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“An expert is a person who has made
all the mistakes that can be made s
in a very narrow field” (N. Bohr).
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Introduction

Diagnosis of appendicitis is challenging, and 
some controversies on its management are still present 
among different settings and practice patterns world-
wide. In April 2020, the World Society of Emergency 
Surgery (WSES) published the first update to the 
Jerusalem Guidelines on the diagnosis and treatment 
of acute appendicitis (1). 

As common practice patterns vary widely across 
different settings, the statement concerning the need 
to perform imaging tests in order to confirm the clini-
cal diagnosis of suspected appendicitis for patients 
with low or high Alvarado, AIR (Appendicitis Inflam-
matory Response) and AAS (Adult Appendicitis 
Score) scores was highly debated during the prelimi-
nary phases of the guidelines writing.

The final version of the statements on the topic is 
as follows: 

“Clinical scores alone, e.g. Alvarado, AIR and the 
new Adult Appendicitis Score are sufficiently sensitive 
to exclude acute appendicitis, accurately identifying low-
risk patients and decreasing the need for imaging and the 
negative appendectomy rates in such patients. We recom-
mend the use of clinical scores to exclude acute appendicitis 
and identify intermediate-risk patients needing of imag-
ing diagnostics [QoE: High; Strength of recommendation: 
Strong; 1A].”

“Patients with strong signs and symptoms and 
high risk of appendicitis according to AIR score/Alva-
rado score/AAS and younger than 40 years old may not 
require cross-sectional pre-operative imaging (i.e. CT 
scan). We suggest that cross-sectional imaging (i.e. CT 
scan) for high-risk patients younger than 40 years old 
(AIR score 9–12, Alvarado score 9–10, and AAS ≥ 16) 
may be avoided before diagnostic +/− therapeutic lapa-
roscopy [QoE: Moderate; Strength of recommendation: 
Weak; 2B].”
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In this review we have reported a summary of the 
contemporary evidence from the literature that led to 
these statements.

Material and Methods

A literature review with a focus on the diag-
nostic strategies of appendicitis, including the use of 
clinical scoring systems and diagnostic imaging was 
conducted. A systematic literature search was per-
formed using MEDLINE (via PubMed), EMBASE, 
Google Scholar, and the Cochrane Central Register 
of Controlled Trials databases for studies published 
on the use of the most common clinical scores (Alva-
rado score, AIR score, AAS score) and imaging (CT 
scan, Ultrasound scan, MRI scan) for the diagnosis 
of appendicitis. Database-specific search terms for 
‘‘Appendicitis’’,‘‘Alvarado score’’, ‘‘Appendicitis inflam-
matory response score’’,‘‘Adult appendicitis score’’, 
‘‘Computed tomography’’, ‘‘Ultrasound scan”, and 
“Magnetic Resonance Imaging” were combined using 
the Boolean operators AND, OR, NOT. The detailed 
search strategy is reported as supplementary material 
(Suppl. Material Table 1 in Appendix).

A systematic review of the literature was con-
ducted according to the recommendations of the 
preferred reporting items for systematic reviews and 
meta-analyses (PRISMA) guidelines (2).

Two different systematic search strategies were 
undertaken; one for articles that investigated the diag-
nostic strategy for the diagnosis of appendicitis based on 
clinical scoring systems, and the other for articles that 
investigate the diagnostic strategy based on imaging.

Literature search was concluded in January 2020, 
limited to articles in English language published after 
2010 and focused on the analysis of previously pub-
lished systematic reviews and randomized controlled 
trials assessing the strategies in adult patients. Only for 
the diagnostic strategies for which systematic reviews 
and randomized controlled trials were not available, 
the search was extended to non-randomized observa-
tional studies.

Two reviewers (M.P. and S.D.S.) independently 
screened titles and abstracts to identify appropri-
ate articles for data extraction and discordances were 

resolved by mutual discussion. Study’s first authors and 
year of publication, study type, target population, per-
formed intervention, type of comparison, outcome and 
study’s conclusion were extracted.

Results

Diagnosis of acute appendicitis based on clinical scores

A total of 199 references were initially identified. 
One-hundred and thirty-six searches were excluded 
through title and abstract screening. The remaining 
63 publications were considered potentially appropri-
ated to be included in the review and underwent full 
article review. A further 35 articles were excluded due 
to the reasons reported in the PRISMA flow-chart 
(Figure.1).

