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Abstract

Background: Antimicrobial resistance (AMR) represents a growing concern for public health.

Objective:  We sought to explore the challenges associated with development and implementation of a complex intervention
designed to improve AMS in hospitals.

Methods: We conducted aqualitative eval uation of acomplex AM Sintervention with educational, behavioral, and technological
componentsin 5 wards of an English hospital. At 2 weeks and 7 weeks after initiating the intervention, we interviewed 25 users
of the intervention, including senior and junior prescribers, a senior nurse, a pharmacist, and a microbiologist. Topics discussed
included perceived impacts of different el ements of theintervention and facilitators and barriersto effective use. Interviews were
supplemented by 2 observations of ward rounds to gain insightsinto AMS practices. Data were audio-recorded, transcribed, and
inductively and deductively analyzed thematically using NVivol2.

Results: Tracing the adoption and impact of the various components of the intervention was difficult, asit had been introduced
into a setting with competing pressures. These particularly affected behaviora and educational components (eg, training,
awareness-building activities), which were often delivered ad hoc. We found that the participatory intervention design had
addressed typical use cases but had not catered for edge cases that only became visible when the intervention was delivered in
real-world settings (eg, variations in prescribing workflows across different specialties and conditions).

Conclusions. Effective user-focused design of complex interventionsto promote AM S can support acceptance and use. However,
not all requirements and potential barriersto use can befully anticipated or tested in advance of full implementation in real-world
settings.
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Introduction

Antimicrobial resistance (AMR) isaserious public health threat
[1]. It involves bacteria becoming resistant to antibiotics,
potentially leading to infectious diseases no longer being
treatable with antimicrobia agents and is driven by antibiotic
use[2,3]. The patient, health care, and economic costs of AMR
are significant. Some estimates indicate that over 10 million
deaths worldwide will be due to AMR by 2050, with
significantly higher morbidity in resistant bacteria than
nonresistant bacteria, costing US $1 trillion annually [4].

AMR is exacerbated by suboptimal prescribing practices,
including, for example, over-prescribing of antibiotics,
incomplete treatment courses, incorrect dosages or durations,
and inadequate diagnosis and testing [5]. Antimicrobial
stewardship (AMS) is an approach that attempts to refine and
reduce inappropriate antibiotic use by improving prescribing
and review practices [6]. Many AMS programs have targeted
hospitals, asthese are known to have high rates of inappropriate
use of antibiotics[7]. Complex interventionswith multifaceted,
interconnected educational, behavioral, and technological
components have the potential to enhance AMS [8]. Here,
evidence suggests that behavioral change AMS interventions
may encourage good AMS practice and adherence to guidelines
by health professionals. However, thereisalack of good-quality
studies, especially as behavioral components and contexts vary
[9,10]. There is some evidence that adherence to guidelinesin
AMSinterventions can result in reductionsin mortality [7]. The
cost-effectiveness of AMS programs is also still somewhat
uncertain [11]. Clinical decision support and computerized
provider order entry systems are associated with appropriate
antimicrobial therapy, but impact on mortality ismixed [12,13].
This may be due to systems not integrating effectively with
organizational environments, contexts of use, and existing
technological systems[14].

However, the mechanisms of complex interventions are often
hard to trace and attribute in quantitative studies, which iswhy
qualitative work can be particularly helpful in exploring the
processes of complex interventions consisting of multiple
components [15]. Quadlitative work can also explore
unanticipated consequences and reasons for why anticipated
outcomes may not materialize [16,17]. These issues can be
exacerbated in digitalization initiatives, where technological
components of interventions need to be woven into an
interrelated and rapidly evolving technical infrastructure and
workflows, resulting in distributed effects that are often part of
wider organizational transformations [18].

In attempts to address this issue, qualitative studies
accompanying quantitative assessments have been promoted

https://formative.jmir.org/2024/1/e54458

as a way to help assess contextual variations, processes, and
mechanisms of action [19]. In addition, there have been
increasing efforts to assess whether the intervention was
delivered as intended through quantitative means (eg, by
developing fidelity indices) [20,21]. However, although the
importance of context is increasingly understood in complex
AMSinterventions[22-24], thereisstill alack of work exploring
organizational environments, existing technologies, and contexts
surrounding the promotion of AMS practices. For example, a
recent study comparing a complex AMS intervention in 2
hospitals with the same digital system found that factors
including high-level support, resources, and interdepartmental
relationships were crucia factors in determining use of the
intervention [22].

What is needed to progress are detailed insights into the
challenges associated with the development, evaluation, and
implementation of complex interventions. These are, at present,
notably absent from the empirical literature [25], which
emphasizes carefully curated accounts of successful
measurements.

