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Abstract: The integration of artificial intelligence (AI) in healthcare management marks a signifi-
cant advance in technological innovation, promising transformative effects on healthcare processes,
patient care, and the efficacy of emergency responses. The scientific novelty of the study lies in its
integrated approach, combining systematic review and predictive algorithms to provide a compre-
hensive understanding of Al’s role in improving healthcare management across different contexts.
Covering the period between 2019 and 2023, which includes the global challenges posed by the
COVID-19 pandemic, this research investigates the operational, strategic, and emergency response
implications of Al adoption in the healthcare sector. It further examines how the impact of Al varies
across temporal and geographical contexts. The study addresses two main research objectives: to
explore how Al influences healthcare management in operational, strategic, and emergency response
domains, and to identify variations in the impact of AI on healthcare management based on temporal
and geographical contexts. Utilizing an integrated approach, we compared various prediction algo-
rithms, including logistic regression, and interpreted the results through SHAP (SHapley Additive
exPlanations) analysis. The findings reveal five key thematic areas: Al’s role in enhancing quality
assurance, resource management, technological innovation, security, and the healthcare response to
the COVID-19 pandemic. The study highlights Al’s positive influence on operational efficiency and
strategic decision making, while also identifying challenges related to data privacy, ethical considera-
tions, and the need for ongoing technological integration. These insights provide opportunities for
targeted interventions to optimize Al's impact in current and future healthcare landscapes. In conclu-
sion, this work contributes to a deeper understanding of the role of Al in healthcare management and
provides insights for policymakers, healthcare professionals, and researchers, offering a roadmap for
addressing both the opportunities and challenges posed by Al integration in the healthcare sector.

Keywords: artificial intelligence; telemedicine; systematic review; machine learning; prediction
algorithms; SHAP Analysis

1. Introduction

The technological advancements of the past decade have positioned artificial intelli-
gence (Al) as a transformative force across various sectors, with particularly significant
impacts in the realm of healthcare management. The integration of Al promises to revo-
lutionize healthcare processes, improve patient care, and optimize emergency responses
by leveraging complex data to inform rapid, evidence-based decisions. However, despite
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growing enthusiasm, the adoption of Al in healthcare also presents unique challenges,
necessitating a careful examination of its operational, strategic, and emergency implica-
tions. In addition to Al, other emerging technologies, such as augmented reality (AR),
have shown potential in optimizing processes and improving outcomes in various sectors,
including healthcare and training. For instance, recent studies on AR for corporate training
demonstrate its ability to enhance learning outcomes and reduce errors through real-time,
immersive experiences [1]. (Marengo et al., 2018).

In the face of widespread health challenges that have put global healthcare systems
under intense pressure, Al has offered innovative solutions for managing unprecedented
health crises, highlighting the urgency of scientifically assessing its impact. Thus, this
study contributes by providing a comprehensive evaluation of Al’s impact on healthcare
management, focusing on its potential to enhance operational efficiency, strategic deci-
sion making, and emergency preparedness. Additionally, this work explores variations
in Al's impact based on temporal and geographical contexts, offering valuable insights
into how Al can be optimally integrated into diverse healthcare systems. The integration
of artificial intelligence (Al) in the healthcare sector represents one of the most significant
technological advancements in recent years, promising to transform healthcare manage-
ment through process optimization, improvement in patient care, and effectiveness in
emergency responses.

The integration of Al in healthcare improves the quality of medical education and
scientific publications, while also enhancing the resilience of healthcare facilities during
emergencies [2]. The implementation of Al technologies has been shown to support the
reproducibility of scientific findings, a cornerstone for advancing medical knowledge and
practices [3]. Furthermore, the development and testing of tools to assess the flexibility
and resilience of healthcare infrastructure highlight Al’s potential to prepare and adapt
healthcare systems for emergency situations [4].

It is crucial to emphasize the importance of ethical and regulatory oversight in the use
of artificial intelligence in the healthcare sector, to ensure that Al applications are safe and
that the privacy of patient data is respected [5]. Additionally, the need to develop specific
guidelines for reporting and evaluating Al in healthcare has been identified, to support
systematic reviews and meta-analyses that ensure transparency and reproducibility of
results [6]. In the United States and Europe, regulatory frameworks are evolving to keep
pace with advancements in artificial intelligence in healthcare. Regulators, such as the
FDA in the United States, are working to balance technological innovation with patient
safety and privacy [7]. In Europe, the 2021 European Union Health Technology Assessment
(HTA) regulation represents a significant step towards harmonizing evaluation procedures
for technologies, including Al-based tools, across member states. This regulation aims to
ensure that Al adoption in healthcare meets standards of safety, efficacy, and transparency,
contributing to the overall improvement of healthcare quality [8]. Similarly, in Asia,
countries like China and Japan are heavily investing in Al integration within their healthcare
systems. In China, privacy protection is a central concern in Al regulation in healthcare,
with specific regulations and accountability mechanisms needed to safeguard personal
data. This aligns with regulatory efforts in the United States and European Union [9].
However, challenges remain in harmonizing regulations across diverse healthcare systems
and policies throughout Asia. Further research has highlighted the fragmentation of the
regulatory landscape of Al in Africa, indicating an urgent need for regulatory development
to facilitate future adoption of Al in healthcare on the continent [10].

These insights underline the complexity of integrating Al into healthcare management,
highlighting both the revolutionary potential and the regulatory, ethical, and operational
challenges that accompany the adoption of this technology.

While the potential of Al is vast and diverse, it is essential to systematically under-
stand how this technology is influencing the sector in terms of operational, strategic, and
emergency response aspects, as well as its variations based on temporal and geographical
contexts. Through the analysis of peer-reviewed articles published between 2019 and
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2023, this work intends to outline how Al is shaping the future of healthcare management,
highlighting both the opportunities and challenges posed by its integration. This leads to
formulating the following research questions:

Q1: How does artificial intelligence affect healthcare management, considering various
operational, strategic, and emergency response aspects?

Q2: What are the variations in the impact of artificial intelligence on healthcare manage-
ment depending on temporal and geographical contexts?

These questions will guide the analysis towards a deeper understanding of the impact
of Al, allowing for the identification of opportunities, challenges, and areas of priority
intervention in the current and future healthcare context.

The remainder of this document is organized as follows: Section 2 presents the method-
ological approach used for the systematic review. In Section 3, the results are provided,
detailing the analyses by year, country, focus, methodology, results, and challenges for each
of the five identified topic areas. Section 4 discusses these five areas in depth, integrating
an experimental phase with the application of predictive algorithms. Finally, Section 5
concludes the study by highlighting its limitations and offering suggestions for future
research directions.

2. Materials and Methods

To address the questions raised by the research inquiries, this study implemented a
systematic literature review, focusing on exploring the impact of artificial intelligence on
healthcare management, and its variations based on temporal and geographical contexts.
The methodological approach adopted follows the guidelines proposed by Marengo and
Pagano (2023), which provide a detailed framework for conducting systematic research
in this field. The methodological process is structured in sequential phases: defining the
research strategy, applying inclusion and exclusion criteria, selecting and screening studies,
and finally, extracting and analyzing data. This document thoroughly describes each step,
ensuring that the methodology is clear, transparent, and reproducible [11].

2.1. Search Strategy

A comprehensive search was conducted in electronic databases for peer-reviewed
articles published between 2019 and 2023, a period marked by significant global health
challenges. The databases selected for this search include Google Scholar, ScienceDirect,
Scopus, PubMed, IEEE Xplore, and Springer. This choice aims to optimize data collection
and ensure comprehensive coverage of relevant literature. The search terms used were
“artificial intelligence”, “healthcare”, “hospital management”, employing Boolean operators
such as AND and OR. The search focused on article titles, abstracts, and keywords. This
multi-database approach was adopted to minimize the risk of omitting relevant studies,
following best practices in systematic research in the field of healthcare information systems.

2.2. Inclusion and Exclusion Criteria

To ensure that the selected articles met criteria of high quality and relevance, precise
selection and exclusion parameters were defined. The review included articles that:

1.  Were written in English, as it is the predominant means of communication in the
scientific field, selecting works for a detailed analysis that could adequately cover the
themes of Al adoption. Both open-access publications and those accessible through
subscription or academic libraries were considered, with an emphasis on open-access
sources to facilitate broader accessibility.

2.  Presented empirical studies on factors driving Al adoption in the healthcare sector,
with the aim of focusing on research offering significant contributions and insights.
This criterion was aimed at identifying studies that provide a deep understanding of
the drivers behind Al integration in healthcare contexts.
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3. Were published in scientific journals or recognized conference proceedings, to encom-
pass a broad spectrum of research contributions. This inclusion was further refined to
articles published between 2019 and 2023, and limited to works available in scientific
journals or conference proceedings, ensuring the inclusion of the most current and
high-quality information.

4.  Fell within the subject areas of computer sciences, social sciences, business manage-
ment and accounting, and economics, econometrics, and finance, reflecting a multi-
disciplinary approach to understanding the multifaceted impact of Al on healthcare
management.

