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Abstract

Background Successful implementation and utilization of Computerized Clinical Decision Support Systems (CDSS)
in hospitals is complex and challenging. Implementation science, and in particular the Nonadoption, Abandonment,
Scale-up, Spread and Sustainability (NASSS) framework, may offer a systematic approach for identifying and address-
ing these challenges. This review aimed to identify, categorize, and describe barriers and facilitators to CDSS imple-
mentation in hospital settings and map them to the NASSS framework. Exploring the applicability of the NASSS
framework to CDSS implementation was a secondary aim.

Methods Electronic database searches were conducted (21 July 2020; updated 5 April 2022) in Ovid MEDLINE,
Embase, Scopus, Pyscinfo, and CINAHL. Original research studies reporting on measured or perceived barriers and/
or facilitators to implementation and adoption of CDSS in hospital settings, or attitudes of healthcare profession-
als towards CDSS were included. Articles with a primary focus on CDSS development were excluded. No language
or date restrictions were applied. We used qualitative content analysis to identify determinants and organize them
into higher-order themes, which were then reflexively mapped to the NASSS framework.

Results Forty-four publications were included. These comprised a range of study designs, geographic locations, par-
ticipants, technology types, CDSS functions, and clinical contexts of implementation. A total of 227 individual barriers
and 130 individual facilitators were identified across the included studies. The most commonly reported influences
on implementation were fit of CDSS with workflows (19 studies), the usefulness of the CDSS output in practice (17
studies), CDSS technical dependencies and design (16 studies), trust of users in the CDSS input data and evidence
base (15 studies), and the contextual fit of the CDSS with the user’s role or clinical setting (14 studies). Most deter-
minants could be appropriately categorized into domains of the NASSS framework with barriers and facilitators

in the “Technology, “Organization,”and “Adopters” domains most frequently reported. No determinants were assigned
to the “Embedding and Adaptation Over Time" domain.
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Conclusions This review identified the most common determinants which could be targeted for modification
to either remove barriers or facilitate the adoption and use of CDSS within hospitals. Greater adoption of implementa-
tion theory should be encouraged to support CDSS implementation.

Keywords Barriers and facilitators, Implementation science, CDSS, Clinical decision support systems, Hospital, Digital

health, NASSS

Contributions to the literature

» To our knowledge, this is the first review to systemati-
cally identify, classify, and map peer-reviewed literature
about barriers and facilitators of hospital-based CDSS
implementation using an implementation science
framework.

« This review supports the value of the NASSS frame-
work for assessing context and guiding CDSS imple-
mentation.

» This review identified a need for CDSS to be designed
to fit the workflows and contexts of clinical practice for
effective implementation outcomes.

» No determinants mapped to the “embedding over time”
domain of NASSS, underscoring the need to examine
how implementation factors change over time.

Background

Clinical Decision Support Systems (CDSS) are digital
tools that can assist healthcare providers in making clini-
cal decisions by providing targeted information [1]. They
have the potential to improve various aspects of health-
care delivery, such as patient safety, clinical management,
diagnostic support, cost management, and administra-
tive efficiency [2]. CDSS can take different forms, such as
guideline-based algorithms for chronic disease risk and
screening, personalized medication dosing, and alerts for
potential or historical adverse events [3, 4].

Despite the varied applications and benefits of CDSS,
there are challenges related to their adoption, appropriate
use, and sustainment over time in clinical settings [5, 6].
Challenges include poor uptake, inappropriate use, unin-
tended consequences, and abandonment of the technol-
ogy over time [5, 7-9]. The reasons for these challenges
are multifactorial and include the social and organiza-
tional complexity of large health systems which makes it
difficult to plan for downstream consequences with con-
fidence [10, 11]. CDSS implementation is also affected by
unforeseen system modifications to adapt to fast chang-
ing contexts [12]. Ideally, hospital-system and research
stakeholders need to identify constructs that have been
shown to influence implementation processes and out-
comes, understand potential mechanisms of change, and

identify potential barriers and facilitators to successful
implementation [13, 14]. This is important as contextu-
ally informed implementation strategies targeting clini-
cian behavior are a stronger predictor of CDSS uptake
than technological design and content features [6]. Con-
sequently, evidence-based guidance to inform and plan
for such contextually appropriate implementation is
necessary for greater systematic success of technological
interventions in healthcare systems [5-12].

