Wohlgemut et al. BMC Medical Informatics and
BMC Medical Informatics and Decision Making (2024) 24:323

https://doi.org/10.1186/512911-024-02739-1 Decision Making

. . ™
A scoping review, novel taxonomy ke

and catalogue of implementation frameworks
for clinical decision support systems

Jared M. Wohlgemut'?, Erhan Pisirir®, Rebecca S. Stoner'?, Zane B. Perkins'?, William Marsh?,
Nigel R.M. Tai'** and Evangelia Kyrimi®"

Abstract

Background The primary aim of this scoping review was to synthesise key domains and sub-domains described

in existing clinical decision support systems (CDSS) implementation frameworks into a novel taxonomy and demon-
strate most-studied and least-studied areas. Secondary objectives were to evaluate the frequency and manner of use
of each framework, and catalogue frameworks by implementation stage.

Methods A scoping review of Pubmed, Scopus, Web of Science, Psychinfo and Embase was conducted

on 12/01/2022, limited to English language, including 2000-2021. Each framework was categorised as addressing one
or multiple stages of implementation: design and development, evaluation, acceptance and integration, and adop-
tion and maintenance. Key parts of each framework were grouped into domains and sub-domains.

Results Of 3550 titles identified, 58 papers were included. The most-studied implementation stage was accept-
ance and integration, while the least-studied was design and development. The three main framework uses were:
for evaluating adoption, for understanding attitudes toward implementation, and for framework validation. The most
frequently used framework was the Consolidated Framework for Implementation Research.

Conclusions Many frameworks have been published to overcome barriers to CDSS implementation and offer guid-
ance towards successful adoption. However, for co-developers, choosing relevant frameworks may be a challenge.

A taxonomy of domains addressed by CDSS implementation frameworks is provided, as well as a description of their
use, and a catalogue of frameworks listed by the implementation stages they address. Future work should ensure best
practices for CDSS design are adequately described, and existing frameworks are well-validated. An emphasis on col-
laboration between clinician and non-clinician affected parties may help advance the field.

Keywords Implementation, Clinical decision support system, Frameworks, Design, Development, Evaluation,
Implementation, Adoption, Scoping review
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[2]. According to Shortliffe and Cimino, CDSS pro-
vide patient-specific recommendations based on clini-
cal scenarios, which usually follow clinical rules and
algorithms, a cost—benefit analysis, or clinical path-
ways [3]. The National Academy of Medicine states that
CDSSs form a key component of a learning health sys-
tem, which can assist the implementation and adoption
of new knowledge into practice [4]. Further, CDSSs are
deemed a “practical necessity for every clinician in our
rapidly evolving health and healthcare landscape’, as they
can “ameliorate the burden that exponentially expanding
clinical knowledge as well as care and choice complex-
ity place on the finite time and attention of clinicians,
patients, and every other member of the care team” [5].

Despite an increased research effort to develop com-
plex and accurate CDSS and to understand potential
clinical benefit, CDSS are still not widely implemented
into clinical practice [6, 7]. Recent studies have focused
on investigating the barriers and facilitators for adopting
CDSS [8-10]. From an organisational standpoint, bar-
riers to adoption include human—computer interaction
issues [11-15], timing of use [11, 16-18], lack of train-
ing [11, 16], lack of integration into the clinical work-
flow [13], CDSS inefficiencies [6, 12, 16], and concerns
regarding clinicians’ autonomy [12—14]. Adoption is also
adversely affected by professional resistance to change
[12, 19], and lack of end-user involvement in CDSS
development and evaluation [13, 20].

Many implementation frameworks have been pub-
lished to overcome the identified barriers to adoption
and offer guidance to enable the effective implementa-
tion of CDSS in clinical practice [21]. Notably, imple-
mentation frameworks differ in complexity. For instance,
some of the published frameworks are ‘whole system’
[22], while some focus on only one or more aspects of the
adoption process, such as design [23] or acceptance [24].
There is a significant overlap among the published frame-
works, yet each miss key domains included in others [25].
Some studies have reviewed a limited number of key
frameworks with the intent to unify these into an over-
arching whole [26]. Other studies have reviewed exist-
ing frameworks and explored barriers and facilitators to
identifying and selecting the appropriate implementation
frameworks [21]. Sifting through and making sense of
such a large pool of implementation frameworks is chal-
lenging. To our knowledge, no previous study has aimed
to providing a taxonomy of these frameworks. Our scop-
ing review aims to help researchers better navigate the
existing literature on frameworks for guiding the process
from concept to adoption of CDSS. We believe this is of
benefit to co-developers (researchers in both computer
science and medicine) who are interested in implement-
ing CDSS in healthcare.
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The primary objective of this scoping review is to syn-
thesise key domains and sub-domains described in exist-
ing CDSS implementation frameworks from concept to
adoption into a novel taxonomy and demonstrate most-
studied and least-studied domains. The studied CDSS
implementation frameworks have either specifically
designed or applied to CDSSS. A secondary objective is
to describe the frequency and manner of use of included
frameworks, as well as academic impact. A tertiary aim is
to catalogue existing CDSS implementation frameworks
by implementation stage.

Methods

Literature search

A search of major health and health informatics literature
databases including Pubmed, Scopus, Web of Science,
PsycInfo and EmBase was conducted on 12/01/2022,
limited to English language, between 2000-2021, and
selecting only papers where the described keywords were
present in their title or abstract. Our keywords contained
three main terms. The first term was clinical, which indi-
cated the discipline that we were interested in. The sec-
ond term was decision support system, which is the class
of system that we targeted for our review. The third term
was adoption framework, which was the focus of our
review. A set of synonyms often found in relevant liter-
ature were also searched. The synonyms were based on
an initial pilot study, during which a small number of key
papers on CDSS implementation stages were reviewed
and the main terms used were identified. The full list of
terms and synonym can be found in Table 1.

Additional screening was conducted to exclude papers
that did not permit access to the full paper and were not
journal or conference peer-reviewed articles. The reason
for excluding non-peer-reviewed work is that we wanted
to ensure that included frameworks have been properly
scrutinised. The reason for excluding papers published
before 2000 was that we wanted to ensure the CDSS

Table 1 Search terms and synonyms

Terms Synonyms

Clinical clinician, physician, healthcare

Decision support decision aid, prediction rule

System tool, technology
Adoption adopt, implementation, implement
Framework guideline, theory

The searches were restricted to the English language, including the years 2000-
2021, and keywords within the Title or Abstract. The search string was ((clinical
OR clinician OR physician OR healthcare) AND ("decision support" OR "decision
aid" OR “prediction rule”) AND (system OR tool OR technology) AND (adoption
OR implementation OR adopt OR implement) AND (framework OR guideline OR
theory))
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frameworks would be relevant for computer-based mod-
ern and future healthcare systems. The authors’ area of
academic interest is artificial-intelligence models, which
have largely failed to be adopted into clinical practice [6,
7]. Therefore, we wanted to exclude frameworks pub-
lished prior to widespread existence of computerised
health systems, which may not be relevant. The remain-
ing papers were those adhering to the inclusion (IC) and
exclusion criteria (EC) presented in Table 2. Papers were
included if they introduced a new framework, or either
extended, integrated or validated an existing framework.
We considered an existing framework ‘validated’ if it was
used and objective results were presented to demonstrate
how it was used. We considered the ‘evaluation’ of a
framework to refer to whether the CDSS had an effect on
behaviour change and process metrics of uptake, includ-
ing reach, adoption and maintenance, rather than in a
computational sense of Al models referring to its predic-
tive performance.