Articles that did not conform to these standards were excluded, particularly those
not in English due to language limitations, or those that, while addressing related topics,
did not specifically focus on factors of Al adoption in hospital management, in order to
maintain focus on the central themes of the review. This methodology aimed to ensure the
inclusion of significant and relevant contributions, limiting the scope to high-quality and
accessible sources, to provide a comprehensive and in-depth overview of Al’s impact on
healthcare management.

2.3. Screening and Selection

A systematic approach was employed for the identification and elimination of dupli-
cates. Initially, the Orange software version 3.36.2. was utilized to remove exact duplicates,
focusing on title and author information. This was followed by a manual inspection of the
remaining articles to ensure no duplicates were missed. The articles that passed this scrutiny
were then reviewed in full text, adhering to predefined inclusion and exclusion criteria.

After applying the inclusion criteria and removing duplicates, the full texts of the se-
lected articles were independently read by all five authors. The evaluations were discussed
in subsequent group meetings, and any discrepancies were resolved through a consensus
process. This approach ensured that the interpretations and conclusions reflected the col-
lective judgment of the entire team, thereby enhancing the consistency and transparency of
the article evaluation process.

2.4. Data Extraction and Analysis

The data extraction process was conducted to capture key information such as the
context of Al use in healthcare management, factors influencing adoption and effectiveness,
and the main outcomes of the studies. These factors were identified and categorized
into main groups based on recurring themes and patterns. The 5 topics identified after a
rigorous analysis are illustrated in Section 3 and discussed in Section 4. To ensure the rigor
of the review, PRISMA guidelines were followed, enhancing the reliability and validity of
the results. Figure 1 will demonstrate the number of articles included in this study and the
selection process.

As shown in Figure 1, 79 articles out of 428,219 were included in this study. The
reduction was achieved through a rigorous screening and selection process based on specific
inclusion and exclusion criteria. Initially, 428,018 articles were removed by applying the
established inclusion and exclusion criteria, resulting in 201 articles. Next, 4 duplicates were
identified and excluded, resulting in 197 unique articles. These articles were then subjected
to a thorough review, excluding 118 articles deemed not aligned with the research question.
The remaining 79 articles were further screened by subjecting them to a comprehensive
review and deemed suitable to provide substantive insights into the influence and role of
Al for healthcare management. These methodological steps made it possible to conduct a
focused and thorough systematic review on the influence of Al on healthcare management,
providing a solid basis for understanding the current state of research and prospects in this
dynamic and rapidly evolving field.



Appl. Sci. 2024, 14, 10144

5 of 30

™\
/

Identification

Papers identified from Databases (n = 8):

SCOPUS (n = 616)
PUBMED (n = 18786)

GOOGLE SCHOLAR (n = 425000)

SCIENCES DIRECT (n = 139)
SPRINGER (n = 311)
EMERALD (n = 27)
IEEEXPLORE (n = 250)

Papers identified (n = 428219)

Y

Screening

Papers screened
(n =201)

A 4

Keywords used for search:

ARTIFICIAL INTELLIGENCE
HEALTHCARE
HOSPITAL MANAGEMENT

A 4

Papers after removing duplicates
(n=197)

Papers excluded by applying defined
exclusion and inclusion criteria
(n=428018)

Eligibility

Full text assessed for eligibility:

SCOPUS (n = 50)
PUBMED (n = 9)
GOOGLE SCHOLAR (n=2)
SCIENCES DIRECT (n = 3)
SPRINGER (n = 2)
IEEEXPLORE (n = 14)

(n=79)

Included

Papers included for analysis
(n=79)

Figure 1. PRISMA flow chart for this study.

3. Results

Papers excluded
(n=4)

Excluded papers not aligned with
research question
(n=118)

After carefully selecting and analyzing 79 studies in the period 2019-2023, our sys-
tematic review, responding to research question Q1, has revealed five main thematic areas,
reflecting the impact and role of artificial intelligence in the management of the healthcare
sector. These areas have been identified as follows in Table 1:

Table 1. Topic areas identified.

TOPIC FOCUS KEYWORD
1. AT FOR QUALITY ASSURANCE AND STAKEHOLDER ENGAGEMENT QUALITY
2. AT'IN THE HEALTHCARE RESPONSE TO THE COVID-19 PANDEMIC COVID-19
3. TECHNOLOGICAL INNOVATIONS AND AI IN ENHANCING HEALTHCARE TECHINNOVATION
4 SECURITY AND SMART PLATFORMS: AI AS A DRIVER OF CHANGE SECURITY
' IN HEALTHCARE
5 AT AND RESOURCE MANAGEMENT IN HEALTHCARE: TOWARDS A SMART AND RESOURCE

SUSTAINABLE FUTURE

These five thematic areas, each offering a unique perspective on Al in the context of
healthcare management, will be the focal point of our investigation. We will delve into
how Al contributes to healthcare quality, resource management, security, technological
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innovation, and the response to healthcare emergencies, with a particular emphasis on Al’s
pivotal role during the COVID-19 pandemic. We have assigned a representative keyword
to each of these thematic areas, which will assist us in the subsequent stages of analysis.
These keywords succinctly capture the focus of each thematic area and will enable us to
explore them in detail throughout our research.

These dimensions will provide us with a comprehensive and in-depth view of the
intersection between Al and the healthcare sector, unveiling new insights and
extraordinary opportunities.

3.1. Artificial Intelligence for Quality Assurance and Stakeholders Engagement

The adoption of artificial intelligence (Al) in the healthcare sector represents a pivotal
shift in the management of care quality and stakeholder engagement, as evidenced by
the detailed analysis in Table 2. This table provides a global and temporal view, through
a series of studies conducted in various countries over the past few years, offering a unique
perspective on the dynamics and challenges associated with the integration of Al in the

medical field.

Table 2. International research on Al for quality assurance and stakeholder engagement.

Ref.No. Year Country Focus Methodology Results Challenges
Medical students’ Positive attitude Concerns about privac
. Questionnaires and towards Al, concerns ) p Y
[12] 2023 Germany attitudes towards Al L . and impact on doctor-
; qualitative analysis about data and . . .
and medical chatbots personal contact patient relationship
Quality management Importance of quality Challenges in
[13] 2022 The Netherlands for A.I-I.)ased clinical Literature review and control measures implementation and
decision support consensus meeting d bili L li
in hospitals and accountability maintaining quality
. Diversity and inclusion Systematic Challenges 'and . Is.sues O.f dlYers1ty and
[14] 2023 Australia . . - solutions for diversity inclusion in design
in Al literature review
and inclusion in Al and development
Use of Al in mammo- . . Poteptlal of Al'to Ethical and practical
[15] 2019 France . . Literature review improve . .. .
graphic screening diagnostic precision issues in integrating Al
Improvement of qualit Systematic Importance of Challenges in
[16] 2022 United States provemer quatty Y : continuous monitoring monitoring and
in clinical Al literature review . . .
of Al algorithms updating algorithms
Impact of Al on work . . .
[17] 2022 The Netherlands design in . Systemanc. Al as a support .t001 m Nged to consml?r
emergency departments literature review clinical decisions multiple perspectives
Use of salivary gland Effectiveness of SGUS
[18] 2022 Ttal ultrasound in the Literature analysis in diagnosis and Importance of adding
y analysis of and discussion monitoring of Al to improve accuracy
Sjogren’s syndrome Sjogren’s syndrome
Stakeholder Factors influencing the
. perspectives on the Qualitative . . e Need to consider
[19] 2023 International 2 . . . implementation of Al in . .
implementation of systematic review linical setti different perspectives
clinical Al clinical settings
Stakeholder roles in Stakeholder thehory and Need for involvement Importance of an ethical
201 2022 Germany Al projects systematic of various stakeholders and
literature review sustainable approach
Impact of Al algorithms s
on the management of . . AI. assists in the Specificity and accuracy
[21] 2022 Iran . Systematic review diagnosis and : .
irritable of certain algorithms

bowel syndrome

management of IBS

The adoption of artificial intelligence (AI) in healthcare represents a crucial turning
point in the management of care quality and stakeholder engagement, as detailed in the
analysis of Table 2. This table provides a global and temporal perspective through a series
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of studies conducted in various countries over recent years, offering a unique insight into
the dynamics and challenges associated with integrating Al in the medical field.

The emergence of Al in healthcare signifies a shift in innovation and quality manage-
ment. The use of Al in hospital settings has highlighted the need for robust quality control
measures, essential to ensure effective and reliable clinical decisions [13]. At the same time,
the criticality of addressing issues of diversity and inclusion within Al is recognized, a vital
aspect to ensure that Al-based solutions are equitably distributed and bias-free [14].