Implementation science offers theory-informed sys-
tematic processes for research translation [15]. Its theo-
ries, models, and frameworks help to identify barriers
and facilitators throughout the implementation process
and at different contextual levels. This includes both the
immediate context of individuals receiving health-related
interventions, their healthcare providers, healthcare
organizations, and other stakeholders involved in care
delivery, as well as the broader political, economic, and
social setting [16]. Yet, few previous reviews of CDSS
have applied a comprehensive implementation science
framework within the context of the implementation
processes [2, 3, 6].

The Nonadoption, Abandonment, Scale-up, Spread
and Sustainability (NASSS) framework was developed to
understand the successful implementation of technology-
supported health (and social) care programs [17]. It posi-
tions technological interventions as part of a complex
system [18] and has been used to guide implementation
efforts and identify factors that influence implementation
success in digital health [19-21]. A previous systematic
review used the NASSS framework to assess contextual
factors that can influence implementation success of vir-
tual care in primary care settings [22]. The authors con-
cluded that applying the NASSS framework helped to
identify key contextual factors that can influence imple-
mentation success.

There is a substantial amount of literature which
appears to examine different aspects of the implementa-
tion process for CDSSs within hospitals 3, 23, 24]. How-
ever, there have been limited attempts to classify these
findings according to a deterministic implementation
framework like NASSS. Such an approach may identify
generalizable determinants to scale CDSS implementa-
tion efforts across varying hospital settings, integrate
implementation processes into a unified framework, and
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inform more synergetic and comparative CDSS imple-
mentation research moving forward.

This study aimed to apply a qualitative reflexive analy-
sis to identify, classify, and describe the potential bar-
riers and facilitators, identified within peer-reviewed
literature, that influence the implementation process
(adoption, uptake, and use over time) of CDSS in hospi-
tal settings and map these findings to the NASSS frame-
work. A secondary aim was to explore the applicability of
the NASSS framework to CDSS implementation within a
hospital context.

Method

A scoping review methodology was deemed appro-
priate to address the aims of this study as our goal was
not to evaluate the evidence, but to identify and map
key determinants of CDSS implementation and identify
knowledge gaps [25]. This scoping review was conducted
in accordance with the recommendations of Arksey
and O’Malley [26] and Levac, Colquhoun [27]. Step (1)
involved identifying the research question as “What are
the barriers and facilitators to implementation of CDSS
in hospital settings,” with the sub-question of “How can
the determinants of CDSS implementation in hospital
settings be categorized using an implementation sci-
ence framework” The remaining review steps consisted
of (2) identifying relevant studies, (3) selecting studies,
(4) charting the data, and (5) collating, summarizing,
and reporting the results. The reporting of this scoping
review was guided by the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses extension for
Scoping Reviews (PRISMA-ScR) checklist [28]. A pro-
tocol for this review and mapping was developed by BA
before commencing searches but was not published.

Identifying relevant studies

We searched electronic databases on 21 July 2020 and
again on 5 April 2022. The databases searched were Ovid
MEDLINE (via EBSCOhost), Embase, Scopus, Pysclnfo,
and CINAHL (via EBSCOhost). The search strategy was
iteratively created and refined using the SearchRefin-
ery tool [29] with MeSH terms and keywords related to
CDSS, implementation, and hospital settings (see Addi-
tional file 1). The final search string is provided in Table 1.
The Polyglot Search Translator [30] was used to translate
the Ovid MEDLINE string across all other databases,

Table 1 Final search string used to identify articles for the study
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which were also searched for additional subject headings.
The final search results were exported into EndNote [31],
duplicates removed, and remaining records uploaded
into Rayyan [32] for screening. Generation of the search
terms, execution of both searches, and deduplication of
records were all conducted by the same author (BA) in
consultation with a medical librarian.

Study selection

Inclusion and exclusion criteria were determined prior
to the database searches. For inclusion, articles were
required to be (1) published, peer-reviewed original
research studies of qualitative, quantitative or mixed
methods design, (2) prospectively or retrospectively
reported on measured or perceived barriers and/or
facilitators to implementation and adoption of CDSS,
(3) based in hospital settings. Studies of similar and
potentially overlapping concepts, including (4) attitudes
of healthcare professionals towards CDSS, were also
included. All health conditions, hospital settings (inpa-
tient and outpatient), and patient groups were eligible.

For this review CDSS was defined as any technology
system designed to provide health professionals or opera-
tional staff with information/decision support that was
filtered or targeted to a specific user, patient, or situa-
tion [33]. All decision support typologies, including both
knowledge-based and non-knowledge-based systems,
were included. There were no exclusion criteria related
to the ways by which the users engaged with the decision
support information; for example, dashboards, inter-
ruptive alerts, or reminder systems were all considered
within scope.

