarado +CRP
and CRP + Ultrasound was significantly higher than that of Alvarado + ultrasound. The sensitivity, specificity, and
diagnostic accuracy of the simultaneous use of all three criteria together (Alvarado + Ultrasound + CRP) were
estimated to be 94.9%, 25.8%, and 81.5% (Cl=95%), respectively, which were significantly higher than the use of other
criteria.
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Conclusion This study showed that the Alvarado criteria had inadequate diagnostic sensitivity and accuracy for
diagnosing acute appendicitis. The diagnostic accuracy of acute appendicitis increases to over 90% using the three

Alvarado, ultrasound, and CRP criteria at the same time.

Keywords Acute appendicitis, Alvarado, Ultrasound, CRP, Emergency, Accuracy

Introduction

Acute appendicitis (AA) is one of the most common
causes of emergency room visits following acute abdomi-
nal pain [1-3]. The lifetime incidence rate of appendicitis
is 8.6% among men and 6.7% among women and is much
higher in the second decade of life [4, 5]. Appendicitis is
an irreversible, progressive disease that eventually leads
to intestinal perforation. Appendectomy is the gold stan-
dard treatment. Appendiceal perforation is associated
with increased mortality compared to AA without per-
foration. The risk of death from non-gangrenous appen-
dicitis is less than 0.1%, but this risk increases to 0.6%
in gangrenous AA. Furthermore, perforated AA has a
higher mortality rate of approximately 5% [6]. Diagnos-
ing AA is often challenging and requires a combination
of history, clinical, laboratory, and radiological find-
ings. The symptoms of appendicitis overlap with several
other conditions, especially in the early stages, making
the diagnosis challenging [7, 8]. AA diagnostics can be
improved and facilitated through clinical scoring sys-
tems, including physical exam results and inflammatory
markers. Several scoring systems have been created to
help in the early diagnosis of acute appendicitis, such as
the Alvarado score, Pediatric Appendicitis Score, and
Appendicitis Inflammatory Response score. These scor-
ing systems use criteria, including common clinical and
laboratory findings in patients with AA, to classify them
into low, medium, or high-risk groups and can help in a
timely diagnosis [9]. However, none of these scoring sys-
tems are widely accepted [10, 11].

The role of diagnostic imaging, such as ultrasound
(US), computed tomography (CT) and magnetic reso-
nance imaging (MRI), is another major debate [12, 13].

In 1986, Alvarado devised a 10-point clinical scoring
system to diagnose AA based on symptoms and diagnos-
tic tests in suspected patients, which includes migrating
pain (1 score), anorexia (1 score), nausea (1 score), ten-
derness in the lower right abdominal region (2 scores),
rebound (1 score), temperature increase above 37.3 (1
score), leukocytosis above 10,000 (2 scores) and left shift
of white blood cells (1 score). Screening and decision-
making for patient management were based on the sum
of the scores and were categorized as follows. Score 1 to
4 (discharge), score 5 to 6 (admission and follow-up), and
score 7 to 10 (surgery) [14].

Due to the development of new diagnostic meth-
ods, the discrepancy in different diagnostic criteria,
and the Outdated Alvarado criteria (low sensitivity of

the Alvarado score for diagnosing acute appendicitis)
[15-17], it is crucial to check the diagnostic accuracy
of these criteria. In addition, if acute appendicitis is not
properly diagnosed and treated in time, serious compli-
cations such as intestinal perforation would be inevitable,
and this complication itself leads to increased mortality.
Therefore, this study was conducted to retrospectively
evaluate the diagnostic accuracy of the Alvarado criteria,
ultrasound, and C-reactive protein (CRP) in comparison
with their combined use in patients with suspected acute
appendicitis who presented to the emergency room. The
results of this study can help screen appendicitis patients
more accurately and reduce the burden of surgeries by
preventing unnecessary appendectomies.

Methods

From October 2019 to October 2021, 1411 patients pre-
sented to the emergency department of Firoozabadi
Hospital with suspected appendicitis and underwent
appendectomy. All patients underwent clinical and para-
clinical examinations. This study was approved by the
Ethics Committee of Iran University of Medical Sciences
(Protocol NO: IRIUMS.REC.1401.381) Informed con-
sent was obtained from all patients and in the case of
patients who were below the age of 18 years, informed
consent was obtained from a parent and/or legal guard-
ian at the time of admission.

