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ABSTRACT
Introduction  Machine learning (ML) has emerged as a 
powerful tool for uncovering patterns and generating new 
information. In cardiology, it has shown promising results 
in predictive outcomes risk assessment of heart failure 
(HF) patients, a chronic condition affecting over 64 million 
individuals globally.
This scoping review aims to synthesise the evidence 
on ML methods, applications and economic analysis to 
predict the HF hospitalisation risk.
Methods and analysis  This scoping review will use the 
approach described by Arksey and O’Malley. This protocol 
will use the Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRISMA) Protocol, and the 
PRISMA extension for scoping reviews will be used to 
present the results. PubMed, Scopus and Web of Science 
are the databases that will be searched. Two reviewers will 
independently screen the full-text studies for inclusion and 
extract the data. All the studies focusing on ML models to 
predict the risk of hospitalisation from HF adult patients 
will be included.
Ethics and dissemination  Ethical approval is not 
required for this review. The dissemination strategy 
includes peer-reviewed publications, conference 
presentations and dissemination to relevant stakeholders.

INTRODUCTION
Machine learning (ML) refers to the capacity 
of a system to autonomously acquire, inte-
grate and subsequently generate knowledge 
from extensive datasets, further extending 
this acquired knowledge by uncovering new 
information, all without the need for explicit 
programming.1

The learning process begins with acquiring 
observations or empirical data, comprising 
instances, first-hand experience or instruc-
tional input, aiming to uncover patterns 
within the dataset.2

ML applications have proven successful 
across multiple areas, such as financial, 
security, industrial, marketing, environ-
mental and medical.3–6 In the medical area, 
the application of ML has been particularly 
transformative and revolutionary, and it has 

fundamentally changed how healthcare is 
delivered, leading to improved diagnostics, 
personalised treatment plans and enhanced 
patient outcomes.6 Some practical examples 
in the medical area are medical imaging, 
genetic information, drug combinations, 
population-wide patient health outcomes 
and natural language processing of existing 
medical documentation.5 6

In cardiology, ML has applications in predic-
tive risk assessment, classification and identifica-
tion of prognostic phenotypes among patients 
with heart failure (HF).7 8 HF is a chronic 
medical condition where the heart is unable to 
pump enough blood to meet the body’s needs.9 
It is not a sudden stoppage of the heart but 
rather a progressive condition that can develop 
over time.9 Additionally, HF is a complex and 
life-threatening syndrome marked by substantial 
morbidity and mortality, diminished functional 
capacity and quality of life, as well as elevated 
costs stemming from decompensation and 
subsequent hospitalisation.10 This condition 
affects more than 64 million people worldwide, 
with a global economic burden estimated at 
$108 billion per annum.11

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ The heterogeneity of the studies can make it chal-
lenging to draw comparisons or conclusions.

	⇒ This scoping review will not include grey literature 
(eg, unpublished studies and conference abstracts) 
and systematic reviews, which can result in an in-
complete picture of the available evidence.

	⇒ As a statical study, it may not capture the most re-
cent developments in a rapidly evolving field, as is 
the case.

	⇒ Despite the limitations, this scoping review will be 
a valuable tool for mapping the current literature 
on machine learning methods, applications and 
economic analysis to predict the heart failure hospi-
talisation risk, drawing recommendations and iden-
tifying research gaps.
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Considering the global burden of HF, its related 
economic implications, and the successful exponential 
growth of ML, it is imperative to conduct this scoping 
review to synthesise evidence on ML methods, applica-
tions and economic analysis to predict HF hospitalisa-
tion risk aiming to reduce unplanned hospitalisations, 
enhance patient outcomes and alleviate the associ-
ated financial strain associated with this condition.10–12 
Previous endeavours, such as those by Mpanya et al13 and 
Croon et al,14 have sought to explore similar avenues. 
However, their analyses, limited to data up to 2021, have 
not considered the cost-effectiveness of employing ML 
models. As the landscape of ML applications continues 
to evolve, it becomes increasingly crucial to extend the 
temporal scope but incorporate a nuanced examination 
of the cost-benefit dynamics. This study aims to bridge 
this gap, providing a more comprehensive understanding 
of current ML models to predict the HF hospitalisation 
risk not only from a clinical and technical perspective but 
also from an economic standpoint.

METHODS AND ANALYSIS
Study design
The scoping review follows the approach outlined by 
Arksey and O’Malley,15 which involves five key stages: 
(1) defining the research question; (2) identifying rele-
vant studies; (3) selecting eligible studies; (4) organising 
the data and (5) collecting, summarising and reporting 
the findings. The protocol was based on the Preferred 
Reporting Items for Systematic Reviews and Meta-Analysis 
(PRISMA) protocols, and we will employ the PRISMA 
extension for scoping reviews16 specifically designed for 
scoping reviews when presenting the results.

