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ABSTRACT
Objectives  The concept of safety work draws attention 
to the intentional work of ensuring safety within care 
systems. Clinical decision support (CDS) has been 
designed to enhance medication safety in primary care 
by providing decision-making support to prescribers. 
Sociotechnical theory understands that healthcare 
settings are complex and dynamically connected 
systems of fluid networks, human agents, changing 
relationships and social processes. This study aimed to 
understand the relationship between safety work and 
the use of CDS.
Design and setting  This qualitative study took place 
across nine different general practices in England. 
Stakeholders included general practitioners (GPs) and 
general practice-based pharmacists and nurse prescribers. 
Semi-structured interviews were conducted to illicit how 
the system was used by the participants in the context 
of medication safety work. Data analysis conducted 
alongside data collection was thematic and drew on socio-
technical theory.
Participants  Twenty-three interviews were conducted 
with 14 GPs, three nurse prescribers and three practice 
pharmacists between February 2018 and June 2020.
Results  Safety work was contextually situated in a 
complex network of relationships. Three interconnected 
themes were interpreted from the data: (1) the use of CDS 
within organisational and social practices and workflows; 
(2) safety work and the use of CDS within the interplay 
between prescribers, patients and populations; and (3) the 
affordances embedded in CDS systems.
Conclusion  The use of sociotechnical theory here extends 
current thinking in patient safety particularly in the ways 
that safety work was co-constituted with the use of CDS 
alerts. This has implications for implementation and use 
to ensure that the contexts into which such CDS systems 
are implemented are taken into account. Understanding 
how alerts can adapt safety culture will help improve the 
efficacy of CDS systems, enhance prescribing safety and 
help to further understand how safety work is achieved in 
primary care.

INTRODUCTION
Healthcare services are increasingly inter-
preted as complex systems comprising fluid 
networks of people and technologies that 
interact in dynamic, non-linear and interde-
pendent ways.1–4 New thinking in the field 
of patient safety, often termed Safety-II, 
that focuses on ‘work-as-done’, rather than 
‘work-as-imagined’, understands that safety is 
achieved less because people follow strict rules 
but rather because people adapt and respond 
to unanticipated events.3 5 This idea departs 
from the ‘measure and manage’ orthodoxy of 
patient safety policies by attending to the situ-
ated practices of care work in the context of 
wider and inherently complex socio-cultural 
systems.6 7 The concept of ‘safety work’ 
captures the idea that clinicians routinely 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ The use of sociotechnical theory to frame the the-
matic analysis enabled a nuanced understanding of 
the ways in which the clinical decision support was 
utilised for medication safety work.

	⇒ This study had a longitudinal design with a variety 
of stakeholders from different health professions in 
primary care, interviewed over time across multiple 
geographical locations.

	⇒ Semi-structured interviews were conducted with 
a full range of different prescribers in different 
roles (general practitioners (GPs), nurses and 
pharmacists).

	⇒ Many practice staff were drawn from two of the 
four targeted clinical commissioning groups areas 
due to recruitment difficulties related to GP time and 
workload.

	⇒ This study relied solely on interview data and may 
have benefited from observations or other ethno-
graphic approaches that might have uncovered 
‘work-as-done’.
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need to engage in purposeful activities to actively create 
and restore safety in the context of dynamic and change-
able systems.8 Safety work has been understood from 
the concept of the multidimensional and dynamic safety 
culture of primary healthcare organisations.9 This offers 
a way of exploring the interplay between system factors 
and also the purposeful behaviours of clinicians that 
goes beyond the reductionist and linear view of estab-
lished safety perspectives, and instead foregrounds the 
combined influence of context and work as shaping 
clinical safety. Safety work has been seen to entail an 
understanding of safety culture among staff,9 systems 
and collaboration between reception, administration 
and medical staff,10 articulation work,11 development of 
relationships and engagement with stakeholders12 13 and 
management of workload.8

