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Abstract

Background: Anincreasing interestin machinelearning (ML) has been observed among scholars and health care professionals.
However, while ML-based applications have been shown to be effective and have the potential to change the delivery of patient
care, their implementation in health care organizationsis complex. There are several challengesthat currently hamper the uptake
of ML in daily practice, and there is currently limited knowledge on how these challenges have been addressed in empirical
studies on implemented ML -based applications.

Objective: Theaim of this systematic literature review istwofold: (1) to map the ML -based applications implemented in health
care organizations, with a focus on investigating the organizational dimensions that are relevant in the implementation process,
and (2) to analyze the processes and strategies adopted to foster a successful uptake of ML.

Methods: We developed this protocol following the PRISMA-P (Preferred Reporting Items for Systematic Review and
Meta-Anaysis Protocols) guidelines. The search was conducted on 3 databases (PubMed, Scopus, and Web of Science), considering
a10-year timeframe (2013-2023). The search strategy was built around 4 blocks of keywords (artificia intelligence, implementation,
health care, and study type). Based on the detailed inclusion criteriadefined, only empirical studies documenting theimplementation
of ML-based applications used by health care professionalsin clinical settingswill be considered. The study protocol wasregistered
in PROSPERO (International Prospective Register of Systematic Reviews).

Results. Thereview isongoing and is expected to be completed by September 2023. Data analysisis currently underway, and
the first results are expected to be submitted for publication in November 2023. The study was funded by the European Union
within the Multilayered Urban Sustainability Action (MUSA) project.

Conclusions: ML-based applications involving clinical decision support and automation of clinical tasks present unique traits
that add several layers of complexity compared with earlier health technologies. Our review aims at contributing to the existing
literature by investigating the implementation of ML from an organizational perspective and by systematizing a conspicuous
amount of information on factors influencing implementation.
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Introduction

Rationale

After aperiod of so-called artificial intelligence (Al) winter, Al
has re-emerged into the scientific and public consciousness by
virtue of new technological breakthroughs and marketed
solutions[1]. Recent machinelearning (ML) applications have
expanded the frontiers of Al. In this scenario, finding an
operational definition of Al and ML is challenging. While the
term Al has been embraced for regulatory purposes[2], various
technical domains view it as a descriptor for the latest
advancements in computer science. Conseguently, as Al
becomes more pervasive and integrated into mainstream
applications, experts gradually disassociate it from its original
designation [3]. ML instead refers to the subset of Al
encompassing al the non—knowledge-based techniques that
automatically learn from data without being explicitly
programmed [4,5]. Recent advancesin ML promise remarkable
improvements in medical diagnosis and prognosis [6,7],
generating tremendous enthusiasm  surrounding  these
innovations. Theuseof ML inclinical environmentshas hitherto
experienced diverse adoption patterns, with thefield of radiology
raising considerable attention due to the notable capability of
ML (in particular, deep learning [DL]) models to extract
valuable information from medical images [7]. Other clinical
areas are also afertile environment for ML-based applications,
as their outcome prediction capabilities are expected to help
health care systems improve the quality of care and use
resources more accurately and efficiently [8].

Regulatory science hastried to keep up with these advances by
adopting apermissionlessinnovation approach with low barriers
for the entry of new algorithms[9]. Despite the European Union
and the United States regulating Al with distinctiveness [10],
regulatory approachesto ML are still under definition, ultimately
impacting on the access strategies of developers [11] and
contributing to delaying the deployment of ML in clinica
practice and in specific settings.

Previous literature has well documented the implementation of
expert systemsand knowledge- or logic-based applications[12],
al included in the definition of Al proposed by the High-Level
Expert Group on Artificia Intelligence appointed by the
European Commission [13]. Instead, ML-based applications
assumed a prominent role only recently, thanks to greater data
availability and computing capabilities [14]. Nevertheless, due
to the incremental complexity of ML-based applications [12],
their incorporation into health care processes is fraught with
different challenges that need to be organically steered by
various stakeholders [15]. ML-based applications that
encompass the characteristics of autonomy, inscrutability, and
learning [16] hence need further investigation from the
implementation science community.

Recent scholarly contributions have shown that a theoretical
understanding of the dimensions and dynamics associated with
theimplementation of Al in health care organizationsis till in
itsinfancy [14]. Empirical knowledge about theimplementation
of Al comesmostly from systemswith alow level of autonomy
and learning (ie, knowledge-based applications) and looks at

https://www.researchprotocols.org/2023/1/e47971

Ardito et al

either clinical effectiveness, technical efficiency, or regulatory
and legal issues of such technologies, overlooking the
organizational aspects [17]. For this reason, our work focuses
exclusively on non—knowledge-based ML, namely tools that
use some form of either supervised or unsupervised learning,
and not on traditional knowledge-based Al algorithms.