Al also plays a fundamental role in improving patient engagement and communication
with healthcare providers. Through telemedicine and advanced communication tools, Al
allows patients to access more accurate and personalized information about their health,
fostering a better understanding of their conditions and promoting active participation
in the treatment process [22]. Al-based systems, such as virtual assistants and chatbots,
streamline communication, reduce wait times, and enhance understanding of therapeutic
interventions. These technologies support shared decision making by giving patients
immediate access to their health data and treatment options, fostering a more collaborative
relationship with their healthcare providers [23]. In addition, Al can remind patients of
medication schedules or appointments, improving adherence to therapies and enhancing
patient autonomy.

Al applications in medical diagnostics open new horizons for early disease detection
and treatment personalization, promising significant improvements in recovery probabili-
ties and care customization [12,15]. Particular attention has been focused on the importance
of integrating Al competencies into medical curricula, recognizing the need to prepare
future healthcare professionals for an increasingly technological clinical environment. The
continuous evolution of AI/ML algorithms requires constant monitoring and updating,
underscoring the importance of maintaining high standards of quality and reliability in
Al clinical applications [16]. This dynamic further emphasizes the need for constructive
and multidisciplinary dialogue among technologists, clinicians, and patients, to ensure Al
use that is not only technically advanced but also pragmatic and ethically responsible in
clinical practice [18]. Al can be employed to enhance quality assurance and stakeholder
engagement in the healthcare sector, underscoring the importance of addressing ethical
and governance challenges, such as data privacy and algorithmic bias, for a responsible
adoption of Al in healthcare [17]. Addressing ethical and governance challenges, such as
data privacy and algorithmic bias, is crucial for a responsible adoption of Al in healthcare.
This implies the importance of robust governance and strict ethics, guiding Al implemen-
tation in a balanced and fair manner [19,20]. Commitment to research, innovation, and
collaboration is essential to overcome current challenges and harness Al’s transformative
potential in medicine. As recent studies have shown, Al can play a critical role in manag-
ing complex conditions like irritable bowel syndrome, offering new pathways for more
effective and accurate diagnoses and treatments [21].

3.2. Al in the Healthcare Response to the COVID-19 Pandemic

The introduction to the role of artificial intelligence in the management of the
COVID-19 pandemic focuses on the importance of Al in healthcare responses. Through
Table 3, we outline innovative approaches and applications of Al that supported diag-
nostics, monitoring, and resource management during the crisis, highlighting significant
advances and challenges that emerged in this critical context.

Table 3. International research for Al in the healthcare response to the COVID-19 pandemic.

Ref.No. Year Country Focus Methodology Results Challenges
[24] 2022 USA Pre@lctlve monitoring Al algorithms Workflow optimization In.tegratlon Wlth
in emergencies existing practices
[25] 2020 Italy Post-COVID Questionnaire Risk Data privacy

digital technologies management awareness and security
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Table 3. Cont.

Ref.No. Year Country Focus Methodology Results Challenges
[26] 2023 Japan Pc(l)iigti-tz ?ir;ifir:;c Qualitative analysis Tech‘r;;)rliooguys asi?t% trl:n mn Access equity
Surgical robotics Reduction of Economic and psycho-
271 2021 Germany during COVID-19 Case study contamination risk logical considerations
[28] 2022 France Al in medical diagnostics Experimental research di Imp.roved. . Tec}.lmca'I a'nd
iagnostic precision ethical limits
. . Innovations in Data complexity
2] 2023 Canada Allin pharmacology Meta-analysis pharmacological therapies and interpretation
[30] 2020 Australia Mobile technologies for Literature review Potential in mental Accesm.blhty
mental health health management and privacy
. Alin L . . . Integration with
[31] 2023 India healthcare management Statistical analysis Operational efficiency existing systems
. Digital technologies in - . Improved . e
[32] 2023  South Africa public health services Qualitative analysis technological awareness Risk classification
. Digitalization in - . Acceleration of Ethical and
[33] 2020 China post-pandemic life Qualitative analysis technology adoption legal implications
) . . . Improved . .
[34] 2023 USA Al in radiology Comparative study diagnostic accuracy Data privacy issues
[35] 2019 UK Al and telemedicine Longitudinal research Improved efficiency in Connectlyny and
remote care access issues
[36] 2021 Brazil Al for COVID-19 tracking Data analysis . Ejffectwg . Data security issues
epidemic monitoring
Robots in surgical Efficiency in Economic and psycho-
[37] 2020 Japan environments Qualitative analysis Y psy

surgical procedures logical considerations

during COVID-19

The COVID-19 pandemic has spurred an unprecedented acceleration in the field of
artificial intelligence (Al), marking an era where technology has become inextricably in-
tertwined with global healthcare strategy [24]. Al has emerged not just as a tool, but as
a key protagonist in managing one of the most severe health crises of the century [25].
Amidst the tumultuous heart of the pandemic, Al took on a visionary role, leveraging
advanced data mart architectures to make sense of previously unfathomable data flows [26].
It transformed raw information into lifesaving insights, improving real-time management
and predicting critical conditions [27]. Early diagnosis emerged as a field where Al revolu-
tionized response capabilities, turning radiological images and biological data into rapid
and accurate diagnoses, thereby refining our lens through which we view and understand
the virus [29], and accelerating the identification process for timely interventions [30]. In
this context, the importance of Al in enhancing diagnostic accuracy through medical image
analysis was further highlighted, providing healthcare professionals with advanced tools
for rapid and precise diagnosis, crucial for timely and effective treatment of COVID-19
patients [28]. Beyond diagnosis, Al served as an architect of the future, modeling the virus’s
spread with sophisticated predictive models [31], not just as a technical demonstration but
as a beacon of hope, providing tools to anticipate and mitigate the virus’s impact [32]. With
each prediction and simulation, Al has contributed to building a future where humanity
is one step ahead of the virus, not a step behind [33]. However, the adoption of Al has
not been without obstacles. It has raised complex and pressing issues regarding privacy,
ethics, and governance [34]. These challenges were not mere hurdles but pivotal moments
of reflection, pushing the global community to consider not just the power of Al but also
the wisdom with which it is utilized [35]. In these debates, Al has been at the center of a
broader conversation about how technology should be governed in an increasingly digital
and interconnected world [36]. Therefore, this collection of studies is not just a set of
research; it narrates a collective struggle and renewed hope. It illustrates a journey where
Al has evolved from a futuristic concept to a daily ally, showing that even in the darkest
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times, innovation can light the path to a safer and more resilient future. This narrative
underscores the crucial role of Al in pandemic management and the boundless potential
awaiting when humanity and technology collaborate for the common good [37].

3.3. Technological Innovation and Al in Enhancing Healthcare

At the heart of the healthcare sector’s evolution stands Al and its revolutionary
potential. This transformation is driven by technological advancements that promise to
significantly enhance the efficiency and sustainability of healthcare. In this context, several
pioneering studies outline a more efficient and promising future. Table 4 summarizes
the key studies analyzed in the context of the impact of artificial intelligence (Al) in the
healthcare sector.

Table 4. International research for technological innovations and Al in enhancing healthcare.

Ref.No.  Year Country Focus Methodology Results Challenges
Improving physician Improvement of Integration of VR
. performance in Use of virtual physician skills and technologies into
[36] 2023 Australia emergency situations reality (VR) performance through current medical
through VR training VR training training procedures
Development of a Creation of a Challenges in validating
[39] 2023 Canada framework for assessing Use of simulations framework for assessing the framework and
g physician competencies and assessments medical competencies integrating it into
through simulations through simulations medical institutions
Develogment of a clinical Use of the EASUL Demonstra,tlon of the Specific challenges not
. decision support framework’s potential . :
[40] 2019 Pakistan framework in approach and in assistin provided in
. clinical data . ISUNg the document
pneumonia management patient prioritization
Deve.lopmen.t (.)f a Use of artificial . Creation of an Managing data
predictive clinical . . . integrated system to . 2.
- . intelligence, social interoperability and
[41] 2023 Italy decision support system media and enhance the response data anonvmization
for medical ial lvsi to the P y
logistics planning geospatial analysis COVID-19 pandemic orprivacy
Development of a Public inteC:aefe téofr; aorflzaork Managing
. Health Framework (PHF)  Use of electronic health 81 interoperability
[42] 2020 Pakistan . . to improve the
for managing public records (EHR) data . between EHR systems
health data mana}glen'lle}? ;Of public and data anonymization
ealth data
South Korea Optimization of medical =~ Combination of discrete . Devel.op ment of a Int.egratlon Of. process
s . . . simulation model that mining techniques in
[43] 2019 and clinician scheduling event simulation and . . .
. - . enhances medical clinical settings and
The Netherlands  through simulation process mining scheduling efficiency process optimization
. Use of wearable devices . . Identification of Cle.ar documentation
United Scope review usin; lacking on the types of
[44] 2023 . in Parkinson’s disease P using features of wearable & - P
Kingdom (PD) care in hospitals PRISMA-ScR guidelines devices used in PD care wearable devices used
and medical regulation
Optimization of medical Development of a .
. . Integration of complex
expenses during the s model allowing for . .
[45] 2022 China diagnostic process, with Use of artificial more accurate Al techniques into
) & P / intelligence algorithms L . existing
a focus on prediction and analysis
. . healthcare systems
coronary disease of medical expenses
Enhancement of privacy Addressing security
and security of electronic Use of distributed fszﬂziile(;{lz Ei:;ﬁ; and privacy challenges
[46] 2020 Saudi Arabia health records (EHR) ledger technology (DLT)  privacy, and security of of EI.-IR'data ina
through EHR data distributed
blockchain technology digital environment
Automatic classification Development of a Challenges related to
of hospital environments Use of artificial model for efficient the accuracy of
[47] 2022 Italy automatic classification