Sociotechnical theory that draws on interdependent 
and constructionist theories considers that people and 
technology are reciprocally and recursively related and 
as a consequence the outcomes of the relationships 
between the social, human agency and technology are 
considered as interdependent and not simply as the inter-
actions between homogeneous unique elements.14 15 
This approach focuses on the social processes involved 
in the use of the technology since it sees technological 
use and adoption as a social practice that may involve 
negotiation and conflict. Interdependent sociotech-
nical theories do not understand technology as some-
thing static that is external to social contexts but as 
part of that context.16 17 The implementation of infor-
mation technology (IT) in healthcare settings has been 
explored from such sociotechnical perspectives.16 17 IT 
does not operate in isolation from social and organisa-
tional contexts and as such plays a potential role in both 
adding to system complexity, and hence unsafe practice, 
and also contributing to the safety work of people within 
these systems.1 18

Extending this view, sociomateriality is a combination 
of the material properties of the technology with social 
processes. Sociomateriality considers that properties 
of the technology may be fixed, therefore allowing for 
differences in use to be assigned to such social processes 
and contexts.19 Technology has been conceptualised as 
offering affordances in which the material properties of 
the technology, through interaction with human agents, 
allow for the possibilities for certain actions.20–22 This 
contrasts to approaches that might focus narrowly and 
deterministically on the functions and capacities of the 
technology. In the concept of affordances, technology has 
the possibility of both shaping human action and being 
shaped by different social processes and practices.20 New 
rules and conventions may evolve in a dynamic inter-
action between the technology, users and contexts that 
then changes social processes and practices.19 23 In this 
way, technology is not a casual facilitator but affords the 
possibility of action as one element of a complex social 
process.19–21

Medication safety technologies
The WHO’s Third Global Patient Safety Challenge: Medi-
cation Without Harm places medication safety as a global 
priority.24 Prescribing errors in general practice are an 
important and expensive cause of preventable safety inci-
dents, illness, hospitalisations and deaths.25 Medication 
safety across primary care operates within complex contexts 
that often involves collaboration between different general 
practice staff, between people and technology and is a fluid, 
negotiated, social process.10 26 27 Prescribing errors have 
been considered to occur because of a multitude of error 
producing conditions including prescriber characteristics, 
patient characteristics, the working environment, the specific 
tasks and issues with technology.28

Prescribing safety in general practice is increasingly 
promoted through the use of specialist clinical deci-
sion support (CDS) tools used to provide clinicians with 
clinical knowledge and patient-related information to 
improve the quality of prescribing and reduce medica-
tion error.29 30 The CDS system evaluated here has been 
in use across general practices in England and Wales 
since 2014. The CDS is embedded within the GP clinical 
system and provides a range of patient-specific messages 
that appear at the point of prescribing as a dialogue 
box or ‘pop-up’. Prescribers have full discretion as to 
whether they accept the message. Previous evaluation of 
CDS systems focused on those designed to improve care 
outcomes often in hospital settings.29 31 32 CDS has been 
seen as moderately successful, but it is widely acknowl-
edged that prescribers often override alerts due to high 
volumes and limited perceived value (‘alert fatigue’), and 
particularly if they interrupt clinical workflow by arriving 
at inappropriate times in the consultation.32–35 ‘Success’ 
or ‘failure’ in implementation of IT has in the past been 
attributed to material properties of the technology and 
interoperability, user characteristics and organisational 
settings and processes.36 It has however been suggested 
that discrete individual barriers and facilitators are less 
important than the complex interactions between those 
factors.23 36 Engagement between the health professionals 
working in clinical settings and the technology may also 
inform understanding of the potential impact on changes 
in working practices, roles and responsibilities.12 37 There 
has been little in the way of qualitative research that has 
utilised sociotechnical theory to understand how medica-
tion safety alerts might operate as part of the safety work 
undertaken by those working within primary care. This 
study aimed to apply sociotechnical theory to understand 
the use of CDS in the accomplishment of safety work in 
primary care, to understand how CDS transforms safety 
work and to understand how new forms of safety work are 
involved in the implementation and use of CDS.