Research on ML implementation has been predominantly
conceptual in nature, with the identification of distinguishing
issuesin the development and disseminationin clinical practice,
such as the opacity or black-box effect, and concerns
surrounding equity, data privacy, and security [7,18].
Conversely, the consequences that such characteristics have on
the implementation of ML in health care organizations have
been poorly investigated empirically. A recent scoping review
by Chomutare and colleagues [19] adopted a mixed
deductive-inductive approach to extract barriers and facilitators
to the implementation of ML and map them onto the
Consolidated Framework for Implementation Research (CFIR)
[20], identifying generalizability, interoperability, and data
quality as the man barriers and engagement in the
implementation process as the main facilitator [19]. However,
additional inquiry is needed to gauge whether the current body
of empirica studies of ML adequately acknowledges
distinguishing implementation challenges such as trust and
explainability and to analyze which implementation strategies
have been adopted to address them.

Objectives

Given the potentia disruptiveness of recent devel opments of
ML in health care and the lack of knowledge about how to
overcome the organizational challenges associated with their
implementation, our research objectives are to identify and
explore cases of real-life implementation of ML within health
care organizations as documented in the literature and to
synthesize the processes adopted to foster a successful
implementation of ML. We plan to conduct a systematic
literature review with the following goalsin mind:

1. Toexaminethe stagesand characteristics of implementation
processes described in empirical studies on ML under the
lens of implementation science, namely the scientific study
of methods to promote the uptake of evidence-based
innovations into routine practice [21]. Specificaly, the
CFIR will be adopted as a practical theory-based guide for
assessing the implementation outcome and complemented
with implementation considerations associated with the
distinctive features of ML.

2. To anayze the observed or suggested determinants of
successful uptake of ML, thereby identifying the
implementation processes and strategies currently adopted
by health care organizations.

Methods

Study Design

This systematic review protocol follows the PRISMA-P
(Preferred Reporting Items for Systematic Review and
Meta-Analysis Protocols) statement [22,23] and was registered
within the PROSPERO (International Prospective Register of
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Systematic Reviews) on March 3, 2023 (registration humber
403873).

Eligibility Criteria
This review will be focused on studies that investigate aspects
related to the implementation of M L-based applicationsin heath

care organizations. For the purposes of this review, by
implementation, we define the “active and planned effort to

Textbox 1. Eligibility criteria

Ardito et al

mainstream innovation within an organization” [24], while the
term “health care organization” refers to entities that deliver
health services, including hospitals (general, community,
teaching, or research hospitals), outpatient centers, and primary
care and public health facilities. Studies will be selected based
on the eigibility criteria described below and summarized in
Textbox 1.

Inclusion criteria

simulation study designs)

process domains

«  Settings: hospitals, outpatients, and other community care settings

Exclusion criteria

- Intervention: implementation of knowledge-based applications

only

o  Study design: empirical studies based on implementation research designs (experimental or quasi-experimental, observational, hybrid, and
«  Intervention: implementation of machine learning (ML)—based applicationsincluding considerations on the inner setting and/or implementation

o  Stakeholder groups: ML-based applications used at least by health care professionals

«  Study design: effectiveness research study designs, literature reviews, commentaries, editorials, opinion articles, study protocols, studies collecting
perceptions on implementation, and unrelated to specific ML-based applications

«  Stakeholder groups: ML-based applications targeting patients and other nonclinical stakeholders (eg, caregivers, policy makers, and regulators)

Study Design and Publication Type

We will select peer-reviewed empirical studies documenting
theimplementation of M L-based applications, thereby including
experimental or quasi-experimental, observational, hybrid, and
simulation study designs[25]. In the context of implementation
research, experimental studies typically aim to evaluate the
impact of specific strategiesto improveimplementation, whereas
observational designs examine the implementation in service
delivery using approaches that are quantitative, qualitative (eg,
semistructured interviews with involved end users), or mixed
methodologies. We will also consider hybrid designs, which
blend the components aimed at testing clinical effectiveness
with those that analyze the implementation process by
investigating potential barriers and facilitators to the
implementation and ng outcomes such as adoption, reach,
acceptability, and fidelity [26]. We will exclude comparative
effectiveness study designs (such as randomized controlled
trials that only aim at generating clinical evidence and do not
imply organization-wide implementation), as well as
nonempirical designs, including editorials, commentaries,
opinion articles, and other published reviews of the literature.
Works based on surveys and interviews with subject matter
experts will be excluded if they broadly investigate issues
concerning the adoption of ML-based applications and do not
report on the implementation process of specific technologies
in agiven organizational setting.

Intervention

Studies will be considered eligible if they analyze the
implementation of tools based on ML in heath care
organizations and discuss the associated processes, context,
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barriers, or facilitators. Aspart of ML, wewill include both DL
techniques, unanimously considered as a subset of ML [5], and
natural language processing models when based on ML. The
latter, by their very nature, do not necessarily involve learning
techniques. However, DL techniques have been widely used to
overcome the limitations of symbolic approaches applied to
natural language processing, and most of its recent devel opment
is unanimously attributed to DL approaches [27-29].

Based on the constructs of the updated CFIR [20], only articles
including considerations on either theinner settingin which the
innovation has been adopted or the activities and strategies
being used to implement theinnovation will beincluded. Studies
only focusing on the clinical implications of theimplementation
or based on logic- and knowledge-based applications (expert
systems) will be excluded.