using
artificial intelligence

intelligence models

classification of
hospital environments

and integration into
hospital systems
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Ref.No.  Year Country Focus Methodology Results Challenges
e Integration of
. . Identification of )
Sau.dl Arabia, Role of blockchain Systematic applications and design .blockcham technology
[48] 2021 United States . . . into complex healthcare
and China technology in healthcare literature review frameworks of svstems and data
blockchain in healthcare e
security management
Reducing disparities in . L. I.{lghhg.hh.ng differences Mitigating bias in Al
. Analysis of clinical in prediction error rates .
) . general medical care and - . models in healthcare,
[49] 2019 United States . notes using among demographic - .
mental health using machine learnin FoUDS, Sugeestn especially in mental
artificial intelligence 8 & alg(}))ri,th H%% biasg health and critical care
Environmental Identification of key Addressing
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The explosive growth in adopting innovative healthcare technologies is evident in
research exploring various aspects of the sector. Virtual reality, for instance, is being used
innovatively to enhance doctors’ skills in critical situations, showing how technology
can transform the medical field [38]. The revolution in the sector is further fueled by
the integration of Al, machine learning, and the Internet of Things, leading to epochal
transformations [40]. A study in 2020 developed a model that improved clinical decision-
making efficiency and computational costs [51], highlighting Al’s potential. However,
significant challenges remain in integrating these methodologies in clinical contexts and
balancing accuracy, interpretability, and computational costs. Efficient health data man-
agement, aimed at maximizing efficiency and privacy, is a key element in this evolving
landscape [41]. The adoption of innovative healthcare technologies utilizes Al to improve
disease diagnosis and management, increasing efficiency and reducing costs. A 2019 study
in Canada developed a framework to evaluate doctors’ skills through simulations, offering
a robust approach to assessing medical competencies [39]. Yet, integrating this framework
into medical institutions and its validation remain open issues. Simultaneously, Al-based
decision support systems are becoming crucial in the clinical environment, integrating into
workflows and enhancing treatment efficacy and care quality [42,43]. Al can be leveraged to
efficiently utilize untapped clinical information from electronic health records (EHRs), im-
proving the diagnosis and management of diseases such as chronic kidney disease (CKD),
thereby increasing efficiency and reducing costs [52]. The importance of standardization
and safety in managing health data is emphasized, reflecting the need to adapt to modern
challenges [44,45]. The interoperability and integration of health systems mark another
frontier of innovation, merging technology with healthcare in revolutionary ways [46].
Further studies show how a comprehensive approach to health data management can
transform care, positively affecting both patients and healthcare professionals [47].

In this evolving context, the influence of Al on clinical pathways has become partic-
ularly evident in several therapeutic areas. In the field of prevention, Al is being used to
identify high-risk patients and tailor preventive interventions, utilizing data from wearable
devices, electronic health records, and genomic information [65,66]. This approach not only
optimizes resource allocation but also enhances the effectiveness of preventive care, reduc-
ing the overall burden on healthcare systems [67,68]. The adoption of Al and telemedicine
is transforming clinical pathways by allowing patient—physician contact to be based on
clinical need rather than set schedules. This shift significantly reduces unnecessary visits
and hospitalizations, optimizing healthcare resources and improving the efficiency of care
delivery [69,70]. Studies show that Al facilitates continuous health monitoring, enabling the
prediction of acute conditions and the timely initiation of preventive measures. Specifically,
integrating machine-learning models into telemedicine has demonstrated high predictive
accuracy, contributing to more effective prevention and enhancing both healthcare quality
and system efficiency [71]. In managing acute conditions, Al-driven triage systems are facil-
itating faster and more accurate diagnoses in emergency situations by processing real-time
data on symptoms and vital signs [72,73]. This enables healthcare providers to respond
more efficiently, improving patient outcomes. Al is also transforming the management of
chronic diseases, enabling continuous patient monitoring and personalized adjustments to
therapy. For example, wearable devices equipped with Al can track vital signs in real time,
allowing for individualized treatment plans for conditions like Parkinson’s disease [74,75].
This reduces the strain on healthcare professionals while ensuring better adherence to
treatment by patients [76]. Rehabilitation, though not as widely discussed, is another area
where Al is making significant strides. Personalized rehabilitation programs that adapt to
the patient’s progress are now possible through Al, and remote monitoring via telemedicine
ensures that patients can continue their rehabilitation at home, maintaining continuity in
their care while reducing the need for hospital visits [77-79].

In the evolving healthcare sector, Al and emerging technologies play a critical role
in providing personalized, high-quality care. These tools address current challenges and
pave the way for a future where healthcare is enhanced by Al integration, underscoring the
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importance of innovation, collaboration, and adaptation. Studies have highlighted Al’s use
in customizing care, enabling targeted treatments [48], and its application in early disease
diagnosis, opening new avenues for preventive health [49]. The synergy between healthcare
professionals and Al systems has been explored to optimize care [50]. Research has also
delved into specific areas like Al in diagnosing and treating mental illnesses, presenting
innovative solutions to improve patient life quality [53], chronic disease management
using Al, Big Data, IoT, and knowledge graphs [54], and the centralized, secure manage-
ment of health data leveraging cloud and Al capabilities [55]. Analyses of deep-learning
methods in various medical conditions provides an innovative perspective on these tech-
nologies” potential to enhance diagnosis and treatment [56]. Further research explores
chronic disease management using Al, Big Data, IoT, and knowledge graphs for optimized
long-term care [57]. The maturity of hospital management models, particularly in light of
lessons learned from COVID-19, indicates improvement areas for future models [58-64].
Advanced data analysis and sophisticated methods like feature engineering in EEG are
opening new frontiers in diagnosing and treating mental disorders, demonstrating how
technology—medical integration can significantly improve patient life quality [53]. De-
velopments in telemedicine technologies, ranging from handwriting analysis to neonatal
sound analysis, are revolutionizing remote care access and quality [54]. The centralized
and secure management of health data, utilizing the cloud and Al power, offers new possi-
bilities for clinical management, albeit with challenges in stakeholder collaboration and
data integration [55].

3.4. Security and Intelligent Platfroms: Al as a Driver or Change in Healthcare

In the era of healthcare digitalization, big data and artificial intelligence (AI) are
emerging as powerful catalysts for innovation and transformation in the sector. These
technologies not only improve security, efficiency, and quality of care, but are also redefining
healthcare management. A detailed overview of these innovations and their impacts can
be found in Table 5, which summarizes key international research in the field.

Table 5. International Research for Security and Intelligent Platforms.

Il:;;f' Year Country Focus Methodology Results Challenges
A case study for a big data and
. m.achme—learmr.\g platfc.;njm to Big data and ML DeS{gn and. . Improved healthcare
[80] 2020 Colombia improve medical decision . construction of digital outcomes and
. . platform in healthcare . .
support in population health platform decision making
health management
A systematic approach to
healthcare knowledge Healthcare Design of a healthcare  Effective management
[81] 2022 Vietham  management systems in the era knowledge knowledge of large-scale
of big data and management using management system healthcare data
artificiagl intelligence big data and Al i g
Big medical data
decision-making intelligent Decision-making Mamdani fuzz Improved diagnosis
ina system exploiting fuzz system for prostate . efticiency for
[82] 2019 Chi y ploiting fuzzy ystem for p ey fficiency f
inference logic for prostate cancer using big data prostate cancer
cancer in developing countries
Blo.c}(c.ha.m tec.hn(ﬂogy and Decentralized access
artificial intelligence-based . . .
: control in healthcare Blockchain-supported ~ Improved data security
[83] 2022 Global decentralized access control . . . . .
using blockchain system design and interoperability
model to enable secure nd AT
interoperability for healthcare
Current status of use of big data
and artificial intelligence in . . Identification of big
[84] 2019 Europ can RMDs: a systematic literature Use of blg data and . Systemat1§ data sources and
Union Al'in RMDs literature review

review informing
EULAR recommendations

analysis methods
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Table 5. Cont.