METHODS
Study design
This qualitative study used semi-structured interviews with 
multiple stakeholders working as prescribers in general 
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practices in England. The study took place across nine 
different general practices within four separate clinical 
commissioning groups (CCGs), in the North West and 
East Midlands regions of England. The study was part 
of a wider qualitative longitudinal process evaluation of 
interventions designed to improve prescribing safety in 
primary care.38 39

Sampling and recruitment of participants
The sampling was purposive and included people involved 
in prescribing medicines who had knowledge and expe-
rience of using CDS in their daily work in general prac-
tices within the four CCG areas, including GPs, general 
practice nurses and general practice-based pharmacists. 
Sampling and recruitment of general practices were 
facilitated through discussions with CCG managers. MJ 
approached potential practices between December 2017 
and November 2019, by email or telephone and invited 
them to take part. In addition, MJ visited CCG meetings 
of groups of practices. After each practice had indicated 
that their staff might be interested in taking part, the 
practice was visited by MJ to further explain the study and 
provide written information. Practices consented to take 
part in the study before individual staff were approached. 
Individual general practice staff were approached 
directly by telephone or email, or through liaising with 
the general practice manager. A total of 41 practices were 
approached; nine practices consented to take part and 
32 either declined to take part or did not respond. Prac-
tices commonly gave time and staffing commitments as 
reasons for not taking part. Each potential participant was 
provided with written information about the study and 
given a minimum of 24 hours to decide if they wished to 
take part. MJ then contacted those staff wanting to take 
part by telephone or email to arrange a convenient time 
for the interview. The interview process was two stage with 
follow-up interviews conducted approximately 12 months 
after the first interview with a convenience sample of 
different participants (n=7) in order to understand any 
changes that may have occurred and if any new themes 
were emerging.

Data collection
The semi-structured interview schedule was developed by 
MJ and RNK drawing on previous studies in medication 
safety in primary care.12 17 40 This was designed to illicit 
how CDS was used by the participants in the context 
of medication safety work (see online supplemental 
appendix S1). In order to ensure it remained appropriate 
the interview schedule was reviewed throughout data 
collection. Interviews continued alongside data analysis 
in an iterative approach until data saturation was reached. 
We understood data saturation as being achieved when 
we judged further interpretation of codes and themes 
would not provide further insights.41 All interviews were 
conducted by MJ and took place face-to-face at the partic-
ipants’ usual place of work (general practice, n=19) or 
by telephone (n=4); all were digitally audio-recorded. 

Participants were offered a £20 shopping voucher per 
interview as acknowledgement of their time. Twenty-three 
interviews were conducted with 20 participants (14 GPs, 3 
nurse prescribers and 3 practice pharmacists). Follow-up 
interviews were conducted with 7 participants (5 GPs, 1 
nurse, 1 practice pharmacist). The first interviews were 
conducted between February 2018 and November 2019 
with follow-up interviews conducted between August 
2019 and June 2020. Interviews ranged in duration from 
13 to 41 min with a mean length of 31 min.

Data analysis
Data analysis was informed by interdependent and 
constructionist sociotechnical theories and models.14 15 23 
MJ led the analysis, which was thematic and conducted 
alongside data collection following verbatim transcrip-
tion. The analysis followed two parts: first, an inductive 
thematic approach informed by Braun and Clarke42 and 
second, a deductive template approach which involved 
developing a coding template from the first stage.43 For 
the initial inductive thematic approach, MJ used QSR 
NVivo 12 to organise the data and inductively coded early 
interviews to identify features, patterns, groups of codes 
and potential themes to build a preliminary framework 
for application to the data and to inform further data 
collection. These codes were discussed, in the context 
of sociotechnical theory, with the wider research team 
(RNK, N-ES, LL, AC, AShamsuddin). These discussions 
led to the development of a further coding template that 
was applied to the full data set, refined and reworked. 
From this coding, the final themes as presented in the 
results were interpreted.

