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Abstract

Background

Clinical decision support systems (CDSSs) can promote adherence to clinical guidelines

and improve patient outcomes. Exploring implementation determinants during the develop-

ment of CDSSs enables intervention optimisation to promote acceptability, perceived appro-

priateness and fidelity during subsequent implementation. This study sought to explore how

clinicians perceive the use of a CDSS which makes recommendations for asthma manage-

ment based on factors including Fractional exhaled Nitric Oxide testing, and how CDSSs

can be designed to promote their implementation.

Methods

Twenty-three interviews were conducted with clinicians to explore perceptions about the

CDSS. Participants included asthma nurses, pharmacists, General Practitioners and respi-

ratory nurse specialists involved in conducting asthma reviews in primary care. Interviews

were transcribed verbatim and analysed using reflexive thematic analysis.

Results

Three themes were developed: Appreciating the recommendations of the CDSS, whilst

wanting to retain control; Doubt about appropriateness of CDSS recommendations,
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especially when you can’t see how they were produced; and Potential for the CDSS to

increase patients’ trust and adherence to their treatment. Clinicians perceived the CDSS

could help them prioritise management options and consider broader factors relating to

patients’ asthma symptoms, but it was important to be able to override the recommendation.

Lack of transparency over how recommendations were generated and concern about

appropriateness of recommendations for specific patients led to uncertainty about adhering

to the CDSS. Clinically tailored recommendations were perceived to help reassure patients

and/or to support their adherence to asthma management.

Conclusions

Even small changes to the content of CDSS recommendations, such as explaining how rec-

ommendations were generated and showing they are consistent with guidance, may help to

overcome barriers to acceptability and perceived appropriateness for clinicians. Focusing

on implementation during the development of CDSS interventions is worthwhile to help

reduce the evidence-practice gap.

Introduction

Clinical decision support systems (CDSSs) aim to ‘improve healthcare delivery by enhancing

medical decisions with targeted clinical knowledge, patient information, and other health

information’ [1,2]. They can promote adherence to guidelines, improve patient outcomes, and

support clinical decision-making [1,3–5]. CDSSs have been shown to be effective [6], but

implementation in terms of fidelity of delivery (also known as adherence), acceptability, and

perceived appropriateness is often sub-optimal, resulting in recommendations being over-rid-

den or poor uptake of the CDSS in practice [3,7]. This suggests that the way in which these

interventions are designed for and introduced to clinical practice could be improved.

Implementation strategies are “methods or techniques used to enhance the adoption,

implementation, and sustainability of a clinical program or practice” [8]. The selection of rele-

vant strategies for a specific intervention and context can be informed by theory, evidence

around the determinants of implementation (defined as “modifiable factors that prevent or

enable the adoption and implementation of evidence-based interventions” [9]), and stake-

holder engagement [10]. A framework for implementation of CDSSs has been developed

which provides an overview of six positions that clinicians may adopt, with tailored implemen-

tation strategies for each [11]. These positions range along a spectrum from perceiving low

control over the CDSS, where it is seen as an interference or restriction on clinical decision

making, to high control where it is seen as a helpful tool to complement clinical practice. The

implementation strategies generally focus on what can be done within the organisation to facil-

itate the adoption of CDSSs, such as securing management commitment, integrating with

existing processes, and involving clinicians in selecting sources of evidence on which CDSS

recommendations are based.

This focus on changing the set-up and the setting around the intervention to promote

implementation is reflected outside the CDSS domain, for example in the 73 implementation

strategies listed in the ERIC taxonomy (Expert Recommendations for Implementing Change),

which describe strategies that can be used at the organisation or user level to improve imple-

mentation of an intervention [12].
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However, we believe that optimal design of the intervention itself can also impact on imple-

mentation outcomes. Indeed ‘intervention’ is included as one of five domains associated with

implementation in the Consolidated Framework for Implementation Research (CFIR), along

with inner and outer setting, process, and individual characteristics (24, 25). Recent recom-

mendations have called for implementation researchers to focus on ways to optimise imple-

mentation at the level of the healthcare intervention, as well as at the clinician and

organisational level (29). Explicitly identifying and describing implementation strategies dur-

ing early phases of intervention research, such as development or feasibility studies, provides

the opportunity to consider how to optimise implementation while the intervention is still

under development [13], thus helping to address the evidence-to-practice gap [13,14]. There-

fore, this study sought to identify ways that CDSS interventions can be optimised to facilitate

their implementation.