Ezf' Year Country Focus Methodology Results Challenges
Cparphyial grenboed  gmanattare o poved el
[85] 2022 Indonesia Y . system with federated yber-phy system efficiency
federated deep-learning deep learnin system development and securit
architectures with data analytics P & y
Decentralized federated Decentralized
[86] 2022 Ttal learning for healthcare federated learning in MQTT-based Improved brain
y networks: a case study on healthcare for architecture tumor segmentation
tumor segmentation tumor segmentation
Saudi Deep-learning-enabled disease Disease diagnosis in Privacy-preserving Enhanced privacy and
[87] 2022 Arabia/ diagnosis for secure internet of IoMT using deep-learning model effective
South Korea medical things deep learning for [oMT disease diagnosis
DeepBlockShield: blockchain Securing clinical data
South agent-based secured clinical ng Blockchain-based Enhanced security for
[88] 2021 in deep web
Korea data management model from . . model for data security clinical data
. using blockchain
the deep web environment
. Managing security of healthcare Healthcare data Hybrid metaheuristic . .
Saudi . o Efficient encryption-
[89] 2023 . data for a modern security optimization .
Arabia . . . . decryption process
healthcare system using encryption with encryption
R.esearch on aPphcatlon o.f Nursing scheduling
meticulous nursing scheduling o . . .- .
[90] 2022 China management based on optimization Data analytics and in-  Improved efficiency in
& using data- telligent optimization nursing schedules

data-driven intelligent

optimization technology driven technology

Transforming healthcare with
big data analytics and artificial
intelligence: a systematic
mapping study

Evolution of research,
focus, and techniques
in healthcare Al

Review of big data
analytics and Al
in healthcare

Systematic mapping of

[91] 2019 India existing research

The convergence of big data and Al is opening new frontiers in innovation and
predictive analysis in healthcare, introducing intelligent platforms that improve population
health management and value-based care. For instance, the integration of a big data and
ML platform in Colombia has led to significant improvements in healthcare outcomes
and decision making [80]. A notable example is the design of a healthcare knowledge
management system in Vietnam [81], which demonstrated how the integration of big data
and Al can facilitate the effective management of large volumes of healthcare data. This
study highlights the importance of well-designed knowledge management systems for
processing and analyzing complex data in healthcare.

The use of Al and big data is revolutionizing decision making in healthcare. For
example, in China, a big data-based decision-making model for prostate cancer has shown
improvement in diagnostic efficiency, offering a concrete example of how these technologies
can be applied in real clinical contexts [82]. However, challenges such as the need to ensure
data privacy and the integration of these technologies into existing systems also emerge.
Additionally, the use of big data and Al in rheumatic and musculoskeletal diseases (RMDs)
in the European Union [84] has highlighted the ability to identify relevant data sources and
analysis methods, essential for improving diagnosis and treatment of these conditions.

In the field of disease diagnosis, a joint study between Saudi Arabia and South Ko-
rea [87] proposed a deep-learning model for the Internet of Medical Things (IoMT), enhanc-
ing privacy and efficacy in disease diagnosis. This approach represents a significant step
forward in ensuring the security of sensitive data in connected environments. In Indonesia,
the development of a smart healthcare system based on a cyber-physical system and deep
federated learning architectures [85] has demonstrated how the integration of advanced
technologies can improve the efficiency and security of healthcare systems, addressing
challenges of both a technical and data privacy nature.

In terms of data security, the implementation of blockchain technology, as illustrated
in a global study [83], has significantly improved the security and interoperability of
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healthcare data. This emphasizes the need for specific technological innovations to address
security challenges in an increasingly digitalized environment.

These innovations also require updates in healthcare policies and medical training, to
adapt to technological changes and ensure effective use of these technologies. For example,
the federated learning model in Italy for brain tumor segmentation [86] has not only
improved effectiveness but also laid the foundation for new skills needed by healthcare
professionals. The “DeepBlockShield” [88] represents a qualitative leap in healthcare data
security, employing blockchain to effectively protect clinical data, especially those from
the deep web. Developed in South Korea, this model establishes new standards in data
protection in the healthcare sector, underscoring the growing importance of data security
in the digital era. Looking to the future, the expected evolution of intelligent platforms
and Al in healthcare includes the development of advanced Al systems and the integration
of these technologies into new clinical areas. These studies represent a body of work that
not only documents the innovative use of Al and intelligent platforms but also lays the
groundwork for their future use in more complex care scenarios, enhancing the resilience
and effectiveness of healthcare systems [89-91].

The increasing use of Al and big data in the healthcare sector not only testifies to their
crucial role in healthcare management but also highlights the limitless potential that awaits
when technology and human ingenuity work together for the common good.

3.5. Artificial Intelligence and Resource Management in Healthcare: Towards a Smart and
Sustainable Future

Artificial intelligence (AI) emerges as a true force of change, shaping the future of
healthcare systems by endowing them not only with greater intelligence but also with
remarkable sensitivity to individual needs. The innovations within these systems, guided
by a data-driven multimodal approach, have been meticulously documented in Table 6.

These solutions, ranging from disease analysis to diagnosis and treatment, underscore
the crucial importance of effective data management and improved decision-making pro-
cesses [92]. This evolution has been inspired by the rapid development of Al-based medical
services, which are radically transforming healthcare delivery. In this rapidly evolving
context, the study by Almalawi et al. (2022) represents a further advancement, exploring the
use of artificial intelligence to optimize resource management in the healthcare sector [93].

The management of healthcare information is currently at a critical juncture, with
the need to integrate numerous independent applications into more cohesive and reliable
systems [94]. This demand for coherence and quality in healthcare information systems
is driving innovative solutions that can significantly enhance the efficiency and depend-
ability of intelligent healthcare systems. Simultaneously, the study by Wu (2023) makes
a significant contribution by investigating the impact of Al on treatment personalization
and patient management, highlighting how Al can facilitate more accurate diagnoses and
tailored treatments [95].

However, a critical element for the success of efficient and intelligent healthcare
systems is trust in Al. Despite the sometimes-human-like performance of AI models, their
perception as “black boxes” limits practical application, especially in the healthcare field.
This is where explainable artificial intelligence (XAI) comes into play [96]. XAI provides
transparency in model predictions and encourages the use of Al systems in the healthcare
sector, paving the way for the development of holistic systems for smart cities. Furthermore,
the study by Yang et al. (2022) offers an innovative perspective on the use of Al to enhance
patient safety and risk management, demonstrating how Al-based decision support systems
can identify potential risks in real time [97].

Each research endeavor in this field contributes to a broader narrative, showcasing
not only the evolution of healthcare in the digital age but also anticipating the future of the
sector. This future envisions Al and emerging technologies as essential partners in deliver-
ing enhanced and personalized healthcare [98-100], integrating resource management into
an increasingly intelligent and efficient context.
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Table 6. International Research for Al and resource management in healthcare.
Ref. No. Year Country Focus Methodology Results Challenges
Various data analysis methods Intelligent Inconsistency of
. Smart data-driven to develop intelligent Jrergent Y
[92] 2019 International .. . decision-making healthcare needs
healthcare decision-making systems )
in healthcaro systems developed and resources
Multivariate analysis and
[93] 2022 International Safety and privacy structural equation models to Provider performance, Provider support,
- in healthcare examine safety and privacy social influences Al infrastructure
in healthcare
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explainable Al in healthcare healthcare contexts interpretation of
XAl results
Balancing
Use of data envelopment cost-efficiency, Al
[95] 2023 Taiwan Financial efficiency analysis (DEA) and stochastic Technical integration, and
of hospitals frontier analysis (SFA) to assess  efficiency assessment efficient resource
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in healthcare
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Ref. No. Year Country Focus Methodology Results Challenges
Exploratory workshop and Involvement and
Al in healthcare from P v p an Positive Al consideration of
[105] 2023 Japan S . thematic analysis on perceptions . .
patients’ perspectives . expectations, concerns patient and
of Al in healthcare . ..
public opinions
Semantic ontologies Scope review on Scopus using Development of a Integration in
[106] 2023 International in healthcareg PRISMA extension for semantic common complex
ontologies in healthcare integrated ontology healthcare contexts
Combination of lean Al-based
. Digitalization in manufacturing and Al to o . Implementation and
[107] 2019 International .o decision-making . .
healthcare management optimize inventory integration of Al tools

management in healthcare tool proposal

Similarly, these studies do not confine themselves to immediate challenges but also
address the specific implications of Al in key sectors. For example, some studies explore
the innovation of federated learning in the healthcare sector [101], while others focus on
security in the context of Healthcare 5.0 [102]. Still, others analyze the positive impact
of Al and human resources analytics in the healthcare sector [103] or tackle resource
management in healthcare economics through data-driven methods [104]. Meanwhile,
some studies examine patient and public perceptions of Al in healthcare [105] or advocate
for the use of semantic ontologies for more effective integration [106]. Finally, others offer
innovative approaches to optimize inventory management in the healthcare sector [107],
thereby contributing to more intelligent resource management in an increasingly advanced
healthcare environment.

