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Abstract

Background Approximately half of all antimicrobial prescriptions in intensive care units (ICUs) may be inappropri-
ate, including those prescribed when not needed, in unnecessary combinations or for longer durations than needed.
Inappropriate prescribing is costly, exposes patients to unnecessary side-effects and drives population-level anti-
microbial resistance, the prevalence and consequences of which are greatest in low- and middle-income countries.
However, the implementation of interventions to improve the appropriateness of antimicrobial prescribing has been
variable and requires further study.

Methods We propose a type lll hybrid implementation/effectiveness interventional cohort trial in 35 ICUs in up to

11 low- and middle- income countries. The study intervention is a structured review of antimicrobial prescriptions

as recommended by the World Health Organisation. Strategies to support stakeholder-led implementation include
development of local protocols, registry-enabled audit and feedback, and education. Evaluation of implementation,
and the determinants of its success, is informed by the RE-AIM framework and the Consolidated Framework for Imple-
mentation Research respectively. The primary outcome is a composite measure of fidelity, reach and adoption.
Secondary outcomes describe the effectiveness of the intervention on improving antimicrobial prescribing. Qualita-
tive interviews will assess relevant implementation acceptability, adaptations and maintenance. A baseline survey will
investigate ICU-level antimicrobial stewardship structures and processes.

Discussion This study addresses global policy priorities by supporting implementation research of antimi-
crobial stewardship, and strengthening associated healthcare professional competencies. It does this in a set-
ting where improvement is sorely needed: low- and middle- income country ICUs. The study will also describe
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the influence of pre-existing antimicrobial stewardship structures and processes on implementation and improve
understanding about the efficacy of strategies to overcome barriers to implementation in these settings.

Trial registration This study protocol has been registered with ClinicalTrials.gov (ref NCT06666738) on 31 Oct 2004.
https://clinicaltrials.gov/study/NCT066667387term=NCT06666738&rank=1.

Keywords Antimicrobial Stewardship, Antimicrobial Resistance, Implementation, Intensive Care, Critical Care, Low-
and Middle- Income Countries, Quality Improvement, Audit & Feedback

Contributions to the literature

» This protocol aims to implement structured antimicro-
bial reviews in ICUs across XX LMICs

» An evidence-cased multifaceted implementation strat-
egy is used involving local protocols, audit and feed-
back, and online education

» This protocol uses mixed-methods to evaluates the pri-
mary outcome of implementation alongside secondary
outcomes of intervention effectiveness

» Findings have the potential to improve local implemen-
tation capacity, inform implementation science in simi-
lar settings, and advance progress in a priority clinical
topic of antimicrobial stewardship.

Background

Antimicrobial Stewardship (AMS) describes a diverse set
of programmes and projects aimed at reducing inappro-
priate antimicrobial use [1]. Improving AMS is a global
health priority in order to maximise treatment and pre-
vention of infections, minimise the spread of Antimicro-
bial Resistance (AMR), and minimise adverse drug events
[2]. In 2019 it was estimated 4.95 million deaths globally
were associated with AMR [3], and this is predicted to
rise to 10 million deaths annually with a cumulative $100
trillion loss of economic output by 2050 [4].

The intensive care unit (ICU) is an important in-hos-
pital setting in which to optimise AMS since an esti-
mated 70% of ICU patients receive antimicrobials during
the intensive care admission. An estimated 50% of ICU
patients have diagnosed bacterial infections (of which
many are hospital-acquired infections), many patients are
admitted to the ICU having already received often more
than one antimicrobial agent, and many others have sep-
tic shock where rapid administration of broad-spectrum
antibiotics is both indicated and common [1, 5, 6]. As a
consequence of the acute illness of ICU patients, con-
comitant ICU therapies which suppress immunity and
the high healthcare-worker to patient ratio risking cross
infection, there is a high density of multi-drug-resistant
organisms in ICU [7]. These population, treatment pro-
cess and environmental factors makes delivering appro-
priate antimicrobial therapy in ICU settings challenging.

Approximately 40—50% of ICU antimicrobial prescribing
is ‘inappropriate’ [5, 8, 9], and is associated with increased
ICU mortality [10]. The most common examples of anti-
microbial inappropriateness include: overprescribing
(antimicrobials prescribed which are not needed); unnec-
essary combination therapy; wrong antibiotic choice for
documented indication; incorrect route of administration
(e.g. parenteral instead of enteral); and duration of ther-
apy longer than necessary [11, 12].