Patient and public involvement
AC is a patient and public representative who was involved 
in all aspects of the study and is a co-author of the paper.

RESULTS
Interpretative data analysis found a complex network of 
relationships between the technology, different users and 
the contexts in which the technology was utilised. Safety 
work and the use of CDS were contextually situated in this 
network and reciprocally interrelated with it.

Three broad, interconnected themes were interpreted 
from the interview data.

	► The use of CDS within organisational and social prac-
tices and workflows;

	► The use of CDS within the interplay between 
prescribers, patients and populations;

	► Sociomateriality—the affordances embedded in CDS.

The use of CDS within organisational and social practices and 
workflows
For many prescribers, the use of CDS reflected their estab-
lished commitment to promoting safety within their prac-
tice which was described as illustrative of their a ‘safety 
climate’.

https://dx.doi.org/10.1136/bmjopen-2022-068798
https://dx.doi.org/10.1136/bmjopen-2022-068798
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I think we are a safety conscious practice […] we 
don’t want mistakes to happen so therefore creating a 
safe climate where you feel you are doing things safe-
ly is actually really important to us as a practice. GP12

Organisational culture varied. One GP reflected on 
these variations across different sites of the group prac-
tice in which they worked. One site had a strong focus 
on being ‘traditionally good prescribers’ who had 
‘work(ed) very hard […] on the prescribing (GP3). Such 
‘good’ prescribing was seen to be about stability which 
(GP3) suggested ‘creates much improved prescribing’ 
in contrast to another site of their group practice which, 
they said, had high staff turnover. This was reflected in the 
number of CDS alerts seen. Having a ‘safety system’ was a 
way of avoiding many alerts. A safety culture that included 
medication reviews and which had been ‘done …for so 
long that it’s relatively slick’ was perceived as conducive 
to utilising alerts from CDS systems in a way that avoided 
being overwhelmed.

Medication reviews I do here. This probably might 
explain why we’ve got less (alerts) here. We do a six 
month or annual review on people that are only on 
two things here, and we’ve done it for so long that it’s 
relatively slick. Whereas other places where they’ve 
not had review I’m going into a jungle almost of in-
teractions and possible problems. They’ve never had 
any safety system before, so there’s lots of alerts will 
go on. GP3

Organisational practices involved workflows where 
the use of the system was most pertinent in medication 
reviews. The following GP utilised CDS mostly when 
undertaking repeat prescribing. This was perceived to 
lead to disregarding alerts because ‘the patient’s not in 
front of you’ and because of the volume of prescriptions 
that needed repeat authorisation.

I don’t often use it (CDS support) in consultations, 
because I suppose that’s one of the problems of it, 
[…] the time it crops up in workflows most, is when 
you’re signing today’s 60 repeat prescriptions, so the 
patient’s not in front of you, but there’s a medication 
review overdue, […] (the alert) flashes up and tells 
you that something minor could need changing, and 
you sort of let it go. GP13

The use of CDS alerts within the interplay between 
prescribers, patients and populations
The characteristics of patients and roles of prescribers 
impacted on the CDS use for medication safety. Users 
with differing roles in general practice might not use 
CDS in the same way. The wider demographics of patient 
groups and broader holistic needs of individual patients 
were considered relevant to how prescribing would be 
prioritised and how CDS was used. For one GP, changes 
to specific individual medications, as alerted by CDS, were 
not patient’s primary concern.