4. Discussion

Our systematic review, which scrutinized 79 studies from 2019 to 2023, has illuminated
how artificial intelligence (AlI) is significantly shaping the healthcare sector, outlining
five main thematic areas that reflect the broad spectrum of applications and challenges
associated with Al in healthcare management. These areas include: 1. Al for quality
assurance and stakeholder engagement, 2. Al in the healthcare response to the COVID-19
pandemic, 3. Technological innovations to enhance healthcare, 4. Security and smart
platforms as drivers of change, and 5. Resource management towards a sustainable future.
These themes underscore the versatility and transformative potential of AL

Al for quality assurance and stakeholder engagement (QUALITY) emphasizes the
importance of maintaining high standards of care and actively involving all healthcare
sector stakeholders in the digitalization process. This aspect is crucial to ensure that
technological innovations genuinely enhance patient care and are embraced by doctors,
patients, and other healthcare professionals. Al in the healthcare response to the COVID-19
pandemic (COVID-19) has shown how advanced technologies can be swiftly employed
to address global health emergencies, offering tools for diagnosis, contact tracing, and
hospital resource management. This has highlighted Al as an essential tool in combating
pandemics and other health crises. Technological innovations and Al in enhancing health-
care (TECHINNOVATION) reflect the sector’s ongoing evolution, where Al contributes to
pushing the boundaries of medicine, from discovering new treatments to personalizing
care. This thematic area highlights AI’s role in accelerating innovation and improving oper-
ational efficiency. Security and smart platforms (SECURITY) focus on the need to protect
sensitive patient data and ensure the safety of implemented Al systems. The increasing
integration of Al raises privacy and security issues that must be addressed to maintain
user trust and comply with regulations. Lastly, Al and resource management in healthcare
(RESOURCE) shed light on how Al can contribute to more efficient resource use, both in
terms of costs and environmental sustainability. Optimizing resource management is vital
to address the sector’s future challenges, including the growing demand for services.
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In conclusion, our analysis reveals that, despite the considerable opportunities offered
by Al in healthcare, significant challenges persist, particularly regarding data privacy,
ethics, and technological integration. It is evident that a holistic and collaborative approach,
involving all stakeholders and guided by robust governance and clear ethical principles,
will be crucial to fully leverage Al’s potential in improving healthcare. Our research
underscores the importance of continuing to explore these thematic areas to maximize Al's
benefits, overcoming current obstacles and unlocking its full transformative potential in
the healthcare sector.

4.1. Experiments

In this section, we will apply predictive machine-learning algorithms to explore the
impact of artificial intelligence (AI) on healthcare management from 2019 to 2023, with a
particular focus on different global geographical areas. Using the analysis tables from the
review, we have categorized the columns after careful analysis, distinguishing the target
variable “Topic” (Table 1) and the model features (Discipline, Methodologies, Challenges,
Results). This methodology will allow us to evaluate in detail the influence of Al in various
national contexts, providing an overview of trends, challenges, and future opportunities in
the healthcare sector. The selected variables have been categorized as described in Table 7.

Table 7. Variable classification for the predictive model.

TARGET

Topic
COVID-19: Studies and research related to the COVID-19 pandemic.

Techinnovation: Research related to technological innovation.

Quality: Studies focusing on quality, both in terms of services and products.
Security: Research related to security, both physical and cybersecurity.
Resource: Studies concerning resource management and optimization.

FEATURES

Discipline

Epidemiology and Public Health: Studies related to public health and disease prevention.

Digital Technologies and Telecommunications: Research in the field of digital technologies and
telecommunications.

Biomedical Engineering and Robotics: Studies concerning biomedical engineering, robotics, and their applications
in healthcare.

Artificial Intelligence and Computer Science: Research focused on artificial intelligence and computer science.
Healthcare Management and Hospital Administration: Studies related to the management and administration of
healthcare facilities.

General Studies in Health and Technology: Research encompassing general aspects of health and technology.

Methodology

General Approach: Methodologies that do not fit into specific categories or adopt a broader, non-specialized
approach. This category is used for studies that do not clearly align with standardized or well-defined methods.
Quantitative Research: Research methods that involve the collection and analysis of numerical data, often through
structured surveys, experiments, or observations.

Qualitative Research: Research methods that gather non-quantitative data, such as interviews, observations, and
discourse analysis. These approaches are often used to explore phenomena in a deeper and more

contextualized manner.

Experimental Research: Research approaches involving the conduct of experiments to test hypotheses and observe
effects. These methods are typical in scientific and clinical studies where controlling variables is crucial.

Data Analysis: Research methods focused on the analysis of quantitative data, often using statistical or data
mining techniques. This category is relevant in studies requiring processing and interpretation of large amounts
of data.

Review and Meta-Analysis: Studies that synthesize and critically analyze existing literature, often to aggregate
results from various research. These studies are useful for providing an overview of a particular topic or
research field.

Case Study: In-depth investigations of a single instance or phenomenon within its real-life context. Case studies
are valuable for understanding complex issues and exploring how and why certain outcomes occur.
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Table 7. Cont.

FEATURES

Challenges

Clinical: Addressing the complexity and variability of clinical conditions while ensuring patient safety and treatment efficacy.
Data: Managing large volumes of heterogeneous data, ensuring integrity, privacy, and protection.

Financial: Overcoming budget limitations, maximizing the efficiency of available resources for research and development.

Technology: Keeping pace with the rapid evolution of technologies and the integration of new tools and platforms into the

research process.

General: Addressing ethical and regulatory challenges, ensuring research is conducted responsibly and in compliance with
global standards.

Regulation: Ensuring adherence to regulatory requirements and standards governing research practices, including data

protection laws, ethical guidelines, and industry regulations.

Results

Progress in data management: Implementation of new methods and technologies to optimize data collection, analysis, and
storage.

Clinical and medical insights: Generation of new knowledge and understandings that can guide improvements in clinical and
medical practices.

Technological advancements: Development of new technologies or enhancement of existing ones to address specific research or
practical needs.

Specific outcomes: Delivery of discoveries or results that address specific research questions, contributing to the body of
knowledge in a particular field.

Advancements in security: Strengthening security measures, both in terms of data and operational practices, to protect against

risks and vulnerabilities.

The dataset consists of 79 instances, each representing a unique study identified
in the systematic review. The studies are categorized according to the target variable
“Topic” and features, which include discipline, methodologies, challenges, and results. This
classification provides a structured approach to understanding Al’s impact across different
regions and healthcare contexts.

4.2. Application of the Predictive Model

By employing a dual-validation approach, combining data sampling with 70% for
training and 30% for testing, alongside a 10-fold cross-validation, we rigorously assessed
machine-learning predictive models including logistic regression, Neural Networks, Naive
Bayes, Random Forest, SVM, Gradient Boosting, and kNN. This method provided a reliable
estimate of model performance, identifying logistic regression as the most effective based on
key metrics [108]. The relevance of such machine-learning techniques in deriving relevant
insights and predictive frameworks from complex data sets has been previously highlighted
and confirmed in analogous research within the realm of hospital facility efficiency analysis,
public health efficacy, and the resulting patient health mobility [109-111]. logistic regression
demonstrated an AUC of 0.821, showcasing its effectiveness in healthcare management
analysis. These findings, depicted in Figure 2, offer a solid foundation for the informed
selection of the most suitable predictive model for analyzing Al's impact on healthcare
management. The AUC was chosen as the primary metric due to its ability to provide a
comprehensive measure of model performance across all classification thresholds, offering
a balanced evaluation of both sensitivity and specificity.

The analysis provided by the confusion matrix, shown in Figure 3, offers an optimistic
view on the predictive model’s effectiveness in classifying studies and research within
Al in healthcare management. Its notable percentage of 55.6% in correctly recognizing
COVID-19 related research highlights the model’s strength in identifying specific themes,
despite challenges from overlapping areas like service quality and technological innovation.
The colors in Figure 3 aid visual interpretation, with purple tones representing correct
classifications and red indicating misclassifications; darker shades correspond to higher
percentages. This outcome underscores the importance of continually refining classification
strategies to address such challenges.

Simultaneously, the model demonstrated good performance in correctly identifying
studies on resource management, with a percentage of 66.7%, and on quality, with a
percentage of 60.0%. These results highlight the model’s value in enhancing operational
efficiency and sustainability in healthcare. However, the precision in the security category
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was low, with a percentage of 0.0%, while for technological innovation, the model achieved
a percentage of 50.0%. This suggests that despite difficulties in precisely attributing some
research to a specific category, technological innovation remains a powerful and pervasive
driver of progress in healthcare. Figure 4, a key graphical element in the study, displays the
logistic regression ROC curves for each of the five target variable classes, providing a visual
assessment of the model’s ability to correctly classify observations within each specific
category by showing the trade-off between true positive rates and false positive rates at
various decision thresholds. The area under the ROC curve (AUC) value for each category
further evaluates and compares model performance in terms of sensitivity and specificity.

Model AUC CA F1 Prec Recall MCC
Logistic Regression 0.821 0.536 0.501 0.475 0.536 0.398
Neural Network 0.811 0.536 0.528 0.529 0.536 0.406
Random Forest 0.762 0.571 0.528 0.495 0.571 0.446
kNN 0.747 0.536 0.510 0.519 0.536 0.417
Gradient Boosting  0.730 0.429 0.422 0.424 0.429 0.273
Naive Bayes 0.818 0.500 0.477 0.502 0.500 0.373
SVM 0.760 0.518 0.472 0.448 0.518 0.367

Figure 2. Predictive models performances.