Here, we sought to address this gap by exploring how an
e-prescribing—based complex AM S intervention was devel oped
and implemented to extract lessons for the implementation and
evaluation of complex digitalization initiatives in health care
settings.

Methods

Intervention

We conducted a qualitative study of the early use of an
e-prescribing—based complex AMS intervention that was
integrated within a commercial e-prescribing system and
deployed in an acute hospital in England. The hospital served
a patient population of over 3 million and had achieved
Healthcare Information and Management Systems Society
(HIMSS) Level 6 at the time of data collection in 2022.

This study was part of alarger qualitative process evaluation
of the devel opment, feasibility trial, and main full-scaletrial of
the intervention. This paper is mostly reporting on the
implementation aspect, although indirectly affecting the (future)
development of electronic Prescribing—Based Antimicrobial
Stewardship Plus (ePAMS+) through the feasibility trial
findings. Figure 1 illustrates the qualitative work. The
intervention was developed in Phase 1, and here we report on
Phase 2b, a qualitative process evaluation of the feasibility trial
[26]. Theintegrated mixed methods evaluation of that trial will
be reported elsewhere.
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Figure 1. Overview of the qualitative work. ePAM S+: electronic Prescribing-Based Antimicrobia Stewardship Plus.

Phase 1: Planning, developing, and optimizing all elements of Phase 2: Carrying out gualitative feasibility and process studies
the complex ePAMS+ intervention of the implementation of ePAMS+

a) Rapid scoping review of strategies for changing antibiotic
prescribing
a) Qualitative research informing intervention development
b) ePAMS+ Development Team (from local pilot hospital,
mixed background clinical/IT) to design the technological
element of the intervention, intervention materials, and
detailed implementation plan

uwmnonl Human factors Qualitative b) Qualitative research in parallel with feasibility trial
analysis research research

Expert stakeholder panel (from a range of professions and
hospitals) consulted online and at stakeholder
workshops at all key decision points — helped

generalizability of tool components
c) Qualitative process evaluation of the main trial

The developed intervention was called ePAMS+. Its summarizing theindividual componentsis provided in a paper
technological and behavioral and educational components are  describing the intervention development process [27].
summarized in Textbox 1 and Figure 2. The logic model
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Textbox 1. Key elements of the electronic Prescribing—Based Antimicrobia Stewardship Plus (eEPAMS+) intervention.

Technological components

Additional method of prescribing antibiotics (not compulsory) on the electronic prescribing system

Antibiotic ordering plan

Dose, route, frequency

Duration

Indication

Body system

Diagnostic confidence: possible risk, probably infection, prophylaxis
Laboratory orders

Single antibiotics (not protocols)

Pharmacy antibiotic review

Cultural and sensitivity test results

Alert to undertake antibiotic review after 48 hours (passive)

Not active evenings and weekends when on-call doctors are too busy
Triggers when opening patient record if review overdue

Can be overridden

Antibiotic review documentation: cultures reviewed, senior clinician review, intravenous to oral switch, finalized prescription

Educational and behavioral components

Online antimicrobia resistance (AMR) and ePAM S+ training (approximately 30 minutes of |earning)
Hosted online using a National Health Service (NHS)—approved URL [28]

The online module covers the following learning outcomes:

List the factors to consider when initiating antibiotics, switching the route of administration, and stopping treatment.
Discuss the risks of staying on antibiotics for longer than is clinically needed.

List the tools provided by the ePAM S+ intervention in this hospital.

Explain how order plans work and how these have been set up to aid your decision-making.

Explain the components of the Antibiotic Review Kit decision aid and how these can encourage good stewardship within ePAM S+.

Pretest and posttest so learners can assess their baseline knowledge and knowledge acquisition

Videos of the ePAM S+ tool to explain to learners how the tool is accessed and used in practice

In addition to the online training, it included ad hoc face-to-face training by study lead clinicians.
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Figure 2. Diagram of the electronic Prescribing-Based Antimicrobial Stewardship Plus (ePAMS+) intervention. AMS: antimicrobia stewardship.

Educational

Behavioral

Technological

Antibiotic order plans, decision aid,
review prompts

Ethics Approval

Ethical approval for the qualitative research was obtained from
the North of Scotland Research Ethics Service on February 6,
2020 (reference 19/NS/0174). Ethical approval for the feasibility
trial and quantitative analysiswas granted by the London South
East Research Ethics Committee on April 25, 2022 (reference
22/1.0/0204).

