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Abstract

Objectives: Few studies have explored the factors influencing user uptake of interventions designed to enhance
therapeutic drug monitoring (TDM). This study aimed to identify barriers and facilitators to acceptance of a pilot inter-
vention, the TDM Advisory Service (the Service), that provided prescribing advice for the antibiotic, vancomycin at an
Australian public hospital.

Methods: A sample of prescribers and pharmacists who had interacted with the Service (n=10), and a sample who
had not (n=13), participated in semi-structured interviews. Interviews were transcribed verbatim and analysed inde-
pendently by two researchers for emerging themes. The Theoretical Domains Framework (TDF) was used to synthe-
sise barriers and facilitators to Service acceptance.

Results: Key barriers reported by participants who had interacted with the Service aligned with two TDF domains:
‘Social Influences’ (prescribing hierarchy) and ‘Environmental Context and Resources' (accessibility of dose advice). For
participants who had not interacted with the Service, key barriers aligned with two TDF domains:'Knowledge’ (uncer-
tainty of Service processes) and ‘Environmental Context and Resources’ (accessibility of dose advice). Key facilitators
for both participant groups aligned with ‘Beliefs about Consequences’ (improved prescribing and patient outcomes)
and ‘Environmental Context and Resources' (accessibility of dose advice). A novel domain, ‘Trust, was identified.

Conclusions: Independent of participant interaction with the Service, knowledge of Service processes, perceived
beneficial outcomes, improved accessibility, and trust in Service capabilities were key determinants of acceptance.
This evidence can be used to inform the adoption of strategies to adapt and enhance integration of the Service into
clinical workflow.

Keywords: Vancomycin, Therapeutic drug monitoring, Theoretical domains framework, Consultative service, Dose
prediction software

Background

Therapeutic drug monitoring (TDM) is the process by

which biological samples (e.g. blood samples) are col-

lected from a patient and analysed to determine the

concentration of drug present to help guide subsequent
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glycopeptide antibiotic, is the gold standard therapy
for serious methicillin-resistant Staphylococcus aureus
(MRSA) infections [2]. TDM is recommended for van-
comycin due to its narrow therapeutic range, significant
interpatient pharmacokinetic variability and associated
concentration-dependent adverse effects, including
nephrotoxicity [3-5]. Given that mortality from MRSA
septicaemia and vancomycin-induced acute kidney
injury is approximately 40 and 15%, respectively [6, 7],
optimal dosing to limit the incidence of these outcomes
is imperative. Despite prescriber awareness of avail-
able guidelines for vancomycin dosing and TDM [8, 9],
audits of vancomycin therapy demonstrate suboptimal
practices [9-11]. Of particular concern is the observed
failure to adjust dosing appropriately in response to
TDM [11]. Interventions designed to improve uptake
of TDM-informed dose advice, including pharmacist-
led initiatives [12], education programs [13] and clini-
cal decision support systems [14], have had variable
success. This variability is likely related to how readily
interventions were integrated into user workflow.

Studies that have explored factors influencing uptake
of TDM interventions have identified barriers including
poor coordination of TDM processes, time constraints,
perceived lack of user competency and the prescrib-
ing hierarchy [8, 15, 16]. While these findings are use-
ful, systematically identifying barriers and facilitators
to uptake using a theory-based framework provides
an evidence-based approach to enhance intervention
design and achieve successful integration into routine
workflow [17, 18]. The Theoretical Domains Framework
(TDF; Table 1) [19] has been successfully employed to
understand barriers and facilitators to uptake of clinical
interventions, such as best practices for management of
nasogastric tubes [20], and to design targeted strategies
to enhance implementation [20-22].

In 2018, a TDM Advisory Service (the Service) was
piloted at an Australian hospital [23]. The Service
combined clinical expertise, alongside dose predic-
tion software, to provide vancomycin dose advice to
prescribers. Prior to piloting, the TDF was used to
identify anticipated barriers to prescriber acceptance
of dose prediction software recommendations [24].
Limited knowledge of software capabilities, as well as
concerns about the impact on workload and patient
outcomes were key barriers identified [24]. Multifac-
eted education strategies were implemented to address
these barriers and support piloting of the Service. An
interrupted time series analysis revealed that the Ser-
vice increased the proportion of therapy spent in the
target range [23], but provided limited information
about how and why the Service was used. This current
study aimed to identify barriers and facilitators to user
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acceptance of the Service to inform its adaptation and
sustained use.