The prevalence and consequences (both direct and
indirect) of AMR are greatest in Low- and Middle-
Income Countries (LMICs) [4]. Hospital acquired infec-
tions, especially with antimicrobial resistant organisms,
are more common in LMIC ICUs, making the need
for AMS even higher [13]. These infections are a major
drive of healthcare expenditure, both for providers and
patients [14]. Drivers of inappropriate antimicrobial
use in LMICs, many of which are also present in High
Income Countries [15], include: more common use of
open (or semi-closed) ICU designs [16]; over the counter
availability of antimicrobials; public expectations regard-
ing escalation and duration of treatment; lack of diagnos-
tic capacity [17]; unrestricted and/or inconsistent access
to antimicrobials; shortages in staffing/resources; reluc-
tance to change prescribing behaviours; and exclusion of
multidisciplinary team members from interventions and/
or decision-making [18]. These drivers manifest in clini-
cal practice as increased use of broad spectrum antimi-
crobials, duplication of agents for the same indication,
continuation of therapies in the absence of confirmed
infection, and prolonged treatment durations or reluc-
tance to cease therapy [19, 20]. Whilst these challenges
are not unique to LMICs, their prevalence combined
with poorer access to laboratory and microbiology ser-
vices, compounds the problem [21].

There is strong evidence of the impact of AMS inter-
ventions in in-hospital settings. A Cochrane review
found high-certainty evidence that AMS increased com-
pliance with local prescribing policies, reduced durations
of antimicrobials, and probably reduced lengths of stay
without increasing mortality [22]. However, the success
and impacts of implementing AMS internationally have
been variable [23, 24]. One of several challenges in syn-
thesising and interpreting the findings from the existing
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literature of AMS interventions in hospital settings is the
multiplicity of indicators (mainly structural and process)
that have been used to evaluate both implementation
effectiveness and practice change [25]. The Cochrane
review concluded that further AMS research should aim
to include assessment of different stewardship interven-
tions and their implementation [22].

The World Health Organisation (WHO) recommen-
dations for AMS in LMICs seek to address inappropri-
ate prescribing, promote multidisciplinary engagement,
and establish systems for audit and feedback [11]. Whilst
interventions aiming to improve stewardship in LMICs
are widely reported, their success to date has been vari-
able. In the ICU setting, both implementation and inter-
vention effectiveness has been limited. Foreseen and
unforeseen gaps between intervention design and the
existing ICU prescribing practices include missing local
information on antimicrobial resistance, disconnects
between physicians and other medical staff, patient pres-
sure to prescribe antimicrobials, lack of electronic health
records, a lack of local resources or governance struc-
tures to support stewardship [17]. These gaps, combined
with differences in organisational structures, care pro-
cesses and individual behaviours, act as direct barriers to
intervention adoption and practice change [22, 26].

Methods

Project objectives and hypotheses

This project seeks to determine whether a QI interven-
tion to improve appropriateness of antimicrobial pre-
scribing can be implemented in LMIC ICUs as part of
an existing multinational Care Quality Registry (CQR)
network. We hypothesise that a stakeholder co-designed
intervention to improve appropriateness of antimicrobial
prescribing can be implemented according to a priori
thresholds of fidelity, reach and adoption in participating
ICUs. The objectives of this project are therefore:

1. To determine whether a structured antimicrobial
review can be implemented in LMIC ICUs

2. To evaluate the impact of a structured antimicrobial
review on rates of antimicrobial density, redundancy
and associated indicators of antimicrobial utilisation.

Project Design

We report this protocol using the SPIRIT guidelines for
reporting intervention trials (Supplementary file 1) [27].
This project is a hybrid implementation—effectiveness
design, with the primary outcome being implementa-
tion (assessed by fidelity, reach and adoption), and the
secondary outcomes being the success of the inter-
vention on improving antimicrobial prescribing (care
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processes and outcomes). Such hybrid study designs
are increasingly advocated in healthcare improvement
[28]-[30]. This project uses a person-centred approach
[31] whereby national CQR and ICU clinical stakehold-
ers will have ownership of the project within their clinical
settings. The implementers are appointed ICU Cham-
pions, and they, together with the stakeholders, will be
responsible for engagement of sites, navigating institu-
tional administration, providing input into the design and
implementation of the intervention, and its subsequent
adaptations to achieve adoption into daily practice [31].
The RE-AIM (Reach Effectiveness Adoption Implemen-
tation Maintenance) framework will be used to structure
the evaluation of the project [32]. This framework pro-
vides a widely accepted and reproducible guideline for
evaluating implementation studies. Designed to assess
both implementation effectiveness and its determinants,
RE-AIM also informs future scalability and sustainability.
Primary and secondary outcomes will be collected using
both quantitative data (via the existing CQR dataset and
a project E-CRF) and qualitative data captured through
interviews with the ICU Champions.