Sampling and Recruitment

The senior e-prescribing pharmacist in the hospital developed
the technical aspects of ePAMS+ in collaboration with the
research team, drawing upon wider stakeholder engagement
[27]. Their gatekeeper role helped us to establish contact with
clinical leads and early users of the intervention. We selected
5 acute wards with high antibiotic use for the feasibility trial to
be first adopters of ePAMS+. These included Infectious
Diseases, Elderly Care, 2 Oncology wards, and Respiratory
Diseases. We excluded wards that had high prophylactic use
rates of antibiotics (eg, general surgical wards), astheindication
for antimicrobial prescribing differed to that in medical wards.

We sampled individual study participants based on their use
and knowledge of ePAMS+ (ie, those who had planned the
intervention and implementation and those who were current
or anticipated users). In recruitment, we worked closely with
the clinical lead (an Infectious Disease consultant). We also
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interviewed the clinical lead and the e-prescribing pharmacist
to gain insights into delivery processes. Sampling was
opportunistic and ad hoc when the lead researcher (SH) visited
each ward (intense work pressures for the hospital prevented
planned interview schedules). We took every opportunity to
speak to ePAM S+ users about their experiences and observe
them using the intervention. We used purposive sampling to
get avariety of viewpointsfrom arange of different professions
of varying levels of seniority. We al so used snowball sampling,
asking participants if they could recommend further
interviewees, looking for varied experiences (both positive and
negative).

Data Collection

We explored prescribers' experiences using ePAMS+ 2 weeks
and 7 weeks after “go live,” and SH collected qualitative data
during 2 week-long field visitsin October 2022 and December
2022.

Interviews explored existing AM S practices, perceived impacts
of different elements of ePAMSH+, facilitators and barriers to
effective use, and suggested improvements (Textbox 2).
Questions were tailored to emerging findings and the role of
the interviewee, and we aso fed emerging findings into
concurrent data collection, which resulted in some modifications
to the topic guide as the study progressed. They were digitally
audio-recorded and professionally transcribed.
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Textbox 2. Detailed topic guide interviews.

What is your role?

Have you been involved in the development and delivery of the electronic Prescribing—Based Antimicrobial Stewardship Plus (eEPAMS+)
intervention?

What is your understanding of the ePAM S+ intervention?

How has training been delivered?

Did you do the training module?

Is there anything you would change in the training?

In your opinion, what are the positive and negative aspects of ePAMS+?

How well does ePAM S+ promote antimicrobial stewardship in your hospital ?

In your opinion, how does the intervention affect workflow, processes, and relationships of health care professionals?
How might the design/usability/intelligibility of the ePAM S+ intervention be improved?

Is there anything that you would have done differently in implementing ePAM S+?

What guidelines are in place? Which guidelines do you use generally?

What are the practices of antimicrobial stewardship in your ward/hospital ?

What barriersto antimicrobial stewardship do you perceive there to be in your ward/ hospital? In general?
If you could, is there any aspect of the review process that you would want to change?

If you were to describe an “ideal” intervention for antimicrobial stewardship that would combine the e-prescribing system and work practices,
what would it look like?

How has the intervention changed your antimicrobial prescribing, if at all?
Is there anything you would like to change/add to the AM S intervention.

Arethere any other changes that would improve antimicrobial prescribing?

Wherefeasible, we also conducted nonparticipant observations  in relation to AMS, and emerging tensions. We did not record
of ePAM S+ use (Textbox 3). Thisinvolved theresearcher (SH)  any patient-specific data. We stopped data collection when we
observing ward rounds and clinical discussionsbeforeand after  reached thematic saturation, that is, when no new substantive
these (including handovers). The researcher took notes during  themes were emerging from concurrent data collection in both
these meetings, including describing the setup, issuesdiscussed  interviews and observations [29].

Textbox 3. Observation recording sheet.

Place of observation

Description of place

Person observed

Role

Person asked if they have heard of, trained for, or used electronic Prescribing—Based Antimicrobia Stewardship Plus (ePAMS+)
Person interviewed

Role

Activity observed

Notes on non-audio-recorded comments to researcher
I nteraction with researcher

Notes on observed conversations

Reflections of researcher

Further research questions
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Data Analysis

Interview transcripts and observation notes were uploaded to
NVivo (v.12, QSR International). SH did theinitial coding using
the dimensions of the Technology, People, Organizational, and
Macroenvironmental (TPOM) as the coding framework [30].
We aso allowed for any additional themes arising and paid
particular attention to emerging issues. We conceptualized the
hospital as a case and explored emerging impacts, user
experiences, and variationsin contexts, paying specific attention
to tensions and differences in perspectives. We fed these back
to the ePAM S+ development team.