Articles were excluded if they focused on consumer/
patient facing decision support, e.g., decision aids, or
primarily on CDSS development and not implementa-
tion. No language or date restrictions were applied, but
papers unobtainable in full-text format (e.g., conference
abstracts) were excluded.

Preliminary screening was piloted by all reviewers with
a small sample of records to improve consistency of study
selection criteria. The titles and abstracts of all records
were then independently co-screened in Rayyan by eight
reviewers working in pairs. Coding pairs met with a
third reviewer (BA) to reach consensus about disagree-
ments. Records that proceeded to full-text review were
obtained and independently co-screened by two reviewer

Database Search string

MEDLINE (Ovid)

((exp Decision Support Systems, Clinical/ OR Artificial Intelligence.ti,ab. OR Dashboard.ti,ab. OR Reminder system*.ti,ab. OR electronic

feedback.ti,ab. OR CDSS.ti,ab.) AND (barrier* ti,ab. OR Facilitat*.ti,ab.))
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pairs (BA and SN, TD and DR). Disagreements about
the inclusion of articles between reviewers in each pair
were discussed in meetings facilitated by a third reviewer
from the other pair until consensus was reached. As rec-
ommended by Levac, Colquhoun, and O’Brien [27], the
core multidisciplinary review team (BA, SN, TD, and DR)
met regularly to discuss any uncertainties related to study
selection or review scope.

Charting the data

A shared online data extraction form was created using
Microsoft Excel and was piloted and refined with several
included studies. Subsequently, the following information
was extracted from each included article independently
by two authors (TD, DR): study identifiers (e.g., year,
author, country), study type (e.g., observational, RCT),
research methodology (e.g., quantitative, qualitative,
mixed methods), participant descriptors (e.g., sample
size, professional discipline), description of CDSS, clini-
cal or organizational setting of CDSS (e.g., ward, hospital
or multiple sites), key barriers to implementation/adop-
tion, key facilitators to implementation/adoption, and
any other details noted as potentially important for the
study (e.g. implementation processes or frameworks).
To address discrepancies in the extracted data, report-
ing issues, and data verification, three authors (TD, DR,
SN) held meetings and iteratively updated the extraction
form. In these cases, the relevant manuscript was thor-
oughly re-examined, specifically referring to each vari-
able in the extraction document, until a consensus was
reached.

Collating, reporting, and summarizing the results

There were several steps in collating and reporting the
results which were conducted iteratively in a series of
day-long workshops attended by four of the authors (TD,
DR, BA, SN).

Data analysis

Our approach involved basic qualitative content analy-
sis of all included publications (qualitative, quantitative,
and mixed methods) using open coding and allocation
into higher-order categories [34]. First, using the data
extraction Excel sheet, each barrier and facilitator was
assigned a short summarizing phrase or word that mean-
ingfully captured its essence. These initial codes were
discussed and revised with some original codes being
discarded, amended, or subsumed by other codes to cre-
ate higher-order codes. Following this, the content of
each higher-order code and the underlying meaning of
each was examined and discussed. The outcome of this
process was to reflexively map each of the higher-order
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codes onto one or more of the NASSS domains and sub-
domains with which they aligned.

The analysis was primarily deductive with the intent
was to align barriers and facilitators identified in the lit-
erature with pre-existing domains within the NASSS
framework. It is important to note that, in the analysis,
no restriction was placed on the number of domains or
sub-domains with which an individual barrier or facili-
tator could align. This was because the object of the
study was not to strictly categorize barriers and facilita-
tors using the NASSS but to understand the role of such
a theoretical framework in capturing the complexity of
CDSS implementation and adoption within real-world
hospital systems.

A descriptive numerical summary of all included stud-
ies, and the individual barriers and facilitators to CDSS
implementation was collated. We also developed a visual
matrix including each study’s barriers and facilitators
mapped across NASSS domains to demonstrate com-
mon findings and identify gaps in the research. Finally,
a tree map was created to visualize the most frequently
reported determinants to CDSS implementation and
adoption in the included studies.

Results

After deduplication, 2163 articles were identified in the
database searches. Based on title and abstract screening,
1983 of these were excluded. The remaining 181 full-text
publications were retrieved and assessed for eligibility,
resulting in the exclusion of 137 studies. The 44 remain-
ing publications were included in this scoping review.
The article selection process and reasons for exclusion
are presented in Fig. 1.

