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Introduction

Acute appendicitis (AA) is a very frequent diagnosis in any
pediatric emergency department (ED), as it is diagnosed in 1
to 8% of children presenting with acute abdominal pain1 and
is the most common pediatric surgical emergency world-
wide.2–6 Early detection of AA is crucial since delayed
diagnosis increases the risk of perforated appendicitis and

its associatedmorbidities (e.g., peritonitis, sepsis).1,7Of note,
while a conservative management with antibiotics rather
than appendectomy is increasingly reported, an early diag-
nosis is nevertheless required.8–10

Diagnosis of AA can be challenging, particularly in the
pediatric population.2,3,6,11A large bodyof research has been
conducted to improve the early accurate diagnosis of AA, but
no optimal strategy has been established. Clinical signs, such
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Abstract Introduction Artificial intelligence (AI) is a growing field in medical research that
could potentially help in the challenging diagnosis of acute appendicitis (AA) in
children. However, usefulness of AI in clinical settings remains unclear. Our aim was
to assess the accuracy of AIs in the diagnosis of AA in the pediatric population through a
systematic literature review.
Methods PubMed, Embase, and Web of Science were searched using the following
keywords: “pediatric,” “artificial intelligence,” “standard practices,” and “appendicitis,”
up to September 2023. The risk of bias was assessed using PROBAST.
Results A total of 302 articles were identified and nine articles were included in the
final review. Two studies had prospective validation, seven were retrospective, and no
randomized control trials were found. All studies developed their own algorithms and
had an accuracy greater than 90% or area under the curve >0.9. All studies were rated
as a “high risk” concerning their overall risk of bias.
Conclusion We analyzed the current status of AI in the diagnosis of appendicitis in
children. The application of AI shows promising potential, but the need for more rigor in
study design, reporting, and transparency is urgent to facilitate its clinical implementation.
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as anorexia, vomiting, fever, and abdominal pain are non-
specific, and clinical evaluation is difficult, particularly in
young and preverbal children.2,6,11 No inflammatory
markers or other laboratory tests have been able to identify
alone AA.12 The most widely used scores are the Alvarado
and Pediatric Appendicitis Score, but they have no sufficient
predictive values, limiting their clinical impact.2,6,13 Ultra-
sound and computed tomography are part of the imaging
strategy, but they also have some limitations: ultrasound is
operator-dependent, it can confirm but not rule out AA,
reducing its diagnostic efficiency.14 On the other hand,
computed tomography has shown great accuracy,14 but
requires radiation exposure that is best avoided in the
pediatric population, and is more costly.

Further research and proper application of new technolo-
gies are needed to improve the diagnosis of AA.6 Recently, the
increased amount of computerized data in the medical field
has created a strong impetus to develop new artificial intelli-
gence (AI) algorithms.15 AI is defined by the World Health
Organization as the ability of algorithms encoded in technolo-
gy to learn fromdata so that theycanperformautomated tasks
without every step in the process having to be programmed
explicitly by a human.16 AI has shown great promise in
different fields (e.g., radiology, dermatology, pathology), and
great diagnostic accuracy in other settings.16–18 AI in the
diagnosis of AA uses data already available during the clinical
assessment, is noninvasive, and has no direct interactionwith
patients, therefore being potentially a great tool for pediatric
medicine. However, there are barriers to AI integration in the
clinical workflow, and the lack of evidence and transparency
around AI creates a Blackbox that decreases health care
providers’ trust.19,20 This systematic review aims to assess
the accuracy of AI in the diagnosis of AA in children, and its
potential usefulness in a clinical setting.

Methods

This study was conducted following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines, and a corresponding checklist is available in the
►Supplementary Materials.

Study Identification and Inclusion Criteria
We extensively searched the PubMed, Embase, and Web of
Science databases in September 2023 without restriction of
publication year, leveraging Boolean operators to link the
keywords “pediatric,” “artificial intelligence,” “standard prac-
tices,” and “appendicitis.” Further details regarding our
search strategy are provided in the ►Supplementary

Materials section. Additional articles were identified by
analyzing the reference lists of relevant publications.

The inclusion criteria for selecting a publication for review
were as follows: a peer-reviewed scientific report of original
research with the aim of using AI for predicting the absolute
risk of appendicitis or classification into diagnostic groups
(e.g., appendicitis or other diseases); English language; eval-
uation of an AI algorithm applied to the diagnosis of appen-
dicitis in pediatric patients (<18 years old); cohorts of AA

patients used to create algorithms were diagnosed based
on clinical features validated by a medical expert, appendec-
tomy, or anatomopathological analysis.

