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Abstract
Background Mild acute biliary pancreatitis (MABP) presents significant clinical and economic challenges due to its 
potential for relapse. Current guidelines advocate for early cholecystectomy (EC) during the same hospital admission 
to prevent recurrent acute pancreatitis (RAP). Despite these recommendations, implementation in clinical practice 
varies, highlighting the need for reliable and accessible predictive tools. The MINERVA study aims to develop and 
validate a machine learning (ML) model to predict the risk of RAP (at 30, 60, 90 days, and at 1-year) in MABP patients, 
enhancing decision-making processes.

Methods The MINERVA study will be conducted across multiple academic and community hospitals in Italy. Adult 
patients with a clinical diagnosis of MABP, in accordance with the revised Atlanta Criteria, who have not undergone 
EC during index admission will be included. Exclusion criteria encompass non-biliary aetiology, severe pancreatitis, 
and the inability to provide informed consent. The study involves both retrospective data from the MANCTRA-1 
study and prospective data collection. Data will be captured using REDCap. The ML model will utilise convolutional 
neural networks (CNN) for feature extraction and risk prediction. The model includes the following steps: the spatial 
transformation of variables using kernel Principal Component Analysis (kPCA), the creation of 2D images from 
transformed data, the application of convolutional filters, max-pooling, flattening, and final risk prediction via a fully 
connected layer. Performance metrics such as accuracy, precision, recall, and area under the ROC curve (AUC) will be 
used to evaluate the model.

Discussion The MINERVA study aims to address the specific gap in predicting RAP risk in MABP patients by 
leveraging advanced ML techniques. By incorporating a wide range of clinical and demographic variables, the 
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Introduction
Biliary acute pancreatitis (BAP) represents a signifi-
cant healthcare burden globally, with a high incidence 
rate and associated mortality [1–3]. Current guidelines 
from major organisations such as the American College 
of Gastroenterology [4], American Gastroenterologi-
cal Association [5], International Association of Pan-
creatology [6], World Society of Emergency Surgery [2], 
and British Society of Gastroenterology [7] recommend 
performing early cholecystectomy (EC) during the same 
hospital admission for patients with mild acute biliary 
pancreatitis (MABP) according to the revised Atlanta 
classification [8]. This recommendation is based on evi-
dence that EC significantly lowers the risk of recurrent 
acute pancreatitis (RAP) and other biliary events without 
increasing surgical risks [9, 10].

Recent meta-analyses [11] showed that the recurrence 
rate among patients with MABP managed conservatively 
is significantly higher than in patients submitted to EC 
(35% vs. 11%). In Stevens et al. [12], patients who had 
cholecystectomy had a recurrence rate of 20% versus 43% 
of those managed conservatively. Several randomised 
controlled trials comparing EC versus delayed cholecys-
tectomy (DC) for gallstone disease reported recurrence 
of symptoms/complications in the waiting period before 
surgery [13–18]. Some authors state that EC also short-
ens the total hospital stay in people with MABP under 
the condition that appropriate facilities and expertise are 
available [19–21].

Recently, the MANCTRA-1 study highlighted dis-
cordant gaps between daily clinical practice and recom-
mendations from BAP guidelines, especially regarding 
the implementation of EC strategies [22, 23]. Beyond 
the mere lack of penetration of EC guidelines in MABP, 
potential knowledge-to-action gaps in EC implementa-
tion persist widely due to logistical obstacles, historical 
assumptions, and poor awareness of evidence.

The risk of RAP represents a fundamental outcome 
that the medical staff needs to carefully assess for every 
patient with MABP before deciding on a course of 
action. This assessment should be fast, reliable, accu-
rate, and free of costs and extra procedures. How-
ever, to date, no agreed-upon, convenient, or economic 
methods have been developed to predict RAP. A recent 
review [24] on machine learning models (ML) for acute 

pancreatitis-related outcomes reported only two stud-
ies out of a total of 24 which tried to predict RAP, show-
ing that it was the least explored outcome. All studies 
that tried to use statistical or artificial intelligence (AI) 
models for RAP prediction had several limitations: they 
focused on differential diagnosis [25] without providing a 
risk prediction, and required the extraction of radiomics 
features [26, 27]. Moreover, all of them were conducted 
on a small cohort of patients and/or had a retrospective 
design; thus, they lacked a model and score validation 
and a standardised data collection procedure. Finally, 
none used an ML model for feature extraction, but they 
all used a separate statistical model, such as LASSO 
regression [27].