As the focus of our analysis was on assessing the intervention
design and on exploring the delivery of the intervention, we

https://formative.jmir.org/2024/1/e54458
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extracted relevant themes in relation to planning, intervention
content, delivery, implementation, and adoption. These were
further refined in interactive discussion workshops with social
scientistsintheteam (SH, KC, and RW). All researchersleading
the data collection and analysis were social scientists by
background and were aso involved in developing the
intervention.

Results

Participants

Weinterviewed 23 junior doctors, 2 consultants, 1 senior nurse,
the e-prescribing pharmacist who developed the ePAMS+
intervention, and 1 microbiologist over 2 site visits (Table 1).
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Table 1. Participant characteristics.

Participant  Role Gender  Age Ward Golivesite Lengthof Golivesite Length of
number range visit 1 interview 1 visit 2 interview 2
(years) (minutes) (minutes)
1 Consultant Male 40-50 Hematol ogy/Oncol ogy November 1, 27 N/A2 N/A
2022
2 Registrar/ST3 Special- Female  30-40 Infectious Diseases October 27, 26 N/A N/A
ty trainee 2022
3 Junior doctor, Founda= Male 20-30 Infectious Diseases October 27, 29 November 15
tion Year 2 2022 28, 2022
4 Registrar Femae  30-40 Infectious Diseases October 25, 7 N/A N/A
2022
5 Senior nurse Femae  40-50 Infectious Diseases October 25, 24 N/A N/A
2022
6 Registrar/ST5 Special- Mae 30-40 Infectious Diseases October 27, 12 December 2, 8
ty trainee 2022 2022
7 Pharmacist Male 50-60 Pharmacy November 2, 60 N/A N/A
(ePAM S+P devel oper) 2022
8 Junior doctor, Founda- Female  20-30 Hematol ogy/Oncol ogy November2, 5 December 1, 3
tion Year 2 2022 2022
9 Registrar Femae  30-40 Hematol ogy/Oncol ogy November2, 5 N/A N/A
2022
10 Junior doctor, Founda- Female  20-30 Hematol ogy/Oncol ogy November2, 9 N/A N/A
tion Year 2 2022
11 Consultant Male 40-50 Microbiology November 3, 40 N/A N/A
2022
12 Registrar/ST5 Special- Mae 40-50 Infectious Diseases October 27, 12 N/A N/A
ty trainee 2022
13 Registrar/ST 5Specid- Mae 40-50 Emergency Department As-  November9, 17 N/A N/A
ty trainee sessment Suite 2022
14 Internal Medicine Femae  40-50 Elderly Care November9, 3 N/A N/A
Trainee Year 1 2022
15 Internal Medicine Male 30-40 Respiratory November9, 21 N/A N/A
Year 2 2022
16 Junior doctor, Founda- Male 20-30 Respiratory November9, 21 N/A N/A
tion Year 1 2022
17 Consultant Mae 40-50 Infectious Diseases November 2, 27 N/A N/A
2022
18 Registrar Specialty Femae  40-50 Emergency Department As-  N/A N/A November 7
Trainee A& EC sessment Suite 28, 2022
19 Internal Medicine Female  30-40 Emergency Department As-  N/A N/A November 5
Trainee Year 3 sessment Suite 28, 2022
20 CoreTraineeYear 1  Made 30-40 Emergency Department Ass  November 9, 24 N/A N/A
sessment Suite 2022
21 Internal Medicine Mae 30-40 Haematol ogy/Oncology N/A N/A November 21
Trainee 1 (locum) 30, 2022
22 Junior doctor, Founda- Female  20-30 Emergency Department As-  N/A N/A December 1, 17
tion Year 2 sessment Suite 2022
23 Registrar/Speciality  Male 30-40 Emergency Department As-  N/A N/A December 1, 7
Trainee sessment Suite 2022
24 Internal Medicine Mae 30-40 Emergency Department As-  N/A N/A December 2, 8
Year 2 sessment Suite 2022

3N/A: not applicable.
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PePAM S+: electronic Prescribi ng—Based Antimicrobial Stewardship Plus.

CA&E: Accident and Emergency.

Intervention

The implemented ePAMS+ intervention consisted of the
following elements (Textbox 2): (1) atechnological component,
(2) development of an online educational training tool, (3)
behavioral change components.

Overal, AMS was viewed as important with potential for
improvement for prescribers:

It definitely makes you think about what you're
prescribing and why a little bit more because there
are a few more steps involved in it...It's good to see
all the antibioticsin one place, rather than having to
typein different names, so just typing in ePAMS, you

Figure 3. Overview of identified themes and subthemes.

Difficulty planning nhangire |
for edge cases in
advancs mpﬂ::lets over

Cresswell et al

can see all the different antibiotics. It's obviously got

promptsfor using the [ hospital] guidelinesand things

like that. [Participant 19, Female, Registrar]
Use of ePAMS+ was voluntary during the feasibility trial but
was planned to be made compulsory in the future. It was
designed to be easy to use, bringing up a list of commonly
prescribed antibiotics and triggering an antibiotic review pop-up
48 hours after prescribing.