Predicted
COVID-19 QUALITY RESOURCE SECURITY TECHINNOVATION 3
Actual COVID-19 55.6 % 20.0 % 0.0 % 0.0 % 136% 10
QUALITY 11.1% 60.0 % 0.0 % 0.0% 00% 7
RESOURCE 0.0% 0.0% 66.7 % 33.3 % 91% M
SECURITY 11.1% 0.0 % 16.7 % 0.0 % 273% 9
TECHINNOVATION 222 % 20.0 % 16.7 % 66.7 % 50.0% 19
b3 9 10 12 3 22 56

Figure 3. Confusion matrix for logistic regression.

To delve deeper into our predictive model’s predictions, we utilized the SHAP (SHap-
ley Additive exPlanations) algorithm, an advanced tool for interpreting machine-learning
model decisions. This algorithm’s application has enabled us to understand the impact of
each feature on the model’s decisions, providing a transparent and easily interpretable view
of the dynamics underlying the predictions. The results of this analysis for the five target
variable classes are shown in Figure 5, highlighting the contribution of each independent
variable to the model’s predicted outcome. The SHAP numerical values are represented in
Table 8.

Based on the updated SHAP values provided for each instance and for each column,
related to the five topics of our systematic review on the impact of artificial intelligence on
healthcare management, we can interpret the results as follows:

e Clinical and Medical Insights: These have a moderate positive impact on COVID-19,
Quality, and Resource, with SHAP values of 0.00558636, 0.00117473, and 0.00446783,
respectively. This suggests that clinical insights are slightly more influential in research
related to COVID-19 and resource management. However, they have a significant
negative impact on Techinnovation (—0.0194271), indicating that for technological
innovations, other factors may be more relevant.

e  Specific Outcomes: They show a significant positive impact on COVID-19 (0.0322289)
and on Quality and Resource with smaller values, but a very negative impact on
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COVID-19

Resource

Security (—0.0431382). This could reflect the importance of specific outcomes in
COVID-19 research and their lesser relevance for security studies.

Clinical Challenges: Clinical challenges have a small positive impact on COVID-19
(0.00912065) and Quality (0.00155511), suggesting that clinical issues are relevant but
not dominant in these fields. It is interesting to note the slight negative impact on
Resources (—0.00374929), perhaps indicating that clinical challenges are less central in
resource management.

Data Challenges: These challenges show a negative impact on COVID-19 (—0.0119134)
but a positive, albeit smaller, impact on Quality (0.00559921). This may indicate that
while data-related challenges are perceived as problematic in COVID-19 research, they
may provide opportunities for improvement in quality.

General: A significant variation in the impact of general challenges, with a strong
positive impact on Resource (0.0458024) and a very negative impact on Techinnova-
tion (—0.107902), highlights how general challenges are seen as crucial in resource
management but hinder technological innovation.

Methodology—General Approach: This has a strong negative impact on COVID-
19 (—0.0524088) and Quality (—0.0229678) but a positive impact on Techinnovation
(0.0377616), suggesting that a nonspecific methodological approach is less useful for
direct studies but advantageous for technological innovation.

Discipline—General Studies in Health and Technology: These studies have an
extremely positive impact on Resources (0.330612) but a negative impact on Techin-
novation (—0.128479), highlighting the importance of general research in resource
management and its limiting impact on technological innovation.

Model Predictions: The model predictions show the highest confidence in the Re-
source category (0.74) compared to others, suggesting that the analyzed features are
particularly indicative of studies focused on resource management.

Amend

Ainoeg

Techinnovation

Figure 4. Receiver Operating Characteristic (ROC) Curves for logistic regression across
five target classes.
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Figure 5. SHAP value analysis for predictive model targets.

The analysis of SHAP values thus provides valuable insights into how different
features influence the classification of studies in the target categories, highlighting the inter-
section of methodology, discipline, challenges, and outcomes in Al research in healthcare
management. This detailed understanding helps delineate specific areas of strength and
potential improvements in the predictive model.

Table 8. SHAP numeric value for predictive model targets.

Target Class
Features B . . .
COVID-19 Quality Resource Security Techinnovation
Progress in data management 0 0 0 0 0
Clinical and medical insights 0.00558636 0.00117473 0.00446783 0.00819819 —0.0194271
Results Technological advancements 7.21863 0.00129731 —0.00260619 —0.00944916 0.0106858
Specific outcomes 0.0322289 0.00750072 0.0193839 —0.0431382 —0.0159753
Advancements in security 0 0 0 0 0
Clinical 0.00912065 0.00155511 —0.00374929 —0.00103583 —0.00589064
—0.0119134 0.00559921 0.00402851 0.00955029 —0.00726464
Financial —0.00584617 —7.04298 x 1079 0.000463316 0.00218184 0.00327144
Challenges
General 0.00863243 0.0205111 0.0458024 0.0329556 —0.107902
Regulation 0 0 0 0 0

Technology 0 0 0 0 0
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Table 8. Cont.
Target Class
Features . . . R
COVID-19 Quality Resource Security Techinnovation
Data Analysis 0.00868062 0.00194111 0.00720522 —0.0235328 0.00570588
General Approach —0.0524088 —0.0229678 0.0252449 0.0123701 0.0377616
Review and Meta-Analysis 0.0204555 —0.0331051 —0.00222647 0.0164856 —0.00160965
Methodology Qualitative Research 0 0 0 0 0
Quantitative Research 0 0 0 0 0
Experimental Research 0 0 0 0 0
Case Study 0 0 0 0 0
Epidemiology and
Public Health 0 0 0 0 0
Healthcare Management and 0.0156003 0.00635781 0.029401 —0.0134632 —0.037896
Hospital Administration
Biomedical Engineering —0.0017734 4.77045 x 10~ 0.00216109 —0.00081557 0.00038018
and Robotics
Discipline — -
Artificial Intelligence and —0.00120327 —0.0589238 0.0560993 0.00686849 —0.00284068
Computer Science
General Studies in Health ~0.0989511 —0.0357179 0.330612 —0.0674638 0.128479
and Technology
Digital Technologies
Lo —0.00654314 —0.000158302 0.004248 —0.00172286 0.00417631
and Telecommunications
MODEL PREDICTION 0.07 0.04 0.74 0.09 0.06
Prediction info
BASE VALUE 0.15 0.14 0.22 0.16 0.33

4.3. Analysis of Topics by Years and Geographical Area

In response to research question Q2, which aims to analyze the evolution of artificial
intelligence (AI) in healthcare between 2019 and 2023, we refer to a contingency table
that correlates the assignment of topics we identified to the 79 articles emerging from
our systematic review (Table 9). These themes, defined as “COVID-19, Quality, Resource,
Security, and Techinnovation”, are arranged in columns and represent the areas of greatest
investigative interest. The rows of the table are allocated to both the years from 2019
to 2023 and various geographical areas, allowing us to outline not only the temporal
evolution of research themes but also to assess how these trends are distributed globally.
The studies analyzed have been grouped into broad geographical areas such as Africa,
Asia Pacific, Europe, International, Latin America, the Middle East, and North America,
providing a comprehensive overview of regional dynamics. This approach highlights how
various factors, including technological innovations, health emergencies, and health policy
priorities, have influenced the adoption and development of Al solutions in healthcare
across different geographical contexts. This multidimensional analysis enables a deep
understanding of the global impact of Al on research and healthcare practices over the
considered period.

The updated contingency table, alongside the x? test results, provides a detailed
analysis of the research distribution across the 79 initially selected articles, focusing on the
impact of artificial intelligence (AI) on healthcare management across different geographical
areas and time periods, within the five thematic scopes of our systematic review. Each
geographical area exhibits a distinct profile of interest and focus that evolves over time, as
evidenced by the thematic distribution percentages.

In 2022, Africa stands out for its exclusive focus on COVID-19 research, accounting for
3% of the total publications, suggesting a peak of interest or a response to specific needs
imposed by the pandemic in that year, with no research recorded in other periods.

The Asia Pacific region demonstrates an evolution of interests, moving from RE-
SOURCE and SECURITY themes, which constituted 22.2% of the research in 2019, to an
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increased focus on TECHINNOVATION, representing 13.6% of the research by 2023. This
trend reflects a growing propensity towards the adoption of innovative technological solu-
tions, with a significant rise in interest towards TECHINNOVATION reaching 40.9% of the
total in 2023.

Table 9. Contingency table.