The CDSS in this study was an online system for use during asthma reviews in primary

care. Its aim was to reduce asthma exacerbations through the incorporation of Fractional

exhaled Nitric Oxide (FeNO) test results to clinical decision making about asthma manage-

ment [15]. FeNO tests are used to assess airway inflammation during asthma diagnosis, and

can provide a more accurate indication of exacerbation risk than relying on patient-reported

symptoms and lung function assessments alone [16,17]. The National Institute for Health and

Care Excellence (NICE) have called for evidence to support the use of FeNO testing in improv-

ing asthma management (3). The CDSS was based on the latest evidence, drew on theory to

change clinicians’ beliefs about the benefit of FeNO testing, and was developed using the Per-

son-Based Approach [18] with regular consultation with target users and stakeholders.

This study sought to explore how clinicians perceive the use of a CDSS intervention in

asthma consultations, and how CDSS interventions can be optimised to support their imple-

mentation into practice.

Methods

Design

Two qualitative studies were conducted in primary care in the UK; a think-aloud study which

took place in iterative stages from 01 July 2020 to 30 April 2021 to inform intervention devel-

opment, and a process study from 01 August to 08 December 2021 which was nested within a

feasibility study, see Fig 1. This design enabled understanding of clinicians’ perceptions of the

CDSS in two contexts; real-time in a hypothetical context during intervention development,

and retrospectively when recalling use during asthma reviews. Optimisations were made to the

CDSS intervention throughout the think-aloud and feasibility phases.

Ethics approval and consent to participate

Ethical approval was granted by National Health Service Research Ethics Committees for both

studies (South Central–Berkshire B Research Ethics Committee, 20/SC/0235, and Northwest

—Greater Manchester East Research Ethics Committee, 21/NW/0078, respectively).

This paper reports the findings of these studies following the consolidated criteria for

reporting qualitative research (COREQ) checklist [19] (S1 File) and the Standards for Report-

ing Implementation Studies (StaRI) statement [20] (S2 File).

Intervention (the CDSS)

The CDSS was designed for use by clinicians during asthma reviews. It included web pages for

clinicians to input information about their patient: FeNO test result (an measure of steroid-

PLOS ONE Promoting the implementation of clinical decision support systems in primary care

PLOS ONE | https://doi.org/10.1371/journal.pone.0317613 February 13, 2025 3 / 16

https://doi.org/10.1371/journal.pone.0317613


responsive airway inflammation); Asthma Control Test score (self-reported symptoms); and

presence or absence of asthma exacerbations in the last 12 months (exacerbation risk). The

CDSS then asked a series of tailored questions according to the data inputted, such as whether

the patient was adherent to their treatment, and whether they were already prescribed certain

treatments, before producing a tailored recommendation for the patient’s care.

The CDSS recommendations were based on an algorithm developed by leading clinicians

with expertise in FeNO-guided asthma management (KW, MT and others) via consensus

meetings. They determined how the available evidence should be applied to interpreting

FeNO tests for asthma monitoring, taking account of British Thoracic Society (BTS) and

NICE guidelines [21,22].

Fig 2 shows a screenshot of the CDSS.

Before using the CDSS, clinicians completed an online training session about FeNO testing

and how to use the CDSS during asthma reviews. The training session and the wording for the

CDSS’s tailored recommendations were co-developed with in-depth involvement from

patients with asthma and clinicians, using the person-based approach [23].

Table 1 shows examples of possible recommendations received by clinicians from the

CDSS.

Context

GP practices in the UK invite patients with asthma to attend an annual review, and this is

where the CDSS was designed to be used. All general practices in the feasibility study were pro-

vided with a FeNO analyser. At the time of this study, FeNO testing was not implemented as

standard care for asthma management in Primary Care in the UK, but some clinicians have

experience of using it to help diagnose asthma [24].

At the time of the think-aloud and feasibility studies (July 2020-December 2021), Covid-19

was still a significant concern which likely impacted how practices managed and conducted

asthma reviews. Due to limited capacity and to minimise unnecessary face to face contact,

practices tended to conduct asthma reviews remotely where possible and limit face to face

asthma reviews, but patients were able to attend the practice in person to use the FeNO analy-

ser. If no FeNO test result was available, the CDSS could not be used as it required a FeNO

result to be inputted in order to generate a recommendation.