Methods

Study setting

Semi-structured interviews were undertaken (May 2019—
January 2020) with prescribers and pharmacists to elicit
their opinions of and experiences with the Service. The
study was conducted at a 360-bed metropolitan Austral-
ian public hospital. An onsite pathology service provides
vancomycin results 24 h-a-day, 7 days-a-week. All clinical
areas, except the emergency department and outpatient
clinics, use an electronic medication management system
(eMMS).

Clinical context

Prior to piloting the Service, vancomycin dosing was
based on trough concentrations and was supported by
internal guidelines and the Antimicrobial Stewardship
(AMS) team. At the study site, most patients on vanco-
mycin receive a consult from AMS, including review by
a pharmacist and/or an ID physician. Medications are
prescribed by both junior and senior prescribers in Aus-
tralian hospitals, with the majority of order-entry under-
taken by juniors. Pharmacists do not have prescribing
rights but play an important advisory role in the prescrib-
ing process. Process maps describing vancomycin dosing
and TDM processes before (Supplementary Fig. 1) and
after (Supplementary Fig. 2) introduction of the Service
are provided.

TDM advisory Service
The aim of the Service was to improve compliance with
antimicrobial guidelines at the institution [9] and to tran-
sition from trough- to AUC-guided dosing as per updated
international consensus guidelines [25]. Service design
was guided by previous research [26-31] and the exper-
tise of a multidisciplinary committee, which included
clinical pharmacologists, pathologists, infectious diseases
and microbiology specialists, pharmacists, intensive care
physicians and senior hospital scientists. It was tailored
to accommodate local infrastructure and staffing limita-
tions and was approved by formal governance processes.
The Service was staffed by Clinical Pharmacologists
(three staff specialists and a registrar) and two senior hos-
pital scientists. Support was provided by the AMS team.
Prior to piloting, education sessions about vancomycin
guidelines and Service processes were provided to all
medical and surgical teams via different forums, includ-
ing large scale presentations and small team meetings
[23]. Attendance of education sessions was not enforced.
The Service operated on weekdays (9am-5pm)
and provided advice after the first dose had been
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Table 1 The Theoretical Domains Framework with domain definitions and associated constructs

Domain (definition)

Constructs

1. Knowledge (An awareness of the existence of something)

2. Skills (An ability or proficiency acquired through practice)

3. Social/Professional Role and Identity (A coherent set of behaviours and dis-
played personal qualities of an individual in a social or work setting)

4. Beliefs about Capabilities (Acceptance of the truth, reality or validity about an
ability, talent or facility that a person can put to constructive use)

5. Optimism (The confidence that things will happen for the best or that desired

goals will be attained)

6. Beliefs about Consequences (Acceptance of the truth, reality, or validity about

outcomes of a behaviour in a given situation)

7. Reinforcement (Increasing the probability of a response by arranging a
dependent relationship, or contingency, between the response and a given
stimulus)

8. Intentions (A conscious decision to perform a behaviour or a resolve to act in
a certain way)

9. Goals (Mental representations of outcomes or end states that an individual
wants to achieve)

10. Memory, Attention and Decision Processes(The ability to retain information,
focus selectively on aspects of the environment and choose between two or
more alternatives)

11. Environmental Context and Resources (Any circumstance of a person’s situ-
ation or environment that discourages or encourages the development of skills
and abilities, independence, social competence and adaptive behaviour)

- Knowledge (including knowledge of condition/scientific rationale)
- Procedural knowledge
- Knowledge of task environment