Two additional search approaches were used; (1) pur-
suing references of references (“snowballing”), and (2)
expert inquiry to identify relevant papers. This was done

Table 2 Inclusion and exclusion criteria
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to include relevant papers that might not have been cap-
tured due to missing keywords in the title and abstract.
Papers identified were subject to IC/EC described in
Table 2.

To ensure a consistent review process, a training ses-
sion was conducted during which three papers were
reviewed by the four reviewers (JW, RS, EP and EK)
involved in this study, followed by a thorough discussion
on the given answers and how they were derived. A dual
independent assessment of each paper was conducted in
two successive review rounds. Each paper was reviewed
by one clinician and one non-medical researcher / com-
puter scientist. In cases where responses differed, the
four reviewers worked collaboratively and resolved the
conflict by consensus.

Study aims

This study has three main aims, and for each aim, a set
of research questions (RQ) were addressed. The aims,
rationale, and related RQs are presented in Table 3.

Inclusion criteria (IC)

IC-1: Propose a new framework that describes at least one aspect of the process from concept to adoption of CDSS in practice
IC-2: Propose an extension of an existing framework that describes at least one aspect of the process from concept to adoption of CDSS
in practice
IC-3: Propose a framework with the intend to assist implementation of healthcare technologies, where CDSS has been mentioned as a part of it
IC-4: Implement an existing framework in healthcare settings

Exclusion Criteria (EC)

EC-1: Framework not developed or implemented in healthcare

EC-2: Healthcare related but not specific to CDSS or technology (e.g. surgical interventions, drugs etc.)

EC3: Framework proposed but not related to a specific stage from concept to adoption of CDSS in practice

EC-4: There is a statement in the title/abstract that a framework is provided, but none is detailed

EC-5: Publication limited to adoption challenges, suggestions, recommendations, or facilitators without providing a framework
EC-6: Review of existing frameworks without proposition of novel frameworks or study of implementation into healthcare settings

Table 3 Study aims and research questions

Aim Rationale

Research question (RQ)

Frameworks descriptive taxonomy

domains

Frameworks academic application
used in academic practice

Frameworks co-developers catalogue
stage from design to adoption

Synthesise the domains and sub-domains of published
CDSS implementation frameworks into a taxonomy,
and describe the most studied and least-studied

Describe how the published frameworks have been

Describe how the published frameworks fit within each

RQ1: Which are the most discussed domains

in the published frameworks?

RQ2: Which domains have been least-discussed
in the published frameworks?

RQ3:What is the most popular published framework
and how has it been used in healthcare settings?
RQ4: What is the academic impact of these frame-
works?

RQ5: How do the published frameworks map
within the overarching implementation process
from design to adoption?




Wohlgemut et al. BMC Medical Informatics and Decision Making

Implementation stages

During an initial pilot study, a small number of papers
on CDSS implementation stages were reviewed. Each
reviewer independently proposed a categorization of the
implementation stages from design to adoption of CDSS.
The proposed stages were combined, and disagreements
were resolved by discussion. Upon consensus, four main
implementation stages were identified as described in
Table 4.

Data extraction

A data extraction sheet was created and piloted by all
reviewers on Microsoft Excel (Microsoft Corp, Red-
mond, WA, USA), sharing via Microsoft Teams. Data
extraction was divided equally between four reviewers,
and each paper double-checked. Attributes extracted for
each included paper included: its definition for CDSS (if
provided); which stage(s) of implementation the frame-
work addressed (design and development; evaluation;
implementation/integration; adoption/maintenance);
and for each stage(s) of implementation the framework
addressed, we collected domain names and definitions
(main parts of each framework), and sub-domain names
and definitions (sub-part of each framework). This scop-
ing review was reported using the preferred reporting
items for systematic reviews and meta-analyses extension
for scoping reviews (PRISMA-ScR) [27].

Descriptive taxonomy

A descriptive taxonomy (Aim 1) of domains and sub-
domains described by published CDSS implementation
frameworks was created. Domains and sub-domains
from frameworks which were novel, extensions of previ-
ous CDSS frameworks, or integrated into previous CDSS
frameworks, were included. Two authors (one clinician
and one non-medical researcher / computer scientist)
independently identified which implementation stage(s)
each framework addressed (Table 4) and extracted all
domains and related sub-domains. Each domain and
sub-domain within each implementation stage was then
examined by two authors independently (JW and EK),
and similar categories were merged/combined, to form
more a truncated but inclusive list. Least-discussed and

Table 4 Stage of implementation
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most-discussed domains were then quantified and graph-
ically displayed.

Frameworks academic application

The frequency of frameworks described in included
studies (Aim 2) was quantified by adding the number of
papers which reported validation of a published frame-
work and was graphically displayed. As a sensitivity
analysis of the academic impact of each framework, a
bibliometric search of citations of the original publica-
tion introducing each framework was conducted. Search
engines explored included Web of Science and Google
Scholar (searched 7th September 2022).

Frameworks co-developers catalogue

The final aim of the study (Aim 3) was addressed by map-
ping studies which propose a new framework, or extend
or integrate an existing framework, within implementa-
tion stages. These frameworks are categorised based on
the authors’ discipline and provide a catalogue of pub-
lished CDSS implementation frameworks by stage of
implementation.

Results

Literature search results

The number of papers identified in each database are pre-
sented in Table 5. The results of the literature selection
process are presented in Fig. 1. Initially, 3558 papers were
identified for screening. After removing duplicates, the
abstracts were read by two reviewers and we excluded
those that did not follow the IC mentioned in Table 1,
resulting in 129 papers. From these, 58 papers remained
for inclusion in this scoping review (Table 6). Of these
58 included papers, 21 proposed new CDSS implemen-
tation frameworks, 5 extended previous frameworks, 2
integrated into an existing framework, and 39 validated a
previously developed CDSS implementation framework.

Study results

This section presents results from the analysis of the
included literature with respect to the objective and RQs
presented in Table 3.