Since MBAP patients represent a very varied and het-
erogeneous population, every medical information that 
can be recorded at index admission represents a use-
ful vector of evidence to assess the risk of RAP. Within 
this context, the MINERVA (Machine learnINg for the 
rElapse Risk eValuation in Acute biliary pancreatitis) 
study stems from the need in the clinical practice of tak-
ing an operational decision in patients that are admitted 
to the hospital with a diagnosis of MABP.

Objectives
The MINERVA study aims to advise clinicians wisely 
about the right decision to take by providing a validated 
and standardised score of RAP risk that considers each 
patient’s personal history, demographic data, and labo-
ratory characteristics. The MINERVA score will allow 
to assess the risk of hospital readmission due to RAP for 
patients diagnosed with MABP who did not undergo EC 
during the index hospital admission using ML and AI. 
Beyond the construction of the model, the MINERVA 
study aims to reach the validation of the MINERVA score 
on an extensive, multicentric, prospective cohort and 
allow national and international clinicians, medical staff, 
researchers and the general audience to freely and eas-
ily access the MINERVA score computation and use it in 
their daily clinical practice.

MINERVA score aims to provide a reliable, cost-effective, and accessible tool for healthcare professionals. The project 
emphasises the practical application of AI in clinical settings, potentially reducing the incidence of RAP and associated 
healthcare costs.

Trial registration ClinicalTrials.gov ID: NCT06124989.

Keywords Acute biliary pancreatitis, Recurrence, Hospital readmission, Cholecystectomy, Machine learning, Artificial 
intelligence
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Methods
This study protocol has been produced in accordance 
with the SPIRIT (Standard Protocol Items: Recommen-
dations for Interventional Trials) [28] and SPIRIT-AI 
(SPIRIT–Artificial Intelligence) guidelines [29].

Study setting
The MINERVA project will be conducted across a mix 
of academic and community hospitals in Italy. The par-
ticipating centres are strategically chosen to ensure a 
comprehensive and representative sample of patients, 
facilitating the development and validation of a robust 
predictive model for assessing the risk of RAP in MABP 
patients (Supplementary Table 1).

Inclusion criteria at the patient’s level
All consecutive adult patients (≥ 18 years old) of both 
sexes admitted to the participating centres (surgical 
departments and/or gastroenterology departments and/
or internal medicine departments) with a clinical diag-
nosis of MABP (according to the Revised Atlanta Clas-
sification) [8], and not submitted to cholecystectomy or 
ERCP/ES (Endoscopic Retrograde CholangioPancrea-
tography/Endoscopic Sphincterotomy) with the aim of 
definitive therapy during the same hospital admission 
will be included in the study.

Exclusion criteria at the patient’s level
Patients with acute pancreatitis of aetiology other than 
gallstones, moderately-severe and severe acute pancreati-
tis (according to the Revised Atlanta Classification), pres-
ence of pancreatic necrosis, pregnant patients, patients 
not able to sign the informed consent to participate in the 
study will be excluded [Table 1].

Eligibility criteria for study centres
Participant centres must be located in Italy and have the 
necessary facilities to diagnose and treat patients with 

BAP. Centres have been selected based on the number 
of patients (higher first) recruited by each hospital for 
the “coMpliAnce with evideNce-based cliniCal guide-
lines in the managemenT of acute biliaRy pancreAtitis” 
(MANCTRA-1) study [22]. Centres must agree to follow 
the study protocol, including the recruitment, data col-
lection, and follow-up procedures and obtain local Insti-
tutional Review Board (IRB) approval for participation in 
the study.

Eligibility criteria for investigators performing 
interventions
Surgeons, gastroenterologists, and other healthcare pro-
fessionals involved in the MINERVA study must be fully 
qualified and licensed to practice in Italy. Healthcare pro-
fessionals must have experience in diagnosing and treat-
ing BAP. Individuals must follow the study protocol and 
ensure accurate and timely data collection and reporting.