Ethical considerations

The project will be conducted in accordance with rel-
evant national and international guidance and regula-
tions, including the Global Code of Conduct for Research
in Resource-Poor Settings [56]. To ensure that the pro-
ject is conducted in an ethical manner, this protocol has
been approved by the Oxford Tropical Research Ethics
Committee (OXTREC - ref 559-24, Supplementary File
7 [57]). CQR national leads will be responsible for coor-
dinating with their participating sites for any institutional
or institute review boards for relevant approvals. Individ-
ual patient consent will not be sought as the intervention
intends ICU level service improvement in line with inter-
national recommendations. All patient level data will be
anonymised. Champions will give verbal consent prior to
being interviewed and can withdraw their consent at any
stage (see Supplementary File 4 — Participant Informa-
tion Sheet).

Setting

Collaboration for Research Implementation, Training
in Critical Care, Asia Africa (CCAA) is an international
network of Care Quality Registries (CQR), spanning 15
countries and 300+ acute and critical care units. Follow-
ing stakeholder selection of QI indicators in 2022, eleven
collaborating registries elected to implement AMS sur-
veillance in their respective CQRs; Afghanistan, Ethiopia,
Ghana, India, Kenya, Malaysia, Nepal, Pakistan, South
Africa, Uganda and Vietnam.
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Site selection criteria

All adult ICUs within CCAA-affiliated CQRs, where sur-
veillance of antimicrobial utilisation has already been
established will be considered for participation. ICUs
must appoint a named Champion in order to participate.
A survey (Supplementary File 2) will be conducted to
determine pre-existing AMS processes and current adop-
tion of structured review activities. Pre-existing antimi-
crobial review processes are neither a requirement for
an ICU to participate nor an exclusion criterion. Instead,
parallel to the survey, pre-implementation patient-
level data pertaining to current antimicrobial prescrib-
ing review practices will be measured during months
1-2. ICU’s which are found to already have a structured
antimicrobial review in place, and which demonstrate
adoption and reach of 80% or greater (median over the
2 months) will not be eligible to participate in the imple-
mentation. This is because the baseline activity will con-
found the selected measures for implementation success.
However, findings of the project will be shared with those
ICUs, along with opportunities to participate in subse-
quent improvement activities.

Recruitment

We anticipate recruiting between 35-40 ICUs. Using
existing CQR data from collaborating registries, we esti-
mate that 75% of adult patients admitted to ICUs receive
one or more antimicrobials. ICU occupancy varies
between ICUs, but we estimate a median admission rate
of 40 patients per month. Therefore, we expect a median
inclusion of 180 ICU patient encounters for each ICU
during the 6-month period, (totalling approximately 6300
ICU encounters).

Interviews with ICU Champions are described below.
One interview with each Champion will be conducted
during months 4-6, and one following month 6, resulting
in 70 interviews (35 ICUs*2) and 3 months of field notes
(recorded during months 4-6). Implementation chal-
lenges and effectiveness are likely to vary across sites, so
we aim to include qualitative data from all sites. Qualita-
tive data may, however, have a lower sample size as we
will stop during each round when we reach saturation or
predictability (data will be analysed contemporaneously).

Intervention: structured review of antimicrobial
prescribing appropriateness

Rationale

Structured multidisciplinary antimicrobial prescription
reviews have been demonstrated to reduce overall anti-
microbial utilisation and prescription redundancy (‘two
or more agents intentionally, or unintentionally dupli-
cating treatment’) [33, 34]. Redundancy directly impacts
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antimicrobial resistance rates and escalates healthcare
costs for patients, providers and payers [22, 35]. Struc-
tured prescribing reviews promote: focused antimicro-
bial agent choice in response to microbiological evidence;
avoidance and/or de-escalation of antimicrobial prescrip-
tions where patients are found to have non-infectious
syndromes or colonisation; utilisation of enteral routes
of administration where appropriate, and avoidance of
duplication of prescriptions [36]. Such interventions have
appeal in the ICU setting where, in addition to patients
with confirmed infection, many patients also present
with acute inflammatory syndromes following surgery,
injury, or in exacerbations of chronic disease, resulting
in rapid commencement of antimicrobials. These pre-
scriptions often occur prior to ICU admission, and once
started, are difficult to de-escalate [5]. The WHO toolkit
for AMS in LMICs prioritises reducing unnecessary and
redundant antimicrobial prescribing and consists of four
key steps for review: choosing therapies to best suit indi-
cations; optimising routes of administration; limiting
therapy duration; and documenting a planned stop date
[11].