…if you’ve got a patient with 20 different drugs, […] 
they’ve just lost their job, they’re about to become 
homeless, they’ve got epilepsy, depression, anxiety, 
diabetes that’s out of control, they’ve got 15 appoint-
ments, but they’ve missed the last ten, and they’ve got 
a safeguarding issue with their child […] There are 
much, much bigger issues for them. GP5

Individual patient needs, particularly for patients with 
complex medical problems or multi-morbidity, could 
impact on the ways in which CDS alerts were responded 
to by prescribers. One GP suggested that it was difficult to 
respond to alerts if patients were ‘on long lists of medica-
tion already’. GP14

Alerts were rejected if the prescriber disagreed and 
were considered inappropriate to the patient because 
of other morbidity, frailty or their social situation. Safety 
work was accomplished by the prescribers balancing 
alerts against their own knowledge and understanding 
of individual patient circumstances. In this specific case, 
leaving a patient with epilepsy without medication as the 
alert had suggested was perceived as less safe.

Sometimes it’s hazardous not to prescribe […] some 
of the epilepsy drugs you can’t give them safely be-
cause they’re dangerous drugs; and it’s telling you 
all these warnings, but you’ve got to give something 
because it would be more dangerous to leave some-
body fitting […] somebody with bad COPD (chronic 
obstructive pulmonary disease) and they’re on a host 
of other drugs, there really isn’t an antibiotic that you 
can give that doesn’t have a risk of cardiac arrhythmia 
or something like that; (but), I can’t leave them with-
out the antibiotic […] we’ve got to give something. 
GP1

Safety work was also accomplished by different 
prescribers within the context of responsibilities, and 
moral and ethical behaviour. Prescribers reflected how 
alerts did not remove the responsibility of a prescriber’s 
signature and prescribers still had to justify their actions.

I don’t think anyone tool […], you shouldn’t rely on 
just one thing at all. You are still responsible for pre-
scribing and what you prescribe so you’ve still got to 
justify it. You can overrule … GP5

Alerts were also seen within the context of balancing 
different responsibilities towards the patient, the wider 
practice population and the management of resources.

So our prime responsibility is to the patient who’s in 
front of us now. But, at the same time, we have a re-
sponsibility to our whole practice population, and to 
the country, of managing resources correctly. So, we 
have three different responsibilities that exist, almost 
like a holy trinity, they’re all there at the same time 
[…] And so anything that allows you to focus on one, 
while monitoring your progress on the other, is likely 
to be helpful, or feels helpful. So, you know, if I have 
someone in front of me who needs an antidepressant, 
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and the current evidence is that sertraline is better 
than citalopram, but I didn’t get to see that, if (CDS) 
comes up and says, actually we’re now supposed to be 
giving sertraline, I think, oh that’s great, ‘cause that’s 
a helpful thing, ‘cause it helps me monitor my other 
obligations at the same time. GP18

Knowing that there was patient information within 
alerts meant that the clinician had a moral obligation to 
act on that information.

‘….there’s a degree of responsibility, if you know that 
you have a tool and, you know, and there’s potentially 
a person sat there, who could have been looked at, 
who hasn’t been looked at, and is subject to potential 
harm. You’ve got responsibility, haven’t you, as a cli-
nician, because that information is there for you to 
access’. GP15

Safety work and prescribing was undertaken differently 
by different prescribers. This nurse considered that while 
they had been prescribing for 11 years it was generally felt 
among nursing staff that prescribing was an ‘extended 
role’. This led to a lack of confidence, a fear of making 
mistakes and the seeking of support.

I think the way nurses think because we see it as an 
extended role, it’s not part of this. I think there’s that 
element of it and we're always worried, we're always 
covering our back all the time. A doctor said to me 
once that it’s the mind set of how we're trained, nurs-
es are trained to question, have I done something 
wrong […] it’s how we think, scared to do something 
wrong. Nurse 1

In contrast, the use of CDS was seen as being dependent 
on experience and expertise. This GP suggested that it 
was easy to use and decide whether to accept alerts or 
not because they had many years’ experience and was 
the prescribing lead for the practice. They suggested that 
they were more likely to rely on their own experience and 
knowledge than less experienced prescribers who might 
be more likely to rely on alerts.