Topic
Year Geographical Area COVID-19 Quality Resource Security Techinnovation Total
2019 Africa 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Latin America 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Asia Pacific 0.0% 0.0% 0.0% 22.2% 0.0% 22.2%
Europe 0.0% 11.1% 0.0% 11.1% 0.0% 22.2%
International 0.0% 0.0% 22.2% 0.0% 33.3% 55.6%
Middle East 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
North America 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Total 0.0% 11.1% 22.2% 33.3% 33.3% 100.0%
2020 Africa 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Latin America 0.0% 0.0% 0.0% 20.0% 0.0% 20.0%
Asia Pacific 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Europe 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
International 0.0% 0.0% 0.0% 0.0% 40.0% 40.0%
Middle East 0.0% 0.0% 0.0% 0.0% 20.0% 20.0%
North America 20.0% 0.0% 0.0% 0.0% 0.0% 20.0%
Total 20.0% 0.0% 0.0% 20.0% 60.0% 100.0%
2021 Africa 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Latin America 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Asia Pacific 10.0% 0.0% 10.0% 10.0% 10.0% 40.0%
Europe 20.0% 0.0% 0.0% 0.0% 0.0% 20.0%
International 0.0% 0.0% 10.0% 0.0% 30.0% 40.0%
Middle East 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
North America 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Total 30.0% 0.0% 20.0% 10.0% 40.0% 100.0%
2022 Africa 3.0% 0.0% 0.0% 0.0% 0.0% 3.0%
Latin America 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Asia Pacific 9.1% 0.0% 0.0% 9.1% 9.1% 27.3%
Europe 3.0% 12.1% 0.0% 3.0% 9.1% 27.3%
International 0.0% 3.0% 18.2% 6.1% 0.0% 27.3%
Middle East 0.0% 3.0% 3.0% 0.0% 6.1% 12.1%
North America 3.0% 0.0% 0.0% 0.0% 0.0% 3.0%
Total 18.2% 18.2% 21.2% 18.2% 24.2% 100.0%
2023 Africa 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Latin America 4.5% 0.0% 0.0% 0.0% 0.0% 4.5%
Asia Pacific 4.5% 4.5% 9.1% 0.0% 13.6% 31.8%
Europe 0.0% 4.5% 0.0% 0.0% 18.2% 22.7%
International 4.5% 4.5% 9.1% 0.0% 4.5% 22.7%
Middle East 0.0% 0.0% 4.5% 4.5% 0.0% 9.1%
North America 4.5% 0.0% 0.0% 0.0% 4.5% 9.1%
Total 18.2% 13.6% 22.7% 4.5% 40.9% 100.0%
Total Africa 1.3% 0.0% 0.0% 0.0% 0.0% 1.3%
Latin America 1.3% 0.0% 0.0% 1.3% 0.0% 2.5%
Asia Pacific 6.3% 1.3% 3.8% 7.6% 8.9% 27.8%
Europe 3.8% 7.6% 0.0% 2.5% 8.9% 22.8%
International 1.3% 2.5% 13.9% 2.5% 11.4% 31.6%
Middle East 0.0% 1.3% 2.5% 1.3% 3.8% 8.9%
North America 3.8% 0.0% 0.0% 0.0% 1.3% 5.1%
Total 17.7% 12.7% 20.3% 15.2% 34.2% 100.0%

Europe displays a diversified interest across the years, with a peak for QUALITY
themes, representing 12.1% in 2022, and an even distribution between QUALITY and
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TECHINNOVATION in 2023, indicating a shift towards research on technological and
quality innovation. This is highlighted by TECHINNOVATION constituting 18.2% of the
total research in 2023.

International collaborations show a pronounced inclination towards RESOURCE and
TECHINNOVATION themes, emphasizing the significance of these areas in broad studies
and cross-national cooperation, with TECHINNOVATION accounting for 33.3% of the
research in 2019 and 30.0% in 2021.

Latin America reveals an exclusive interest in TECHINNOVATION in 2020, potentially
reflecting a pivotal moment or event that focused attention on this area, though no research
is recorded in other years.

The Middle East presents a variety of interests in 2022, with an equal distribution
among QUALITY, RESOURCE, and TECHINNOVATION, indicating a holistic approach
to healthcare research that considers various aspects of Al use. This is represented by a
distribution of 12.1% across different themes in 2022.

North America, in 2022 and 2023, heavily focuses on TECHINNOVATION, highlight-
ing how technological innovation has become a central pillar of research in the region, with
interest remaining steady at 3.0% in 2022 and increasing to 9.1% in 2023.

The aggregated x> test analysis reveals a significant variation in Al research themes
within healthcare management, with a x? value of 44.9 and a p-value of 0.006, suggest-
ing that changes over the years, such as the emergence of COVID-19 or technological
advancements, have influenced research priorities. This statistical significance underscores
the impact of global events and technological evolution on healthcare research interests,
emphasizing the importance of temporal analysis to understand the dynamics driving
focus towards specific research themes.

5. Conclusions

In addressing the research question of “The role of artificial intelligence (AI) in health-
care management”, a complex picture emerges where Al is positioned as a transforma-
tive force with significant impacts, inherent limitations, and promising prospects. Al
is revolutionizing healthcare by offering innovative tools for diagnostics, personalized
treatment, crisis management, and resource optimization. Through analyzing large data
volumes and learning from complex patterns, Al enhances care quality, diagnostic ac-
curacy, and operational efficiency, contributing to more informed and outcome-based
healthcare management.

The impacts of Al are tangible and multifaceted. In health crises, like the COVID-19
pandemic, Al has proven to be a vital tool for rapid data analysis, virus spread forecasting,
and early diagnosis assistance. Moreover, Al-based intelligent systems are enhancing
healthcare resource management, optimizing hospital bed allocation, staff distribution, and
medication stock management. These systems not only make healthcare more responsive
but also contribute to more strategic and forward-thinking planning.

The widespread acceptance of internet-connected mobile devices, like smartphones
and wearables, has positioned Al and telemedicine as ideal solutions for enhancing health-
care in a practical and cost-effective way. This shift aligns perfectly with the growing
demand for faster, more accessible, and personalized care, while also optimizing the effec-
tiveness and efficiency of healthcare services.

Al has proven effective in identifying high-risk patients, managing acute conditions
through advanced triage systems, and enabling personalized monitoring of chronic diseases
via wearable devices. Additionally, Al-based telemedicine supports home rehabilitation by
ensuring continuity of care and reducing the need for hospital visits. These advancements
reinforce Al’s role as a crucial tool for real-time healthcare management, fostering a more
personalized and responsive approach to patient care.

Al and telemedicine are reshaping clinical pathways by replacing scheduled appoint-
ments with interactions based on real clinical needs. This flexible model, aligned with the
growing use of digital health devices, reduces unnecessary interventions and optimizes
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resources and time. Additionally, Al's predictive capacity provides a preventive edge,
allowing timely interventions that ensure more targeted and effective care.

However, integrating Al into healthcare is not without limits and challenges. Issues
related to privacy, data security, and the risk of algorithmic bias require constant attention.
The “black box” nature of many Al systems raises concerns about transparency and explain-
ability in Al-based medical decisions. Additionally, resistance to change within healthcare
institutions and the need for proper medical staff training represent further obstacles to
widespread Al adoption.

Our study has both theoretical and practical objectives, supported by concrete rec-
ommendations. Theoretically, it clarifies Al’s role in healthcare management through a
combined approach of systematic review and predictive algorithms, providing an overview
of its impact on processes, patient care, and emergency response. Practically, it examines
how Al enhances efficiency, reduces costs, and optimizes resources at operational, strate-
gic, and emergency response levels, with specific focus on the period 2019-2023 and the
challenges posed by the pandemic.

We provide recommendations to support responsible Al adoption in healthcare, em-
phasizing a collaborative approach that includes all stakeholders, robust data privacy
and security, and continuous training for healthcare professionals. Finally, we highlight
the importance of ongoing research to improve Al capabilities and address emerging
ethical challenges.

The study presents some limitations related to the use of traditional machine-learning
methods, such as logistic regression, which, while offering interpretability, do not fully
capture the complexity of nonlinear relationships in the data. Additionally, the SHAP
(SHapley Additive exPlanations) algorithm has not been fully explored in interpreting
models on large datasets or complex nonlinear relationships, limiting transparency in
decision making in these scenarios.

In the future, adopting more advanced techniques, such as deep learning or ensemble
methods, could improve performance, especially for larger or more complex datasets.
These approaches, although more computationally intensive, can reveal deeper patterns
and correlations in healthcare data. Integrating the SHAP algorithm into these advanced
models could enhance the interpretability of Al-driven decisions, helping to overcome
the “black box” problem and fostering greater trust and acceptance among clinicians
and patients.

Despite these limitations, the prospects of Al in healthcare management are broad and
promising. Ongoing research and the development of more transparent and interpretable
Al models can improve trust and adoption of these technologies. Increasing focus on
explainable artificial intelligence (XAI) aims to make Al systems more understandable and
reliable for clinicians and patients. Simultaneously, the evolution of privacy and data secu-
rity regulations can provide a more solid framework for sensitive information protection.

In conclusion, Al represents a powerful catalyst for change in the healthcare sector,
with the potential to significantly improve healthcare management. Its impacts are vast,
the limitations non-negligible, and the prospects full of opportunities to overcome current
challenges. As Al continues to evolve, a deep understanding and a balanced approach will
be essential to fully leverage its potential for the benefit of global health.
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