Conduct of review

Participating ICU teams will be required to undertake a
structured review of each antimicrobial prescription for
all patients receiving antimicrobials. Reviewing prescrip-
tions allows their appropriateness to be reconsidered in
the context of emerging clinical and/or microbiological
data [37]. The review should be completed within 48 h of
a new prescription being commenced, or at ICU admis-
sion where pre-ICU antimicrobial prescriptions exist.
The review will necessitate documentation of the four
key steps as defined by the WHO: indication (in relation
to pre-existing local guidelines), route (e.g. parenteral or
enteral), expected duration of therapy and intended stop
date (including escalation or de-escalation discussions).
It will also necessitate documentation of any changes
(or lack thereof) made to the prescription, including:
the choice of drug, route of administration and duration
of treatment. The reviewing ICU team will consider the
choice of therapy in relation to the known or assumed
indication, the dose in relation to local ICU antimicro-
bial guidelines, the route of administration, and whether
escalation to parenteral, or de-escalation to enteral route
(and related dosing and duration adjustments) are war-
ranted. Given the rapidly changing clinical status of
critically ill patients, and emerging clinical and/or micro-
biological data during the ICU stay, it is anticipated that
patients may receive more than one review during their
ICU encounter. ICUs’ existing antimicrobial guidelines
for the management of infections in critically ill patients
will be utilised.
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Who leads the review, which multidisciplinary mem-
bers participate, when it occurs during the ICU work-
ing day and how frequently it occurs during a patient’s
admission will be for the ICU team to decide during the
pre-implementation period. The ICU team, together
with the Champion will be encouraged to align the
intervention with their existing ICU structures (ward
rounds, microbiology rounds, etc.), to maximise feasi-
bility and minimise disruption to existing workflows.
Given that patient management in the ICU is most
commonly led by the consulting clinicians and deci-
sion-making often occurs during daily ward rounds, we
anticipate that these existing structures will be used, so
as to align with existing clinical roles and responsibili-
ties, and to minimise additional workload. Champions
will encourage ICU teams to include pharmacists and
microbiologists in the review if these specialists are
available as the attendance of these team members is
associated with improved prescribing practices [38].
How and where the review decisions are documented,
will be decided by the ICU team and where possible use
existing documentation practices already operational in
the ICU. The information must however be accessible
to the ICU Champion and Research Assistant (RA) for
daily review during the project.

Table 1 Implementation strategies
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Implementation

Design

A multifaceted approach has been shown to be a criti-
cal condition for success of implementation in various
settings [39]. Combining implementation strategies has
been demonstrated to have a greater success of both
implementation and intervention effectiveness when
compared to the use of single strategies alone [40]. This
project will combine three implementation strategies
that have been reported to have been both effective in
implementing practice change in critical care in LMICs
in a recent systematic review [39], and leverage existing
infrastructure already operational in the CQR networks
[41, 42]. These strategies are described below and sum-
marised in Table 1.

Strategy 1 is agreement and documentation of a local
protocol for structured review of antimicrobial prescrip-
tions, as described above (Conduct of review’). The pro-
tocol must include the core aspects which the WHO
recommends for review of prescribed antimicrobials [11,
43], but will also include adaptations to the local con-
texts. Expected adaptations include: which team mem-
bers perform the review; when during the ICU day the
review is performed; how frequently the review is under-
taken (beyond the mandate of 48 h post prescription);

Ql strategy Description

1 Protocolised review
in the ICU

2 CQR enabled audit and feedback

Agreement and documentation of a local protocol for structured antimicrobial review (‘the intervention’)

CQR report of audit data on implementation of the prescribing review and on prescribing indicators will be

available to each ICU. The A&F implementation strategy will augment the existing audit and feedback mecha-
nism which is part of CQR participation.

The existing monthly CQR report has data on:

Proportion of patients receiving one or more antimicrobials (APR),

Duration of therapy (DOT)

Case mix, care processes and clinical outcomes (Length of Stay, Mechanical Ventilation, mortality).
Additional data collected for audit throughout the project:
Proportion of prescriptions with a documented indication

Antimicrobial Density (AD)
Culture rates
Antimicrobial resistance rates

Antimicrobial redundancy rates (as a proportion of total prescriptions).
Additional data collected for audit and feedback weekly during months 4-6:

Proportion of prescriptions reviewed

Proportion of reviews within 48 h of prescription commencement
Proportion of prescriptions with a documented indication

Antimicrobial Density (AD)

Proportion of patients with culturing performed
Antimicrobial resistance rates (as a proportion of cultures performed).
Ongoing additions to monthly CQR reports beyond month 6

Proportion of prescriptions reviewed

3 Educational resource

Online educational material to support implementation. It will describe:

« Protocol of antimicrobial review (who; when; where documented; link to local prescribing guideline)
+ AMS reports (definition and rationale for metrics; data collection; analysis; interpretation; suggested actions)

+ Quality improvement techniques
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how the review and its conclusions will be documented
and disseminated; when the review should be repeated or
revisited.