Study characteristics

The characteristics of the 44 included studies, includ-
ing their aim, participants, and CDSS type, are pre-
sented in Table 2. The studies were published between
2002 and 2022 with approximately 70% published since
2015. Most studies were published by authors residing
in North America (n=24). There were a mix of study
designs, although most employed qualitative or mixed
methods (n=38). Ten studies were conducted as a pre-
cursor to CDSS implementation with the remainder
completed during (peri) or post-implementation. CDSS
were implemented across a wide range of clinical con-
texts and conditions (e.g., pulmonary embolism), uses
(e.g., antimicrobial stewardship), patient cohorts (e.g.,
older persons), or combinations of these (e.g., imaging
for pediatric traumatic brain injury). However, over one
quarter of studies (n=12) focused on CDSS intended
for use in hospital emergency departments. Participants
in the studies were overwhelmingly those engaged in
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Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram for article selection

clinical or patient-facing roles (e.g., physicians, nurses,
pharmacists) with almost all studies (n=40) clearly iden-
tifying individuals occupying these roles as participants.

Summary of facilitators and barriers to CDSS
implementation (determinants)

A visual summary of the analysis, synthesis, and report-
ing process we undertook to move from individual barri-
ers and enablers [A] to higher-order codes [B] and unique
determinants [C] is presented in Additional file 2. In

total, 227 individual barriers and 130 individual facilita-
tors were reported across the 44 included studies (imple-
mentation determinants, #n=2357). Sixty-five higher-order
codes were deductively constructed from these barriers
and facilitators during qualitative content analysis and
data synthesis. Fifty of these codes (77%) could be repre-
sented as 25 matched pairs which acted as either a barrier
or facilitator depending on the study and implementa-
tion context. For example, CDSS implementation was
facilitated when stakeholders perceived benefits to its use
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but hindered when they perceived it brought little rela-
tive advantage to usual practice (determinant: perceived
benefits of CDSS). Other codes were only reported to act
as barriers (n=12, e.g., CDSS not sensitive to complex-
ity) or only as facilitators (n=3, e.g., CDSS used in audit,
feedback, and benchmarking).

Combined, these higher-order codes represented 40
unique determinants influencing the implementation and
use of CDSS in hospital settings (Fig. 2). The most com-
monly reported determinants were the fit of CDSS with
workflows (n=19, 44% of studies), the usefulness of the
CDSS output in practice (n=17, 40% of studies), CDSS
technical dependencies and design (n=16, 37% of stud-
ies), trust of users in the CDSS input data and evidence
base (n=15, 35% of studies), and the contextual fit of the
CDSS with the user’s role or clinical setting (n=14, 33%
of studies).

Fourteen of these higher-level determinants were
reported in 25% or more of the included studies (Fig. 3).
While these common determinants occurred across
almost all NASSS domains, the CDSS “technology” and
“value proposition” domain contained the largest concen-
tration of reported barriers and facilitators.

Mapping barriers and facilitators to the NASSS framework
Mapping the barriers and facilitators identified in each
individual study (Additional file 2A) to one of the seven
domains of the NASSS framework enabled an examina-
tion of the key areas, and potentially understudied or
underreported gaps, for CDSS implementation. This
is visualized as a matrix in Fig. 4. Overall, barriers and
facilitators reported in individual studies were most
often aligned with the NASSS domains of “Technol-
ogy” (n=140, 35%), “Organization” (n=108, 27%), and
“Adopters” (n="73, 18%). No codes were assigned to the
“Embedding and Adaptation Over Time” domain. More
barriers than facilitators were identified related to the
“Condition/Context,” “Technology,” and “Adopters” How-
ever, for the “Value Proposition,” “Organization,” and
“Wider System,” just as many facilitators as barriers were
noted. A detailed summary of the barriers and facilitators
related to each NASSS domain and represented in Fig. 4
is discussed below.

Appropriateness of NASSS framework for categorizing CDSS
implementation determinants

We experienced challenges mapping some codes to suit-
able NASSS sub-domains. In several instances, a code
was applicable to a NASSS domain but the available sub-
domains were not adequate to capture the description of
the barrier or facilitator. For example, in one study [65],
CDSS use was hindered by having limited available ser-
vice options in the community for onward patient care
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after a clinical decision was recommended. While this
could be coded as a challenge in the “Wider System”
domain, we felt it only weakly aligned with the “interor-
ganizational networking” sub-domain we mapped it to.
This was also the case for some codes aligning with the
“Adopters” category, where the nuance of psychologi-
cal and motivational factors related to end users was not
adequately captured in the “Staff” sub-domain. Addition-
ally, we chose to interpret the “Condition” sub-domain of
“Nature of Condition” as “Clinical Context” where bar-
riers or facilitators may have been specific to the com-
plexity of a particular clinical area (e.g., the emergency
department).