Stakeholder Groups

We will include studies focused on ML-based applications
availablefor use by health care professionals. Applicationsused
by patients, caregivers, health care administrators, and policy
makerswill only beincluded if they are also used by clinicians
and other health care professional groups.

Setting

We will include studies with a spotlight on the implementation
of ML-based applications in clinical practice, biomedical
research, and public and global health, as per the classification
provided by the European Parliament [30]. All possible
organizational settings related to these practices will be
considered, including inpatient units, emergency departments,
outpatient settings, and primary care. ML-based applications
used in administrative settings will be excluded.
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Time Frame

Considering the rapid evolution and changes in ML-based
applications, wewill only consider studies published in the past
10 years (since 2013).

Information Sour ces

Literature searches were conducted in MEDLINE (PubMed),
Scopus, and Web of Science and replicated in top-tier
management journals (ie, Academy of Management Journal,
Organization Science, MIS Quarterly, Journal of Management
Studies, Organization Studies, and Academy of Management
Annals). In addition, the reference list of all included studies
and of thereviewsidentified will be scanned to ensure that any
relevant work is captured. Gray literature was not considered.

Textbox 2. Concepts to be used to define the search string.

Ardito et al

Search Strategy

The search strategy was devel oped, including a combination of
keywords around four main concepts. (1) Al, (2
implementation, (3) health care, and (4) study type.

Thelist of search concepts and associated terms used is provided
in Textbox 2.

The exact search stream was developed by the research team
following an iterative process. The general term “artificial
intelligence” has been used to encompass studies that address
the terms Al and ML as synonymous. The search strategy was
initially finalized for PubMed and then adapted to the syntax
and subject headings of the other databases. The initial search
was performed in April 2023.

Main search concepts, to be combined using “ AND”
« Artificia intelligence

o  Implementation

o Hedlthcare

«  Study type

Sear ch concepts synonyms, to be combined using “ OR”

« Artificia Intelligence, Machine Learning, Deep Learning, Natural Language Processing

« Implementation, Adoption, Diffusion, Uptake

«  Healthcare, Health*, Therap*, Patient*, Clinic*, Care, Professional, Medic*, Doctor, Hospital, Life Science, Pharma

. Empirica, quantitative, tria, qualitative, interview*, case stud*, case report, field stud*, field research, mixed-method*, mixed method*, focus

group*, observational stud*, hybrid design, hybrid stud*, trial

Study Records

Data Management

The records retrieved from the literature search were uploaded
and merged into RefWorks, a reference management tool that
simplifies the process of research and collaboration among the
review team. Duplicates were removed, and the identified list
of records was extracted into an Excel (Microsoft Corp)
Spreadsheet for title and abstract screening.

Selection Process

A total of 2 researchers (VA and LMP) screened the first 100
retrieved articles based on titles and abstracts. Interrater
agreement was measured using kappa statistics [31]. Once
aligned on the €ligibility criteria, the remaining papers were
screened independently by the review team (VA and LMP)
based on titles and abstracts. Disagreement over final inclusions
was solved with athird researcher (FP). Studies deemed eligible
for full-text reading will be assessed in depth (VA, LMP, and
FP). Disagreements will be solved by dialogue with 2 other
researchers (GC and AC). The entire research team will read
all the studies eventually included in the analysis.

Data Collection Process

The data collection process will be performed by 3 reviewers
(VA, LMP, and FP). Data will be extracted using an ad hoc
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Excel (Microsoft Corp) spreadsheet, preliminarily developed
by the research team. To ensure consistency across reviewers,
the extraction sheet will be tested by each reviewer and possibly
recalibrated before starting the data collection process.
Disagreements will be resolved by discussion, and 1 of 2
arbitrators (GC and AC) will adjudicate unresolved
disagreements. Information on the implementation process of
ML-based applications will be collected, as specified in the
following section.

Data Items

Dataitemsto be extracted from the selected studieswill include
the following fields, based on preexisting, established
classifications or schemes, where possible:

1. Demographicinformation: study identifiers, authors, journal
outlet, publication year, and keywords.

2. Methodology: study design.

3. Setting: country, organizational setting (eg, hospital
inpatient, emergency department, and primary care),
organizational nature (eg, public and private), and unit of
implementation of the ML-based application.

4. Implementation stages: stages of theimplementation process
described in the study, adapted based on Aarons et al [32].

5. Intervention: name and description of the ML-based
application, level of integration with other technologies,
main practice (ie, clinical practice, biomedical research,
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public and global health, and health care administration)
[30], steps of the clinical workflow impacted by the
ML -based application [33], ML capabilities(eg, recognizing
sounds vs images vs texts) [34], type of learning system
(ie, supervised vs unsupervised vs semisupervised learning)
[35,36], level of autonomy that the ML-based application
foresees (from data presentation only to full autonomation
following the classification by Bitterman and colleagues
[37]), underlying datafed in the ML-based application (ie,
guantity, quality, and datainputs), and previous evaluation
of effectiveness[14].