Strategy 2 is a registry-enabled audit and feedback
cycle. Audits of clinical practice with feedback to clini-
cians have been shown to improve health outcomes and
clinical performance [44]. The WHO has recommended
audits to improve antimicrobial prescribing where they
are feasible and costs of collecting data are low [11]. By
using the existing CQR data and infrastructure we can: 1)
provide near-real time feedback on clinical practice and
data quality; 2) empower health professionals to act on
the feedback and improve clinical practice and data qual-
ity; 3) enable efficient health service planning and future
research; and 4) automate a large proportion of the data
collection for assessing outcomes [45].

Audit and feedback for the project will augment an
existing CQR report whereby data on case mix, clinical
outcomes, and proportion of patients receiving antimi-
crobials, along with the following measures of antimi-
crobial utilisation are reported monthly: Antimicrobial
Density (AD), culture availability, Duration of Therapy
(DoT) and Antimicrobial Resistance Index (ARI). More
details on this dataset are published [42, 45, 46]. For
the duration of the project (7 months), existing antimi-
crobial utilisation reporting will be augmented by the
measurement and reporting of antimicrobial redundancy
rate. Once structured prescribing review commences,
the proportion of eligible patients receiving a prescrib-
ing review within 48 h will also be reported, along with
each ICU’s performance on the 4 components of the
review (indication appropriateness, route, duration and
stop date) compared to other participating sites. Data on
indications and microbiology data will also be captured
and reported. Following commencement of the review,
frequency of reports will be increased to weekly (for a
maximum of 3 months). Champions will be encouraged
to facilitate review of the report and discussion of the
audit data with the wider ICU team, at their preferred
frequency and structure, but as a minimum weekly. The
presence, format and structure of the weekly discussions
will be reported by the Champions. Feedback from the
ICU teams on the report structure will be sought prior to
and during implementation.

Strategy 3 is an online education resource to sup-
port Champions and ICU teams during implementa-
tion. Education has been recommended as a ‘persuasive’
AMS intervention [11] and is synergistic when used in
conjunction with Audit and Feedback [9, 17, 47]. The
resource will be available through an already existing
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online CCAA platform co-designed with stakeholders in
2020. The platform has a series of QI modules, aimed at
supporting clinical teams who are seeking to undertake
quality improvement initiatives in their ICU. The mate-
rial includes interactive teaching methods, self-assess-
ments and case studies from QI interventions imple-
mented already in acute and critical care in LMICs. This
material has already been used successfully in published
outputs from the CQR network [48]-[50]. For this pro-
ject, an additional module specifically focused on AMS
will be included. The module will explain the rationale
underpinning the prescription review process and the
WHO AMS LMIC toolkit, including the dimensions of
and justification for the prescribing review. The resource
will be available to all ICU teams, and the Champions
throughout the project period. In month 1, Champions
will define a list of eligible staff members who they feel
should engage with the education tool in order to support
implementation. Engagement will be tracked by measur-
ing the proportion of these staff who access the tool.

Implementation team members

Each participating ICU will be asked to identify a Cham-
pion for the project. This person will have clinical knowl-
edge and will be from allied specialties who are involved
in antimicrobial prescribing in the ICU (e.g. pharmacist,
doctor, ICU nurse). The Champion will undergo online
training in QI strategies, the intervention and its imple-
mentation alongside regular mentorship from the project
team throughout the project period. The Champion will
be responsible for all aspects of coordination with the
ICU team, be the ‘implementer’ within the ICU, and the
direct communicator with the project team. At the begin-
ning of the project, they will liaise with the ICU team
to complete an online survey (Supplementary File 2) to
identify the nature of any existing antimicrobial review
processes and other core elements of antimicrobial stew-
ardship. They will have responsibility for the organisation
of the ICU team, onboarding to the project, and imple-
mentation of the reviews. They will facilitate the weekly
audit and feedback cycles, and provide support and
feedback to the project team identifying, recording, and
solving barriers to implementation [17]. They will be sup-
ported by a research assistant (RA) at each ICU who will
be recruited for a maximum of 8 months, to support the
intervention-specific data collection. The RA will work
in partnership with the Champion and the existing CQR
data collector. The Champion will also be invited to join
online sessions to review and reflect on accruing process
and outcome data with the project team and Champions
from other sites.
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Implementation procedure

The project timelines are illustrated in Fig. 1. Baseline
data collection will occur during months 1-3, during
which data pertaining to current antimicrobial utilisa-
tion and prescribing appropriateness will be captured
daily through the CQR, E-CRF and site survey. Dur-
ing this pre-implementation period, the Champions
and RAs will undertake online education and receive
training from the project team in review processes and
orientation to the data in the A&F reports. In paral-
lel, the Champions will engage the wider ICU team to
complete the actions described above. Data on existing
prescribing practices, which is already captured as part
of the CQR report (see Table 1 below) will remain avail-
able to the ICUs.