Condition domain

This domain refers to the contextual factors and char-
acteristics of the healthcare condition or problem for
which a particular intervention or technology is being
implemented. Twenty-five studies (57%) reported at
least one barrier or facilitator which could be catego-
rized in the “Condition” domain. The condition or clini-
cal context was most often reported to act as a barrier
to CDSS implementation. The most common barriers
included the inflexibility of CDSS to allow for tailoring
to contextual and situational factors specific to a par-
ticular illness, clinical context, or patient cohort and the
difficulties associated with “defining complex clinical sit-
uations within a set of rules” [50]. These were a particu-
lar concern for CDSS deployed in complex, fast-paced
emergency departments [36, 65, 66, 68] for specialist
clinicians, and in intensive care units [67]. Where CDSS
information and recommendations could be tailored to
local practice, however, implementation was facilitated.

Technology domain
The technology domain captured the material features,
knowledge inputs and outputs of the CDSS, its procure-
ment model, and the knowledge and skill required to
use it. Almost all studies reported barriers or facilitators
related to the CDSS technology itself (n=40, 91%) and it
consistently acted as a barrier across all sub-domains.
Many material and technical features inherent within
implemented CDSS led to limitations and challenges in
how users adopted the tools in practice. These included
poor user experience, issues with the interface or physi-
cal design, alert fatigue, information redundancy, privacy
concerns, technical issues, and inconsistent performance.
Other issues related to the lack of CDSS integration
within existing clinical pathways and limited interoper-
ability within existing technological architecture, both
requiring workarounds for successful implementation.
By contrast, ensuring CDSS integrated easily into existing
systems and employing user-informed design principles
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Fig. 3 Tree map highlighting most common CDSS implementation determinants (reported in 25% or more of studies) mapped to NASSS
framework domain. Numbers represent the number of studies reporting the determinant

in its creation were both highlighted as key facilitators to
implementation.

An important aspect to consider during the imple-
mentation of CDSS is the type and quality of knowl-
edge or information that the technology provides to end
users. Studies indicated clinicians held concerns about
the completeness, quality, accuracy, and relevance of
the information used to inform the decision support
(e.g., evidence or guideline in knowledge-based CDSS).
This often led to a mistrust of the CDSS output and
lack of acceptance of the decision made. Related to this
were wider issues of CDSS design such as possibilities
for bias inherent in the data used (e.g., population-
specific) or the level of validation required to ensure
Artificial Intelligence and algorithms are sufficiently
equitable. For example, consider an algorithm used to
detect lung cancer from medical imaging scans. If this
algorithm is trained on a dataset consisting mainly of
scans from male patients, it may not perform as well
when applied to scans from female patients. This gen-
der bias in the training data can lead to disparities
in the algorithm’s accuracy, potentially resulting in
missed or delayed lung cancer diagnoses in women.
Additionally, it is crucial to determine the appropri-
ate level of validation needed to ensure that the inte-
gration of Artificial Intelligence and algorithms in
CDSS is fair and unbiased. This validation process
should address potential algorithmic biases, such as

disparities in diagnostic accuracy or treatment recom-
mendations based on race or gender. Additionally, in
several studies, the CDSS output was perceived to have
limited usefulness in practically delivering care. For
example, one output was described as “not prescriptive
enough to effectively apply to individual patients at
the point-of-care” [62]. However, this technology sub-
domain could equally act as an important implementa-
tion facilitator. Studies observing this sub-domain as a
facilitator reported clear evidence-based inputs under-
pinning the CDSS to build clinician trust; a CDSS
output which could be used to effectively supplement
clinical expertise or judgment; and/or an output which
could be used as a tool to foster communication with
patients, and between teams of clinicians.