Stage

Description

Design & Development
Evaluation

Acceptance & Integration
Adoption & Maintenance

Clarification of who, why, how the CDSS is intended to be used; the development process
Predictive performance of CDSS; initial impact study; feasibility study
User acceptance; usability; integration/ implementation into existing workflow

Dissemination, surveillance, and monitoring; revisions; organisation reliance to adapta-

tions; follow-up study
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Table 5 Search results by database source

Database Identified papers Fields Filters

Pubmed 710 Title/ Abstract English Language, Period 2000-2021

Scopus 1240 Title/ Abstract English Language, Period 2000-2021, Journal Type
Web of Science 1086 Title/ Abstract English Language, Period 2000-2021, Journal Type
Psyclnfo 100 Title/ Abstract English Language, Period 2000-2021, Journal Type
Embase 414 Title/Abstract English Language, Period 2000-2021, Journal Type

Fig. 1 PRISMA diagram for literature selection

Frameworks descriptive taxonomy

To address the first study objective (Table 3; RQ1 and
RQ2), we created a taxonomy of the main domains and
sub-domains of each new, extended or integrated CDSS
implementation framework, as well as how they fit within
each implementation stage (Table 7). Papers included
in this scoping review that simply validated an already
published CDSS implementation framework were not
included in Table 7. This addresses RQ1 and RQ2, by
demonstrating the most- and least-discussed domains in
published frameworks. A histogram of the frequency of
each domain as mentioned in published frameworks is
also shown in Fig. 2. The implementation stage observed

)
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with the greatest frequency was ‘Acceptance & Integra-
tion’; within this phase, the ‘Based on user/human fac-
tors’ domain was the most popular area for frameworks
to focus upon. The least frequently described implemen-
tation stage was ‘Design & Development’; and the least
discussed domain was ‘Addressing a defined condition’
(Fig. 2).

Frameworks academic application

The second study objective (Table 3; RQ3 and RQ4)
was addressed by studying how many included stud-
ies reported implementation of a published framework.
Use of a published framework was described in 39 out of
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Table 7 A descriptive taxonomy of domains and sub-domains identified in CDSS implementation frameworks which were new, an

extension or integration

Implementation Stage Domains

Sub-Domains

Design & Development  1.Based on existing evidence [46, 55]

2.Focused on end-users [40, 42, 49, 71]

3.Addressing a defined condition [40]

4.ls theoretically feasible [40, 42, 53, 71]
5.Intending to provide benefit [40, 46]

Evaluation 1.Assessing usability [30, 34, 43-46]

2.Assessing technology quality and performance [22, 30, 34,

43-45, 50, 54]

3.Assessing organisational support and feasibility [22, 45, 53]
4.Assessing impact on practice [22, 46, 50, 54]

Acceptance & Integration  1.Based on users/human factors (inner setting) [8, 24-26, 28,
29, 33,40, 42,44,45,52,54,70,72,80]
2.Based on technology efficiency and effectiveness [24-26,

28,33,42,45,54,55,70,72]

3.Based on fit between technology and condition [25, 26,

28,33,42,44,45,52,55,70,72,80]

4.Based on organisation and wider system (outer setting)

[24-26, 33,45, 54, 70, 80]

1a. Defined evidence base [46]

1b. Fits to existing workflow [55]

2a. Addresses clinical User needs [40, 42, 49, 71]

2b. Clinically appropriate input & output [40, 49, 71]

3a. Defined nature of condition or illness [40]

3b. Influence of comorbidities, socio-cultural influences [40]
4a. Data is available [40, 49, 71]

4b. Knowledge from CDSS is needed [40]

4c. Model development [40, 42, 53]

5a. Intended benefit to healthcare providers, patients, and/
or affected parties [40, 46]

Ta. Actual versus intended use in target population [30, 34]
1b. System usability/user satisfaction [34, 44, 45]

1c. System explainability (explanation, debiasing, addressing
uncertainty, sensibility, comprehensibility) [30, 43]

1d. Understanding the change process [46]

2a. System quality and functionality (hardware & software
adaptability, flexibility, dependability) [34, 45, 54]

2b. Data availability, integrity and safety (confidentiality, qual-
ity, privacy and security) [30, 34, 45, 54]

2c¢. Predictive performance (discrimination, calibration, thresh-
olds) [22, 30, 43]

2d. Validation (internal, temporal, external) [44, 50]

3a. Organisational support, structure, security and environ-
ment [45]

3b. Feasibility of impact study [22, 53]

4a. Impact on practice (effectiveness on clinically relevant
outcomes) [22, 46, 50, 54]

Ta. Usability, usefulness, trustworthiness, performance expec-
tancy, user expectations and needs [24-26, 28, 33,44, 52, 54,
72,80]

1b. User mental effort, situational awareness, memory, atten-
tion, and decision-making [26, 29, 42]

1c. User professionalism (knowledge, skills/abilities, role/
identity, intentions/goals) [26, 70]

1d. User personality (beliefs, attitudes, emotions, behavioral
regulation) [26, 70]

2a. System efficiency, accessibility, adaptability [25, 26, 33, 45,
54]

2b. System communicability (interface design, informative-
ness) [25, 33,40, 42,70, 72]

2c. Informatics and patient safety (privacy, security, risk) [24,
26,42,45]

3a. Workflow integration, clinicians familiarised with technol-
ogy, relevance, training required [26, 28, 42, 45, 52, 55,72, 80]
3b. Perceived benefits/value and consequences (relative

to standard care) [25, 26, 28, 33, 70]

3c. Effects on quality, effectiveness of care, safety, clinician
autonomy, healthcare efficiency [26, 44]

4a. Professional and social influences and structures (culture)
[25, 26,44, 45, 70]

4b. Organisational support (IT systems, environmental context
and resources) [25, 26, 33, 54]

4c. Capacity to innovate; readiness for change; organisational
resilience [25]

4d. Political, policy, regulatory, legal landscape [24, 26, 45, 80]




Wohlgemut et al. BMC Medical Informatics and Decision Making

Table 7 (continued)

(2024) 24:323

Page 10 of 17

Implementation Stage

Domains

Sub-Domains

Adoption & Maintenance

1.Related to impact on users [25, 28, 39, 49, 54, 63, 71]
2.Related to technology quality [22, 25, 28, 39, 49, 54, 71]
3.Related to organisational support [25, 39, 40, 44, 53, 54, 71]
4 Related to impact on patients [22, 28, 39, 44, 46, 54]

Ta. User familiarity, motivation, intention [28]

1b. Impact on user decisions, workflow, needs, role, profes-
sion, identity [28, 39,49, 71]

1¢. Social/cultural influence [25, 28, 63]

2a. Barriers/facilitators of technology (usability, usefulness, rel-
evance, trust, complexity, hardware/software) [22, 25, 28, 54]
2b. Maintain/monitor use, quality, data completeness [39, 49,
54,71]

2c.Verify predictive performance, acceptability [22]

2d. Update/revise model [39, 49]

2e.Relative benefits (efficiency, effectiveness) [25]

3a. Organisational governance, policies, support, motivation
and incentives [25, 39, 40, 53, 71]

3b. Cost effectiveness [25, 44, 54]

4a. Monitor/surveillance of clinical impact (effectiveness,
long-term follow-up) [39, 46]

4b. Patient satisfaction, privacy, safety, preferences [28, 44, 54]
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the 58 papers included in the scoping review. Three main
purposes of framework use were identified:

1) To evaluate adoption: using a CDSS framework to
evaluate the adoption and acceptance of a specific

CDSS.