Having been a GP for a long time, I’m also the pre-
scribing lead for the practice, […] obviously, that re-
lies on your own experience, skills, confidence, that 
sort of thing. I think probably as maybe one of the 
relatively older GPs, […] having a reasonable amount 
of experience and confidence in what you’re doing, 
probably means that you cancel it off more often 
than a younger one. GP14

For this GP, there was a clear contrast between how 
they undertook safety work using CDS and how that was 
conducted by their practice pharmacist. Practice pharma-
cists reported that they saw patients for longer appoint-
ment times and would be more likely to be dealing with 
medication reviews for patients with long-term conditions. 
Their contrasting work practices were related to differ-
ences in response to CDS alerts with the GP less likely to 

be methodical and more likely to not change medications 
in case the patient complained.

…it’s been interesting seeing how our pharmacist 
works, now that (they are) seeing patients and doing 
(their) own medication reviews. (They are) much 
more thorough and […] will challenge people a lot 
more and say, look you’ve been on this thing, I’m not 
sure you necessarily need that, or you may be need 
something slightly different, and will go through it in 
a more methodical fashion. I think we do probably in 
our consultations, sort of, go through things a little 
bit more quickly. GP4

Sociomateriality—the affordances embedded in the CDS
CDS was used within electronic health record (EHR) 
systems and was dynamically linked to other databases 
and clinical systems that could provide alerts. As a conse-
quence, this impacted on how CDS was used, how users 
interacted with it and how the alerts were responded to. 
Part of this was associated with a frustration about what 
different technologies could or could not do, or what 
could or could not be done with different technologies. 
Prescribers talked of CDS when embedded with one 
particular clinical system ‘failing to launch’ …’it’s just 
so many more clicks on particular things of your screen’ 
GP12 or ‘the number of warnings that comes up in (name 
of clinical system) is far too many’ GP13. This was said to 
mean ‘it slows down and frustrates you as you're doing an 
important task but at the same time you're not getting the 
advice from it as well.’ GP13 Affordance in this way was 
not just about non-use or abandonment but about how 
that made users perceive the system and feel about using 
it, which then in turn led to a negative response. Such 
frustration with the CDS could lead to important medica-
tion safety issues.

We had a significant event where a medication was 
prescribed to a patient that shouldn’t have been. We 
know that at least one of the factors in that was the 
fact that in the set up process of (the clinical system) 
different doctors chose different security settings for 
medicines safety… GP13

The perception that CDS was not providing accurate 
and useful alerts could mean that the system was ignored 
and therefore safety work potentially compromised.

In contrast, some participants described how CDS 
provided affordances for prescribers to undertake safety 
work. This GP considered the alerts not intrusive, easily 
overridden and providing useful and sensible safety 
advice. Such safety advice was seen as important since it 
could mitigate against safety problems for patients in the 
future.

I don’t find them too intrusive really. I mean it is an-
other thing that happens that didn’t happen before 
but it’s as we discussed before, it was they are relative-
ly easy to override and the suggestions that are being 
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made generally feel quite sensible […] And if it’s a 
safety thing, then generally I’ve been quite pleased 
that it’s happened because it’s given me an opportu-
nity to make a change before potentially something 
that might cause me a problem later down the line. 
GP4 (Follow-up interview)

CDS was seen as providing prompts to safer prescribing 
that challenged prescribers to think about what they were 
about to prescribe. This could take the form, as described 
by this GP of avoiding a prescribing error.

… today it’s prompted me not to prescribe the wrong 
dose of oxycodone. So off a picking list I was close 
to picking the wrong strengths of oxycodone. And 
that came up with an (CDS) prompt which was great. 
[…], so I was very happy to have something held up 
in front of my face going, are you sure about that? 
GP4

DISCUSSION
The use of CDS for medication safety in primary care was 
seen to be contextually situated in the social practices 
of safety work. This builds on understandings of health-
care settings as complex systems with different charac-
teristics including people, tasks and technology.3 In this 
study, safety work was accomplished within safety cultures, 
which varied for patients and prescribers and therefore 
shaped their particular forms of engagement with the 
CDS and safety work. The use of sociotechnical theory 
here extends current thinking in patient safety particu-
larly in the ways that safety work was co-constituted with 
the use of CDS alerts.