Ultimately, a total of 28 studies, published 
between 2008 and 2020 were included in this review 
(Tab.1 and Tab.2) (3-30). 

Imaging is not cost-efficient in patients with low-
probability of appendicitis because of high-risk for 
false positive results. These patients can be safely dis-
charged home from the emergency room, or have their 
follow-up monitored at the outpatient clinic (11). 

The randomized controlled trial by Andersson et 
al demonstrated that, in low-risk patients, the use of 
an AIR score-based algorithm resulted in less imaging 
(19.2% vs. 34.5%), fewer hospital admissions (29.5% 
vs. 42.8%), fewer negative surgical explorations (1.6% 
vs. 3.2%), and fewer operations for non-perforated 
appendicitis (6.8% vs. 9.7%) (23).

Although the Alvarado score is not sufficiently spe-
cific in diagnosing appendicitis, a cutoff score of <5 is 
sufficiently sensitive to exclude the disease (sensitivity 
of 99%). The Alvarado score could, therefore, be used to 
reduce emergency department length of stay and radia-
tion exposure in patients with suspected appendicitis. 
This is confirmed by a large retrospective cohort study 
that found 100% of males with Alvarado score of 9 or 
greater and 100% of females with an Alvarado score of 10 
had appendicitis confirmed by surgical pathology. Con-
versely, ≤5% of female patients with an Alvarado score of 
≤2 and 0% of male patients with an Alvarado score of ≤1 
were diagnosed with appendicitis at surgery (9).
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Figure 1. The PRISMA flow diagram for search and selection of articles included in the systematic review of studies that investigated 
the role of clinical scores in the diagnosis of acute appendicitis.

It is generally reckoned that patients with inter-
mediate probability of appendicitis should undergo 
diagnostic imaging on a routine basis (1). However, 
the only randomized trial comparing immediate imag-
ing with clinical reevaluation after a period of observa-
tion and selective imaging had better outcome in the 
observation/selective imaging arm (23). 

The prevalence of appendicitis is about 90% in 
patients with high risk of appendicitis according to the 
Alvarado score, AAS score and AIR score (22, 26, 27). 
In the study by Scott et al, an AIR score ≥9 was very 
specific (97%) for appendicitis and the majority of 
patients with appendicitis in the high-risk group 
(70%) had perforation or gangrene (24). The study by 
Kollar et al comparing the performance of the AIR 
Score in predicting risk of appendicitis to both the 
Alvarado score and the clinical impression of a senior 

surgeon showed that the AIR score was more accu-
rate at predicting the disease than the Alvarado score 
in patients deemed high-risk. The three methods of 
assessment stratified similar proportions of patients to 
a low-probability of appendicitis, with a false negative 
rate of <8% that did not differ between the AIR score, 
Alvarado score or the experienced surgeons clini-
cal assessment. Conversely, the AIR score assigned a 
smaller proportion of patients to the high-probability 
zone than the Alvarado score (14 vs. 45%) but it did so 
with a substantially higher specificity (97%) and posi-
tive predictive value (88%) than the Alvarado score 
(76% and 65%, respectively) (4).

In the validation study by Sammalkorpi et al, 
the AAS was implemented in the diagnostic work-
up of adult patients suspected of appendicitis, of 
whom 48% indeed had appendicitis. The AAS score 
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high-probability group (AAS ≥16) comprised 439 
patients of whom 386 (87.9%) indeed had an appen-
dicitis at surgery. Using only the AAS score and no 
imaging the post-test probability for appendicitis 
increased to 92.6%, equivalent to a negative appendec-
tomy rate of 7.3%. In the high probability group, CT 
was performed in only 26% of patients, and CT pre-
test probability of appendicitis increased from 78.9% 
to a 98.9% post-test probability for a positive CT and 
0% for a negative CT, equivalent to a negative appen-
dectomy rate of 1.1% (28). 