Primary outcome
The primary outcome of the MINERVA study is predict-
ing the risk of RAP in patients after a first episode of 
MABP treated conservatively. Recurrence will be evalu-
ated at 30, 60, 90 days, and at 1-year follow-up to ensure a 
comprehensive assessment of the primary outcome. This 
outcome will be reached by developing and validating a 
novel risk score. The MINERVA score will be grounded 
upon an ML model that considers patients’ demographic 
and laboratory variables and data that can be easily col-
lected and recorded at index patient admission.

Secondary outcomes
The secondary outcomes of the MINERVA study are to 
compare the accuracy of the MINERVA ML model to 
other traditional ML models previously adopted in litera-
ture (such as ANN and SVM) and with statistical models 
(such as multiple regression), and apply the MINERVA 
ML model to the prediction of MABP complications.

Study phases
In the development phase, the model will initially be 
developed using retrospective data from patients previ-
ously diagnosed with MABP in the MANCTRA-1 study 
[22]. Demographics, clinical history, and laboratory data 
will be collected to train the ML model. In the valida-
tion phase (study start date: January 1, 2024; primary 
completion date: December 31, 2024; study completion 
date: December 31, 2025), the model will be validated 
on a new, prospective cohort of patients diagnosed with 
MABP (Fig. 1). The accuracy, sensitivity, specificity, and 
overall performance of the predictive score will be com-
pared to existing models.

Supplementary Table 2 reports the data points 
recorded for a patient’s data to be included in the study.

Table 1 Exclusion criteria based on the revised Atlanta 
classification of acute pancreatitis severity
Sever-
ity of Acute 
Pancreatitis

Revised Atlanta Classification Exclusion 
Criteria in MI-
NERVA Study

Mild No organ failure, no local/systemic 
complications

Included in the 
study

Moderately 
Severe

Transient organ failure (< 48 h) 
and/or local/systemic complica-
tions without persistent organ 
failure

Excluded from 
the study

Severe Persistent organ failure (> 48 h), 
single or multiple

Excluded from 
the study

*Notes: Organ failure is assessed based on the Modified Marshall Scoring 
System. Local complications include peripancreatic fluid collections, pancreatic 
necrosis, and abscesses. Systemic complications refer to exacerbation of pre-
existing co-morbidities due to the acute pancreatitis episode
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Data will be excluded from the study if any criteria are 
met: incomplete demographic or clinical data, incom-
plete laboratory data, or incorrect or inconsistent data. 
The procedure for assessing and handling poor quality 
or unavailable input data in the MINERVA project will 
involve a combination of automated and manual data 
checks, data correction, imputation, and exclusion pro-
cesses. Continuous data quality monitoring, proactive 
measures, and quality assurance audits will be imple-
mented to maintain high data integrity standards.

Sample size
There is no strict or agreed scientific method to establish 
the minimum sample size required to train a Convolu-
tional Neural Network (CNN) effectively. While deep 
models benefit in terms of accuracy the larger the sample 
size is, establishing the minimum required is still an open 
question. One common rule of thumb [30], which is the 
most widely adopted up-to-date, is the “10 times” rule. 
The rule proposes having at least 10 dataset examples 
per each neural network weight. To calculate the num-
ber of weights in a convolutional layer, it is sufficient to 
multiply the number of filters (n) times the height (h) and 
width (w) of the filter times the number of channels (c) 
and finally sum the number of biases that are equal to the 
number of filters, obtaining: n * h * w * c + n. The CNN 
model presented in the MINERVA study has 4 filters 
(equal to the 4 types of variables) of size 3 × 3 and 3 chan-
nels (RGB). Thus, the minimum sample size required by 
the rule equals 112*10 = 1120. A minimum of 692 (ret-
rospective, from the MANCTRA-1 study) and 430 (pro-
spective) patients (for a total of 1122) will be recruited 
(Fig. 2).