Overall, we found several factors affecting the delivery of the
intervention, including evolving technological properties, social
and organizational transformations that could not be planned,
and external pressures on hospital operations (Figure 3,
MultimediaAppendix 1). Thesewill be explained in more detail
in the following paragraphs.

Competing

q . Accounting for
PRI social and
delivering an 0
7 n organizational
intervention whilst transh tions
providing care

Intervention
reflected generic
descriptions of

Changes to
technological design
and implementation

strategy

Mot all elements of
the intervertion
were implemented
as planned

Implementation
dependent on and
impacted social and
organizational
processes beyond

‘typical ‘prescribing
processes

External exigencies
meaning that some
elements could not
be implementad
Variations in
prescribing
workflows and in
antibiotic regimen
were not catered for
with the deveboped
generic tool

Limited opportunity
for mixed-methods
assessment

Difficulty Planning for Edge Cases That Did Not Fit
Within “ Typical” Prescribing Processesin Advance

ePAMS+ was designed based on extended requirements
elicitation with experienced health care professionals. Thishad
generated descriptions of “typical” prescribing processes from
the perspective of some specific individuals and contexts. The
feasibility trial of the intervention in rea-world settings
identified awider range of use processes and contexts than had
been identified by stakeholder engagement [27]. Variationsin
prescribing workflows and in antibiotic regimen were not
catered for with the developed generic intervention. This
highlights the difficulties for stakeholders in anticipating the
significant range of use cases, contingencies, and needs in
requirement elicitation exercises, which consequently tend to
focus on generic rather than “edge” cases.

What a focus group tells you and what a senior
clinician tells you, and what a junior doctor wantsis
sometimes quite different, so we originally designed
it with a link to the guidelines in but the senior
clinician said there's no point in having that because
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the individual
prescribing/review
moment
External pressures
on hospital staff

Overall
transformative
impact was hard to
assess, as it had not
been implemented
across the entire
organization

Lack of awareness of
the intervertion

at that point you already know what antibiotic you
want to prescribe so why would you heed to go into
the guideline but then...I think what senior clinicians
were thinking about that’s the initial decision...but |
think what they weren't thinking about the purpose
of the plan is to also allow review. [Participant 7,
Male, Clinical Informatics Pharmacist]

For example, ePAMS+ listed only commonly prescribed
antibiotics and followed a generic process for administration
and review. However, some antibiotics (eg, gentamicin) only
had single doses, so the 48-hour prompt for review was not
relevant.

The whole idea of a forty-eight-hour review is
completely meaningless because it only ever is a
one-off dose. [Participant 1, Male, Consultant]

Similarly, for some antibiotics the first dose was different from
the following doses, which ePAM S+ had difficulty accounting
for.

[...] Doxycycline, you often will givelikeloading dose,
and then give a lower dose the next few days, but
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ePAMS will only prescribe the loading dose.
[Participant 15, Male, Specialty Trainee Year 2]

ePAMS+ also did not list all the antibiotics used in the hospital.
This made it difficult to prescribe combinations of antibiotics,
asePAM S+ was not set up to support complex antibiotics plans
with combinations of antibiotics.

Soit's not got every antibiotic on. | wastrying to use
it on assessments for a couple of more challenging
patients with complex antibiotic plans. And it's a
bit..what | did find a little bit challenging is
sometimes they were going for a combination of
antibiotics. Oneantibioticison ePAMSand the other
one isn't. And | was less sure what to do in that
situation. | just used it for one of them and not the
other. [Participant 12, Male, Registrar]

Changing Intervention Components Over Time

Theevolving properties of thetrial intervention were partly due
to our formative evaluation strategy, which included feedback
to ePAM S+ devel opers and implementers (managersresponsible
for implementation) after data collection. These resulted in
changes to technological design and implementation strategy.
For example, during our field work, it was decided by the study
lead consultant to include the Assessment Unit (award holding
patients after Accident and Emergency, where decisions are
made whether to admit to the hospital or discharge them home)
due to the large volume of antibiotics prescribed there.

Theintervention had been developed in close collaboration with
key stakeholder groups [27]. However, some elements of the
feasibility trial could not be implemented because of external
exigencies, particularly as the hospital struggled to cope with
significant workloads and pressures associated with the
COVID-19 pandemic. This aso meant that behavioral and
educational components (including the educational component
and implementation plans) were difficult for us to assessin a
meaningful way, as we were only able to gain secure accessto
stakeholders opportunistically, at times when they were
available.