Fig 1. Study design and timelines.

https://doi.org/10.1371/journal.pone.0317613.g001
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Recruitment

Clinicians managing patients with asthma in primary care were eligible to take part in the

think-aloud and feasibility study.

Fig 2. Screenshot of the CDSS used in this study.

https://doi.org/10.1371/journal.pone.0317613.g002

Table 1. Examples of clinically tailored CDSS recommendations.

Patient information Recommendations developed by stakeholders as a decision tree

FeNO test result

(low indicates absence of

airway inflammation,

high indicates airway

inflammation)

Patient has experienced at least

one exacerbation in the last year

Patient-reported

asthma symptoms

Low No Well-controlled • If your patient’s symptoms have been well controlled for 3 months or

longer, consider stopping their leukotriene receptor antagonist.

• Review your patient and check their FeNO in 6 to 8 weeks.

• Advise them to seek medical advice sooner if they feel their asthma is

getting worse.

Low No Poorly-controlled • Ensure that any other factors which may be making your patient’s asthma

symptoms worse are adequately addressed (or refer to a colleague who can

do this).

• Other strategies may be useful and should be tailored to your patient

(Link)

• Once these factors have been addressed adequately, review the patient

again and check their FeNO.

Intermediate No Well-controlled • Consider starting your patient on low dose inhaled corticosteroids

• Review your patient and check their FeNO in 6 to 8 weeks

High Yes Well-controlled • Consider increasing the dose of inhaled corticosteroids in your patient’s

steroid or combination inhaler back to the dose they were taking before.

• Review your patient and check their FeNO in 6 to 8 weeks

https://doi.org/10.1371/journal.pone.0317613.t001
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Think-aloud interviews

Recruitment to the think-aloud interviews was supported by the Thames Valley and South

Midlands Clinical Research Networks. A range of clinicians were invited by email through

mailouts to practices within the networks, including GPs, nurses, and pharmacists. In line

with the person-based approach to developing digital behavioural interventions [25], recruit-

ment took place in iterative cycles of 4–5 interviews with optimisations made to the CDSS rec-

ommendations and online training after each batch of interviews. This allows the study team

to adapt and optimise interventions and explore the acceptability of such optimisations.

Recruitment stopped once no new barriers to using the intervention were raised, in line with

the person-based approach [25].

Feasibility study process interviews

Recruitment to the feasibility study was supported by the Wessex Clinical Research Network.

Where possible practices with no experience of using FeNO testing in asthma reviews were

purposively sampled to explore how the intervention was implemented by novice users.

The six participating practices nominated a member of staff to use the CDSS during routine

asthma reviews, usually an asthma or respiratory nurse, who was then invited by email to a

process interview. All eligible staff involved in delivering the intervention in the feasibility

study agreed to an interview.

Procedure

In both studies, participant information sheets were sent by email, and informed consent

recorded verbally prior to the interview. All interviews took place either by telephone or MS

Teams. The interviews were conducted by MS (PhD), MV (PhD) and KM (PhD), female quali-

tative researchers at the Universities of Oxford and Southampton with experience conducting

semi-structured interviews. Participants knew that the interviewers were researchers involved

in the study, but were encouraged to share any negative views about the intervention. GP prac-

tices were reimbursed for clinicians’ time. Interviews were audio-recorded and transcribed

verbatim, but transcripts were not returned to participants to check.

Think-aloud interviews

Participants were asked to think-aloud as they viewed the online training session, and/or used

the CDSS interface to receive recommendations with dummy patient data. Open questions

explored their experiences with a focus on understanding what was liked or disliked, and any

perceived barriers or facilitators to implementing the intervention in practice. These inter-

views provided a rich complement to the process interviews by giving real-time, detailed per-

ceptions of the CDSS content and concerns about implementing it in practice.

Feasibility study process interviews

Semi-structured interviews explored participants’ experiences of implementing the interven-

tion during the feasibility study (see S3 File for interview schedule). Each clinician had con-

ducted four or five asthma reviews using the CDSS at the time of the interview.

Analysis

Reflexive thematic analysis [26] was used to analyse the process and think-aloud interview

transcripts. This approach encourages themes to be built inductively from the data, influenced

by the researchers’ own interpretations, facilitating an in-depth understanding of perceptions
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about the CDSS. The process and think-aloud interviews were analysed together as the data

were found to contain similar themes, but the context in which the data were collected was

considered when writing up the analysis and quotes are shown as think-aloud (T) or process

(P) interviews to facilitate interpretation. KM led the thematic analysis, with feedback from

STC, MS and BA to refine the development of themes.