The study is planned to begin by the end of March 2024 
and finish by June 2024.

Stage 1: defining the research question
The main research question is, ‘What machine learning 
models are used to predict the hospitalisation risk in 
individuals aged 18 years or older with heart failure, 
and what economic analyses are conducted to assess the 
cost-effectiveness and economic impact of implementing 
these predictive models in clinical practice?’

The following specific objectives will guide the review:

1.	 To identify the ML models used for predicting hospi-
talisation risk in individuals with HF.

2.	 To determine the data sources and variables used.
3.	 To identify the predictive performance of these ML mod-

els.
4.	 To summarise the key findings in the literature regard-

ing the application of ML in HF hospitalisation risk 
prediction.

5.	 To identify the economic analysis conducted to deter-
mine the cost-effectiveness of these models.

6.	 To provide recommendations for developing and ap-
plying ML models to predict HF hospitalisations.

Stage 2: identifying relevant studies
The databases will be PubMed, Scopus and Web of Science. 
Articles will be included if they meet the inclusion criteria. 
A preliminary search to validate the appropriateness of 
the search terms was conducted, resulting in the identifi-
cation of the following terms: (“Hospitalization” [Mesh] 
OR “Decompensat*” [tiab] OR “Readmission” [tiab] 
OR “Worsening” [tiab]) AND “Artificial Intelligence” 
[Mesh] AND (“Heart Failure” [Mesh] OR “Heart Failure, 
Diastolic” [Mesh] OR “Heart Failure, Systolic” [Mesh] 
OR “Heart Failure, Chronic” [tiab] OR “Heart Failure, 
Acute” [tiab]) OR (“Cost-Benefit Analysis” [Mesh] AND 
(“Hospitalization” [Mesh] OR “Decompensat*” [tiab] 
OR “Readmission” [tiab] OR “Worsening” [tiab]) AND 
(“Artificial Intelligence” [Mesh] OR “Machine Learning” 
[Mesh] OR “Deep Learning” [Mesh]) AND (“Heart 
Failure” [Mesh] OR “Heart Failure, Diastolic” [Mesh] 
OR “Heart Failure, Systolic” [Mesh] OR “Heart Failure, 
Chronic” [tiab] OR “Heart Failure, Acute” [tiab])).

The search results will be exported into a Word docu-
ment for data management, including the removal of 
duplicated articles.

Stage 3: selecting eligible studies
After eliminating duplicates, data will be exported into 
Rayyan software. One reviewer will do title and abstract 
screening to select studies related to our Machine 
Learning, Population, Identification, Crosscheck and 
Outcomes17 format.

The full-text screening phase is the second step. Two 
independent reviewers will choose the studies that fit 
the inclusion criteria. Studies that might fit the inclusion 

Table 1  Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Studies focusing on ML models to predict the risk of 
hospitalisation from HF patients aged 18 years and older.

Studies whose population is not of adult individuals with HF.

Studies that do not include economic analysis but focus on ML 
models to predict HF hospitalisations.

Studies whose cause of hospitalisation is not HF.

Grey literature (eg, unpublished studies and conference 
abstracts) and systematic reviews.

Studies in languages other than English.

HF, heart failure; ML, machine learning.
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criteria will be retrieved in full text during this screening 
phase. Studies in full text that do not fit the inclusion 
criteria will be eliminated, and the final report will 
include the rationale behind the omission. Two separate 
reviewers will extract the data, and inter-rater reliability 
will be evaluated and discussed. The complete report on 
the search results will be included in the final report, along 
with a PRISMA flow diagram. Disagreements between the 
reviewers will be settled by conversation or by consulting 
a third reviewer. If a study has several publications, the 
latest one will be kept. Eligible studies will be considered 
based on the criteria identified in table 1.

Stage 4: organizing the data
Critical information will be collected from the relevant 
studies—title, authors, publication year, country and 
context, study design, sample size, variables, ML algo-
rithms, performance metrics and results, applications, 
and economic analysis performed and results.

Two researchers will extract the data, and disagree-
ments will be discussed to reach a consensus among the 
team members.

Stage 5: collecting, summarising and reporting the findings
During this phase, we will gather, condense and present 
the data obtained from the scoping review. We will 
conduct a descriptive analysis, consolidate related data 
segments, extract deductive codes aligned with the 
results and assess inter-rater reliability. The information 
gathered from the studies included in the review will be 
organised into tables. Analysis of the data collected will 
provide recommendations to guide the development and 
implementation of ML models for predicting the risk of 
hospitalisation by patients with HF.

Patient and public involvement
Patients and/or the public were not involved in the 
design, conduct, reporting or dissemination plans of this 
research.

Ethics and dissemination
This review does not require ethical approval. Our dissem-
ination strategy includes peer-reviewed publications, 
conference presentations and dissemination to relevant 
stakeholders.
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