The exclusion criteria were informal publications (such as
commentaries, letters to the editor, editorials, and meeting
abstracts).

Study Selection and Extraction of Data
After automatic identification and removal of duplicates
using Endnote, two authors (R.R. and R.G.) independently
screened titles and abstracts for potentially eligible studies;
therefore, each record was reviewed by at least two individ-
uals. Full-text reports were then assessed for eligibility,
and disagreements were resolved by consensus. Two authors
(R.R. and R.G.) extracted data from the reports independently
and in duplicate for each eligible study, and disagreements
were resolved by consensus, or by a third reviewer.

The data extracted from the selected studies encompassed
various parameters such as the size of the dataset, study
design, country of origin, patients’ clinical data included in
the study, type of AI used, proportion of the dataset used for
the AI’s development and validation, and the AI’s accuracy in
diagnosing or determining the severity of AA.

Risk of Bias
To evaluate the risk of bias in the selected studies, we used the
Prediction model Risk Of Bias Assessment Tool (PROBAST)21;
it contains 20 signaling questions across four domains: partic-
ipants, predictors, outcomes, and analysis.22

Data Synthesis
At the time of study planning, we decided not to perform
formal quantitative syntheses because of the expected het-
erogeneity of the algorithms and predictors used.

Patient and Public Involvement
Patients were not involved in any aspect of this study.

Results

Studies Selection
A total of 417 articles were identified from three databases
(PubMed, Embase, andWeb of Science). Using the previously
indicated search strategy, the PRISMA flowchart 2020 shows
the process from the initial search to the final included
articles (►Fig. 1). One hundred fifteen duplicate records
were excluded; 265 articles did not meet the inclusion
criteria after title and abstract screening and 24 after full-
text screening, leaving 9 articles in the final selection.23–31

Studies Characteristics
The characteristics of the included studies are shown
in ►Table 1. Most of the studies were recent, as eight out
of nine were published in the last 4 years (2019–2023). The
most frequent country of origin was Germany (n¼4), fol-
lowed by Turkey (n¼3), the United States (n¼1), and Brunei
Darussalam (n¼1). All studies discussed the development
and application of their own and new AI algorithms using
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different parameters to improve the diagnostic accuracy of
AA. Each study used different combinations of demographics
and clinical, laboratory, and imaging results to create their
algorithm. Two studies23,29 had a prospective validation of
the data, while all the others were retrospective. No ran-
domized controlled studies were identified.

Prospective Studies
Akgül et al23 enrolled 320 patients suspected of having appen-
dicitis in an ED in a prospective single-center study. A total of
190 cases of appendicitis were confirmed using histopatholog-
ical analysis. The study combined physical examinations, labo-
ratory tests (white blood cells [WBC]), absolute neutrophil
count [ANC], C-reactive protein [CRP], procalcitonin, calprotec-
tin), and ultrasonography using an artificial neural network for
analysis. The authors produced a receiver operating character-
istic curve with an area under the curve (AUC) of 0.91, a
sensitivity of 89.8%, and a specificity of 81.2%. Shikha and
Kasem29 in a study with an AI model created on retrospective
data with prospective validation enrolled 305 patients (retro-
spectively and prospectively). The authors first developed a
decision tree algorithmbasedonlyonretrospective clinical and
laboratory (WBC and percentage of neutrophils)findings. They

then prospectively validated this algorithm using a sample of
139 patients suspected of having appendicitis including 61
cases with the diagnosis confirmed through histopathological
analysis. The authors reported an accuracy rate of 97.1%,with a
sensitivity of 96.7% and a specificity of 97.4%.

Retrospective Studies
The remaining seven studies24–28,30,31developedanalgorithm
with retrospective data, and some used k-nearest neighbor
models to validate their algorithm. All studies used demo-
graphics and laboratory results (WBC, ANC, and CRP most
frequently, but also urine analysis, hemoglobin, hematocrit,
mean corpuscular volume, platelet, mean platelet volume,
lymphocyte), and infive studies clinical and/or imaging results
were used. All studies reported an accuracy or AUC >90%. A
variety of algorithms have been used or tested, and most
reports presented results for more than one algorithm. The
most representative algorithms were random forest (5/7),
support vector machine (3/7), and logistic regression (3/7).
The largest dataset sizewas11,384patients (256AA), followed
by 7,244 patients (with 2,831 AA), 692 patients (with 45 AA),
and 590 patients (473 AA). The remaining three datasets
included 400 to 500 patients.