All transcripts were read thoroughly to become familiar with the data, and codes were

developed to identify meaning relevant to the research question. NVivo was used to capture

the coding [27]. The researcher also kept a log during this process to record possible interpre-

tations of the data. Themes were developed by interpreting shared meaning across codes in an

iterative process, with ongoing revisions to the description of themes. Participants did not pro-

vide feedback on the analysis.

Results

Sixteen think-aloud interviews in four batches, and seven qualitative process interviews were

conducted. All clinicians in the feasibility study agreed to take part in an interview. We do not

know how many clinicians were approached by the Clinical Research Network for think-aloud

interviews but declined. During the think-aloud interviews, eight clinicians viewed just the

online training module with patient scenarios and CDSS recommendations, six only inputted

dummy data to the CDSS to view recommendations, and two did both. The average length of

interviews was 46 minutes (range 21–86 minutes).

Participants in the thinkaloud interviews included 5 asthma nurses, 4 respiratory nurse spe-

cialists or nurse prescribers, 4 GPs and 3 pharmacists. Participants in the feasibility study

included 3 asthma nurses, 2 respiratory nurse specialists or nurse prescribers, and 2 research

nurses. Nineteen of the 23 participants had not used FeNO testing regularly prior to the study,

whilst four had used it regularly. The details of the changes made to the CDSS between batches

of thinkaloud interviews are reported elsewhere [23].

Three themes were developed: Appreciating the recommendations of the CDSS, whilst

wanting to retain control; Doubt about appropriateness of CDSS recommendations, especially

when you can’t see how they were produced; and Potential for the CDSS to increase patients’

trust and adherence to their treatment.

1. Appreciating the recommendations of the CDSS, whilst wanting to retain control. Some

clinicians in the think-aloud interviews liked the idea of using a CDSS to help prioritise

which management option to try, and facilitate decision-making in asthma reviews.

“Because I think sometimes it would have been a toss-up between reducing the dose of the
inhaler first or stopping the additional leukotriene [sic], and who knows which one I would
have picked?” (T15, pharmacist)

“I think that’s helpful guidance, it could even be like if it knew what your patient was on and
the dose, if it knew what your local formulary was at CCG [clinical commissioning group]
guidelines, that would be amazing if it then said exactly what you need to prescribe.” (T16,

GP)

Clinicians felt that the tailored questions and recommendations from the CDSS could

encourage them to consider additional factors when evaluating patients’ asthma. For example,

a nurse prescriber in a think-aloud interview felt that the CDSS would remind them to con-

sider what else could be contributing to their patient’s symptoms, rather than simply increas-

ing asthma medication.
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“You’ve got somebody with what appears to be uncontrolled asthma symptoms, so rather than
just ploughing on, upping the asthma treatment, this idea to really stop and think about is it
the asthma or is it something else that’s causing it? (T2, nurse prescriber)

A GP also noted that “it is good and it’s making you think about other things, it’s making you
think about other causes of cough” (T3, GP).

While the CDSS is intended to facilitate conversation with the patient with the ultimate

decision about asthma management remaining with the clinician and patient, some partici-

pants in the thinkaloud interviews seemed to regard it more as a direction to be followed. A

lead practice nurse in a respiratory hub felt that the CDSS would change their usual way of

working and was unsure about being “told what to do”.

“It’s interesting being told what to do by a tool, I think that’s something that would be very
new to us because I think that’s kind of our job” (T13, Lead practice nurse and respiratory
hub nurse)

A GP considered that adherence to the recommendations might be higher amongst nurses

than GPs.

“Nurses are slightly better than doctors at following processes, we go off-piste too much and
nurses would probably do very well with this and you can follow it, you can’t go too far wrong
with it.” (T16, GP)

However, when the CDSS was put into practice in the feasibility study, it appeared that cli-

nicians did regard recommendations merely as possible actions which they could decide

whether to follow, although some wanted to record their rationale if they chose to do some-

thing differently. This appeared to be more about wanting to justify their decision to the

CDSS, or whoever monitors it, rather than for their own use or patient benefit.

“It might be good to have some way of making note of that when you. . . They’re obviously on
our notes for the patient and we know why, but it might be an idea to do a little training ses-
sion on what to do if you disagree with the recommendations, because I wasn’t really quite
sure how to go about that” (P1.1, research nurse)

Other clinicians in the feasibility study felt that the CDSS did not add anything for them

because they already had sufficient experience and knowledge to make decisions without it.