6. Individuals: actors involved in the development and
implementation of the ML-based application.

7. Inner setting: factors related to the organizational context
in which the innovation is implemented, including both
persistent general characteristics of the organization and
properties specific to the delivery of the innovation. These
include implementation capacity and readiness, as well as
ML-specific domains such as the consideration of ethical
concerns [38] and computational resources (ie, any
references to the availability of substantial computing
power, either proprietary or through cloud-based analytics,
and organizational policies or strategies that have favored
data storage and processing) [39].

8. Quter setting: considerations on the setting in which the
inner setting exists, such as legidative, regulatory,
accreditation, and reporting authorities and aspects [40],
partnerships and connections with external entities, and
external pressure from either social movements, peer
organizations already adopting the technology, or
benchmarking metrics [20].

9. Implementation process, including activities and strategies
used to implement, assimilate, and routinize theinnovation,
encourage participation, and collectively discussthe success
of the process.

10. Barriersand facilitators explicitly cited in the study.

11. Qutcomes. observed, measurable outcome domains and
metrics associated with the implementation process.

Data Synthesis

A narrative analysis will be adopted to synthesize the findings
from the included studies, as the characteristics of the
implementation processes will be tabulated and summarized
through  descriptive  statistics  according to  the
implementati on-science domains selected for data collection.
Given the objectives of this systematic review, the wide variety
in the study designs and outcome domains considered, and the
prospected predominance of qualitative studies, no quantitative
synthesis of the results will be performed.

Results

The systematic review isongoing. As of June 1, 2023, we have
finalized the identification of records and the title and abstract
screening of the 3520 records that met our search criteria. A
full-text review is currently underway and will be completed
by September 2023. After datasynthesis, we plan to disseminate
the study results by submitting the corresponding manuscript
to a peer-reviewed journal in November 2023.
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Discussion

ML -based applications have proliferated exponentially in recent
years and demonstrated to have high potential both to streamline
the clinical workflows and to improve patient outcomes. Yet,
available studies have focused mainly on the technical
components of ML-based applications and on their clinical
efficacy, while the organizational preconditions or determinants
needed to facilitate or sustain their implementation have been
overlooked, emphasizing the need to identify effective strategies
and foster the use of theories, models, and frameworks to
facilitate implementation [41].

Therefore, our research will systematically review and
synthesize the evidence of empirical studies reporting on
implemented ML-based applications that are used in the real
world. To comprehensively investigate implementation factors
at the organizational level, ML-based applications that impact
the activities of health care professionals at large will be
considered.

In this context, the domains of the updated CFIR will be used
asapractical tool to guidethe data extraction and interpretation
of the organizational factorsthat driveimplementation, adopting
the theoretical lens of implementation science. As such, we
expect that our review will contribute to the field of
implementation science research, a field that seeks to
systematically close the gap between what we know and what
we do (ie, the know-do gap) [21], adding insightful knowledge
to the implementation science literature on ML.

The strengths of our prospective literature review arethat it will
follow a standardized methodological approach by adhering to
systematic review guidelines (ie, PRISMA statements and
checklist for systematic reviews) [42] and that it will am at
systematizing a conspicuous amount of information on factors
influencing implementation. On the contrary, potential
limitations lie both in language barriers, as only articles
published in English will be scrutinized, and on the exclusion
of the gray literature.

Thiswork is part of larger research whose overarching aim is
to develop a conceptual framework for the implementation of
ML in health care organizations in an effort to support the
adoption and deployment of health care innovations. In
perspective, the theoretical basis of this work will therefore
pave the way for the later conceptuaization of an
implementation framework that will stem from the available
implementation science frameworks, but will betailored to also
account for the distinctive features of ML. This processwill be
additionally informed by the engagement of expert stakeholders
employed in health care organizations, who will provide
gualitative inputs based on their real-life experience with ML
to fine-tune and finalize the framework. All in al, starting with
the current review, the aim of our research is twofold: building
apractical tool for health care practitioners while transitioning
toward the use of ML-based applications within their
organization, while also contributing theoreticaly to
management and innovation theories.

JMIR Res Protoc 2023 | vol. 12 | e47971 | p. 5
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Ardito et a

Acknowledgments

This systematic review will be performed within the Multilayered Urban Sustainability Action (MUSA) project, funded by the
European Union, NextGenerationEU, under the National Recovery and Resilience Plan Mission 4 Component 2 Investment Line
1.5: Strengthening of research structures and creation of R& D “innovation ecosystems’ setup of “territorial leadersin R&D.”

Data Availability

Datasharing is not applicableto this article as no data sets were generated or analyzed for thisresearch protocol. All dataextracted
from the literature and generated during the prospective systematic review will be included in the published article or made
available upon request.

Authors Contributions

GC and AC conceived the initial concept for the review. VA, FP, and LMP generated the first draft of the manuscript. VA and
LMP carried out the search strategy and initial screening of the records. All authors contributed to devel oping the data extraction
form and revised and approved the final version of this manuscript.

Conflicts of Interest
None declared.