In addition, not all the requirements identified in intervention
devel opment meetings were able to beimplemented in theinitial
adoption for the feasibility trial, with some being held back for
later adoption. The stakeholder groups described that initial
prescribing of antibioticswasrarely done using indication-based
order sets and instead used empiric single or multi-agent
prescriptions. They deemed that order set—based ePAM S+ was
not needed for initial use but could be developed for selected
areas. Clinicians could still use the usual “Medications’ screen
to prescribe antibiotics—and many continued to do this,
overlooking the ePAM S+ pathway. It was not possible to make
the use of the ePAMS+ pathway mandatory in trial wards
without compromising inpatient antibiotic prescribing in the
wider organization and in outpatient settings; therefore, the
option to use the more familiar pathways remained available to
users.

[...] we'll get to a point where[ name] will say, we' ve
goneround all of thewards, they' re using the ePAMS
plan, now just switch it on for everywhere, if that

https://formative.jmir.org/2024/1/e54458
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makes sense, once people have got a bit more familiar
with it, then those fields will just become mandatory.
[Participant 7, Male, Clinical Informatics Pharmacist]

Competing Priorities: Deliveringan Intervention While
Providing Care

We found that not al elements of the intervention were
implemented as planned. ePAMS+ was launched within an
environment with multiple exigencies and competing pressures
impacting the implementation uptake. The hospital had been
working on an Operational Pressures Escalation (Opel) Level
4 (just after the launch of theintervention), driven by high levels
of bed occupancy and increasing patient numbers attending
Accident and Emergency. Opel levelsassessthe strain, demand,
and burden experienced by hospitals. Level 4 denotes that the
hospital faces significant challenges that impact patient safety
[31]. Theimpending winter further exacerbated the pressure on
staff. This contributed to ePAMS+ leads and adopters being
extremely busy.

So | wouldn't use it for that, especially if, you know,
I'm stressed, I'm tired, if it's out of hours, if
someone’s really, really sick, I'm just going to do
one, what my habit is, which isto go into medication
list and two, just the safe option is to look for that
order set so | know that I'm not going to miss
anything. It'sgoing to prompt meand ePAMSdoesn’t
give me that. [Participant 8, Female, Junior Doctor
Foundation Year 1]

As a result, AMS in general and the ePAMS+ intervention
specifically could not always be prioritized by implementers
(ie, those managing the introduction of the intervention) and
adopters (ie, end users of the intervention), and the lack of
mandatory use meant that it could be ignored by potential
adopters. This was particularly true for the educationa and
behavioral aspects of the intervention, which were often
delivered opportunistically. ePAM S+ wasimplemented through
a strategy of incremental adoption, allowing adopters to learn
about ePAM S+ in an ad hoc manner and allowing optional use,
rather than imposing compulsory use with “hard stops.” For
example, ePAM S+ training was often delivered through peers
or clinical champions, rather than being taken up through the
online training platform developed as part of the intervention.
Training videos were viewed as unlikely to be accessed by
doctors working in the current busy working environment of
the National Health Service (NHS).

So, somebody showed me how to prescribe on ePAMS,
on the ward, like for five minutes and we just clicked
the boxes and he showed me how to do it. But because
no-one showed me how to do it, when | get the prompt
[for review]...I’m quite busy, so pressing buttons and
trying to figure out how to do it, isn't at the top of my
priority list. [Participant 10, Female, Junior Doctor
Foundation Year 2]

We also observed a general lack of awareness of ePAMS+ as
adesignated intervention to improve AM S among staff, which
may have reflected the competing pressures for the attention of
staff.
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I’'maware of it. | believe it’'sa tool to sort of try and
promote antimicrobial stewardship, but I’ ve not had
any real sort of direct training or knowledge of it.
[Participant 6, Male, Specialty Trainee Year 5]

Accounting for Social and Organizational
Transformations

We further observed that the feasibility trial of ePAMS+ was
dependent on and impacted social and organizational processes
beyond the individual prescribing/review moment. Anticipated
processes surrounding the use of ePAMS+ differed from
emergent actions of users when the intervention was
implemented in real-world settings. Here, we observed that the
intervention changed the workflows of many different
professions and across many different areas. The overall
transformative impact was hard to assess, as it had not been
implemented across the entire organi zation. For example, many
ePAMS+ users moved around the organization, spanning
settings where ePAMS+ was available and settings where it
was not yet implemented. This was particularly visible in the
Assessment Unit. If a doctor in the Assessment Unit had not
used ePAMS+ to initiate a prescription, then it was not
appropriate for the doctors on the ward the patient was being
transferred to start an ePAM S+ care plan.