These clinicians did not feel the need to explain when they had not followed its

recommendations.

“I: Were there any cases where the [CDSS] influenced your clinical decision making do you
think?

R: No. [laugh] I think I went against one of them because you know, it just. . .I think if some-

body is or has little experience, I won’t say inexperienced, so somebody who is starting their

journey they probably would find it a lot more useful. . . You know I’m very happy to admit I

am an old nurse, I’ve been doing this virtually for 20 years. [laugh]” (P5, asthma nurse).

Another clinician in the feasibility study agreed that the CDSS would be more useful for cli-

nicians with less experience of asthma management, highlighting that the suggestion to con-

sider non-pharmacological management options would be particularly beneficial.
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2. Doubt about appropriateness of CDSS recommendations, especially when you can’t

see how they were produced. Lack of transparency within the recommendations about how

they were produced and which factors they took into account could lead clinicians to doubt

their appropriateness to action. Recommendations were originally designed to be short and

focused only on the action to take rather than how the algorithm had arrived at that conclu-

sion, e.g. ‘Ensure any other factors which may be making your patient’s asthma worse are ade-

quately addressed, or refer to a colleague who can do this’. However, seeing this particular

recommendation in practice, one clinician concluded that it was just generic advice which was

not that useful, and had not taken the patient’s FeNO test result into account (even though it

had):

“We know all that as an asthma nurse–you know that’s the basics.. . .. I tended to then undo
that, and just concentrate on the FeNO” (P4, asthma nurse).

Another clinician overrode a recommendation to increase their patient’s medication

because the patient had reported having well-controlled symptoms. This clinician decided that

the FeNO test must be wrong:

“We know FeNO tests aren’t 100% accurate, we know that you can get false positives and that
there are other factors that can influence the FeNO result. I think having the FeNO result is obvi-
ously helpful in some cases, but may also be a little bit of a red herring” (P6, respiratory lead)

These findings suggested that the brevity of the recommendations was a hindrance to their

implementation, due to the lack of context and rationale.

However, other times clinicians perceived the recommended action to be insufficient or

unwise, not so much due to the wording but rather because it was generated by an automated

algorithm that could not understand the individual patient as well as they could. For example,

this clinician described how the CDSS recommended a behavioural intervention but they felt

that medication was needed for this patient:

“It wasn’t one that the computer had suggested but it’s one that I thought we needed to do”
(P1.2, asthma nurse).

Other clinicians felt that the CDSS did not consider contextual factors, such as the pan-

demic, time of year, changes in exercise, or patient anxiety. The need for a holistic approach

was perceived as particularly important when the CDSS recommended stepping down medica-

tion, for safety reasons.

“Because I know the patients and how [long] it’s taken us to get to the level that they are and
in view of the climate that we’re in with the pandemic and everything and us not knowing
quite how the flu season is going to be this year, I’ve continued them on the treatment they’re
currently on with a view to maybe stepping down next spring” (P1.2, asthma nurse).

A GP discussed a more general reticence amongst patients and staff to reduce medication

once asthma is well controlled, due to low perceived need and benefit, which could reduce

acceptability of this recommendation from the CDSS in practice.

“Once they’ve been in once and they’re stable and they’re happy, quite a lot of the time it’s
more important that they just stable rather than be cut down, ‘cause what are they saving?
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They may be saving a tablet or a puff or two but they’d rather just make sure everything’s fine
and they’re not rocking the boat the next six months. . ... you hear that from the nurses some-
times as well. They’ll just be like, well look I’d rather not unless it’s someone’s who’s very, very
anti-medication.” (T1, GP).

3. Potential for the CDSS to increase patients’ trust and adherence to their treatment.

Some clinicians felt that the CDSS recommendations could enhance patients’ understanding

of their asthma management and help engage them in the recommended approach for manag-

ing their asthma.

“I would happily use this at work because I think it would make a difference, particularly in
terms of explanation for the patients and helping them to come onboard with any changes
that we might feel we need to make”. (T5, asthma nurse)

One clinician in the feasibility study described how seeing a recommendation which was

consistent with the existing treatment plan could be reassuring for them and their patients.