2) To understand attitudes toward implementation: cre-
ation of an interview protocol and/or analysis results
to better understand the barriers and facilitators of
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3) To validate a framework: assess a framework’s valid-
ity through case studies and/or interviews.

As shown in Fig. 3, the most frequently used or
reported frameworks in the studied literature were the
Consolidated Framework for Implementation Research
(CFIR) [25], and the Reach, Efficacy, Adoption, Imple-
mentation, and Maintenance framework (RE-AIM) [81].
The most frequent use of the framework was to evalu-

CDSS adoption. ate adoption. Regarding the two most popular adoption
frameworks, CFIR was used mostly for understanding
Framework validation
Il Implementation attitude understanding
Bl Adoption evaluation
14 =
12 =
10 =
2
2
>
(]
14
fe)] —
£ 8
Q.
o
Q
)
E
[7) 6 =
c
]
=
1]
=
o
4 -
2 -
0=
BEAR | CFIR | RE-AIM | UTAUT | TDF | GRASP | HITREF | HOT-FIT | NASSS | PRISM | NPM
Web of Science 2 408 134 727 93 5 1 18 108 14 64
Google Scholar 4] 662 227 | 2150 | 169 7 2 54 188 36 | 126

Fig. 3 Frequency and academic use of published adoption frameworks in scoping review. Legend: The graph represents frequency of use

and type of academic use within included studies in this review. The table represents the average number of annual citations since publication

of each framework to 2022, in each key search engine (Web of Science and Google Scholar). Frameworks included in our reference list were

BEAR (Behaviour and Acceptance Framework; Camacho 2020) [26], CFIR (Consolidated Framework for Implementation Research; Damschroder
2009) [25], GRASP (Grade and Assess Predictive tools; Khalifa 2019) [44], HITREF (Health Information Technology (HIT) Reference-based Evaluation
Framework; Sockolow 2015) [54], HOT-FIT (Human, Organisation, and Technology-fit Framework; Yusof 2008) [34], and NASSS (Nonadoption,
Abandonment, Scale-up, Spread, and Sustainability; Greenhalgh 2017) [40]. Original frameworks not included in the scoping review included those
for RE-AIM (Reach, Efficacy, Adoption, Implementation, and Maintenance framework; Glasgow 1999) [81], UTAUT (Unified Theory of Acceptance
and Use of Technology; Venkatesh 2003) [82], TDF (Theoretical Domains Framework; Michie 2005) [83], PRISM (Practical Robust Implementation
and Sustainability Model; Agil 2009) [85], and NPM (Normalization Process Model; May 2009) [84]
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attitudes towards implementation [9, 37, 38], while RE-
AIM was used solely to evaluate adoption [58, 60, 73].
The sub-table in Fig. 3 shows the average annual cita-
tions since publication of each framework in key search
engines (Web of Science and Google Scholar). Using this
metric, the frameworks which have had the most aca-
demic impact were UTAUT (Unified Theory of Accept-
ance and Use of Technology) [82], followed by CFIR [25],
RE-AIM [81], NASSS (Nonadoption, Abandonment,
Scale-up, Spread, and Sustainability) [40], TDF (Theo-
retical Domains Framework) [83], NPM (Normalization
Process Model) [84], HOT-FIT (Human, Organisation,
and Technology-fit Framework) [34], PRISM (Practical
Robust Implementation and Sustainability Model) [85],
GRASP (Grade and Assess Predictive tools; Khalifa 2019)
[44], BEAR (Behaviour and Acceptance Framework)
[26], and HITREF Health Information Technology (HIT)
Reference-based Evaluation Framework; Sockolow 2015)
[54] (Fig. 3).

Frameworks co-developers’ catalogue

The third study objective (Table 3; RQ5) was addressed
by studying how published frameworks mapped within
the overarching implementation process from design to
adoption. The implementation stage that has gained less
research attention is the initial ‘Design and Development’
phase (Fig. 4). Many frameworks address multiple imple-
mentation stages, including five frameworks which are
address three implementation stages, though no frame-
work addressed all four implementation stages. Most of
the published frameworks have been created by health-
care professionals without any collaboration with non-
medical researchers / computer scientists.

Discussion

Findings and strengths

This scoping review has confirmed a lack of standardi-
sation of frameworks which have been developed to aid
implementation of clinical decision support systems.
Multiple frameworks have been developed, each focus-
sing on one or many stages of implementation, but few
in a holistic manner which could guide co-developers
through their project from design to adoption. Most
frameworks have been created without any subsequent
attempt at validation in academic or clinical practice.
In this context, instead of creating a new framework to
add to a crowded market, we have instead attempted
to make sense of the existing literature, in order to best
serve co-developers by helping them decide which
framework(s) best suits their needs. We have therefore
provided a novel taxonomy of domains included in exist-
ing CDSS implementation frameworks, in order to iden-
tify domains which have been most- and least-addressed;

(2024) 24:323
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quantified the frequency of use of these frameworks
within included studies, along with a bibliometric sensi-
tivity analysis, to identify frameworks which have gained
the most popularity among researchers; and provided a
practical catalogue from which co-developers can select
existing frameworks which best suit their project. To our
knowledge, this is the first study to provide a taxonomy
of domains of CDSS implementation frameworks, as well
as a catalogue of these frameworks. We utilised a well-
structured review process, including a clear objective and
related research questions, training of all study reviewers
prior to conducting the review, and two rounds of review,
ensuring that both a non-medical researcher / computer
scientist and a clinician reviewed each paper eligible for
full-text review.

In the ‘Acceptance and Integration’ stage of implemen-
tation, the most frequent domain was “Based on user/
human factors’, including a sub-domain related to usa-
bility/usefulness (n=10). Usability is known to be one
of the main barriers to implementation and adoption
of CDSS, so it is aptly reported with greater frequency
in published frameworks. Usability has been defined by
the International Organisation for Standardisation (ISO
9241-11:2018), as the “extent to which a system, product
or service can be used by specified users to achieve speci-
fied goals with effectiveness, efficiency and satisfaction in
a specified context of use” [86]. Usability can be evaluated
in multiple ways, including both quantitative and qualita-
tive methods [87]. The ‘Design and Development’ stage
was less frequently studied. Only one framework focused
on the condition and comorbidities which the CDSS is
meant to address [40]. In addition, only one framework
each focuses on the existing evidence base [46], and cur-
rent workflow [55] during the design and development
stage. These aspects may need more emphasis in CDSS
frameworks, especially because much effort is placed
on matching the technology with clinical need in later
implementation stages. Of the known adoption barriers
mentioned in the introduction, all were addressed within
the frameworks at one of the implementation stages,
however involvement of the user in the design and devel-
opment stage was lacking.