Fewer studies reported determinants related to skills
or knowledge of end users, and most of these were barri-
ers. Challenges were related to a lack of user knowledge
of the CDSS system or clinical condition supported,
coupled with limited or poor technical training and sup-
port. Perceptions that using a new CDSS would result
in a loss of productivity could also deter end users from
engaging with the CDSS. Two studies [62, 71] high-
lighted such impacts on productivity for clinicians due
to the learning curve of a new technology, “when clinical
pathways were used, providers initially struggled with
the order sets. Surgeons had increased order entry time
and a decrease in productivity” [62].
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and sub-domains

Value proposition domain

This domain explores the proposition or value that the
intervention offers to users, providers, organizations, and
the wider healthcare system. It is important to consider
how, and for whom, a new CDSS technology generates
value to ensure its successful implementation. Almost
two-thirds of studies in this review (n=28) reported the
perceived relative advantage of using CDSS compared
to usual practice was an equally important barrier and
facilitator of uptake. That is, CDSS use was facilitated if it
was perceived to enhance the ability of clinicians to work
effectively or efficiently, improve workflow and save time,
or contribute to positive patient outcomes. Additionally,
if clinicians saw benefit in the role of CDSS to standard-
ize implementation of guidelines or care, it was more
readily accepted. Conversely, if the CDSS was not use-
ful or did not deliver benefit of some kind, whether real

or perceived, then it would be unlikely to be accepted.
Several studies [12, 46, 50] also cited the risk of medi-
cal errors and patient safety concerns as diminishing the
value of the technology.

Adopter system domain

The adopter system refers to the individuals, groups, or
organizations that are involved in the adoption, imple-
mentation, and use of a particular innovation or inter-
vention within the healthcare setting. Thirty-six studies
(82%) reported key considerations of CDSS adoption
related to its users. Determinants in this domain more
often acted as barriers than facilitators; however, some
key enabling factors were noted. While the NASSS
framework considers staff, patients, and caregivers in
this domain, the studies in this review almost exclusively
focused on healthcare professionals. The key themes
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related to perceptions of impact of CDSS on their role,
responsibility, and professional autonomy; personal fac-
tors such as general attitudes and motivations; and their
physical capability and opportunity to use the CDSS.
Only two papers [37, 70] highlighted barriers which were
perceived to impact patient adoption of CDSS. The main
concerns were the requirement of patients to enter data
into the system, and patients who did not act on recom-
mendations provided by the clinician and CDSS.

Staff perceptions of professional autonomy were per-
ceived to be either reduced or enhanced by CDSS. This
depended on whether CDSS was seen as a tool that inhib-
ited or facilitated clinician ability to make judgments.
While implementation and adoption were hindered
when clinicians had “fear of losing control over autono-
mous decision-making” [12], where local implementation
allowed professional autonomy to be balanced with the
standardization provided by the CDSS output, adoption
was facilitated. Similarly, perceptions of professional role
identity and responsibility were both positive and nega-
tive influences on implementation. CDSS were seen as
enabling professionals of different specialties to engage in
the decision-making domains of others. This was seen as
a barrier in some specialties where there may be clearly
defined hierarchies, but as a facilitator where CDSS could
reinforce the tasks and responsibilities of one particu-
lar profession (e.g., Doctor) compared to another (e.g.,
Pharmacist).

Perceptions, irrespective of their accuracy, about the
time and effort required to use a CDSS, its complexity,
availability, usability, timeliness, or usefulness in particu-
lar work contexts were reported to reduce user motiva-
tion for CDSS. Lack of acceptance, intentional passive
resistance, and cognitive influences (e.g., memory and
attention) often meant users reverted to workflows and
processes they were more comfortable with. Psychologi-
cal characteristics of individual end users also emerged
as barriers to the adoption and implementation of CDSS.
This included individual preferences and attitudes about
the features, usability, or perceived benefits of a CDSS.
The level of risk tolerance exhibited by individual clini-
cians can also influenced their willingness to trust and
therefore use CDSS. Perceptions about CDSS being less
accurate also led to user hesitancy among clinicians.
Additionally, the perceived relationship with the patient
also adversely impacted uptake of CDSS. Healthcare
professionals who highly value personal interactions
and direct patient engagement harbored concerns about
the potential disruption of the doctor-patient relation-
ship that may arise with the use of technology-driven
interventions.

Finally, although reported to a lesser extent, capability
barriers incorporated issues such as lack of knowledge,
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skills, or familiarity with the CDSS. Physical opportunity
barriers related to limited time to invest in learning and
using the new CDSS.

Organization domain

This domain considered organizational capacity and
readiness to implement CDSS, funding and costs of the
new technology, implementation processes, and changes
to team interactions and routines. Interestingly, the 35
studies (80%) categorized in this domain reported barri-
ers and facilitators to occur almost equally.

One of the most frequently reported considerations
in the organizational domain was the extent of change
needed to organizational routines to implement a new
CDSS. More likely to act as a barrier in included studies,
this was reflective of CDSS fit with existing workflows,
and existing governance practices. CDSS implementation
that required minimal workflow changes, interruptions,
or unnecessary duplication of activities were more likely
to be successful.