In this retrospective diagnostic accuracy study, we
included patients with suspected appendicitis, who con-
sented to participate in the study and cases in which we
had access to their laboratory and ultrasound findings.
The exclusion criteria included patients with gastroin-
testinal diseases, gastrointestinal and colorectal cancers,
kidney disorders, and lack of access to patient findings. In
total, 988 patients were enrolled in our study.

All patients’ scores were calculated according to the
Alvarado criteria, which devised a 10-point clinical
scoring system to diagnose AA based on symptoms and
diagnostic tests in suspected patients, which includes
migrating pain (1 score), anorexia (1 score), nausea (1
score), tenderness in the lower right abdominal region (2
scores), rebound (1 score), temperature increase above
37.3 (1 score), leukocytosis above 10,000 (2 scores) and
left shift of white blood cells (1 score). Screening and
decision-making for patient management were based on
the sum of the scores and categorized as follows. Score 1
to 4 (discharge), score 5 to 6 (admission and follow-up),
and score 7 to 10 (surgery) [18].All patients underwent

CMU

Colegio de Médicos
Ultrasonografistas, A.C.




Tayebi et al. BMC Gastroenterology (2024) 24:243

Table 1 Distribution of demographic characteristics and clinical
findings of patients who underwent appendectomy

Variable 988 subjects
Age (year) 31.53+15.26
Sex

- Male 640 (64.8%)

- Female 348 (35.2%)
Alvarado Score

<4 49 (4.9%)

«4-7 263 (26.2%)

>7 676 (68.9%)
Age group

<12 70 (7.1%)

13-18 112 (11.3%)

18-65 782 (79.2%)

>65 24 (2.4%)
CRP

+<10 424 (42.9%)

+>10 564 (57.1%)
Ultrasound

- Positive 558 (56.5%)

- Negative 430 (43.5%)
Appendicitis

« Positive 816(82.6%)

- Negative 172(17.4%)

ultrasonography and were simultaneously tested for
blood CRP levels.

Patient demographics (age and sex) and clinical find-
ings (ultrasound findings, laboratory findings, and
Alvarado score) were evaluated by the researcher for all
patients. All patients underwent appendectomy. This
study’s definitive diagnosis of appendicitis was based on
gross surgical and pathological findings. Alvarado criteria
score (approach), CRP levels (CRP>10), ultrasound find-
ings (evidence in favour of appendicitis (and ten combi-
nations of diagnostic methods were compared with the
surgical and pathological findings. The sensitivity, speci-
ficity, and diagnostic accuracy of the criteria and other
diagnostic methods were estimated by this comparison.

Following data collection, all patient data were ana-
lysed using SPSS for Windows Version 11.5 (SPSS, Inc.,
Chicago, IL, USA). To check the normality of quantita-
tive data, the Kolmogorov-Smirnov test was used. Para-
metric tests such as t-test were used for variables with a
normal distribution, and for variables with a nonnormal
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distribution, nonparametric Mann-Whitney tests were
used to compare variables in two groups. Sensitivity,
specificity, and positive and negative predictive values
were calculated for the test. The chi-square test was used
to compare qualitative variables in the two groups. A
p-value less than 0.05 was considered significant.

Results

Demographic and clinical characteristics of patients
Overall, 988 patients with appendectomies were exam-
ined. The mean age of the patients was 31.53%15.26.
Among participants, 7.1% were in the children group and
11.3% were adolescents, also, 2.4% were above 65 years
old. A total of 640 (64.8%) were male, and 348 (35.2%)
were female. Based on the Alvarado criteria, 676 (68.9%)
patients scored 7 to 10 and were candidates for surgery.
Among all the patients based on ultrasound findings, 558
(56.5%) had evidence in favor of appendicitis. Patients’
CRP levels were determined, and 564 (57.1%) had abnor-
mal CRP (CRP>10). The postsurgical pathology index
as a standard criterion showed that 816 (82.6%) patients
had appendicitis and had undergone surgery properly.
(Table 1)

Sensitivity, specificity, positive predictive value, and
negative predictive value of Alvarado based on pathology
findings after surgery

The sensitivity and specificity of the Alvarado criteria for
predicting appendectomy were 75.2% and 61.3%, respec-
tively. The positive and negative predictive values of these
criteria were 89.6% and 35.8%, respectively (Table 2).