This study has also highlighted how published CDSS
frameworks were used in included studies (Fig. 3). The
most used frameworks were found to be CFIR and RE-
AIM. CFIR was used more broadly, for both evaluation of
adoption and to understand attitudes toward implemen-
tation. Perhaps this is because it is a framework which
was designed by combining aspects of many frameworks;
it may be used because it is deemed to be comprehensive
[25]. RE-AIM was used solely for evaluation of adop-
tion, likely because it is accessible and easily under-
standable [58, 60, 73]. Few frameworks were validated



Wohlgemut et al. BMC Medical Informatics and Decision Making (2024) 24:323 Page 13 of 17
o e Design & . Acceptance & Adoption &
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Greenhalgh?® NASSS @2 HCP & NM v v v
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Craig MRC Guidelines @ HCP v v v
Campbell®? HITET @ HCP v v <
Singer4® N/A ¥ HCP v v
Ash” Multiple perspectives & HcP v v
Peleg® IDEAS Extension @3 HCP & NM v v
Tsopra3® N/A @3 HCP & NM v
Lehman? N/A @3 HCP & NM v
Yusof34 HOT-fit @ NM v
Khalifa* GRASP @ HCP v v v
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Frameworks Discipline
NASSS= nonadoption, abandonment, scale-up, spread, and sustainability; UTAUT= Unified Theory of Acceptance and Use of Technology; % HCP healthcare professional
MRC= Medical Research Council; TTF= task-technology fit model; A
o NM non-medical researcher /
HITET= Health Information Technology Evaluation Toolkit; CFIR= Consolidated Framework for Implementation Research; computer scientist
IDEAS= Integrate, Design, Assess, and Share; BEAR= Behaviour and Acceptance Framework;
HOT-Fit= Human, Organisation, and Technology-fit Framework; iCPR= integrated clinical prediction rule;
GRASP= Grade and Assess Predictive tools; UASAD-= the user acceptance and system adaptation design model;
HITREF= Health Information Technology (HIT) IPOE= the input-process-output-engage model;
Reference-based Evaluation Framework; GUIDES= Guideline Implementation with Decision Support;
TPOM-= Technology, People, Organizations, and Macroenvironmental factors; SQBTT= Status Quo Bias & Technology Trust.
Int= integration of frameworks;

Fig. 4 Co-developers catalogue of published frameworks by related implementation stage

or implemented. This may be due to their qualitative and
theoretical basis, rather than a protocolised framework,
which could be more easily quantitatively evaluated for
validation. A bibliometric analysis identified that the aca-
demic impact of frameworks varied greatly, with UTAUT,
CFIR, RE-AIM, NASSS and TDF garnering many more
citations than others, despite other frameworks being
more comprehensive (e.g. BEAR).

Due to the existence of multiple overlapping frame-
works, academics and CDSS developers may choose to
develop a new framework, rather than implement existing

frameworks. This phenomenon could inevitably lead to
further lack of standardisation, and repetition (and pos-
sible waste) of academic effort. In order to prevent this,
we have included a catalogue of existing frameworks for
CDSS implementation (Fig. 4). The catalogue reiterates
two key findings of this study: that the most highlighted
domains relate to ‘Acceptance and Integration’ phases of
CDSS implementation, while the least discussed domains
relate to CDSS ‘Design and Development. The catalogue
will be useful to CDSS co-developers and project teams
to identify relevant guidance to consider at each stage
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of implementation. Other authors have asserted that
multiple frameworks may be more appropriate than a
single comprehensive one, to address each aspect of the
development-to-adoption process of CDSS implementa-
tion [88]. We agree, and offer this guide to frameworks,
rather than attempt to combine all domains into a single
framework. Many CDSS studies use existing frameworks
rather than creating new frameworks, such as CFIR and
PRISM. Or, the frameworks are often used together, such
as an implementation framework (e.g. CFIR, PRISM or
RE-AIM) to capture the breadth of contextual issues,
alongside a technology framework (e.g. UTAUT), which
provides more granular insight on socio-technical issues.
This work augments existing online resources for under-
standing and choosing implementation frameworks [89].

There are some limitations to this study. It is possible
that our search strategy missed out on relevant papers.
Even if this is a representative sample of papers published
in both medical and artificial intelligence (AI) journals
and conference proceedings, it may not reflect the entire
range of the literature on CDSS adoption frameworks.
It is also possible that a small number of relevant papers
were not included because they did not use the selected
keywords in their title or abstract, though we mitigated
this by also searching references of references and expert
recommendations. Another limitation is the subjectivity
with which the domains and sub-domains were grouped
and mapped across the implementation stages from
the four reviewers. We mitigated this by ensuring two
reviewers reviewed and extracted data from each paper:
one non-medical researcher / computer scientist and one
clinician, and consensus was achieved in case of a disa-
greement. This process took time, and therefore a further
limitation is that publications published in 2022 or early
2023 were not included. Further because we specified a
time period of 2000-2021 in our search strategy, some
well-known frameworks for utility and adoption of tech-
nology (such as UTAUT) were not included in the first
research objective, though they were captured by the
second objective. Another limitation to the framework
use section is that frameworks could only be identified
as being in use if it was published in an academic jour-
nal and met inclusion criteria for our study. This was par-
tially mitigated by the bibliometric sensitivity analysis.
However, there may be frameworks in use without being
published in an academic journal, and academic cita-
tions may not always denote positive impact; frameworks
may be cited by authors to describe negative aspects (e.g.
to highlight bias or their inadequacies as a framework).
Future research directions may include more work into
less-studied aspects, especially design and development
of CDSS frameworks. Further, few frameworks have
been formally validated, which would help teams choose
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whether and how these complex interventions should be
applied. An emphasis on collaboration between clinician
and non-clinician affected parties may help advance the
field.