References

1.  YuKH, Beam AL, Kohane IS. Artificial intelligence in healthcare. Nat Biomed Eng 2018;2(10):719-731 [doi:
10.1038/s41551-018-0305-z] [Medline: 31015651]

2. Communication from the Commission to the European Parliament, the European Council, the Council, the European
Economic and Social Committee and the Committee of the Regions Artificial Intelligence for Europe. European Commission,
Directorate-General for Communications Networks, Content and Technology. 2018. URL: https://eur-lex.europa.eu/
legal-content/en/AL L/?2uri=CEL EX:52018DC0237 [accessed 2023-08-18]

3.  Kaplan A, Haenlein M. Siri, Siri, in my hand: who's the fairest in the land? On the interpretations, illustrations, and
implications of artificial intelligence. Bus Horiz 2019;62(1):15-25 [FREE Full text] [doi: 10.1016/j.bushor.2018.08.004]

4.  Witten IH, Frank E, Hall MA. DataMining: Practical Machine Learning Tools and Techniques, Third Edition. Burlington,
MA: Elsevier Science; 2011.

5. Jakhar D, Kaur I. Artificial intelligence, machine learning and deep learning: definitions and differences. Clin Exp Dermatol
2020;45(1):131-132 [doi: 10.1111/ced.14029] [Medline: 31233628]

6. CaL,GaoJ Zhao D. A review of the application of deep learning in medical image classification and segmentation. Ann
Transl Med 2020;8(11): 713 [FREE Full text] [doi: 10.21037/atm.2020.02.44] [Medline: 32617333]

7.  Topol EJ. High-performance medicine: the convergence of human and artificial intelligence. Nat Med 2019;25(1):44-56
[doi: 10.1038/s41591-018-0300-7] [Medline: 30617339]

8. LeeTC, Shah NU, Haack A, Baxter SL. Clinical implementation of predictive models embedded within electronic health
record systems: asystematic review. Informatics (MDPI) 2020;7(3):25 [FREE Full text] [doi: 10.3390/informatics7030025]
[Medline: 33274178]

9.  Thierer AD, Castillo O'Sullivan A, Russell R. Artificial intelligence and public policy. SSRN Journal 2017:56 [doi:
10.2139/ssrn.3021135]

10. Vokinger KN, Gasser U. Regulating Al in medicine in the United States and Europe. Nat Mach Intell 2021;3(9):738-739
[FREE Full text] [doi: 10.1038/s42256-021-00386-z] [Medline: 34604702]

11. PesapaneF, Bracchi DA, Mulligan JF, Linnikov A, Maslennikov O, LanzavecchiaMB, et al. Legal and regulatory framework
for Al solutionsin healthcarein EU, US, China, and Russia: new scenarios after a pandemic. Radiation 2021;1(4):261-276
[FREE Full text] [doi: 10.3390/radiation1040022]

12. Roshanov PS, Misra S, Gerstein HC, Garg AX, Sebaldt RJ, Mackay JA, CCDSS Systematic Review Team. Computerized
clinical decision support systems for chronic disease management: a decision-maker-researcher partnership systematic
review. Implement Sci 2011;6(1):92 [FREE Full text] [doi: 10.1186/1748-5908-6-92] [Medline: 21824386]

13. TheEuropean Commission’s high-level expert group on artificial intelligence. European Commission: Directorate-General
for Communication. 2021. URL: https.//ec.europa.ew/futurium/en/system/files/ged/ai_hleg definition of ai 18 december 1.
pdf [accessed 2023-08-16]

14. GamaF, Tyskbo D, NygrenJ, Barlow J, Reed J, Svedberg P. Implementation frameworksfor artificial intelligence trandation
into health care practice: scoping review. JMed Internet Res 2022;24(1):€32215 [FREE Full text] [doi: 10.2196/32215]
[Medline: 35084349]

https://www.researchprotocols.org/2023/1/e47971 JMIR Res Protoc 2023 | vol. 12 | e47971 | p. 6
(page number not for citation purposes)

RenderX


http://dx.doi.org/10.1038/s41551-018-0305-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31015651&dopt=Abstract
https://eur-lex.europa.eu/legal-content/en/ALL/?uri=CELEX:52018DC0237
https://eur-lex.europa.eu/legal-content/en/ALL/?uri=CELEX:52018DC0237
https://www.researchgate.net/profile/Michael-Haenlein/publication/328761767_Siri_Siri_in_my_hand_Who's_the_fairest_in_the_land_On_the_interpretations_illustrations_and_implications_of_artificial_intelligence/links/60cd8315299bf1cd71ddd5e7/Siri-Siri-in-my-hand-Whos-the-fairest-in-the-land-On-the-interpretations-illustrations-and-implications-of-artificial-intelligence.pdf
http://dx.doi.org/10.1016/j.bushor.2018.08.004
http://dx.doi.org/10.1111/ced.14029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31233628&dopt=Abstract
https://europepmc.org/abstract/MED/32617333
http://dx.doi.org/10.21037/atm.2020.02.44
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32617333&dopt=Abstract
http://dx.doi.org/10.1038/s41591-018-0300-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30617339&dopt=Abstract
https://europepmc.org/abstract/MED/33274178
http://dx.doi.org/10.3390/informatics7030025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33274178&dopt=Abstract
http://dx.doi.org/10.2139/ssrn.3021135
https://europepmc.org/abstract/MED/34604702
http://dx.doi.org/10.1038/s42256-021-00386-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34604702&dopt=Abstract
https://www.mdpi.com/2673-592X/1/4/22
http://dx.doi.org/10.3390/radiation1040022
https://implementationscience.biomedcentral.com/articles/10.1186/1748-5908-6-92
http://dx.doi.org/10.1186/1748-5908-6-92
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21824386&dopt=Abstract
https://ec.europa.eu/futurium/en/system/files/ged/ai_hleg_definition_of_ai_18_december_1.pdf
https://ec.europa.eu/futurium/en/system/files/ged/ai_hleg_definition_of_ai_18_december_1.pdf
https://www.jmir.org/2022/1/e32215/
http://dx.doi.org/10.2196/32215
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35084349&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Ardito et a

15.