Statistics
The MINERVA study model will consist of the following 
steps (Fig. 3):

DeepInsight Spatial transformation All model variables 
are processed with kernel Principal Component Analysis 
(kPCA); the Convex Hull of the scatterplot of the main 
components is computed and the smallest rectangle is 
extracted; the rectangle is transformed into a 2D image 
with a fixed resolution using feature averaging and 
normalisation.

Convolutional neural network structure convolution 
layer, in which 4 filters are applied to the input; a max-
pooling layer, which further reduces the dimensionality 
of the image; flattening operation of the obtained matrix, 
which combines the information extracted from the filters 
into a single one-dimensional vector; a fully connected 
layer; output layer, in which the risk prediction made by 
the model is computed.

Performance To prevent overfitting, the dataset will be 
split into a training set, a test set, and a validation set. 
Additionally, k-fold cross-validation will be used. The per-
formance of the MINERVA model will be evaluated using 
the most adopted accuracy measures, such as precision, 
recall, and AUC (Area Under the ROC Curve). Addition-
ally, its performance will be compared with that achieved 
using traditional machine learning methods (SVM, ANN).

Data collection and management methods
The MINERVA study will use REDCap (Research Elec-
tronic Data Capture) for data entry, coding, security, 
and storage. At hospital admission, healthcare provid-
ers will enter patient demographic, clinical history, and 

Fig. 1 MINERVA study gantt chart
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laboratory data into the MINERVA system. Standardised 
electronic data collection forms will be implemented 
within REDCap to ensure uniformity in data entry across 
all centres. Each participating unit includes two to three 
trained researchers responsible for data collection, all of 
whom have been trained in the use of REDCap and the 
study protocol to ensure consistency and accuracy. Rig-
orous data quality checks and double data entry will be 

implemented for critical data points to minimise errors. 
This involves two independent entries of the same data, 
followed by a comparison to identify and resolve dis-
crepancies. Data will be entered in real-time or as soon 
as possible after patient interactions to ensure timely and 
accurate data capture. Implementing range checks within 
REDCap will automate data quality checks, validate data 
entries, and flag values outside predefined acceptable 

Fig. 3 MINERVA study ML-AI model (deepinsight spatial transformation, convolutional neural network, performance)

 

Fig. 2 MINERVA study flow chart
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ranges. The University of Cagliari will continuously per-
form data collection and entry quality checks during the 
study to minimise the effects of missing and inaccurate 
data.

Missing data will be managed using standard impu-
tation methods, such as mean or median imputation 
for continuous variables and mode imputation for cat-
egorical variables, depending on the nature of the data. 
Advanced imputation techniques, such as multiple impu-
tation or k-nearest neighbors (k-NN), will be employed if 
deemed appropriate during data analysis.

Interim analyses for the MINERVA project will be con-
ducted every three months by the University of Cagliari 
and the University of Naples Federico II. The primary 
purposes of these analyses are to monitor participant 
safety, ensure data quality, and assess the preliminary effi-
cacy of the AI predictive model.

Data safety information
Personal information about potential and enrolled 
patients will be collected at the time of hospital admis-
sion and during follow-up visits. Participants will be 
informed about the type of personal information col-
lected and the purpose of its collection during the 
informed consent process. Written informed consent for 
the MINERVA study will be obtained before any personal 
information is recorded by trained study coordinators 
and research nurses under the oversight of the local coor-
dinator at each participating centre. The local coordina-
tor will provide the patient with a copy of the consent 
form. In cases where participants cannot consent, autho-
rised surrogates can provide consent following the same 
ethical procedures.

Patients will be informed about how their data will be 
collected, shared, and maintained during consent. They 
will also be informed about their rights to access, correct, 
or withdraw personal data. In the unlikely event of a data 
breach, participants will be promptly informed about the 
breach, the potential impact, and the measures taken to 
mitigate any risks. Comprehensive training, documenta-
tion, and ethical compliance measures will be in place to 
ensure the integrity of the consent process.