At month 4, ICU teams will commence the protocol-
ised review in their ICU. The Champion will have access
to the online enhanced CQR reports, and the online
education material will remain available to all ICU team
members. Online support for troubleshooting relating
to the implementation strategies will be available to the
Champions. In addition, voluntary monthly group ses-
sions will be facilitated by the project team from months
4—6, whereby Champions, RAs and other team members
will be welcome to join to reflect on their experience
and share learning between sites. Daily data collec-
tion (CQR and E-CRF) will continue throughout this
period. Champions will be interviewed during months
4—6 to explore barriers and facilitators to implementa-
tion, adaptations made to both the intervention and its
implementation, along with perceptions regarding likely
adoption and maintenance (Supplementary File 3).

At the end of month 6, the implementation strategies
of online education, the role of Champions, and the
RA collecting daily data on review processes will cease.
The daily auditing of whether reviews take place will
be transferred to the CQR data collectors and reported
monthly as part of the CQR report. A second interview
will be conducted with Champions following month
6 to explore barriers and facilitators to adoption, and
adaptations to the intervention made post-implementa-
tion (Supplementary File 4).

Review
implementation

ICU champion ICU team training led
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Adaptations to implementation plan

It is expected that ICU teams will make adaptations to
their prescribing review processes. These adaptations
will be captured throughout the project by Champions
(in implementation logs) and synthesised by the project
team as part of the evaluation. Adaptations may also be
made to the implementation strategies, with the proviso
that any adaptations are made at a ‘project level, meaning
uniformity of materials and resources across all sites. Site
or regional level adaptations to implementation strate-
gies will not be made. For example, the structure and/or
content of weekly reports may be adapted, or elements
may be added to or removed from the online education
resource, following feedback. Such adaptations, and the
reasons for them, will be logged, explored during inter-
views and synthesised.

Outcomes

Primary outcome: implementation

Implementation is the primary outcome and will be
assessed quantitatively using 3 of the 5 key domains
identified through the RE-AIM framework: Reach,
Implementation (defined as fidelity) and Adoption (see
Table 1). These will be combined into a composite meas-
ure of implementation with a threshold of 80% for success
in each domain. Furthermore, Champions’ perceptions of
the determinants of successful implementation, including
acceptability, maintenance of, and adaptations to, imple-
mentation will be captured through field notes and inter-
views [51].

Secondary outcomes: Intervention effectiveness

Intervention effectiveness, defined as the intervention’s
effect on the relevant care processes and clinical out-
comes, will be assessed by reporting ICU trends in pre-
scription appropriateness (Antimicrobial density (AD),
treatment duration (DOT) and antimicrobial redundancy
rate (ARR, % of total prescriptions)), and processes of care
(proportion of patients for whom cultures are sent, anti-
microbial resistance rate, antimicrobial prescribing rate
and compliance of prescriptions with local guidelines).
Clinical care processes and outcomes (mortality, Length

recruitment & training by champion ICU champion ICU champion
interviews interviews
Site selection
Month
2 3 - 5 6 7 8
E-CRF data collection
CQR audit and i r
feedback Monhtly Weekly S Monthly

Fig. 1 Project timeline
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of Stay and duration of organ support) will be also col-
lected as safety endpoints. Unintended and/or adverse
consequences of the intervention will also be explored
through field notes and interviews with Champions.

Feasibility of collecting outcomes

Eligible ICUs will have had a CQR established for at least
6 months and have an established CQR data collector.
Clinical teams will already be trained in use of the CQR,
and in the review and interpretation of CQR reports
which will be used for audit and feedback. ICU team
members, including the Champion will work together
with the existing CQR and clinical teams to ensure
that data on implementation and care processes can be
integrated into analysis of outcomes. This will include
records that include (1) diagnoses, (2) prescriptions of
medications, (3) investigations and observations, and (4)
care processes associated with AMS and the preselected
outcomes. Information on the 4 steps of review (indica-
tion, route, expected duration, and expected stop date)
will be recorded, either on paper, or electronically and
reported as part of the audit and feedback as described
above. CQR reports will be generated centrally by the
CCAA data coordinating centre and made available to
sites through existing mechanisms. Data pertaining to
the availability of the above review and CQR information
will be used as part of the implementation evaluation.