16.

17.

18.

19.

20.

21
22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

Petersson L, Larsson |, Nygren JM, Nilsen P, Neher M, Reed JE, et al. Challenges to implementing artificial intelligence
in healthcare: aqualitativeinterview study with healthcare leadersin Sweden. BMC Health Serv Res 2022;22(1):850 [FREE
Full text] [doi: 10.1186/s12913-022-08215-8] [Medline: 35778736]

Berente N, Gu B, Recker J, Santhanam R. Managing artificial intelligence. MIS Quarterly 2022;45(3):1433-1450 [FREE
Full text]

SharmaM, Savage C, Nair M, Larsson |, Svedberg P, Nygren JM. Artificial intelligence applicationsin health care practice:
scoping review. JMed Internet Res 2022;24(10):e40238 [FREE Full text] [doi: 10.2196/40238] [Medline: 36197712]
Castelvecchi D. Can we open the black box of Al? Nature 2016;538(7623):20-23 [FREE Full text] [doi: 10.1038/538020a]
[Medline: 27708329]

Chomutare T, Tgjedor M, Svenning TO, Marco-Ruiz L, Tayefi M, Lind K, et al. Artificial intelligence implementation in
healthcare: a theory-based scoping review of barriers and facilitators. Int J Environ Res Public Health 2022;19(23):16359
[EREE Full text] [doi: 10.3390/ijerph192316359] [Medline: 36498432]

Damschroder LJ, Reardon CM, Widerquist MAO, Lowery J. The updated consolidated framework for implementation
research based on user feedback. Implement Sci 2022;17(1):75 [FREE Full text] [doi: 10.1186/s13012-022-01245-0]
[Medline: 36309746]

Wilson P, Kislov R. Implementation Science, 1st Edition. Cambridge, United Kingdom: Cambridge University Press; 2022.
Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, PRISMA-P Group. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst Rev 2015;4(1):1 [FREE Full text] [doi:
10.1186/2046-4053-4-1] [Medline: 25554246]

Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, PRISMA-P Group. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015: elaboration and explanation. BMJ 2015;350:g7647
[FREE Full text] [doi: 10.1136/bmj.g7647] [Medline: 25555855]

Greenhalgh T, Robert G, Macfarlane F, Bate P, Kyriakidou O. Diffusion of innovationsin service organizations: systematic
review and recommendations. Milbank Q 2004;82(4):581-629 [ FREE Full text] [doi: 10.1111/].0887-378X.2004.00325.x]
[Medline: 15595944]

Hwang S, Birken SA, Melvin CL, Rohweder CL, Smith JD. Designs and methods for implementation research: advancing
the mission of the CTSA program. J Clin Transl Sci 2020;4(3):159-167 [FREE Full text] [doi: 10.1017/cts.2020.16]
[Medline: 32695483]

Curran GM, Bauer M, Mittman B, Pyne JM, Stetler C. Effectiveness-implementation hybrid designs: combining elements
of clinical effectiveness and implementation research to enhance public health impact. Med Care 2012;50(3):217-226
[FREE Full text] [doi: 10.1097/ML R.0b013e3182408812] [Medline: 22310560]

Young T, HazarikaD, Poria S, CambriaE. Recent trendsin deep learning based natural language processing [review article].
|EEE Comput Intell Mag 2018;13(3):55-75 [FREE Full text] [doi: 10.1109/M Cl.2018.2840738]

Nadkarni PM, Ohno-Machado L, Chapman WW. Natural language processing: an introduction. JAm Med Inform Assoc
2011;18(5):544-551 [FREE Full text] [doi: 10.1136/amiajnl-2011-000464] [Medline: 21846786]

Chowdhary KR. Natural language processing. In: Fundamentals of Artificial Intelligence. India: Springer; 2020:603-649
Directorate-General for Parliamentary Research Services, Lekadir K, Quaglio G, Tselioudis Garmendia A, Gallin C.
Artificial intelligencein healthcare : applications, risks, and ethical and societal impacts. European Parliament. 2022. URL :
https://data.europa.eu/doi/10.2861/568473 [accessed 2023-03-16]

VieraAJ, Garrett IM. Understanding interobserver agreement: the kappa statistic. Fam Med 2005;37(5):360-363 [FREE
Full text] [Medline: 15883903]

Aarons GA, Hurlburt M, Horwitz SM. Advancing a conceptual model of evidence-based practice implementation in public
service sectors. Adm Policy Ment Health 2011;38(1):4-23 [EREE Full text] [doi: 10.1007/s10488-010-0327-7] [Medline:
21197565]