Conclusions

Many CDSS implementation frameworks exist. How-
ever, for co-developers, choosing relevant frameworks
may be a challenge. A taxonomy of domains addressed
by CDSS implementation frameworks is provided, as well
as a description of their use, and a catalogue of frame-
works listed by the implementation stages they address.
The most frequently published implementation stage is
‘acceptance and integration’ of CDSS, while ‘design and
development’ is the least-studied. More effort should be
placed on framework validation, and engaging with key
affected parties of CDSS implementation, including clini-
cians, developers, non-medical researchers / computer
scientists, and patients.
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analyses extension for scoping reviews

M Medical clinicians

NM Non-medical researchers / computer scientists

B Both medical clinicians and non-medical researchers / com-
puter scientists

) Other

N New framework

E Extension to an existing framework

| Integration of an existing framework

\Y Validation of an existing framework

N/A Not applicable

BEAR Behaviour and Acceptance Framework

iCPR Integrated clinical prediction rule

CFIR Consolidated Framework for Implementation Research

HITET Health Information Technology Evaluation Toolkit

UTAUT Unified Theory of Acceptance and Use of Technology

TTF Task-technology fit model

HOT-Fit Human, Organisation, and Technology-fit Framework

RE-AIM Reach, Efficacy, Adoption, Implementation, and Maintenance
framework

NPM Normalization process model

NASSS Nonadoption, abandonment, scale-up, spread, and
sustainability

GRASP Grade and Assess Predictive tools

TPOM Technology, People, Organizations, and Macroenvironmental
factors

MRC Medical Research Council

HITREF Health Information Technology (HIT) Reference-based Evalua-
tion Framework

IDEAS Integrate, Design, Assess, and Share

PRISM Practical Robust Implementation and Sustainability Model

TDF Theoretical Domains Framework
UASAD The user acceptance and system adaptation design model
IPOE The input-process-output-engage model



Wohlgemut et al. BMC Medical Informatics and Decision Making

GUIDES Guideline Implementation with Decision Support
ISO International Organisation for Standardisation

Acknowledgements
The authors gratefully acknowledge Daria Glakteeva for the graphic design of
Figure 4.

Authors’ contributions

Substantial contributions to the conception and study design: all authors.
Substantial contributions to data acquisition and data analysis: JW, EP, RS, EK.
Substantial contributions to draft the manuscript: JW, EK. All authors have
approved the final manuscript.

Funding

JMW, EP, RSS, ZBP, WM, NRMT, and EK have received research funding from the
United States Department of Defense grant: Exploitation of Bayesian Networks
for Clinical Decisions on the Battlefield eBRAP Log Number DM180044 Fund-
ing Opportunity W81XWH-18DMRDP-PTCRA. BSS has received funding from
the Royal College of Surgeons of Edinburgh and Orthopaedic Research UK.
JMW has received funding from the Royal College of Surgeons of England and
Rosetrees Trust.

The funding bodies played no role in the design of the study and collection,
analysis, and interpretation of data and in writing the manuscript.

Data availability
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 26 July 2023 Accepted: 24 October 2024
Published online: 01 November 2024

References

1. Haynes RB, Wilczynski NL, the Computerized Clinical Decision Support
System (CCDSS) Systematic Review Team. Effects of computerized clini-
cal decision support systems on practitioner performance and patient
outcomes: ethods of a decision-maker- researcher partnership systematic
review. Implement Sci. 2010;5(12):1-8.

2. Adams ST, Leveson SH. Clinical prediction rules. BMJ. 2012;344: d8312.

3. Shortliffe EH, Cimino JJ. Biomedical Informatics: Computer Applications in
Health Care and Biomedicine. New York: Springer; 2006. p. 1037.

4. Medicine, IO. Leadership commitments to improve value in health care:
finding common ground: Workshop summary. Washington. DC: National
Academies Press; 2009.

5. Tcheng JE, Bakken S, Bates DW, Bonner H Ill, Gandhi TK, Josephs M, Kawa-
moto K, Lomotan EA, Mackay E, Middleton B, Teich JM, Weingarten S,
Hamilton Lopez M, editors. Optimizing strategies for clinical decision sup-
port: summary of a meeting series. Washington, DC: National Academy of
Medicine; 2017.

6.  Kyrimi E, et al. Bayesian networks in healthcare: hat is preventing their
adoption? Artif Intell Med. 2021;116: 102079.

7. Grady D, Berkowitz SA. Why is a good clinical prediction rule so hard to
find? Arch Intern Med. 2011;171:1701-2.

8. VandeVelde S, et al. A systematic review of trials evaluating success
factors of interventions with computerised clinical decision support.
Implement Sci. 2018;13(1):114.

9. Klarenbeek SE, et al. Barriers and facilitators for implementation of
a computerized clinical decision support system in lung cancer

(2024) 24:323

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Page 150f 17

multidisciplinary team meetings—a qualitative assessment. Biology
(Basel). 2021;10(1):9.

Elwyn G, et al."Many miles to go ...": a systematic review of the
implementation of patient decision support interventions into routine
clinical practice. BMC Med Inform Decis Mak. 2013;13:514.

. Anderson JA, et al. Accessibility, usability, and usefulness of a Web-

based clinical decision support tool to enhance provider-patient com-
munication around Self-management to Prevent (STOP) Stroke. Health
Informatics J. 2014;20(4):261-74.

Varonen H, Kortteisto T, Kaila M. What may help or hinder the imple-
mentation of computerized decision support systems (CDSSs): A focus
group study with physicians. Fam Pract. 2008;25(3):162-7.

Trivedi MH, et al. Barriers to implementation of a computerized deci-
sion support system for depression: An observational report on lessons
learned in “real world” clinical settings. BMC Med Inform Decis Mak.
2009;9: 6.

Catho G, et al. Factors determining the adherence to antimicrobial
guidelines and the adoption of computerised decision support sys-
tems by physicians: A qualitative study in three European hospitals. Int
J Med Inform. 2020;141: 104233.

Salwei ME, et al. Usability barriers and facilitators of a human factors
engineering-based clinical decision support technology for diagnosing
pulmonary embolism. Int J Med Inform. 2022;158: 104657.

Borum C. Barriers for hospital-based nurse practitioners utilizing clini-
cal decision support systems: a systematic review. Comput Inform
Nurs. 2018;36(4):177-82.

Ash JS, et al. Clinical decision support for worker health: a five-site
qualitative needs assessment in primary care settings. Appl Clin Inform.
2020;11(4):635-43.

Tong WT, et al. Factors influencing implementation of a patient deci-
sion aid in a developing country: An exploratory study. Implement Sci.
2017;12:40.

Aquino Shluzas LM, et al. Organizational factors affecting implementa-
tion of the ATHENA-Hypertension clinical decision support system
during the VA's nation-wide information technology restructuring: a
case study. Health Systems. 2014;3(3):214-34.

Carter J, et al. Mobile phone apps for clinical decision support in preg-
nancy: a scoping review. BMC Med Inform Decis Mak. 2019;19:219.
Strifler L, et al. Identifying and selecting implementation theories,
models and frameworks: A qualitative study to inform the devel-
opment of a decision support tool. BMC Med Inform Decis Mak.
2020;20:91.

Wallace E, et al. Framework for the impact analysis and implementa-
tion of Clinical Prediction Rules (CPRs). BMC Med Inform Decis Mak.
2011;11(62):1.