- Skills

« Skills development
- Competence

- Ability

- Interpersonal skills
- Practice

« Skill assessment

- Professional identity

- Professional role

« Social identity

- Identity

- Professional boundaries

- Professional confidence

- Group identity

- Leadership

- Organisational commitment

- Self-confidence

- Perceived competence
- Self-efficacy

- Perceived behavioural control
- Beliefs

- Self-esteem

« Empowerment

- Professional confidence
+ Optimism

« Pessimism

« Unrealistic optimism

- Identity

- Beliefs

- Outcome expectancies

- Characteristics of outcome expectancies
- Anticipated regret

- Consequents

- Rewards (proximal/distal, valued/not valued, probable/improbable)
« Incentives

« Punishment

- Consequents

- Reinforcement

- Contingencies

« Sanctions

- Stability of intentions
- Stages of change model
- Transtheoretical model and stages of change

- Goals (distal/proximal)

- Goal priority

- Goal/target setting

- Goals (autonomous/controlled)
« Action planning

- Implementation intention

- Memory

- Attention

« Attention control

- Decision making

- Cognitive overload/tiredness

- Environmental stressors

« Resources/material resources

- Organisational culture/climate

- Salient events/critical incidents

- Person and environment interactions
- Barriers and facilitators
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Table 1 (continued)
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Domain (definition)

Constructs

12. Social Influences (Those interpersonal processes that can cause individuals
to change their thoughts, feelings, or behaviours)

13. Emotion (A complex reaction pattern, involving experiential, behavioural,
and physiological elements, by which the individual attempts to deal with a
personally significant matter or event)

14. Behavioural Regulation (Anything aimed at managing or changing objec-
tively observed or measured actions)

- Social pressure

+ Social norms

- Group conformity

- Social comparisons
- Group norms

- Social support

- Power

- Intergroup conflict
- Alienation

- Group identity

- Modelling

- Fear

« Anxiety

- Affect

- Stress

+ Depression

- Positive/negative affect
« Burn-out

- Self-monitoring
- Breaking habit
- Action planning

Adapted from Cane et al. [18]

administered. Loading doses were prescribed with no
input from the Service. Patients receiving intravenous
vancomycin, regardless of infection, were identified daily
from electronic prescriptions or referrals. Once iden-
tified, relevant patient information, including demo-
graphics and laboratory results, was collected and dose
prediction software used to generate an individualised
dose prediction to achieve an AUC,,/MIC of 400-600 for
the next 72h of dosing. Dose predictions were generated
and reviewed daily by the senior hospital scientists. After
consultation with a clinical pharmacologist, dose advice
was provided to clinical teams via electronic dose reports
published in the patient pathology records every 72h, or
more frequently if needed. Doctors in the treating team
were contacted by phone and/or page if a dose change
was recommended. Acceptance of dose advice was at the
discretion of the treating team.

The Service was piloted in July 2018 and transitioned
to a referral basis in March 2020. Given the known lag
between health system implementation and uptake, it
was anticipated that not all healthcare professionals
would have been aware of, or interacted directly with,
the Service at the time of the study. Thus, participants
were defined as either those who had not interacted (not
received dose advice) with the Service, and those who
had interacted (received dose advice) with the Service.

Data collection materials

An interview guide (Supplementary File 1) was
designed with input from human factors (MB), imple-
mentation (NT) and clinical pharmacology (JC, SS, RY)

researchers and a clinical pharmacologist (RD). Pilot
interviews were conducted with three research students
and a clinical pharmacology registrar to ensure clarity.

Two process maps, describing vancomycin dos-
ing and TDM processes before and after introduction
of the Service, and an example dose report were pro-
vided to participants during interviews (Supplementary
Figs. 1-3). Process maps were designed with input from
clinical pharmacology researchers, a clinical pharma-
cologist, and the hospital TDM Committee.

Recruitment

A targeted approach was used to recruit participants
who were involved in vancomycin prescribing. Pre-
scribers and pharmacists were invited via email or tel-
ephone to participate in the study. Initially, purposive
recruitment was utilised, whereby healthcare profes-
sionals who had previous contact with the Service were
invited to participate. Subsequently, a snowballing
recruitment strategy was used, whereby participants
recommended other colleagues involved in vancomy-
cin prescribing. Individuals who had directly inter-
acted with the Service, as well as those who had not
interacted with the Service were recruited. Junior
medical officers (JMOs), registrars, staff specialists
and pharmacists were interviewed. JMOs were defined
as interns (first-year postgraduate doctors) or resi-
dents (second-year postgraduate doctors). Registrars
were defined as basic physician trainees or advanced
trainees.
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Data collection and analysis