Because the problem is if you don’'t do that, the
patient goes from here, the Assessment Unit, to Ward
52, and they haven't had it done under ePAMS that
means Ward 52 have to re-prescribe under ePAMS
and by then it might be 24 to 48 hoursinto admission,
so the antibiotic doesn't get reviewed until three to
five daysinstead of two to four days, or roughly, you
know, two to three days, so that’s a bit of a problem.
[Participant 1, Male, Consultant]

Effortsto incorporate understanding of social and organizational
processes in designing and implementing the ePAMS+
intervention were well-received by users. For example, it was
appreciated that the antibiotic review alerts were not issued at
nights nor weekends when junior doctors were very busy
covering multiple wards and often would not know the patient.
An antibiotic review at those times would create a lot of work
for ajunior doctor when amore senior doctor was not available
to provide guidance.

It prompts the doctor during working hours, when
it's not the weekend, to review the antibiotics, that's
a huge advantage...because there aren't as many
doctors around, and therefore, we wouldn't want, for
instance, someone who's not familiar with a patient
to have to make that decision. Also, it's a bit unfair
too...because that will create a lot of work, increase
the workload for a junior doctor. Because it'll
probably be the [junior doctors] covering multiple
wards to have to review ten, 20 antibiotics, and
making a decision around antibiotics shouldn't really
fall to the most junior person on the team. [Participant
13, Male, Specialty Trainee Year 5]
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Discussion

Summary of Findings

We undertook a qualitative evaluation accompanying a
feasibility trial and used the results to trace how a complex
e-prescribing—based intervention was delivered in a hospital
setting. We found that the delivery of the intervention
components was difficult to track, asimplementers had to adjust
implementation strategies to suit emerging local needs and
priorities. This meant that behavioral and educational
components were often delivered inconsi stently across settings
and inways other than intended by the research team. Wefurther
observed that the intervention did not sufficiently account for
variations in workflows, which only emerged when the
intervention wasimplemented and tested in real-world settings.

Strengthsand Limitations

We produced an empirical account of how a complex
e-prescribing—based intervention consisting of educational,
behavioral, and technological components was delivered and
received in a hospital setting. Voluntary adoption in 5 wards
was intended to assess the feasibility of implementation and
allow for learning to enhance both ePAMS+ design and
implementation strategy. A hospital-wide implementation is
planned to follow the feasibility work, and this will include
hospital-wide mandated use of the intervention. It is likely to
reveal additional complexities that a feasibility trial could not
explore, particularly insofar as alternative prescribing pathways
to ePAMS+ will no longer be available. A qualitative process
evaluation of a potential main tria is planned.

However, due to the pandemic and other heath service
pressures, the feasibility work was undertaken at a later stage
of intervention development than originaly intended. In line
with the person-based approach [32], this work would ideally
have been undertaken beforethe feasibility trial so that emerging
problems could have been detected and ironed out at an earlier
stage. In addition, due to intense competing pressures in the
hospital, we did not have access to observations of direct
ePAMS+ use, although we did have the opportunity to get
insightsinto AM S practices during observations of ward rounds.
In our data collection, we did not manage to speak to any user
who had compl eted the entire review process using the ePAM S+
intervention. Thiswasin part dueto the limited scale (5 wards)
and period for which the intervention had been live at the time
of data collection. This will be redressed in the planned
hospital-wide roll-out of the intervention when we hope also to
be able to observe how the intervention becomes embedded in
routine practice. Thefull implementationisalso likely toinclude
arefined intervention based on these experiences. Neverthel ess,
our key contribution isauniqueinsight into how an intervention
is developed and implemented in practice.

Integration of Findings With the Existing Literature

This work supports the limited existing literature surrounding
the processes and contexts in the delivery of multifaceted
interventions seeking to promote AM S[18,22-24]. In doing so,
we have illustrated that not only organizational factors are
crucia in driving the implementation and adoption of AMS
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interventions but al so practices vary among organizational units
that in turn influence the adoption of the intervention in an
organizational system. We have also shown how external
pressures can impact implementation and adoption.

Our findings raise issues around measuring impacts of
interventions and the ability to detect these. Interventions are
delivered not in a static environment but rather under severe
competing external pressuresthat may have a significant impact
on adoption and on measurable outcomes. Our qualitative
evaluation accompanying a feasibility trial highlighted these,
although quantitative approaches to evaluation often neglect
these dimensions, assuming that interventions areimplemented
in static environments according to predetermined plans [33].
Although there is how an increasing focus on mixed methods
work exploring both intervention processes and outcomes[19],
honest accounts of challenges encountered during intervention
delivery are rare. Most existing work focuses on exploring
barriers and facilitators to “success’ from managerial
perspectives[34], as opposed to surfacing tensions and trade-offs
that must be made when designing and delivering complex
multifaceted interventionsin health care delivery environments.
Rolling out an intervention in complex settings with local
competing priorities surrounding care delivery may mean that
it is not implemented as envisaged. Although competing
priorities have been widely documented in the literature [25],

Textbox 4. Lessons learned from this work.