“One of my patients who is already under respiratory. . . when we put all the information in,
it came out, ‘Have you considered referring to Respiratory?!’ and that was good to see because
then, she said, ‘Well, yeah, the machine is picking up the information that we’re putting in,’ so
that was a good thing–it just clarified what she was already under” (P2, research nurse)

Clinicians wanted the option to add their own notes to the CDSS’s recommendations to

optimise this potential for enhancing patient engagement.

“And it might be a helpful tool actually to be able to add your own notes to then print off to
give to the patient. That could form part of their management plan if you put on there” (P3,
respiratory nurse specialist)

Discussion

The findings of this study show how understanding clinicians’ experiences and perceptions of a

CDSS can identify barriers to implementation. Specifically, concerns about retaining control to

disregard recommendations, doubts about appropriateness due to lack of transparency about how

recommendations were generated, and concerns about the recommendation not taking account

of the wider clinical context were potential barriers. Based on these findings, we identified several

strategies for optimising the implementation of CDSS interventions in healthcare settings through

adapting the design and content of the CDSS itself rather than focusing only on the processes

around the intervention. These theoretically-informed optimisations are discussed further below.

Specifically in this study, we implemented three implementation strategies to promote

acceptability and perceived appropriateness of the CDSS intervention, based on the think-aloud

and feasibility study process interviews. Firstly, we wanted to ensure it was clear to clinicians

that they could override CDSS recommendations if they perceived them to be inappropriate.

We added an open text- box to the CDSS for clinicians to record their decision-making, with an

explanation that if a clinician and patient decided the recommendation was not right, they can

record the reason why, in order to reinforce that the recommendation can be adapted.

Preserving clinician autonomy by ensuring CDSSs are not seen as prescriptive has been rec-

ognised as a priority for effective implementation [1,28–30]. The concept of ‘negotiation of

control’ has been used to explain this process, whereby if clinicians perceive that a CDSS is
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dictating a course of action, this can impinge on their professional autonomy and identity,

reducing the likelihood of fidelity [11]. Furthermore, the concept of 100% adherence to a

CDSS is usually neither realistic nor desirable, as this would conflict with the need to adapt

standardised evidence-based recommendations to enable provision of holistic patient-centred

care [31].

The design of the CDSS can facilitate the desired flexibility for clinicians, giving them ‘per-

mission’ to make their own decision. For example, allowing clinicians to record the action

agreed with the patient could help frame the CDSS as an advisory tool which informs you

what the guidelines or evidence would recommend but with the option to adjust as necessary.

While this may increase perceived acceptability, it could risk compromising adherence to the

CDSS recommendations, also known as fidelity [32], as emphasising choice may mean CDSSs

fail to promote adherence to guidelines in the very circumstances they are most needed, such

as stepping down medication. Therefore, it is important to balance adaptability of recommen-

dations while still promoting adherence when appropriate. Specific guidelines around when it

may be acceptable to override a recommendation might help to facilitate appropriate adher-

ence [3]. A further challenge for implementation research is defining a reasonable target for

adherence to recommendations from CDSSs within a particular setting, in order to know

whether a CDSS is being successfully implemented with appropriate adjustments, or whether

there are issues with adherence.

Secondly, we worked with our stakeholders to add information to each recommendation

about how it was generated, reassurance that it was in line with evidence, and to explicitly

acknowledge and address perceived discrepancies, e.g. “Although your patient seems to have

well-controlled symptoms, their FeNO result shows there may be some inflammation in their

upper airways. Therefore. . ..”. In addition, a full table of the potential CDSS recommendations

a clinician might see was added to the training session, showing the circumstances in which

each recommendation would arise to demonstrate all the factors which are taken into account.

The need for transparency about how CDSSs generate recommendations is important for

clinicians, who need to be able to take responsibility for their clinical decisions [33]. This is

consistent with research showing that clinicians need to understand the evidence behind a

CDSS in order to trust it [11,34]. Therefore, providing a clear rationale alongside the action

being recommended is essential to promote acceptability, fidelity and perceived appropriate-

ness. This rationale might include fit with evidence and guidelines, and details about the infor-

mation that was used to produce the clinically tailored recommendation. In this case, the

additional information was incorporated within the main recommendation, whilst another

CDSS included these details as optional additional information that can be viewed by those

who want to read more [35], although clinicians in busy settings may not have time to engage

with this. A challenge relating to this implementation strategy will be ensuring that the CDSS

can be updated based on newly emerging evidence and guidelines [11].