Safety work in primary care
The safety work undertaken by prescribers when using 
CDS was often shaped by the perceived health needs and 
broader characteristics of the patient. Where CDS support 
was less easy to accommodate to the holistic practices of 
prescribers, in terms of their relationship with patients, 
it was typically underutilised. Specifically, for patients 
with multiple and complex care needs, prescribers 
suggested it was necessary to consider factors other 
than prescribing, and relatedly the existing CDS system 
presented functional barriers to working with patients on 
multiple medicines. A recent systematic review and meta-
analysis of medication harm across health settings found 
the highest incidence of medication harm in patients 
with high comorbidity and related polypharmacy.44 It 
has previously been suggested that decision-making is 
made more complicated for clinicians when dealing with 
patients with multi-morbidity.45 46 As such, the underuti-
lisation of CDS might be seen as stemming from a lack 
of appreciation among designers and policymakers about 
how prescribing safety is shaped by the particular rela-
tionship between prescriber and patient, in the context 

of the former’s prevailing safety practices and the latter’s 
particular health needs.

We found that the utilisation of CDS for safety work 
within primary care was linked to the affordances within 
the technology and significantly how these related to 
the perceived needs of the patient and the associated 
approach to medical decision-making. That is, GP’s safety 
work often involved ignoring alerts where they were 
perceived as inaccurate, overwhelming or irrelevant to 
the complexity of the decision-making for a given patient. 
Although our study did find that in other relational 
contexts, that is, with less complex patients, or where 
there was more time available such as in consultations 
with practice pharmacists, CDS did provide prescribers 
with valued and useful alerts that were seen as enhancing 
their safety work.

CDS alerts were not neutral, in that they provided a 
specific recommendation to the prescriber. This could 
be seen as form of ‘digital nudging’ whereby technology 
might be seen to influence choices and ‘nudge’ people 
into specific behaviours.47 That the prescribers here did 
reject alerts suggests that this was an active rather than 
passive response to the alert. CDS alerts afforded the 
possibility of making prescribing changes but were only 
acted on if the prescriber considered it appropriate within 
the given contexts of their practice. The system provided 
prompts and challenges in the form of alerts, which could 
be accepted, and acted on in different ways, or ignored 
and thus there was a recursive relationship between 
people and the technology.14 Responding to CDS alerts 
was therefore not a linear and binary process but one that 
was fluid and contextually bound. Prescribers’ responses 
to safety alerts were based on their expertise and knowl-
edge. Previously, Swinglehurst et al10 found that safety 
work in repeat prescribing was embedded in different 
types of organisational structures. This study reinforces 
the sense that primary care and medication safety 
operate as complex systems with multiple and intercon-
nected parts.1 We found that the organisational culture 
and what prescribers referred to as a ‘safety climate’ or 
‘safety culture’ of particular importance with organisa-
tional practices such as workflows and tasks shaping the 
use of CDS. This reinforces that safety work is a social 
process operating within multidimensional and dynamic 
systems.8 9 48 As well as organisational processes shaping 
the use of CDS, CDS alerts shaped the way prescribers 
accomplished safety work as they variously adapted their 
clinical practices and responded differently to them.1 3 
This included prescribers reflecting on their moral and 
ethical responsibilities towards their patients and the 
wider community. This further highlights how safety work 
requires a flexible approach that is adaptive and respon-
sive to different contextual situations and does not over 
rely on technology.10 Our study builds on understandings 
of alert fatigue in that underutilisation cannot be there-
fore simply seen in terms of the volume and relevant 
of alerts but that alerts are part of the social process of 
managing safety within complex work in primary care.
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STRENGTHS AND LIMITATIONS
A particular strength of this study is the focus on socio-
technical theory, which enabled a nuanced understanding 
of the ways in which the CDS was utilised. By using this 
theoretical lens, we could further understand how the 
CDS alerts and those already embedded in the EHR were 
utilised within the context of organisational culture and 
prescribers workflows. This builds on the sociotechnical 
theory particularly that around the concept of affordances 
within technology that enable human actions.20 21 Addi-
tionally, a further strength was the longitudinal design 
with a variety of stakeholders from different professions 
interviewed over time across multiple geographical loca-
tions. A full range of different prescribers in different roles 
(GPs, nurses and pharmacists) were interviewed but there 
could have been greater breadth across general prac-
tices. The present study found some variation between 
different prescribers (pharmacists, GPs or nurses) in the 
ways they adopted the CDS for safety work, but we could 
only explore this in a limited way given our study sample. 
Further understanding how safety work is accomplished 
in the context of different users of the technology in 
future research would be useful. Many practice staff were 
also drawn from two of the four targeted CCG areas due 
to recruitment difficulties related to GP time and work-
load. Furthermore, interviewing patients to gain their 
perspective may well have been useful. This study also 
relied solely on interview data and may have benefited 
from observations or other ethnographic approaches that 
might have uncovered ‘work-as-done’.5