Cresswell et al

itisunclear precisely how they impact delivery. We have added
to the debate, discussing how behavioral and educational
components (including training) may be delivered flexibly.

We have aso illustrated how intervention design differs from
its real-life application. We cannot assume that developed
intervention logic modelsare faithfully trand ated into practice,
asthey are unlikely to consider the variety of use casesin actual
practice. This has implications for traditional approaches to
documenting interventions [35]. It also has implications for
technological development of applications that are used by a
variety of stakeholder groups. If a technology is tailored to
particular use cases, thismay impair its usability and use across
awider range of workflows and specialist users [36].

Our study hasfurther shown how complex interventions are not
delivered in a vacuum and that intervention planning needs to
consider the socio-organizational contextsin which systemsare
deployed [37]. Although these are difficult to anticipate in
advance, they have significant impacts on patterns of use,
particularly in interventionswith technological componentsthat
span professional boundaries[38].

Implications for Policy and Practice

We give an overview of lessons|earned from thiswork that can
be applied to future implementation efforts in Textbox 4.

»  Exercise carein choice of when and where to introduce complex interventions (eg, avoid periods with severe internal [eg, winter] or internal [eg,

during electronic health record (EHR) upgrades] pressures).

«  Map stakeholders and existing work practices before the introduction of a new system—these are likely to span several organizational unitsin

complex interventions.

«  When evaluating an intervention, seek to assess both impacts and processes—this will allow assessment of how interventional elements were

delivered.

« Remain flexible in delivering interventional components to fit in with busy work schedules—long training sessions are unlikely to be taken up.

«  Encourage and document changes to interventional components over time—these are important to tailor the intervention to organizational and

cultural contexts and therefore promote adoption.

«  Compulsory interventional elements are likely to result in bigger impacts but may lead to resistance of users.

«  Effective integration with existing technological systems can facilitate adoption—ideally, the system isintegrated with existing EHRs.

Our work has implications for the implementation and
evaluation of complex heath care digitalization programs.
Although stepwise implementations beginning with a limited
number of sitesmay work in someinstanceswhereinterventions
have a limited impact, transformative complex interventions
that integrate work processes of wider stakeholder groups may
require a more integrated approach. Here, it is crucia that
implementers scope existing work practices to understand in
which settings the intervention needs to be launched. In our
case, the Assessment Unit was an important location that had
initially not been considered but was important for AMS, as
many prescriptions were initiated in this setting.

Rather than simply seeking to measure impacts associated with
an intervention, it is important to consider the processes that
can deliver successful adoption and thereby use and impacts.
For example, in relation to educational components, rather than
envisaging adiscrete period of formal prior face-to-facetraining,

https://formative.jmir.org/2024/1/e54458

it may be worth considering training and awareness raising as
ongoing activities that can be supported asynchronously and
over an extended period that can be integrated into busy work
schedules and chaotic working environments. Similarly, to
increase awareness, there may be scope to provide visual
prompts to increase awareness of intervention changes, for
example with posters on every implementing ward including a
shortened training video accessed viaa QR code on the poster.
Opportunistic approaches are likely to fit in better with
competing priorities and pressures. However, thereisaneed to
document all aspects of the intervention asit isdélivered. This
includes behavioral and educational activities and how these
are delivered (and perhaps change) over time. Thiswill help to
determine the active intervention components and thereby help
to understand delivery processes that impact effectiveness.
Flexibility in delivery is often not desired by implementers, but
we haveillustrated that it isindeed necessary to help innovations
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embed within their socio-organizational environments. Although
these changes are difficult to account for in quantitative studies,
they need to be surfaced in qualitative process studies going
forward to maximize the benefits of complex interventions.

Lat, thereisaneed to recognize that devel opers of interventions
are unlikely to ever be able to assess all user and contextual
requirements upfront. As a result, interventions must be
implemented and enhanced in real-life situations, which will
need to involve process eval uation of early feasibility trialsand
iterative devel opment of prototypes.

This evaluation had several limitations. It was implemented in
a variety of wards but in only 1 hospital, which may not be
representative of other ingtitutions. In addition, it was performed
soon after the implementation of the complex intervention, so
the situation may not have been at steady state.

Conclusions

In designing e-prescribing—based interventions that effectively
support AMS, it is essential to acknowledge that, despite
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