Rajkomar A, Dean J, Kohane |. Machine learning in medicine. N Engl J Med 2019;380(14):1347-1358 [doi:
10.1056/NEJMra1814259] [Medline: 30943338]

Creation of ataxonomy for the European Al ecosystem: areport of the cross-KIC activity "innovation impact artificial
intelligence”. EIT Community. 2020. URL : https://eit.europa.eu/sites/defaul t/files/

creation of_a taxonomy for the european_ai_ecosystem final.pdf [accessed 2023-08-16]

Sarker IH. Machine learning: algorithms, real-world applications and research directions. SN Comput Sci 2021;2(3):160
[FREE Full text] [doi: 10.1007/s42979-021-00592-x] [Medline: 33778771]

Bi Q, Goodman KE, Kaminsky J, Lessler J. What is machine learning? A primer for the epidemiologist. Am J Epidemiol
2019;188(12):2222-2239 [FREE Full text] [doi: 10.1093/aje/kwz189] [Medline: 31509183]

Bitterman DS, Aerts HJWL, Mak RH. Approaching autonomy in medical artificial intelligence. Lancet Digit Health
2020;2(9):e447-e449 [FREE Full text] [doi: 10.1016/S2589-7500(20)30187-4] [Medline: 33328110]

Beil M, Proft I, van Heerden D, Sviri S, van Heerden PV. Ethical considerations about artificial intelligence for
prognosticationin intensive care. Intensive Care Med Exp 2019;7(1):70 [FREE Full text] [doi: 10.1186/s40635-019-0286-6]
[Medline: 31823128]

https://www.researchprotocols.org/2023/1/e47971 JMIR Res Protoc 2023 | vol. 12 | e47971 | p. 7

(page number not for citation purposes)


https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-022-08215-8
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-022-08215-8
http://dx.doi.org/10.1186/s12913-022-08215-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35778736&dopt=Abstract
https://d1wqtxts1xzle7.cloudfront.net/75230000/Berente_Gu_Recker_Santhanam_2021_MISQ-libre.pdf?1637945412=&response-content-disposition=inline%3B+filename%3DMANAGING_ARTIFICIAL_INTELLIGENCE.pdf&Expires=1692200128&Signature=Fd~wzaQJHOlqNuZ6Y1APTzLAEnsJChgjZ8Iec8MOxc6-JyK4rZxb0xKBdruBxDvylV9AkC6HxIAfquemSSB7Vqyy57ZnXsOcJ49bb43uHUJZ-vdPK1Vk~kLFGLXNe3tlYJ9JkWpp8erTkymOSOi5tUNmOk0NhwEwIB4wiVskyDODljOhN6dJ3dui1CIiEmHAMG~~M-q9MftE9I5-ugPAWb8VajQ7KHVT-cOnP9k-5DImL3yQWYmRrpQzKavONpXxLnL37EHFaRCfigrrh3t0h4VfWK1wOuFPzKEh~gUgxCFui~EB5P3WzCIatLUI1WsQmL3toW68aOg4tg1PKQi1Vg__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/75230000/Berente_Gu_Recker_Santhanam_2021_MISQ-libre.pdf?1637945412=&response-content-disposition=inline%3B+filename%3DMANAGING_ARTIFICIAL_INTELLIGENCE.pdf&Expires=1692200128&Signature=Fd~wzaQJHOlqNuZ6Y1APTzLAEnsJChgjZ8Iec8MOxc6-JyK4rZxb0xKBdruBxDvylV9AkC6HxIAfquemSSB7Vqyy57ZnXsOcJ49bb43uHUJZ-vdPK1Vk~kLFGLXNe3tlYJ9JkWpp8erTkymOSOi5tUNmOk0NhwEwIB4wiVskyDODljOhN6dJ3dui1CIiEmHAMG~~M-q9MftE9I5-ugPAWb8VajQ7KHVT-cOnP9k-5DImL3yQWYmRrpQzKavONpXxLnL37EHFaRCfigrrh3t0h4VfWK1wOuFPzKEh~gUgxCFui~EB5P3WzCIatLUI1WsQmL3toW68aOg4tg1PKQi1Vg__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://www.jmir.org/2022/10/e40238/
http://dx.doi.org/10.2196/40238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36197712&dopt=Abstract
https://www.nature.com/news/can-we-open-the-black-box-of-ai-1.20731
http://dx.doi.org/10.1038/538020a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27708329&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph192316359
http://dx.doi.org/10.3390/ijerph192316359
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36498432&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/s13012-022-01245-0
http://dx.doi.org/10.1186/s13012-022-01245-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36309746&dopt=Abstract
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/2046-4053-4-1
http://dx.doi.org/10.1186/2046-4053-4-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25554246&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=25555855
http://dx.doi.org/10.1136/bmj.g7647
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25555855&dopt=Abstract
https://europepmc.org/abstract/MED/15595944
http://dx.doi.org/10.1111/j.0887-378X.2004.00325.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15595944&dopt=Abstract
https://europepmc.org/abstract/MED/32695483
http://dx.doi.org/10.1017/cts.2020.16
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32695483&dopt=Abstract
https://europepmc.org/abstract/MED/22310560
http://dx.doi.org/10.1097/MLR.0b013e3182408812
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22310560&dopt=Abstract
https://ieeexplore.ieee.org/abstract/document/8416973?casa_token=FW2O_02AipsAAAAA:MXaCrQua1gwwpILNesorQO6PPWXh54G9511CIjw5rBQ9fpLVH-YS2_nP2R_97yaEEx0r2kHp
http://dx.doi.org/10.1109/MCI.2018.2840738
https://europepmc.org/abstract/MED/21846786
http://dx.doi.org/10.1136/amiajnl-2011-000464
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21846786&dopt=Abstract
https://data.europa.eu/doi/10.2861/568473
http://www.stfm.org/fmhub/fm2005/May/Anthony360.pdf
http://www.stfm.org/fmhub/fm2005/May/Anthony360.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15883903&dopt=Abstract
https://europepmc.org/abstract/MED/21197565
http://dx.doi.org/10.1007/s10488-010-0327-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21197565&dopt=Abstract
http://dx.doi.org/10.1056/NEJMra1814259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30943338&dopt=Abstract
https://eit.europa.eu/sites/default/files/creation_of_a_taxonomy_for_the_european_ai_ecosystem_final.pdf
https://eit.europa.eu/sites/default/files/creation_of_a_taxonomy_for_the_european_ai_ecosystem_final.pdf
https://europepmc.org/abstract/MED/33778771
http://dx.doi.org/10.1007/s42979-021-00592-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33778771&dopt=Abstract
https://academic.oup.com/aje/article/188/12/2222/5567515?login=false
http://dx.doi.org/10.1093/aje/kwz189
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31509183&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2589-7500(20)30187-4
http://dx.doi.org/10.1016/S2589-7500(20)30187-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33328110&dopt=Abstract
https://europepmc.org/abstract/MED/31823128
http://dx.doi.org/10.1186/s40635-019-0286-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31823128&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Ardito et a