The confidentiality of the online REDCap database will 
be ensured by appropriate standard operating proce-
dures, including the use of passwords available only to the 
project staff involved. Personal identifiers will be replaced 
with unique participant codes to ensure de-identification. 
A master list linking patient codes to personal identifiers 
will be maintained separately and securely by the study 
coordinators at each centre. Only authorised personnel 
involved in the study (Principal Investigator, study coor-
dinators, data managers) will have access to personal 
information, and role-based access control within the 

REDCap system will limit access to sensitive data based 
on the user’s role and responsibilities.

When the validation and editing process is concluded, 
the formal ‘locking’ of the database will be documented. 
All electronic data will be stored in the REDCap system, 
hosted on secure servers with regular backups, while 
physical documents will be stored in locked cabinets in 
secure areas with restricted access. Personal data will be 
retained only as long as necessary to fulfil the purposes 
of the study and comply with regulatory requirements. 
However, for safety reasons and audit and inspection 
after the project completion, documents and any data-
base records will be retained for at least five years follow-
ing the end of the project.

At the end of the study, only aggregated and ano-
nymised data will be shared with third parties (regulatory 
bodies, scientific publications).

Access to data
The local coordinator at each participating centre will 
have access to the final trial dataset. The DMC (Data 
Monitoring Committee) members will have access to 
the final trial dataset to perform their oversight duties, 
including safety monitoring and data quality assess-
ments. Qualified statistical analysts involved in the data 
analysis phase will have access to the final dataset to per-
form statistical evaluations and generate study results. 
All individuals with access to the final dataset will be 
required to sign confidentiality agreements to ensure that 
data is handled in accordance with ethical standards and 
data protection regulations. These agreements will spec-
ify the responsibilities of each individual in maintaining 
data confidentiality and integrity.

Conflict of interest and independence
Investigators will retain full access to the final trial data-
set without restrictions imposed by contractual agree-
ments, ensuring their independence in conducting 
analyses and reporting results. Any potential conflicts 
of interest will be disclosed and managed in accordance 
with institutional policies.

Risk management plan
The MINERVA study will implement continuous moni-
toring and error identification mechanisms to ensure the 
AI model’s reliability and safety. Real-time data monitor-
ing will track the model’s performance through a web-
based platform, focusing on key metrics like sensitivity, 
specificity, positive predictive value, and negative pre-
dictive value. Automated logging will be developed to 
capture instances where the model’s predictions deviate 
significantly from clinical outcomes. Additionally, health-
care providers will be encouraged to report any observed 
performance errors or unexpected outcomes manually.
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When identified, performance errors will be catego-
rised based on their nature, such as data input errors, 
algorithmic errors, or implementation issues. The sever-
ity of each error will be assessed based on its potential 
impact on patient care and outcomes. For significant 
errors, a thorough root cause analysis will be conducted, 
involving a detailed review of data inputs, algorithm pro-
cesses, and system logs. Clinical and data science experts 
will participate in these analyses to ensure a comprehen-
sive understanding of the errors and their implications.

Insights from the error analysis will refine and retrain 
the AI model, enhancing its accuracy and reliability. This 
may involve adjusting algorithm parameters and thresh-
olds based on observed error patterns. Additional data 
validation checks will be implemented to prevent future 
errors, and the dataset will be enriched with relevant 
features that could improve model performance. System 
enhancements, such as updating the user interface to be 
more intuitive and integrating decision support tools, 
will also be made to help healthcare providers use the AI 
model more effectively and identify potential errors.

Performance reviews will be conducted to evaluate 
the AI model’s effectiveness and identify any recurring 
issues. Feedback from healthcare providers using the 
AI model will be regularly collected to identify practi-
cal challenges and areas for improvement. Monitoring 
patient outcomes will ensure that the AI model positively 
contributes to clinical decision-making and patient care.

Potential risks associated with the AI model, such as 
incorrect predictions, data breaches, and implementa-
tion challenges, will be identified and assessed for their 

likelihood and impact. Preventive measures will be 
implemented to minimise the occurrence of these risks. 
Contingency plans will be developed to address identified 
risks promptly and effectively. Detailed error reports will 
be maintained, documenting each identified performance 
error’s nature, cause, and resolution. Regular updates on 
the AI model’s performance and reliability will be pro-
vided to all stakeholders, including healthcare providers, 
researchers, and regulatory bodies.