An early, ongoing, and supported implementation plan
was also reported as one of the most frequent facilitators
of CDSS implementation in the organization domain.
Components of successful implementation strategies
included local champions and super-users that promoted
and supported use of the CDSS; benchmarking, audit,
and feedback to drive change; provision of technical
training and support; and early engagement and involve-
ment of users in the development and implementation
of the CDSS. Conversely, a lack of planned implementa-
tion process was reported by other studies to lead to poor
organizational preparedness and limited buy-in which
hindered implementation.

Organizations that demonstrated a good overall capac-
ity to innovate provided enabling environments for CDSS
implementation. This incorporated a positive institu-
tional culture, clear innovation strategy, organizational
support for change, and previous successful technologi-
cal deployment. Conversely, limited leadership buy-in for
innovation or a lack of organizational policies or goals
to innovate created barriers for CDSS implementation.
Some organizations were reported to have an ingrained
culture that was generally resistant to change. Thus, the
successful introduction of an innovation such as CDSS
was unlikely to be successful unless this cultural factor
was addressed. The readiness of the organization for tech-
nology-supported change was more often reported to be a
barrier in included studies, highlighting such concerns as
limitations in the system-level infrastructure or informa-
tion technology resources to enable CDSS implementa-
tion. Similarly, issues related to governance represented
organizational barriers with respect to the readiness of
policies, procedures, and reporting requirements for
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CDSS. Only one paper [59] specifically reported that con-
sideration of increased costs of resources for the organi-
zation under conditions of uncertain funding could be a
barrier to CDSS use.

Wider system domain

The wider system domain considers factors such as the
political, economic, and social contexts within which
the healthcare system operates. Only eight papers (18%)
reported determinants of CDSS implementation which
sat in the wider healthcare, social, or policy system. The
majority of these (n=6) were concerned with regulatory
or medico-legal issues related to aspects of CDSS clinical
use or compliance. For example, in two studies [12, 69],
clinicians were concerned about where legal responsi-
bility would lie if patient harm occurred when follow-
ing CDSS recommendations. However, one study [68]
reported CDSS would have better adoption if it provided
data to help meet external regulatory requirements. Two
studies [41, 69] reported on the enabling nature of profes-
sional bodies in CDSS implementation. This was because
they could provide guidelines to support CDSS input,
provide a platform for knowledge exchange, or lead an
implementation agenda to increase use in different con-
texts and professions. Finally, pressure on healthcare
budgets was identified as a facilitator for the adoption of
CDSS in one paper [69] when there was an expectation
that use of such technologies would lead to efficiencies or
increased effectiveness and therefore reductions in costs.

Discussion

Our study identified a comprehensive set of determinants
prioritized by the literature that impact the implemen-
tation process of CDSS within hospital systems. These
were captured across a mix of study designs, geographic
locations, participants, technology types, CDSS func-
tions, and clinical contexts of implementation. In doing
so we have systematically identified common barriers
and facilitators which can inform the design of targeted
implementation strategies to enhance the adoption of
CDSS within hospitals. In particular, the findings sug-
gest that there is a need for CDSS to be designed to fit
the workflows and contexts of clinical practice and that
enhancing user trust in the accuracy, value, and relevance
of the CDSS and its output is crucial for effective imple-
mentation outcomes. This finding is supported by previ-
ous literature which has emphasized the importance of
implementation context and attaining good “clinician-
patient-system integration” when developing CDSSs [76].
This review highlights the importance of further integrat-
ing implementation science principles into CDSS inter-
vention design [6].
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Adopting a theory-informed implementation science
approach to this review has also enabled an examina-
tion of the complexity of CDSS implementation in real-
world healthcare settings. To our knowledge, this is the
first review to systematically identify, classify, and map
peer-reviewed literature about barriers and facilitators
of hospital-based CDSS implementation using an imple-
mentation science framework. Two recent systematic
reviews assessing the determinants of CDSS uptake have
been limited to relatively linear descriptions or analysis
of the issue (i.e., including a recent pooled analysis with
extreme heterogeneity [6, 77]). This underscores the
value of a framework-informed classification of these
determinants which identifies multiple implementation
influencers along the adoption-user-sustainment path-
way to inform a cascade of targeted implementation
strategies.