Previous decision models demonstrated that the 
most cost-effective diagnostic strategy is dependent 
on risk-stratification carried out by clinical scores. 
At a prevalence <16% and >95% patients may forego 
imaging completely. For patients with a risk of acute 
appendicitis between 16% and 67%, it is cost-effective 

to perform an initial US and forego additional imaging 
if the US does not visualize the appendix but shows 
no secondary signs of inflammation. Conversely, when 
the pretest probability of acute appendicitis is >67% 
but <95%, it is cost-effective to follow-up all non-vis-
ualized US with a CT even without secondary signs of 
inflammation on US (31).

Diagnosis of acute appendicitis based on imaging

A total of 97 references were initially identi-
fied. Sixteen searches were excluded through title and 
abstract screening. The remaining 81 publications were 
considered potentially appropriated to be included in 
the review and underwent full article review. A further 
67 articles were excluded due to the reasons reported 
in the PRISMA flow-chart (Figure.2). 

Figure 2. The PRISMA flow diagram for search and selection of articles included in the systematic review of studies that investigated 
the role of diagnostic imaging for acute appendicitis. 
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Ultimately, a total of 14 studies, published 
between 2011 and 2019 were included in this review 
(Tab.3 and Tab.4) (32-45). 

Before CT was used for the diagnosis of appen-
dicitis, 20% of patients taken to surgery had a normal 
appendix. Only after CT availability, negative appen-
dectomy rate has lowered overall (20% to 7%), in men 
(11% to 5%), in women (35% to 11%), in boys (10% to 
5%), and in girls (18% to 12%) (46).

The sensitivity and specificity of CT is reported 
at 0.91-0.94 and 0.90-0.95 in systematic reviews. The 
corresponding results for US are 0.78-0.88 and 0.81-
0.94, respectively (41, 47). 

Two approaches have been proposed to reduce the 
radiation exposure that is associated with CT scans. A 
low dose CT scan can give almost identical sensitiv-
ity and specificity as conventional standard dose CT 
scan (0.945 and 0.933 vs 0.95 and 0.938, respectively). 
Kim et al in 2012 demonstrated that low-dose CT 
scan has become the gold standard preoperative test 
for diagnosing acute appendicitis in young adults. The 
reported negative appendectomy rate in this study is 
3.5% in the low-dose CT group and 3.2% in the stand-
ard-dose CT group. The two groups do not differ sig-
nificantly in terms of the appendiceal perforation rate 
(26.5% with low-dose CT and 23.3% with standard-
dose CT) or the proportion of patients who needed 
additional imaging tests (3.2% and 1.6%) (34). The 
alternative is represented by conditional (or staged) 
imaging strategies, starting with US in all patients 
followed by CT scan in patients with a negative or 
inconclusive US examination. The diagnostic potential 
of this strategy has been evaluated in simulation mod-
els from data in patients having both US examination 
and CT scan, with sensitivity 0.94-0.97 and specificity 
0.68-0.91 (48). The recently published Cochrane sys-
tematic review on CT scan for diagnosis of appendici-
tis in adults identifies, in subgroup analyses according 
to contrast enhancement, that summary sensitivity for 
low-dose CT (0.94) is similar to summary sensitiv-
ity for standard-dose or unspecified-dose CT (0.95) 
and specificity does not differ between low-dose and 
standard-dose or unspecified-dose CT (36).

MRI has at least the same sensitivity and speci-
ficity as CT and, although has higher costs and 
issues around availability in many centers, should be 

preferred over CT as a first-line imaging study in preg-
nant women. In fact, the sensitivity and specificity of 
MRI for the diagnosis of acute appendicitis are 96% 
and 96%, respectively. In pregnant patients, the sensi-
tivity and specificity of MRI are 94% and 97%, respec-
tively, whereas in children, sensitivity and specificity 
are 96% and 96%, respectively. 