Comparison of sensitivity and diagnostic accuracy of
combined criteria

The sensitivity of the Alvarado criteria and CRP for
predicting appendicitis was significantly higher than
ultrasound (P<0.05). CRP diagnostic accuracy was sig-
nificantly higher than ultrasound (63.5% versus 60.6%,
P: 0.035). The simultaneous use of the Alvarado crite-
ria+CRP is significantly more accurate than that of the
Alvarado criteria+ultrasound. (86.2% vs. 80.6%, P: 0.003).
The sensitivity and diagnostic accuracy of the simulta-
neous use of CRP+ultrasound were 90.5% and 82.1%,
respectively, which were significantly higher than the

Table 2 Estimation of sensitivity, specificity, positive predictive value, negative predictive value, and diagnostic accuracy of criteria

Criteria Sensitivity (95% Cl) Specificity (95% Cl) PPV (95% Cl) NPV (95% Cl) Accuracy

CRP 63.5% (51,76.2) 71% (68.5,83.2) 90.6% (84.7,97.2) 30.5% (18,43.3) 64.9% (58.1,79.7)
Alvarado 75.2% (66,85.4) 61.3% (55.2,69.1) 89.6% (78.5,96.1) 35.8% (28,48.6) 72.6% (61.4,78.3)
Ultrasound 60.6% (50,70.3) 61.3% (47.7,73.4) 87.3% (75.1,93) 26.1% (17.8,34.5) 60.7% (55.6,66.1)
Alvarado+CRP 92% (84.1,98.7) 38.7% (24.7,56) 86.8% (73.2,96.7) 52.1% (40.5,64.1) 86.2% (81,91.3)
Alvarado+ Ultrasound 88.3% (73,96.2) 38.7% (24,53.7) 86.4% (78.8,93.3) 42.8% (29.1,62.5) 80.6% (69.8,88.7)
CRP+ Ultrasound 90.5% (86.1.3,95.5) 452% (34,55.3) 87.9% (78.4,95.1) 51.8% (44.4,58.9) 82.1% (77.4,85.7)
Alvarado+ Ultrasound + CRP 94.29% (89.2,99.5) 25.8% (18.2,22.9) 84.8% (78.6,91.3) 50% (45.1,56.7) 81.5% (73.9,89.4)
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use of Alvarado+ultrasound. (P: 0.001) However, the
use of this criterion was not significantly different from
the Alvarado criteria+ CRP simultaneously (P: 0.26). The
sensitivity, specificity, and diagnostic accuracy of the
simultaneous use of Alvarado criteria+ultrasound+ CRP
were estimated to be 94.2%, 25.8%, and 81.5%, respec-
tively, which were significantly higher than other diag-
nostic methods and combinations (Table 2).

Discussion

Various studies have assessed the accuracy of different
diagnostic methods for acute appendicitis separately. To
date, a few comprehensive studies have compared the
sensitivity and specificity of using combined diagnostic
methods such as the simultaneous use of the Alvarado
criteria, ultrasound findings, and CRP. This study aimed
to compare the diagnostic accuracy of various screening
methods in patients with appendicitis who were candi-
dates for appendectomy.

Based on our study’s results, the Alvarado criteria’s
sensitivity and specificity for predicting appendectomy
were 75.2% and 61.3%, respectively, indicating the low
diagnostic accuracy of this test to diagnose the need
for appendectomy correctly, which was foreseeable due
to the old datedness of these criteria. A combination of
these criteria and other methods could increase its sen-
sitivity and accuracy. Furthermore, the diagnostic sensi-
tivity, specificity and accuracy of CRP were significantly
higher than ultrasound alone. The Alvarado criteria, CRP
levels, and ultrasound, were respectively the most accu-
rate for diagnosing appendicitis. Additionally, our study
showed that the use of combined methods was signifi-
cantly more accurate than the use of a single method for
the diagnosis of appendicitis. The diagnostic accuracy of
the simultaneous use of two Alvarado+CRP criteria was
significantly higher than using two Alvarado+Ultrasound
criteria. The diagnostic accuracy of the simultaneous use
of CRP+ultrasound was close to 82% and superior to
Alvarado criteria+ultrasound. There was no significant
superiority in using the CRP+Ultrasound method over
the simultaneous use of CRP+Alvarado criteria. The
sensitivity and diagnostic accuracy of the combination
of Alvarado+Ultrasound+CRP were 94.2% and 81.5%,
respectively, which were significantly higher than other
methods in correctly predicting the need for appen-
dectomy. Limited studies have evaluated the diagnostic
accuracy of the combined use of diagnostic methods.
However, studies have assessed the diagnostic accuracy
of the single use of these criteria, which is consistent with
the results of our study [16, 19-22].