Zikos, D., A framework to design successful clinical decision support
systems, in Proceedings of the 10th International Conference on Perva-
sive Technologies Related to Assistive Environments. 2017, Association
for Computing Machinery: Island of Rhodes, Greece. p. 185-188.
Khairat S, et al. Reasons for physicians not adopting clinical decision
support systems: Critical analysis. JMIR Med Inform. 2018;6(2): e24.
Damschroder LJ, et al. Fostering implementation of health services
research findings into practice: A consolidated framework for advanc-
ing implementation science. Implement Sci. 2009;4: 50.

Camacho J, et al. A conceptual framework to study the implementa-
tion of clinical decision support systems (BEAR): iterature review and
concept mapping. J Med Internet Res. 2020;22(8): e18388.

Tricco A, et al. PRISMA Extension for Scoping Reviews (PRISMA-ScR):
checklist and xplanation. Ann Intern Med. 2018;169:467-73.

Khong PCB, Holroyd E, Wang W. A critical review of the theoretical
frameworks and the conceptual factors in the adoption of clinical deci-
sion support systems. Comput Inform Nurs. 2015;33(12):555-70.
Kannry J, et al. A framework for usable and effective clinical decision
support: experience from the iCPR randomized clinical trial. EGEMS
(Wash DC). 2015;3(2):1150.

Tsopra R, et al. A framework for validating Al in precision medicine:
considerations from the European ITFoC consortium. BMC Med Inform
Decis Mak. 2021;21(1):274.

Marcial LH, et al. A qualitative framework-based evaluation of radiology
clinical decision support initiatives: Eliciting key factors to physician
adoption in implementation. JAMIA Open. 2019;2(1):187-96.



Wohlgemut et al. BMC Medical Informatics and Decision Making

32.

33

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.
53.

54.

Liu S, et al. A theory-based meta-regression of factors influencing clinical
decision support adoption and implementation. J Am Med Inform Assoc.
2021,28(11):2514-22.

Aljarboa S, Miah SJ. Investigating acceptance factors of clinical decision
support systems in a developing country context. In: 2019 IEEE Asia-
Pacific Conference on Computer Science and Data Engineering (CSDE).
Melbourne; 2019. p. 1-8.

Yusof MM, et al. An evaluation framework for Health Information Systems:
human, organization and technology-fit factors (HOT-fit). Int J Med
Inform. 2008;77(6):386-98.

Creber RMM, et al. Applying the RE-AIM framework for the evaluation

of a clinical decision support tool for pediatric head trauma: a mixed-
methods study. Appl Clin Inform. 2018;9(3):693-703.

Elwyn G, et al. Arduous implementation: does the normalisation

process model explain why it's so difficult to embed decision support
technologies for patients in routine clinical practice. Implement Sci.
2008;3(57):1-9.

Paulsen MM, et al. Barriers and facilitators for implementing a decision
support system to prevent and treat disease-related malnutrition in a
hospital setting: Qualitative study. JMIR Form Res. 2019;3(2): 11890.
Harry ML, et al. Barriers and facilitators to implementing cancer preven-
tion clinical decision support in primary care: A qualitative study. BMC
Health Serv Res. 2019;19(1):534.

Wright A, et al. Best practices in clinical decision support: The case of
preventive care reminders. Appl Clin Inform. 2010;1(3):331-45.
Greenhalgh T, et al. Beyond adoption: A new framework for theorizing
and evaluating nonadoption, abandonment, and challenges to the scale-
up, spread, and sustainability of health and care technologies. J Med
Internet Res. 2017;19(11): e367.

Wannheden C, et al. Boosting quality registries with clinical decision sup-
port functionality: User acceptance of a prototype applied to HIV/TB drug
therapy. Methods Inf Med. 2017;56:339-43.

Saleem JJ, et al. Current challenges and opportunities for better integra-
tion of human factors research with development of clinical information
systems. Yearb Med Inform. 2009;18:48-58.

Lehmann HP, Downs SM. Desiderata for sharable computable biomedical
knowledge for learning health systems. Learn Health Syst. 2018;2: €10065.
Khalifa M, Magrabi F, Gallego B. Developing a framework for evidence-
based grading and assessment of predictive tools for clinical decision
support. BMC Med Inform Decis Mak. 2019;19:1-17.

Cresswell K, Williams R, Sheikh A. Developing and applying a formative
evaluation framework for health information technology implementa-
tions: Qualitative investigation. J Med Internet Res. 2020;22(6):e15068.
Craig P, et al. Developing and evaluating complex interventions: The new
Medical Research Council guidance. BMJ. 2008;337:979-83.

Li KD, et al. Differences in implementation outcomes of a shared
decision-making program for men with prostate cancer between an aca-
demic medical center and county health care system. Med Decis Making.
2021;41(2):120-32.

Simione M, et al. Engaging stakeholders in the adaptation of the Connect
for Health pediatric weight management program for national imple-
mentation. Implement Sci Commun. 2020;1:55.

Singer SJ, et al. Enhancing the value to users of machine learning-based
clinical decision support tools: A framework for iterative, collabora-

tive development and implementation. Health Care Manage Rev.
2022;47:E21-31.

Shapiro SE. Evaluating clinical decision rules. West J Nurs Rev.
2005,27(5):655-64.

Khalifa M, F Magrabi, BG Luxan, Evaluating the impact of the grading and
assessment of predictive tools framework on clinicians and health care
professionals’'decisions in selecting clinical predictive tools: Randomized
controlled trial. JMIR. 2020;22(7).

Shibl R, Lawley M, Debuse J. Factors influencing decision support system
acceptance. Decis Support Syst. 2013;54(2):953-61.

Campbell M, et al. Framework for design and evaluation of complex inter-
ventions to improve health. BMJ. 2000;321(7262):694-6.

Sockolow PS, Bowles KH, Rogers M. Health Information Technology Evalu-
ation Framework (HITREF) Comprehensiveness as Assessed in Electronic
Point-of-Care Documentation Systems Evaluations. Stud Health Technol
Inform. 2015;216:406-9.

(2024) 24:323

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71

72.

73.

74.

75.

76.

Page 16 of 17

. Peleg M, et al. Ideating Mobile Health Behavioral Support for Compliance

to Therapy for Patients with Chronic Disease: A Case Study of Atrial Fibril-
lation Management. J Med Syst. 2018;42(11):234.

Minian N, et al. Impact of a web-based clinical decision support system to
assist practitioners in addressing physical activity and/or healthy eating
for smoking cessation treatment: Protocol for a hybrid type i randomized
controlled trial. JIMIR Res Protoc. 2020,9(9): e19157.

Shah S, et al. Implementation of an anticoagulation practice guideline
for covid-19 via a clinical decision support system in a large academic
health system and its evaluation: Observational study. JMIR Med Inform.
2021;9(11): e30743.

Short B, et al. Implementation of lung protective ventilation order to
improve adherence to low tidal volume ventilation: A RE-AIM evaluation.
J Crit Care. 2021,63:167-74.

Fortney J, et al. Implementation outcomes of evidence-based quality
improvement for depression in VA community based outpatient clinics.
Implement Sci. 2012;7: 30.