Risk management plans for procedural and technical 
risks are reported in Table 2.

Dissemination and exploitation policy
Dissemination activities and exploitation of the results 
of the MINERVA study will be carried out continuously 
throughout the project. Dissemination outputs will target 
clinicians in the fields of general surgery and gastroen-
terology, academic communities, potential stakeholders 
in biostatistics and clinical research and the general pub-
lic. The dissemination activities will aim to reach out to 
healthcare professionals and clinicians in order to dis-
seminate the scope of the MINERVA study and teach 
in actual practice the use and the interpretation of the 
MINERVA score and its online dashboard, disseminate 
the MINERVA score model development (and valida-
tion) in the scientific community of ML for healthcare 
so to collect national and international experts’ feed-
back and inform the general audience at the national and 
international as well as other medical workers about the 
MINERVA score development and use.

To achieve these objectives, a website ( h t t p  s : /  / w w w  . m  
i n e  r v a  p r o j  e c  t . o r g /) has been created to disseminate  p u b 
l i c deliverables, updates, and news on the project, pub-
lish scientific articles, and hold advertising events where 
the project is presented. The prototype of the imple-
mented ML system, accessible free of charge and in full 
in a GitHub repository dedicated to the project, will be 
available online. The project’s methodological framework 
will be presented at specific national and international 
conferences.

Communication plan for trial results
Enrolled patients will receive a summary report of the 
study results in plain language that is easy to under-
stand. This report will include key findings and any rel-
evant implications for their health. The patients will have 
the opportunity to discuss the results with their health-
care providers during follow-up visits. This ensures they 
receive personalised information and can ask questions 
about their participation and the study outcomes.

Authorship and acknowledgment
The MINERVA study follows the International Com-
mittee of Medical Journal Editors (ICMJE) guidelines 

Table 2 Risk management plan for procedural and technical 
risks
Risk Proposed solution
Procedural risk: 
risks related to pa-
tient recruitment.

If the number of patients is not met by the 6th 
month of the project, the following centers will be 
contacted for the enrollment of additional patients:
1. General and Oncologic Surgery Unit, Santa Croce 
and Carle Hospital, Cuneo, Italy
2. Chirurgia Generale 2, ASST Spedali Civili di Bres-
cia, Brescia, Italy
3. Policlinico Umberto I Sapienza University of 
Rome, Rome, Italy

Technical Risk: 
Difficulties and 
potential delays 
in the imple-
mentation of the 
algorithm.

Machine learning experts will be sought, who have 
already collaborated with the PI and local leads of 
the project such as:
• Institute of Cognitive Sciences and Technologies, 
National Research Council, CNR, Italy;
• Smarted srl, Italy. A start-up with years of expertise 
in national and international research projects in 
the field of ML;
• Prof. Barbara Webb, from the Institute for Percep-
tion, Action and Behaviour, School of Informatics, 
University of Edinburgh, United Kingdom
• ML experts Prof. Davide Marocco and Dr. Onofrio 
Gigliotta (Federico II University, Naples, Italy)

https://www.minervaproject.org/
https://www.minervaproject.org/
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for authorship to ensure that all contributors are appro-
priately recognised. All funding sources and contribu-
tions from participating centres and individuals will 
be acknowledged in all publications and presentations. 
The study will adopt a collaborative group authorship 
approach, with individual contributions detailed in an 
appendix or supplementary material.

Data sharing
The study results will be published in open-access jour-
nals to maximise accessibility, and any data-sharing 
arrangements will comply with ethical standards and 
data protection regulations, including the General Data 
Protection Regulation (GDPR).

Expected impact
The expected impact of the MINERVA project will be on 
three different levels:

1. At the patient’s level. The patients, who are the 
main focus of the MINERVA project, will finally 
benefit the most from applying the MINERVA 
score. Patients with similar conditions will receive 
the same treatment thanks to the MINERVA score. 
The best treatment choice will not be just on the 
specific clinicians. However, it will become justified 
by a validated, reliable, and free methodology that 
can be computed immediately with demographic 
and laboratory data without further elaboration. 
Although the MINERVA score will be validated 
only on the Italian population, the future of the 
MINERVA application will be to expand the model 
dataset to international data, allowing the use of the 
MINERVA score for other populations.