By addressing the common barriers and facilitators
identified, stakeholders can employ context-relevant
implementation strategies to more effectively promote
and sustain CDSS implementation outcomes [78]. To
achieve this, the authors recommend decision mak-
ers should involve end users in the design and testing
phases of CDSS to ensure that the system meets contex-
tual needs and is aligned with existing workflows. This
may allow for more effective and accurate resource pri-
oritization [13]. Transparency and systematic govern-
ance of CDSS may build trust in the data sources and
the accuracy of outputs, ensuring the CDSS is being
used appropriately and in the best interests of patients
[8]. Providing ongoing support and training to end users
can address perceptual and psychosocial determinants
of CDSS acceptance, enabling users to effectively use the
system [10, 11]. Tailoring implementation strategies to
different service contexts may address organizational-
level determinants related to workflow integration and
ensure the CDSS is compatible with the hospital’s exist-
ing processes and infrastructure [7]. Advocating for leg-
islative clarity regulating the use of CDSS for clinician
decision-making can potentially address wider system
barriers, providing clarity, and may boost confidence in
the use of CDSS tools.

Our review supports the value of the NASSS frame-
work for assessing context and guiding CDSS imple-
mentation. It offers a nuanced view of determinants,
processes, and outcomes by considering the dynamic
interplay between the system, the context, and the stake-
holders. In our review, most determinants, with very few
exceptions, could be appropriately categorized by the
contextually specific domains within the NASSS frame-
work. This illustrates the external validity of this frame-
work to identify and meaningfully categorize CDSS
implementation determinants within hospital settings.
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Similar validity of the NASSS framework has been
observed in reviews examining the implementation of
artificial intelligence in health care settings [76] and vir-
tual care implementation within primary care [22]. How-
ever, as was the case in our mapping, the authors of that
paper also experienced challenges aligning some of the
determinants with existing NASSS sub-domains.

Consequently, these findings suggest that NASSS may
need to be further contextualized to account for indi-
vidual technologies. Greater clarification of existing
domains and sub-domains is required to understand how
implementation of different technologies may be catego-
rized within the existing framework. For example, under-
standing whether the adaptations to “The Condition”
we made in this review are consistent with the underly-
ing theory of NASSS. Additionally, new evidence-based
sub-domains (for example in “The Adopters” or “Wider
Condition”) may be required to supplement the cur-
rent NASSS framework. With such refinements, NASSS
would have better utility for context assessment and
development of targeted implementation strategies to
enhance the adoption, integration, and sustainability of
CDSS in hospitals.

Additionally, a noteworthy limitation of the literature
identified is the lack of identified determinants mapped
to the “embedding over time” domain of NASSS. This
reflects an ongoing need to systematically evaluate and
document how adoption factors around digital health
interventions are adapted and changed over time. This
could be partially due to the limited funding opportuni-
ties available for longitudinal studies that extend beyond
the initial evaluation phase. Understanding these deter-
minants are especially important for acute health ser-
vices like hospitals which face dynamical and changing
contextual pressures related to budgets, socio-political
events, and natural disasters. Furthermore, we note that
most studies focusing on healthcare stakeholders pre-
dominantly included frontline clinicians and other health
workers. We recommend future work also include other
informants involved in policy, informatics, and health
management which may serve to unpack wider-domain
factors with greater specificity.

Limitations of this review are excluding studies which
only described intervention development or conducted
context assessments without any explicit reference to a
CDSS, which might adjust for contextual determinants
during the intervention development process (informed
by context assessments and related co-design strate-
gies). Furthermore, while patient-reported factors were
not explicitly excluded from this review, very few (n=2)
included studies reported on this perspective. These
excluded perspectives may serve to further contextual-
ize and potentially add to the determinants identified. It
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is currently unclear how and if health consumer perspec-
tives are generally sought during the intervention roll-out
phases of CDSS within hospitals, and this constitutes a
significant gap in our knowledge of these potentially
important determinants. It must also be noted that the
reported health system determinants of CDSS adoption
do not represent an exhaustive list, since the absence of
evidence does not indicate evidence of absence.

Conclusions

Ongoing efforts are needed to categorize common factors
within hospital systems that influence the adoption, inte-
gration, and sustainability of digital health solutions. This
will enable the optimal integration of digital innovations
into hospital settings, ensuring intended improvements
in outcomes can be achieved and maintained. Applying
established implementation science approaches, such as
using theoretical frameworks and models, can enhance
the efficiency and effectiveness of this process in a sys-
tematic and contextually appropriate manner. The find-
ings of our review contribute to assisting healthcare
stakeholders in identifying key determinants that can be
modified to facilitate the adoption of Clinical Decision
Support Systems (CDSS) in various hospital settings.
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