Data collection

Data regarding case mix (including source and reason
for admission, severity of illness at admission, comor-
bidities) along with physiology, organ support, antimicro-
bial prescriptions and microbiology data, care processes
(duration of antimicrobials) and clinical outcomes will
continue to be collected daily through the existing CQR
during months 1-8. The CQR data collectors will also
collect adoption and reach of any pre-existing structured
review during months 1-2.

A project specific E-CRF on REDcap [52, 53], will cap-
ture data on antimicrobial reviews during months 4-6
(see Table 1 above). This additional E-CRF collection
will be done by the RAs. Copies of existing antimicrobial
guidelines will be requested prior to commencement of
the study, and ICU stakeholders’ perspectives regarding
the current guidelines, along with information on exist-
ing antimicrobial stewardship activities already present in
the ICU captured during the site onboarding by Champi-
ons. Changes in guidelines made during the project will
also be captured, and the current working version of
the guidelines queried at each phase of the project. Post
implementation (months 7 onwards), the CQR data col-
lection will continue, along with a measure of adoption.
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Qualitative data exploring the Champions’ perspectives
regarding implementation, acceptability, adoption and
maintenance, along with contextual factors influencing
implementation will be collected through semi-struc-
tured interviews at two time points during the study:
implementation (months 4—6) and post-implementation
(month >6). We intend to interview all Champions dur-
ing both phases but recruitment may cease if concurrent
analysis indicates that theoretical saturation has been
achieved. Interviews will be conducted remotely using
the Zoom (Zoom Video Communications Inc, San Jose,
CA, USA) conferencing application. A participant infor-
mation sheet (Supplementary File 5) will be provided and
verbal consent for participation sought (Supplementary
File 6). In addition, Champions together with RAs will
be requested to maintain an implementation log [54],
whereby adaptations, and observed barriers and facilita-
tors to implementation will also be reported. These will
be reviewed and thematically coded alongside the inter-
view data.

No site or follow-up visits by the project team are
required, as the design of the project is such that ICU
teams together with Champions have direct ownership
at site level, and the project seeks to minimise addi-
tional burden of data collection for clinical staff. All
patient level de-identified data will be submitted by col-
laborating CQRs using existing processes. All data will be
inspected before analysis to rule out spurious values, and
appropriate transformations implemented where neces-
sary. Existing data quality measures already operational
within the CQRs will be utilised to provide information
on data availability and reduce erroneous or missed data.
These measures are already described in detail and pub-
lished [55]. Once cleaned, data will be aggregated and
anonymised at ICU level for monthly and weekly report-
ing (audit and feedback) and for the subsequent project
analysi.

Analysis

All analysis will be conducted at the level of ICUs. ICUs
will be identifiable only by their type (i.e. medical, surgi-
cal, mixed or speciality), and by their organisation gov-
ernance type (private, public, other). ICUs who have a
pre-existing structured review with an adoption rate of
80% will be included in the context description, but not
in the intervention analysis described below. No country
or regional level analysis is planned. However participat-
ing CQRs will have access to their sites’ data for subse-
quent evaluation once the primary outcome is published.

Primary outcome
Successful implementation will be assessed by a com-
posite measure combining rates of fidelity, reach, and
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adoption. Recent literature describes that for a multi-
faceted intervention to affect clinical practice change,
implementation threshold needs to be 80% [58]-[63]. We
will therefore consider this as the threshold for successful
implementation at ICU level.

Secondary outcomes

For the secondary outcomes of intervention effective-
ness, we propose a 10% absolute reduction in Antimi-
crobial Redundancy Rates (ARR) (Supplementary File
8), Antimicrobial Density (AD), and Duration of Treat-
ment (DoT) (independently), compared with the baseline
period, for successful intervention at the ICU level.

Statistics
For the primary outcome, we will describe the proportion
of ICUs that achieved >80% of all three indicators (fidel-
ity, reach and adoption). We will also report these indica-
tors separately. We will compare the proportion achieved
in the post-implementation period, as specified in the
Table 2, with the baseline assessment, using a McNemar
test (Chi-square for repeated measures).

For the secondary outcomes, we will perform an inter-
rupted times series analysis. We will observe the weekly

Table 2 Outcomes
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temporal resolution of each indicator and set the model
to account for the natural/secular time trend, implemen-
tation of the intervention (level change) and the trend
after implementation (slope change). We will account for
auto-correlations. The model applied will depend on the
data, but we will evaluate ARIMA models, segmented
regressions and Holt-Winters additive model to evalu-
ate the best model for the times series. Counts of actions
recorded in response to the review will be described. The
code lists for the primary and the secondary outcomes,
and definitions for indicators of quality will be developed
and published in advance of data collection.