Toney Jose et al. [23] compared the diagnostic accu-
racy of the Alvarado and Appendicitis Inflammatory
Response Score (AIR score) in 130 patients (53 women
and 77 men) with clinical manifestations of appendicitis
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who underwent appendicectomy. They reported the
sensitivity and specificity of the Alvarado criteria to be
72% and 79%, respectively. Moreover, they showed that
the sensitivity and specificity of the AIR score, which is
a combination of the Alvarado score and CRP, were sig-
nificantly higher than the Alvarado criteria, and accord-
ing to the sensitivity of this score for the diagnosis of
acute appendicitis, the Alvarado score needs to alter-
nate with better diagnostic methods. SAT Dezfuli et al.
compared the diagnostic accuracy of the Alvarado and
RIPASA criteria in 212 patients who were candidates for
appendectomy and reported the sensitivity and speci-
ficity of the Alvarado criteria to be 53.9% and 70.18%,
respectively. Moreover, they showed that the sensitivity
and specificity of the RIPASA criteria were significantly
higher than the Alvarado criteria. In our study, the sen-
sitivity and diagnostic accuracy of the simultaneous use
of Alvarado+Ultrasound+CRP criteria were 94.2% and
81.5%, respectively, which was almost equal to the sen-
sitivity and diagnostic accuracy of RIPASA criteria dem-
onstrated in the study by Dezfuli et al. [19]. On the other
hand, in a study in 2022, MT Naeem et al. [22] examined
the diagnostic accuracy of the Alvarado criteria in 120
appendectomy patients and reported the sensitivity of
this criterion to be 83.3%, which is significantly higher
than our study. their sample size was small and this differ-
ence in the two studies can be justified by the difference
in the size of the sample examined in the two studies.
Our study showed that by adding CRP, ultrasound or
both to the Alvarado criteria for the diagnosis of AA,
the sensitivity and accuracy of the diagnosis of appendi-
citis increased significantly. M Zouari et al. [17] exam-
ined the diagnostic accuracy of CRP, ultrasound and the
Alvarado criteria in 402 children under 14 years of age
who were candidates for appendectomy and showed that
the simultaneous use of ultrasound and the Alvarado cri-
teria significantly increased the sensitivity and diagnos-
tic accuracy of appendicitis, which was in line with the
results of our study. However, in their study, unlike ours,
they did not report a significant difference in the sensitiv-
ity for adding CRP to the Alvarado criteria. This differ-
ence can be justified because they included only children
under 14 years of age in their study, and the role of the
CRP index in children is different from adults. In line
with the results of our study, S Ozkan et al. [16] reported
that the sensitivity of the ultrasound and Alvarado crite-
ria in predicting appendicitis was 71% and 54%, respec-
tively. In 2020, MW Elsherbiny et al. [24] reported the
sensitivity and diagnostic accuracy of the Alvarado cri-
teria alone as 56.8% and 61%, respectively, and the sen-
sitivity and diagnostic accuracy of ultrasound as 71.6%
and 72.7%, respectively. They showed that adding ultra-
sound to the Alvarado criterion significantly increases
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the sensitivity and diagnostic accuracy of this criterion,
which corresponds to the results of our study.

In general, our study had strengths and weaknesses
that need to be pointed out. The most important weak-
ness of our study was the unintentional exclusion of acute
appendicitis cases despite all the laboratory and clini-
cal conditions. In such cases, acute appendicitis was not
diagnosed by the surgeons, and they did not undergo
appendectomy, which could have affected the results of
the study. The most important strength of the present
study was the investigation and comparison of the simul-
taneous diagnostic accuracy of the Alvarado criteria,
ultrasound, and CRP in a suitable sample size of patients
suspected of having appendicitis for the first time in Iran.

Conclusion

Our study showed that the Alvarado criteria did not have
adequate diagnostic sensitivity and accuracy for the diag-
nosis of acute appendicitis. The addition of ultrasound or
CRP to the Alvarado criteria greatly improves the sensi-
tivity and diagnostic accuracy of these criteria. The sensi-
tivity of acute appendicitis increases significantly (above
90%) by simultaneously using the three Alvarado+ultra-
sound+CRP criteria. The use of this index can help and
be used in the accurate detection of acute appendicitis,
and it reduces the burden of surgeries by preventing
unnecessary appendectomies.
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