2. At the medical staff level. The aim of the MINERVA 
score is to deliver a tangible application, easy to reach 
from any health structure and/or mobile device, 
easy to interpret for specialists and non-specialists 
and easy to compute with data that can be easily 
collected at the patients’ index admission, without 
requiring further or longer elaboration. Clinicians 
and health professionals will also be guided to the 
use and interpretation of the MINERVA score 
since the website that will host the MINERVA 
score dashboard and computation will include 
documentation that will explain not only how to use 
the dashboard and how to obtain the MINERVA 
score from the patient’s data, but also how the score 
is computed and what is its accuracy.

3. At the healthcare structure and economic level. 
The economic impact of the MINERVA study will 
be two-fold. On the one hand, it will represent 
the first-ever ML-based assessment methodology 
developed to compute the risk of relapse using only 

index demographic and haematologic patients’ data. 
The MINERVA score will also be completely free to 
access and compute for all healthcare professionals, 
researchers, and any interested public. On the other 
hand, reliably predicting the risk of RAP allows the 
clinician to make an informed and standardised 
decision on the patients’ disease treatment course 
that prevents a second unexpected hospital 
admission, complications or a chronic evolution of 
the disease.

Monitoring impact
Several qualitative and quantitative indicators have been 
identified to measure the impact of the MINERVA study. 
Quantitative measures include the number of patients 
and of clinicians that use the MINERVA score, visits to 
the MINERVA website, people reached by the dissemina-
tion activities in each local recruitment unit and project 
unit, spontaneous users of the technology (not connected 
with our recruitment centres), relevant beneficiaries and 
stakeholders that attend dissemination events, citations 
of project publications. Quantitative measures include 
self-assessment questionnaires, evaluation surveys, 
interviews, feedback and reports received from health 
structures, stakeholders and the general public about the 
experience with MINERVA.

The Steering Committee will monitor the impact of 
the communication efforts through metrics such as cita-
tions, media coverage, and feedback from healthcare pro-
fessionals and participants. Moreover, it will establish a 
feedback mechanism to gather input from all stakehold-
ers, including participants, healthcare professionals, and 
collaborators.

Limitations
The MINERVA study protocol has certain limitations. 
The reliance on retrospective data from the MANC-
TRA-1 study in the development phase may introduce 
biases related to data quality and completeness, poten-
tially impacting model accuracy. While the sample size 
adheres to established guidelines for CNN training, it 
may limit the model’s ability to capture rare or complex 
patterns. The study’s focus on Italian healthcare settings 
could restrict the external validity of findings to other 
international contexts. Furthermore, the complexity of 
CNN-based models may pose challenges in interpretabil-
ity, potentially limiting their usability among clinicians 
without technical expertise.

Ethics
The study has undergone Institutional Review Board Eth-
ical approval (ID 2.7 09/01/2024, University of Cagliari, 
Italy). Before the study is conducted, participants and 
caregivers, if applicable, will be fully informed about the 
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methods, procedures, handling of data, potential risks, 
and right to withdraw. Participants will be fully debriefed 
about the study aims and hypotheses in verbal and writ-
ten form. The debrief will also include information about 
participants’ right to withdraw, data handling, and con-
tact information of the researchers and ethics committee.

Participants have the right to withdraw from the study 
at any point (before, during, or after). This will be clearly 
communicated in the information sheet and debrief, 
which also contain the contact details of the project prin-
cipal investigator and local coordinator.

Sponsor
The study is sponsored by the University of Cagliari 
(Italy), Naples Federico II (Italy) and Naples Università 
della Campania “Luigi Vanvitelli” (Italy), and funded by 
the Fondo per il Programma Nazionale di Ricerca e Pro-
getti di Rilevante Interesse Nazionale (PRIN), under the 
grant number 202273A4YP. The funder is not involved 
in the study design, collection, management, analysis, 
and interpretation of data; writing of the report; and 
the decision to submit the report for publication. It will 
also not influence the decision to submit the results for 
publication.
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