Qualitative analysis

Qualitative data will be analysed thematically and con-
temporaneously to data collection. Analysis of barri-
ers and facilitators to implementation will be informed
by the Consolidated Framework for Implementa-
tion Research (CFIR) framework [64]. Transcripts of
the interviews will be deductively analysed indepen-
dently by two researchers (DW and AB) to identify
the key concepts (themes) regarding acceptability and
maintenance of implementation, along with barriers
and facilitators to implementation. DW and AB have

Outcome

Measure and reporting

Implementation
(Primary Outcome)

Fidelity: The proportion of prescriptions reviewed as intended (review at 48hrs with documenta-
tion of all 4 review components: indication, route, duration and stop date). Reported as a propor-

tion of the number of possible reviews during months 4-6.
Numerator: Number of reviews conducted as intended
Denominator: Number of prescriptions of antimicrobials

Expressed as a %.

Binary outcome: success/fail, 80% is threshold.
Proportion of weekly A&F report meetings held from month 4 until the time of adoption (Num-
ber of meetings/12, expressed as a %) (not in composite outcome)

Reach: Proportion of eligible patients who received a review during months 4-6
Numerator: Number of patients that received at least 1 prescription review
Denominator: Number of eligible patients

Expressed as a %

Binary outcome: success/fail, 80% is threshold.
Proportion of eligible staff that receive education (expressed as a %; eligible staff defined prospec-
tively by Champion) (not in composite outcome)

Adoption: Proportion of prescriptions reviewed as intended during month 7
Numerator: Number of prescriptions of antimicrobials reviewed
Denominator: Number of prescriptions of antimicrobials

Expressed as a %

Binary outcome: success/fail, 80% is threshold.

Intervention effectiveness
(secondary outcomes)

Appropriateness of prescriptions:
Antimicrobial Density (AD)

Duration of Therapy (DOT)
Antimicrobial Redundancy Rate (ARR)

Antimicrobial care processes:

Does the drug Duration exceed the Stop date?

Antimicrobial resistance rate (% of patients that have an multidrug resistant pathogen identified)
Antimicrobial prescribing rate (% of all patients)

Count of cultures taken and reported as a proportion of the population on antimicrobials.
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extensive experience of working in ICU clinically and
as researchers internationally. Initially the text will be
open-coded by reviewing all text line by line and then
descriptive codes will be assigned to the words, sen-
tences and paragraphs in the transcripts. At this stage
of the analysis, lines in the transcripts will be linked
and grouped as the first set of codes which relate to the
current prescribing practices, the experiences of the
ICU team, RA’s and champions, along with adaptations
made. Axial coding in the next step of the data reduc-
tion process will link the descriptive codes via repack-
aging and combine the data to identify categories that
have similar characteristics [65]. After developing cat-
egories, the relationships between the categories will
be explored to reveal higher level themes, and then
where relevant to implementation of the intervention
mapped to the CFIR framework [64]. New themes, and
contextual and team factors that emerge from the eval-
uation but do not fit the existing framework will also
be reported.

Discussion and potential impact

This study aims to deliver both local and generalised
benefits. Locally, it will support implementation of a
complex stewardship intervention in LMIC ICUs. By
evaluating this process rigorously, it will build local
capacity for further refinement and/or implementation
of other complex interventions. If implementation is
successful, and the intervention is effective, the project
may deliver significant local benefits to ICUs including
reducing costs, side-effects and antimicrobial resist-
ance. Furthermore, implementation will be led by local
stakeholders to give it the best chance of being sus-
tainable beyond the duration of this study.

The study will also generate new generalisable
knowledge. Firstly, it will describe pre-existing antimi-
crobial stewardship structures and processes in LMIC
ICUs, permitting the identification and prioritisation
of subsequent research and or improvement projects.
Secondly, it will improve understanding about the
efficacy of the proposed multifaceted implementa-
tion strategies in these settings. Thirdly, it will char-
acterise the effectiveness of a widely-proposed but
variably-implemented intervention which may deliver
significant potential public health benefits.

Limitations

The sample of participating ICUs is not proposed to be
representative of the health systems in which they are sit-
uated. However, the range of settings that these ICUs rep-
resent is also a strength of the study; by clearly describing
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these contexts we will provide case studies which future
research can build upon. We propose to mitigate this lim-
itation on generalisability by rigorously describing their
baseline structures and processes so that readers can
infer how the study findings will apply to their own set-
tings. The implementation strategies (particularly audit
and feedback) require external facilitation and resources,
further limiting generalisability. The quasi-experimen-
tal study design limits the attribution of causality to the
implementation strategies and/or intervention. Finally,
we will not follow-up implementation beyond month 7,
limiting our knowledge of the sustainability of implemen-
tation beyond stakeholders’ perceptions.
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