Interviews were conducted face-to-face or via telephone.
All were audio-taped and transcribed verbatim. Identifi-
able data were removed from transcripts before analy-
sis. All transcripts were analysed independently by two
investigators (RY, JC). First, interviews were read to
become familiar with the data. Potential themes were
then identified using an inductive approach. Interviews
were conducted alongside analysis to confirm thematic
saturation. Finally, two investigators (RY, JC) indepen-
dently synthesised barriers and facilitators to acceptance
of dose advice using the TDF. Barriers and facilitators
reported by participants who had not interacted with the
Service, and those who had, were coded separately. Inves-
tigators met periodically to discuss findings and resolve
any discrepancies. TDF coding outcomes were discussed
with a third researcher (NT) when consensus could not
be reached.

Results

Interviews were conducted with prescribers (n=17) and
pharmacists (n=6) from 25 clinical units. Some par-
ticipants were affiliated with more than one team. Most
participants were female (#=12) and JMOs (n=28). The
reported experience with, and frequency of, vancomy-
cin dosing and TDM varied (Table 2). Prescribers were
reported to play key roles in the prescribing process;
senior prescribers selecting the drug, while junior pre-
scribers were responsible for “.. physically prescribing
vancomycin” (P10, JMO). Of those who were aware of
the pilot Service (n=16), 10 had received dose advice.
Despite not being aware of the Service, three additional
participants reported having received dose advice via
telephone from the Clinical Pharmacology registrar
involved in the Service. Therefore, a total of 13 partici-
pants had received dose advice from the Service. The
remaining 10 participants had not received dose advice
from the Service. Regardless of interactions with the Ser-
vice, participants described its role as providing ‘advice
and information about dosing of vanc [omycin]” (P02,
JMO). Barriers and facilitators reported by prescribers
and pharmacists were similar, so are reported together.

Barriers to acceptance of the pilot Service

For participants who had not interacted with the Service,
seven TDF domains encapsulated barriers to acceptance
of the Service (Table 3); ‘Knowledge’ and ‘Environmental
Context and Resources’ were well represented. Five TDF
domains captured the barriers to acceptance of the Ser-
vice reported by participants who had interacted with the
Service; ‘Social Influences, and ‘Environmental Context

Page 5 of 13
Table 2 Participant demographics
Characteristic n (%)
Position
Prescriber 17 (74)
JMO 8(35)
Registrar 7 (30)
Staff Specialist 29
Pharmacist 6 (26)
Sex
Male 11 (48)
Experience in prescribing and monitoring vancomycin
<Tyear 3(13)
1-5years 12 (52)
6-10years 3(13)
>10vyears 4(17)
Unspecified 14
Frequency of vancomycin prescribing and monitoring
> Once per day 29
>Once per week 3(13)
> Once per month 6 (26)
> Once per year 6 (26)
Variable® 5(22)
Unspecified 1(4)
Received dose advice from the Service
Yes 13(57)
No 10 (43)

Percentages are rounded to whole numbers

@ Frequency of vancomycin prescribing and monitoring varied depending on
the clinical team participants were affiliated with

JMO Junior medical officer, n Number of participants

and Resources’ were well represented. Barriers aligned
with a novel TDF domain, “Trust, were identified across
both groups.

Knowledge

Poor understanding of how the Service operated, includ-
ing information collected and ability to cater for complex
patients, was a key barrier to acceptance reported by
participants who had not interacted with the Service: “..
whether or not they're on dialysis would be a big one, but
then that would have to be plugged into the software rec-
ommendation as well” (POS, Registrar). Lack of awareness
of the existence of the Service, as well as limited scientific
knowledge to interpret terminology used in dose reports,
were also noted. ‘T feel like I've prescribed vancomycin
this year and this didn’t get used” (P20, Registrar).

Environmental context and resources

Accessibility of dose advice was a key concern across
both groups. In particular, the lack of 24/7 decision sup-
port, dose report turnaround time and the effort required
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to source advice, were key barriers to acceptance of the
Service. One registrar commented: .. it’s just how acces-
sible the information is, and how much effort I would have
to go to to source the information” (P18).