Finally, during training, and within the CDSS recommendations we explained how use of

the CDSS enhances patient outcomes, and added content to the interface to facilitate discus-

sion with patients about the recommendations during the consultation. The tendency for

more experienced clinicians to perceive a low need for CDSSs has been reported previously

[11,29,35,36]. While this low perceived need might be addressed by first-hand experience of

the benefits the CDSS can offer [11], this study found it remained a barrier even when clini-

cians had used the CDSS in practice. The issue appeared to be that the CDSS was not perceived

to add anything to their own clinical judgment, defined by the CFIR as ‘relative advantage’.

The CFIR suggests relative advantage can be promoted by visibly demonstrating the benefits

of the intervention [37], and while the online training in this study included details about how

the CDSS could improve patient outcomes in different clinical scenarios, the credibility and
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impact of this message might be increased through top-down driven change to show that

senior leaders or managers endorse the intervention [11]. Other strategies to visibly demon-

strate relative advantage may include showing how the CDSS has helped improve patient out-

comes in other sites, or encouraging clinicians to discuss recommendations with their

patients, to show how this can positively impact on patients’ reassurance, motivation, or recep-

tiveness to certain management recommendations [38]. Indeed, the potential for CDSSs to

help patients better understand their condition has been recognised by clinicians as a benefit

to their use in practice [35].

Fig 3 shows a logic model representing how the optimisations made to the CDSS following

these interviews acted as implementation strategies, and possible contextual factors that could

impact on how these strategies operate.

S4 File provides more detail about how these strategies are theorised to work, and how they

map on to implementation outcomes and taxonomies.

In terms of implementation research, this study suggests it is valuable to explore implemen-

tation during the early stages of intervention development and evaluation, in order to under-

stand how implementation strategies could be built into the intervention itself, potentially

reducing the risk of an evidence-practice gap [39]. Indeed, even small changes to the CDSS

recommendations may be quite powerful for addressing concerns about acceptability and per-

ceived appropriateness for clinicians. This study supports the recommendation that CDSSs

need to be designed with consideration of the complex process and setting in which they will

Fig 3. Logic model showing CDSS optimisations (italics) to promote implementation and contextual factors influencing implementation.

https://doi.org/10.1371/journal.pone.0317613.g003
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be used, drawing on implementation theories to best understand how to optimise this process

[11]. The transferability of the implementation strategies proposed by this study for other

CDSS requires further exploration, but we propose there may be value in identifying common

implementation strategies for interventions which share characteristics or purpose.

A strength of this research is that the feasibility study enabled perceptions of real-life imple-

mentation of a CDSS to be explored, rather than just hypothetical factors. Also, although the

recommendations for optimising CDSSs to promote implementation were developed within

the context of asthma management, the implementation determinants resonated with broader

CDSS research suggesting that the optimisations could have wider relevance. However, the

sample size was relatively small with only six GP Practices implementing the CDSS, and most

clinicians were asthma nurses which restricted our ability to explore contextual variations

between sites and roles that might influence implementation outcomes. Furthermore, the pro-

cess interviews relied on retrospective considerations about how the CDSS was used, whereas

real-time observations of patient-clinician interactions using the CDSS could offer valuable

insights into factors influencing fidelity, acceptability and perceived appropriateness which

may not be recalled or even consciously noticed by clinicians. While the think-aloud interview

participants did not use the intervention in a real-life setting, these real-time reflections about

the CDSS rationale and content of the recommendations were very valuable in understanding

possible barriers to implementation.

Conclusions

This paper recommends that CDSSs could promote acceptability, perceived appropriateness

and fidelity by enabling alternative actions to be recorded where clinicians decide to follow a

different management plan, showing clinicians how recommendations for patient care were

generated, including reminders to show recommendations are consistent with guidance, and

encouraging clinicians to discuss CDSS recommendations with patients. Considering imple-

mentation strategies early on during intervention development and evaluation can enable the

optimisation of interventions to incorporate strategies which promote successful

implementation.

Supporting information

S1 File. Consolidated criteria for reporting qualitative research (COREQ) checklist.

(DOCX)

S2 File. Standards for Reporting Implementation Studies (StaRI) statement.

(DOCX)

S3 File. Feasibility study qualitative interview schedule.

(DOCX)

S4 File. Implementation strategies identified from this analysis.

(DOCX)

Author Contributions

Conceptualization: Lucy Yardley, Mike Thomas, Kay Wang, Ben Ainsworth, Sarah Tonkin-

Crine.