Fig. 1 PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analyses) flowchart of study records.
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Risk of Bias in Studies
The risk of bias determined using the PROBAST tool is shown
in►Fig. 2. All studieswere rated as high risk concerning their
total risk of bias because eight did not have external valida-
tion, and the only study with external validation (Shikha and
Kasem29) was also rated as high risk in the analysis subgroup.

Discussion

This study explored the application of AI in the diagnosis of
appendicitis through a systematic review. All the articles
selected for this review reported a high accuracy, AUC or
AUROC (>90%), which could be promising. Studies that have
usedamixofdemographic, clinical, laboratory, andultrasound
data have generally achieved better results than those that
used fewer types of data. This underscores the importance of
collecting and analyzing a wide range of data to diagnose AA.
Indeed, AA is harder to diagnose than it seems as it is
misdiagnosed in 3.8 to 15.0% of children during ED visits.32,33

Among the algorithms reported, no single AI model
appears to outperform others in terms of diagnostic accura-
cy. In a comprehensive systematic review encompassing 158
studies on AI in disease diagnosis, it was highlighted that no
single algorithm was clearly more prevalent than others.34

The fast-paced development and the vast potential of AI in
patient care have generated a compelling need to incorporate
these algorithms into clinical practice.35 Especially in diag-
nostics, AI can improve accuracy, reduce cost, time, and could
be used in countries with insufficient health care work-
ers.15,36 But the premature implementation of AI without a
rigorous evidence-based foundation is likely to have many
biases and many challenges need to be considered to enable
efficient and useful implementation in clinical settings.
Challenges in AI include ethical considerations, data bias
and processing, security and data privacy, and personnel
training, collaboration and adherence.36–38

A high-quality, large dataset is required to ensure gener-
alizability and reproducibility, accurate outcomes, and reduce
overfitting and overlapping risk.36,37,39 The majority of the
studies that we examined were retrospective, monocentric,
and none underwent an external validation of the proposed
scores making it difficult to compare the actual diagnostic
performance between AI and clinicians. The lack of validated
prospective studies could lead to an overestimation of the
potential improvement in diagnostic accuracy without an
appropriate assessment of potential undesired consequences,

such as a high percentage of false positives, limiting the
applicability of the results in a clinical setting.35,40

The limited availability of codes used for creating algo-
rithms makes it difficult to evaluate the reproducibility of AI
research.40 The description of the hardware used was often
missing or vague.37 An important criticism that is also
applied to the studies we included is that many models
have not been evaluated with the same thoroughness as
we expect for other medical diagnostic tools.39

Despite evident limitations in design, reporting, transpar-
ency, and risk of bias, these aspects are not adequately
highlighted in the discussion of most studies, and are never
mentioned in the abstracts, suggesting a general trend to
underestimate the limitations of this approach.

This underscores the relevance of our findings, which
focus on the need to improve the design, communication,
transparency, and interpretation of studies using AI.

Our analysis noted the presence of a high risk of bias in
various aspects of these studies, underlining the need for
further research that implementsmore rigorous bias control.
This will help to ensure the reliability and applicability of the
results in the field of AI for the diagnosis of appendicitis.

Study Limitations
Our study has several limitations. Although we tried to be as
comprehensive as possible, our search may have missed
some relevant studies. We assessed the risk of bias in the
studies using guidelines (PROBAST) designed for traditional
predictive modeling studies, which may not be appropriate
for the evaluation of this research. Therefore, the levels of
adherence we identified must be interpreted in this context.
Some authors suggest that specialized guidelines for assess-
ing the risk of bias in these types of studies are urgently
required.37,41

As we specifically examined AI for the diagnosis of
appendicitis, our results cannot be extrapolated to other
types of AI or other medical conditions.

Finally, the evaluation of bias risk involves a degree of
subjective judgment, and people with different experiences
of AI performance might have different perceptions.

Conclusions

Our systematic review provides a comprehensive analysis of
the current status of AI in the diagnosis of appendicitis in the
pediatric population. While the application of AI shows

Fig. 2 PROBAST (Prediction Model Risk Of Bias Assessment Tool) risk of bias assessment for nonrandomized studies.
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promises in enhancing diagnostic accuracy, we underline
the need for a more rigorous study design, reporting, and
transparency. The relatively high risk of bias observed across
studies highlights the urgency for more stringent bias con-
trol in future investigations. Given the groundbreaking and
unprecedented application of AI in humanmedicine, there is
a pressing need to develop methodological recommenda-
tions tailored specifically for the reporting of diagnostic
studies using AI as well as adaptive guidelines for assessing
the risk of bias.
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