Participants who had not interacted with the Service
identified poor communication between the Service and
clinical teams as a potential hinderance to acceptance: ..
with anything in healthcare, [it] comes down to how those
results are communicated to a team” (P09, Registrar).

Social influences

For participants who had interacted with the Service, the
prescribing hierarchy was reported to prevent accept-
ance. Advice provided by senior clinicians and clini-
cal experts, including ID consultants, took precedence
because “Ultimately, they [seniors] have the final say”
(P01, JMO,).

Facilitators to acceptance of the Service

For both participant groups two TDF domains, ‘Beliefs
about Consequences’ and ‘Environmental Context and
Resources, captured key facilitators to acceptance of the
Service (Table 4). Facilitators that aligned with a novel
TDF domain, ‘“Trust, were also identified.

Beliefs about consequences

Across both groups, participants reported that accept-
ance of the Service was facilitated by a belief that the Ser-
vice’s advice would result in better prescribing outcomes:
“.. the idea is that you're achieving better therapeutic drug
monitoring and individual dosing for patients so that you
can achieve therapeutic levels more efficiently and for [a]
greater period of time, as well as trying to mitigate those
risks of developing toxicity of vancomycin” (P02, JMO).
Additionally, the Service was identified by both groups as
resulting in increased ease and efficiency of vancomycin
prescribing, including reduced workload, attributed to
not needing to collect specifically timed blood samples or
interpret laboratory information. One registrar noted: ..
if you don’t have to take trough levels, that's pretty handy”
(P20). Improved confidence and decision-making were
also aligned with the dose advice.

Environmental context and resources

Both groups described efficient communication between
the Service and medical teams, as well as easy access to
online dose reports, as facilitators to acceptance of the
Service. One JMO commented: “What should my next
dose be?; I would make that information as easily acces-
sible as possible so that people don’t have to rummage
through” (P04).

Page 8 of 13

A novel TDF domain, ‘Trust’

Interview analysis revealed barriers and facilitators that
aligned with a novel TDF domain, “Trust’ (Supplemen-
tary Table 1). Both participant groups reported trust in
the Service due to the perception that those operating the
Service were vancomycin prescribing experts: “I trust the
expertise of the department” (P23, Staff Specialist). Partic-
ipants who had interacted with the Service associated the
Service with ‘another level of security ... for the patients
and for yourself” (P01, JMO).

A barrier to acceptance of the Service for both partici-
pant groups was a lack of trust in its ability to cater for
every patient as it was “.. a bit removed” (P19, Pharma-
cist) from the bedside: “.. the person who’s writing this
[the dose report] probably hasn’t seen the patient in per-
son as well, so itd be a bit hard to trust them just based
on this alone” (P16, Registrar). Lack of trust in the Service
was particularly evident when prescribing for complex
patients. A pharmacist noted: “.. it’s hard for me then to
recommend it again until we work out the system for criti-
cally ill” (P21).

Discussion

Limited work has been undertaken to understand user
integration of TDM interventions into routine workflow
[8, 15, 16]. This study applied the TDF to synthesise bar-
riers and facilitators to user uptake of a pilot TDM Ser-
vice. Key barriers and facilitators to acceptance of the
Service aligned with the TDF domains of ‘Knowledge,
‘Beliefs about Consequences, ‘Environmental Context
and Resources, and ‘Social Influences. A novel TDF
domain, ‘Trust, was also identified.

The TDF domains identified here are similar to those
identified prior to piloting of the Service [24], but the
specific barriers and facilitators that align with the
domains differ. This is consistent with a recent systematic
review that revealed ongoing assessment of the dynamic
needs of end-users is necessary to support the design,
implementation and sustainability of hospital-based
interventions [32]. Before piloting, barriers aligned with
‘Knowledge’ included concerns about not having suffi-
cient scientific knowledge to interpret dose advice [24].
In the current study, although this concern was reported
by some participants who had not interacted with the
Service, a dominant barrier was a lack of understanding
of Service processes. Similarly, concerns about the poten-
tial negative impact of the Service on workload reported
before piloting [24] were not identified in the current
study. Rather, the Service was reported to have positive
impacts on workload, making prescribing decisions “o
much easier” (P08, JMO). The shift in barriers and facili-
tators to acceptance of the Service reinforces the value of
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ongoing evaluation, particularly as an intervention moves
from hypothetical to actual.