Data curation: Marta Santillo, Michelle Helena Van Velthoven.

Formal analysis: Kate Morton, Sarah Tonkin-Crine.

PLOS ONE Promoting the implementation of clinical decision support systems in primary care

PLOS ONE | https://doi.org/10.1371/journal.pone.0317613 February 13, 2025 13 / 16

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0317613.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0317613.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0317613.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0317613.s004
https://doi.org/10.1371/journal.pone.0317613


Methodology: Kate Morton, Lucy Yardley, Kay Wang, Ben Ainsworth, Sarah Tonkin-Crine.

Project administration: Kate Morton, Marta Santillo, Michelle Helena Van Velthoven, Kay

Wang, Sarah Tonkin-Crine.

Writing – original draft: Kate Morton.

Writing – review & editing: Kate Morton, Marta Santillo, Michelle Helena Van Velthoven,

Lucy Yardley, Mike Thomas, Kay Wang, Ben Ainsworth, Sarah Tonkin-Crine.

References
1. Sutton RT, Pincock D, Baumgart DC, Sadowski DC, Fedorak RN, Kroeker KI. An overview of clinical

decision support systems: benefits, risks, and strategies for success. npj Digital Medicine. 2020; 3

(1):17. https://doi.org/10.1038/s41746-020-0221-y PMID: 32047862

2. Osheroff J, Teich J., Levick D., Saldana L., Velasco F., Sittig D., et al. Improving Outcomes with Clinical

Decision Support: An Implementer’s Guide. 2nd ed. Boca Raton, FL, US: CRC Press; 2012.

3. Morton K, Dennison L, Band R, Stuart B, Wilde L, Cheetham-Blake T, et al. Implementing a digital inter-

vention for managing uncontrolled hypertension in Primary Care: a mixed methods process evaluation.

Implementation Science. 2021; 16(1):57. https://doi.org/10.1186/s13012-021-01123-1 PMID:

34039390

4. Kwok R, Dinh M, Dinh D, Chu M. Improving adherence to asthma clinical guidelines and discharge doc-

umentation from emergency departments: Implementation of a dynamic and integrated electronic deci-

sion support system. Emergency medicine Australasia: EMA. 2009; 21:31–7. https://doi.org/10.1111/j.

1742-6723.2008.01149.x PMID: 19254310

5. Moja L, Kwag KH, Lytras T, Bertizzolo L, Brandt L, Pecoraro V, et al. Effectiveness of computerized

decision support systems linked to electronic health records: a systematic review and meta-analysis.

Am J Public Health. 2014; 104(12):e12–22. https://doi.org/10.2105/AJPH.2014.302164 PMID:

25322302

6. McManus RJ, Little P, Stuart B, Morton K, Raftery J, Kelly J, et al. Home and Online Management and

Evaluation of Blood Pressure (HOME BP) using a digital intervention in poorly controlled hypertension:

randomised controlled trial. BMJ (Clinical Research Ed). 2021; 372. https://doi.org/10.1136/bmj.m4858

PMID: 33468518

7. Moxey A, Robertson J, Newby D, Hains I, Williamson M, Pearson SA. Computerized clinical decision

support for prescribing: provision does not guarantee uptake. J Am Med Inform Assoc. 2010; 17(1):25–

33. https://doi.org/10.1197/jamia.M3170 PMID: 20064798

8. Curran GM, Bauer M, Mittman B, Pyne JM, Stetler C. Effectiveness-implementation Hybrid Designs:

Combining Elements of Clinical Effectiveness and Implementation Research to Enhance Public Health

Impact. Med Care. 2012; 50(3). https://doi.org/10.1097/MLR.0b013e3182408812 PMID: 22310560

9. Leeman J, Birken SA, Powell BJ, Rohweder C, Shea CM. Beyond “implementation strategies”: classify-

ing the full range of strategies used in implementation science and practice. Implementation Science.

2017; 12(1):125. https://doi.org/10.1186/s13012-017-0657-x PMID: 29100551

10. Powell BJ, Beidas RS, Lewis CC, Aarons GA, McMillen JC, Proctor EK, et al. Methods to Improve the

Selection and Tailoring of Implementation Strategies. J Behav Health Serv Res. 2017; 44(2):177–94.

https://doi.org/10.1007/s11414-015-9475-6 PMID: 26289563

11. Liberati EG, Ruggiero F, Galuppo L, Gorli M, González-Lorenzo M, Maraldi M, et al. What hinders the
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