Based on the mean of the sensitivity and specific-
ity cited above, the posterior probability of a positive 
test (the probability a patient will have an appendi-
citis after all information from an US, CT, or MRI 
scan has been taken into account) would be 0.98-0.99 
in all the imaging strategies. Thus, a positive diag-
nostic imaging can confirm the diagnosis with very 
high certainty. Conversely, the posterior probability 
after a negative imaging test would be from 0.35 in 
the best scenario, to negative 0.64 in the worst. A 
CT scan or a conditional US/CT strategy in patients 
with high probability of appendicitis thus cannot 
rule out appendicitis with sufficiently high accuracy. 
Therefore, routine imaging will give an important 
proportion of patients with false negatives and the 
surgeon is still left with an important proportion of 
patients with continuing symptoms indicating a need 
for intervention. For the majority of patients in the 
high-risk group an abdominal exploration, start-
ing with diagnostic laparoscopy, could be indicated. 
For this subgroup of patients, in fact, imaging could 
be avoided starting from the assumption that such 
patients suffer from intra-abdominal sepsis of any 
origin. CT may be motivated to detect alternative 
causes, but those are rare in young male patients with 
right iliac fossa pain, and it may not add any useful 
information for avoiding exploration. However, when 
the surgeon deems diagnostic imaging is still needed 
to confirm appendicitis despite the patient has been 
scored at high-risk, a conditional CT scan strategy 
may be advised, with CT scan performed only after a 
negative or equivocal US (1).

Future perspectives: artificial intelligence

Recently, many studies presented different meth-
ods for automatic diagnosis of appendicitis, as well as 
the differentiation between complicated and uncom-
plicated forms using values/parameters which are 
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routinely and unbiasedly obtained for each patient 
with suspected acute appendicitis (49).

The study by Park et al showed that models using 
artificial neural networks performed significantly bet-
ter than the Alvarado clinical scoring system. The 
accuracy of the models ranged from 99.80% to 97.84%, 
whereas that of Alvarado was 72.19%. The area under 
the ROC curve of these artificial models and Alvarado 
was 0.998 and 0.633, respectively (50). Artificial intel-
ligence in this field has shown comparable performance 
to physician chart reviewers as measured by their inter-
annotator agreement and represents a promising new 
approach for computerized decision support to pro-
mote application of evidence-based medicine. 

Conclusions

Alvarado score, AIR score, and the new AAS 
score are sensitive enough to exclude appendicitis, 
accurately identifying low-risk patients and decreasing 
the need for imaging and the negative appendectomy 
rate in these patients. Controversy exists regarding the 
role of imaging in patients with high-probability of 
appendicitis. Because of the high prevalence of the dis-
ease in this group of patients (~90%) a negative imag-
ing scan cannot rule out appendicitis.

Based on this evidence, laparoscopic abdomi-
nal exploration without imaging may be an option in 
young patients who have been scored as having high 
probability for appendicitis. 
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APPENDIX

Suppl. Material Table 1.

Search strategy.

Search:((CT scan[Title/Abstract] OR (Computed tomography[Title/Abstract])) AND (Appendicitis[Title/Abstract]) Filters: 
Meta-Analysis, Randomized Controlled Trial, in the last 10 years Sort by: Most Recent 

Search:((Ultrasound[Title/Abstract]) OR (Ultrasonography[Title/Abstract]) AND (Appendicitis[Title/Abstract]) Filters: Meta-
Analysis, Randomized Controlled Trial, in the last 10 years Sort by: Most Recent

Search:((MRI) OR (magnetic resonance)) AND (appendicitis) Filters: Meta-Analysis, Randomized Controlled Trial, Systematic 
Review, in the last 10 years Sort by: Most Recent (“magnetic resonance imaging”[MeSH Terms] OR (“magnetic”[All Fields] 
AND “resonance”[All Fields] AND “imaging”[All Fields]) OR “magnetic resonance imaging”[All Fields] OR “MRI”[All 
Fields] OR (“magnetic resonance spectroscopy”[MeSH Terms] OR (“magnetic”[All Fields] AND “resonance”[All Fields] AND 
“spectroscopy”[All Fields]) OR “magnetic resonance spectroscopy”[All Fields] OR (“magnetic”[All Fields] AND “resonance”[All 
Fields]) OR “magnetic resonance”[All Fields])) AND (“appendiceal”[All Fields] OR “appendicitis”[MeSH Terms] OR 
“appendicitis”[All Fields])

Search:((Appendicitis inflammatory response score[Title/Abstract] AND (Appendicitis[Title/Abstract])) NOT (children[Title/
Abstract]) Sort by: Most Recent

Search:((Adult appendicitis score[Title/Abstract] AND (Appendicitis[Title/Abstract])) NOT (children[Title/Abstract]) Sort 
by: Most Recent

Search:((Alvarado[Title/Abstract]) AND (appendicitis[Title/Abstract])) NOT (children)[Title/Abstract]) Filters: in the last 10 
years Sort by: Most Recent