Integration of the pilot Service into current vancomy-
cin prescribing processes was welcomed by most inter-
view participants. However, the prescribing hierarchy,
as was reported by both prescribers and pharmacists,
appeared to be a dominant barrier to acceptance by par-
ticipants who had interacted with the Service. Although
doctors are central to medication decision-making, inter-
professional relationships have a strong influence on this
process [33—35]. If sustained acceptance of the Service by
junior doctors is to be achieved, senior prescribers must
support the Service. Tailored education strategies may
help overcome the apparent reluctance of some senior
prescribers to accept dose advice provided by the Service
[26]. Understanding why they may choose to override
dose advice is also necessary. This finding emphasises
that intervention design and implementation must con-
sider all members of the clinical team, and their influence
on one another.

Positive perceptions of, and trust in, clinical interven-
tions facilitate their uptake by healthcare professionals
[36, 37]. Dual coding of barriers and facilitators to ‘Trust’
and the TDF domains of ‘Social Influences; ‘Beliefs about
Consequences, ‘Knowledge, and ‘Beliefs about Capabili-
ties” highlights the complexity of trust, but also provides
natural levers to enhance trust in the Service. For exam-
ple, both groups of participants reported concerns about
the ability of the Service to provide dose advice for com-
plex patients (‘Beliefs about Consequences’), expressing
apprehension that relevant patient characteristics were
not considered. They preferred instead to consult clinical
experts, such as ID consultants. ‘Knowledge’ of Service
processes would have provided reassurance as an ID con-
sultant was involved in Service operations. Understand-
ing the capability of the Service to cater for patients in
the intensive care unit [27] could also overcome these
concerns. Insufficient knowledge has been reported pre-
viously to prevent uptake of clinical interventions [16].
Strategies that harness the facilitators identified in this
study could build trust in the Service to support sus-
tained uptake by end-users.

Although our study was one of the first to examine
acceptance of a TDM Service in-depth, the key barriers
and facilitators identified are not unique to TDM inter-
ventions. Rather, they align with those reported in work
identifying factors that influence prescribing [38-41].
This finding suggests that the end-users and context of
use of an intervention are critical to ensuring an inter-
vention is accepted and used, more so than the interven-
tion itself. Following on from this, previously reported
strategies addressing contextual barriers could be
employed to improve acceptance of different prescribing
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interventions. For example, ensuring appropriate infor-
mation technology infrastructure is available at differ-
ent sites is essential to minimise barriers associated with
accessibility (‘Environmental Context and Resources’)
and facilitate incorporation of digital interventions into
the workflow of users [42, 43]. Similarly, ensuring drug-
specific requirements (e.g. timing of monitoring) are
known and addressed will facilitate uptake. Overall, our
study indicates that understanding the specific context of
the dosing decision, and addressing context-related bar-
riers is key in supporting prescribing behaviour change.

Only two groups of healthcare professionals, prescribers
and pharmacists, were interviewed. However, participants
were drawn from 25 clinical units, and different levels of
seniority, thereby representing a strength of the study.
The TDF was not used to devise interview questions, thus
interviews may not have revealed outcomes relating to all
domains. However, this design ensured questions cap-
tured outcomes beyond the TDEF, such as trust. Using the
TDF provides a theoretical basis for the selection of strat-
egies to support uptake of the pilot Service [17, 19, 44].
Although this study was conducted at a single-centre, and
evaluated a vancomycin-targeted intervention, insights
provided by the TDF may prove useful when implement-
ing TDM interventions at other institutions.

This study showed that barriers to acceptance of a
TDM advisory service included uncertainty of Service
processes, the prescribing hierarchy, and potential poor
accessibility of dose advice. Key facilitators included
perceived improvements in prescribing and patient out-
comes and easy access to the dose advice. Trust was iden-
tified as a key factor, suggesting that strategies to build
trust in the Service will facilitate user acceptance. The
evidence gathered will be used to inform the design and
implementation of strategies to adapt and enhance inte-
gration of the Service into clinical workflow.
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