Implications for future research, policy and practice
CDS systems for medication safety have been utilised 
in primary care with varying success.31 34 49 Since CDS 
systems operate within other technology such as the 
EHR, it may be important to understand how different 
technologies interact and offer different ways people can 
engage in safety activities. Understanding open systems 
and the complexity in healthcare has been highlighted 
as important in healthcare evaluation.1 50 Investment 
into CDS systems needs to be judged against how those 
systems will be used not just from a functionality aspect 
but also from the view of who the users will be and for 
which individual and groups of patients they will be util-
ising the system for. How CDS are utilised for patients with 
multi-morbidity and polypharmacy will be an important 
consideration here. An important finding of our study 
was that functionality was linked to patient characteristics 
and prescriber motivations, in that where multiple alerts 
were received owing to patients having polypharmacy 
the system was then underutilised and the alerts could 
be ignored. Since this group of patients is at most risk 
from a prescribing error, this has important implications 
for practice. Multidisciplinary reviews of patients with 
polypharmacy have been found useful in other contexts 
including care homes.51 52

There is a recursive interrelationship between CDS 
alerts and safety culture in that CDS can enhance safety 

culture but may also be utilised differently within existing 
safety cultures as prescribers adapt their practices.1 3 
Further research could valuably explore how technology 
to enhance medication safety can shape organisational 
safety work and not just be utilised within a safety climate 
but be instrumental in building that safety culture. Under-
standing how alerts can adapt that safety culture and how 
prescribers may adapt to the alerts to form new emerging 
safety cultures is a challenge that will help improve the 
efficacy of CDS systems, enhance prescribing safety and 
help to further understand how safety work is achieved in 
primary care.

CONCLUSIONS
Sociotechnical theory enabled us to understand how 
the use of CDS for medication safety in primary care is 
context bound and dependent on a complex and recip-
rocal network of relationships between the technology, 
different users and the places and spaces in which the 
technology was utilised. Where prescribers perceived 
their practices to have a safety culture, this could impact 
on the utilisation of CDS. The use of CDS for medication 
safety work was dependent on who responded to alerts 
and for which patients the alerts were received. Since 
alerts for patients with multimorbidity and polypharmacy 
were reported to be underutilised, an important implica-
tion and strategy of our findings is how prescribers may 
adapt their practices to ensure medication safety for this 
group of patients. Prescribers adaptation of their prac-
tices in response to alerts has implications for the use of 
decision support to ensure that the contexts into which 
it is implemented and therefore the ways in which safety 
work is accomplished are taken into account.
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