Wu RR, et al. Implementation, adoption, and utility of family health his-
tory risk assessment in diverse care settings: evaluating implementation
processes and impact with an implementation framework. Genet Med.
2019;21(2):331-8.

Boateng J, et al. Implementing an Electronic Clinical Decision Support
Tool Into Routine Care: A Qualitative Study of Stakeholders' Perceptions
of a Post-Mastectomy Breast Reconstruction Tool. MDM Policy Pract.
2021;6(2):23814683211042010.

Trinkley KE, et al. Integrating the practical robust implementation

and sustainability model with best practices in clinical decision sup-
port design: implementation science approach. J Med Internet Res.
2020;22(10):219676.

Prakash AV, Das S. Medical practitioner’s adoption of intelligent clinical
diagnostic decision support systems: a mixed-methods study. Inform
Manag. 2021;58(7):103524.

Harry ML, et al. Pre-implementation adaptation of primary care cancer
prevention clinical decision support in a predominantly rural healthcare
system. BMC Med Inform Decis Mak. 2020;20:117.

Haun JN, et al. Informing Proactive integrated virtual healthcare resource
use in primary care. BMC Health Serv Res. 2021;21(1):802.

Yu CH, et al. Process evaluation of the diabetes canada guidelines dissem-
ination strategy using the Reach Effectiveness Adoption Implementation
Maintenance (RE-AIM)Framework. Can J Diab. 2019;43(4):263-270.e9.
Paulsen MM, Varsi C, Andersen LF. Process evaluation of the implementa-
tion of a decision support system to prevent and treat disease-related
malnutrition in a hospital setting. BMC Health Serv Res. 2021;21:281.
Westafer LM, et al. Provider perspectives on the use of evidence-based
risk stratification tools in the evaluation of pulmonary embolism: a quali-
tative study. Acad Emerg Med. 2020;27(6):447-56.

Roebroek LO, et al. Qualitative analysis of clinicians’ perspectives on the
use of a computerized decision aid in the treatment of psychotic disor-
ders. BMC Med Inform Decis Mak. 2020;20:234.

Sward K; et al. Reasons for declining computerized insulin protocol
recommendations: Application of a framework. J Biomed Inform.
2008;41(3):488-97.

Ash JS, et al. Recommended practices for computerized clinical decision
support and knowledge management in community settings: A qualita-
tive study. BMC Med Inform Decis Mak. 2013;12:6.

Van de Velde S, et al. The GUIDES checklist: development of a tool to
improve the successful use of guideline-based computerised clinical
decision support. Implement Sci. 2018;13:86.

Patel SA, et al. The Integrated Tracking, Referral, and Electronic Decision
Support, and Care Coordination (I-TREC) program: scalable strategies for
the management of hypertension and diabetes within the government
healthcare system of India. BMC Health Serv Res. 2020;20(1):1022.
Abimbola S, et al. The NASSS framework for ex post theorisation of
technology-supported change in healthcare: Worked example of the
TORPEDO programme. BMC Med. 2019;17:233.

Russell SL, et al. Toward implementing primary care at chairside: develop-
ing a clinical decision support system for dental hygienists. J Evid Based
Dent Pract. 2015;15(4):145-51.

Bakken S, Ruland CM. Translating clinical informatics interventions into
routine clinical care: how can the RE-AIM framework help? J Am Med
Inform Assoc. 2009;16(6):889-97.



Wohlgemut et al. BMC Medical Informatics and Decision Making (2024) 24:323

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Pannebakker, M.M,, et al., Understanding implementation and usefulness
of electronic clinical decision support (eCDS) for melanoma in English
primary care: A qualitative investigation. BJGP Open, 2019. 3(1): p.
bjgpopen18X101635.

Vasudevan L, et al. Using digital health to facilitate compliance with
standardized pediatric cancer treatment guidelines in Tanzania: Protocol
for an early-stage effectiveness-implementation hybrid study. BMC
Cancer. 2020;20:254.

Bean G, et al. Utilization of chest pain decision aids in a community hos-
pital emergency department: a mixed-methods implementation study.
Crit Pathw Cardiol. 2021;20(4):192-207.

Liberati EG, et al. What hinders the uptake of computerized decision
support systems in hospitals? A qualitative study and framework for
implementation. Implement Sci. 2017;12(1):113.

Glasgow RE, Vogt TM, Boles SM. Evaluating the public health impact

of health promotion interventions: the RE-AIM framework. 1999. p.
1322-1327.

Venkatesh V, et al. User acceptance of information technology: toward a
unified view. MIS Q. 2003;27(3):425-78.

Michie S, et al. Making psychological theory useful for implementing
evidence based practice: a consensus approach. Qual Saf Health Care.
2005;14(1):26-33.

May C, Finch T. Implementing, embedding, and integrating practices: an
outline of normalization process theory. Sociology. 2009;43(3):535-54.
Aqil A, Lippeveld T, Hozumi D. PRISM framework: a paradigm shift for
designing, strengthening and evaluating routine health information
systems. Health Policy Plan. 2009;24:217-28.

Standardization, 1.0.0,, 1ISO 9241-11:2018 ergonomics of human-system
interaction, in part. 11: Usability: definitions and concepts. Geneva: Inter-
national Organization of Standardization; 2018.

Wronikowska MW, et al. Systematic review of applied usability metrics
within usability evaluation methods for hospital electronic healthcare
record systems: Metrics and Evaluation Methods for eHealth Systems. J
Eval Clin Pract. 2021,27(6):1403-16.

Greenes RA, et al. Clinical decision support models and frameworks:
Seeking to address research issues underlying implementation successes
and failures. J Biomed Inform. 2018;78:134-43.

Center, N.F.l. Toolkit part 1: implementation science methodologies and
frameworks. 2023. Available from: https://www.fic.nih.gov/About/center-
global-health-studies/neuroscience-implementation-toolkit/Pages/
methodologies-frameworks.aspx. Cited 2023 06/27.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 17 of 17


https://www.fic.nih.gov/About/center-global-health-studies/neuroscience-implementation-toolkit/Pages/methodologies-frameworks.aspx
https://www.fic.nih.gov/About/center-global-health-studies/neuroscience-implementation-toolkit/Pages/methodologies-frameworks.aspx
https://www.fic.nih.gov/About/center-global-health-studies/neuroscience-implementation-toolkit/Pages/methodologies-frameworks.aspx

	A scoping review, novel taxonomy and catalogue of implementation frameworks for clinical decision support systems
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Literature search
	Study aims
	Implementation stages
	Data extraction
	Descriptive taxonomy
	Frameworks academic application
	Frameworks co-developers catalogue

	Results
	Literature search results
	Study results
	Frameworks descriptive taxonomy
	Frameworks academic application
	Frameworks co-developers’ catalogue


	Discussion
	Findings and strengths

	Conclusions
	Acknowledgements
	References