39. Shaw J, Rudzicz F, Jamieson T, Goldfarb A. Artificial intelligence and the implementation challenge. JMed Internet Res
2019;21(7):e13659 [FREE Full text] [doi: 10.2196/13659] [Medline: 31293245]

40. Feldstein AC, Glasgow RE. A practical, robust implementation and sustainability model (PRISM) for integrating research
findingsinto practice. t Comm JQual Patient Saf 2008;34(4):228-243 [doi: 10.1016/s1553-7250(08)34030-6] [Medline:
18468362]

41. Nilsen P. Making sense of implementation theories, models and frameworks. Implement Sci 2015;10:53 [FREE Full text]
[doi: 10.1186/s13012-015-0242-0] [Medline: 25895742]

42. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred reporting items for systematic reviews and
meta-analyses: the PRISMA statement. J Clin Epidemiol 2009;62(10):1006-1012 [FREE Full text] [doi:
10.1016/].jclinepi.2009.06.005] [Medline: 19631508]

Abbreviations

Al: artificial intelligence

CFIR: Consolidated Framework for |mplementation Research

DL: deeplearning

ML: machinelearning

MUSA: Multilayered Urban Sustainability Action

PRISMA-P: Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols
PROSPERO: International Prospective Register of Systematic Reviews

Edited by A Mavragani; submitted 06.04.23; peer-reviewed by HW Liang, D Kohen; comments to author 05.05.23; revised version
received 11.06.23; accepted 17.07.23; published 12.09.23

Please cite as:

Ardito V, Cappellaro G, Compagni A, Petracca F, Preti LM

Implementation of Machine Learning Applications in Health Care Organizations. Protocol for a Systematic Review of Empirical
Sudies

JMIR Res Protoc 2023;12:e47971

URL.: https://www.researchprotocols.org/2023/1/e47971

doi: 10.2196/47971

PMID: 37698910

©Vittoria Ardito, Giulia Cappellaro, Amelia Compagni, Francesco Petracca, Luigi Maria Preti. Originally published in IMIR
Research Protocols (https://www.researchprotocols.org), 12.09.2023. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in IMIR Research Protocols, is properly
cited. The complete bibliographic information, a link to the original publication on https.//www.researchprotocols.org, as well
asthis copyright and license information must be included.

https://www.researchprotocols.org/2023/1/e47971 JMIR Res Protoc 2023 | vol. 12 | e47971 | p. 8
(page number not for citation purposes)

RenderX


https://www.jmir.org/2019/7/e13659/
http://dx.doi.org/10.2196/13659
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31293245&dopt=Abstract
http://dx.doi.org/10.1016/s1553-7250(08)34030-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18468362&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/s13012-015-0242-0
http://dx.doi.org/10.1186/s13012-015-0242-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25895742&dopt=Abstract
https://air.unimi.it/handle/2434/211629
http://dx.doi.org/10.1016/j.jclinepi.2009.06.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19631508&dopt=Abstract
https://www.researchprotocols.org/2023/1/e47971
http://dx.doi.org/10.2196/47971
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37698910&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

