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ABSTRACT
Background  Antimicrobial resistance (AMR) is 
a major global health challenge, which caused 
an estimated 1.27 million deaths in 2019 and 
is projected to contribute to 10 million deaths 
annually by 2050. Strengthening antimicrobial 
stewardship (AMS) is critical to addressing this 
threat. However, stewardship monitoring systems 
remain fragmented and retrospective, limiting 
timely action. The COVID-19 pandemic further 
exposed these limitations, highlighting the need 
for innovative, accessible and real-time solutions 
to improve stewardship and patient safety.
Methods  A four-phase methodology was 
employed. Phase 1 comprised a systematic 
review of antimicrobial stewardship (AMS) 
strategies before and during the COVID-19 
pandemic. Phase 2 involved retrospective 
analysis of 640 patient records, while Phase 3 
surveyed 240 healthcare professionals regarding 
AMS knowledge, attitudes and practices. 
Phase 4 focused on user-centred dashboard 
development. Validation incorporated technical 
testing, expert review, and patient and public 
involvement to assess accuracy, usability, and 
feasibility.
Results  The dashboard enables dual-phase 
monitoring of empirical prescribing and 
subsequent antibiotic therapy across the 
antimicrobial pathway. Features include real-time 
visualisation, interactive filtering by temporal, 
spatial and clinical variables, and ward-level 
monitoring to support quality improvement. 
Early validation combined technical accuracy 
testing and expert feedback. High concordance 
was demonstrated between source data and 

dashboard outputs, with responsive performance 
under simulated load. Reviewers rated the 
dashboard favourably for usability, clinical 
relevance, feasibility, and operational resilience.
Conclusions  This innovative AMS dashboard 
shifts stewardship from retrospective audit to 
proactive decision support. Its low-infrastructure 
dual-phase design offers sustainability within 
the NHS and scalability across healthcare 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Antimicrobial resistance is a major United 
Nations global health priority. Current 
antimicrobial stewardship monitoring 
systems remain fragmented, retrospective 
and insufficiently integrated with real-time 
clinical decision-making.

WHAT THIS STUDY ADDS
	⇒ This study demonstrates the development 
and early validation of an innovative, 
real-time, dual-phase antimicrobial 
stewardship dashboard that integrates 
empirical prescribing and subsequent 
antibiotic therapy across the full 
antimicrobial pathway.

HOW THIS STUDY MIGHT AFFECT RE-
SEARCH, PRACTICE OR POLICY

	⇒ The dashboard provides a rigorous, 
scalable and low-cost model for ward-
level stewardship monitoring, supporting 
proactive clinical decision-making, 
quality improvement, future policy 
implementation and the United Nations 
AMR action agenda across diverse 
healthcare settings.
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settings, supporting global AMR action and the achievement of 
sustainable development (SDG) goals.

INTRODUCTION
The United Nations has identified antimicrobial resis-
tance (AMR) as a global health emergency, threat-
ening progress towards the sustainable development 
goals (SDGs). Globally, bacterial AMR directly caused 
1.27 million deaths in 2019 and contributed to an 
additional 4.95 million deaths, a combined mortality 
burden comparable to HIV/AIDS and malaria. This 
escalating threat underscores the urgent need for inno-
vative, sustainable and globally coordinated antimicro-
bial stewardship (AMS) strategies.1–3

In the UK, antimicrobial stewardship (AMS) is 
supported by the UK Health Security Agency’s Start 
Smart, Then Focus (SSTF) framework in secondary 
(hospital) care and the TARGET toolkit in primary 
care.4 Despite these initiatives, AMR caused over 
67,000 infections and 2,200 deaths in 2023,5 
with up to 10 million deaths projected annually by 
2050,6 jeopardising essential interventions including 
surgery, cancer treatment and transplantation.7 8 Pre-
pandemic, multidisciplinary AMS teams achieved 
antibiotic discontinuation in 47% of cases and de-es-
calation in 37%.9 However, COVID-19 interrupted 
reviews (81%), audits (70%) and IV-to-oral switches 
(67%),10 exposing the need for resilient and scalable 
systems.4 11

As Deming stated, “You cannot manage what you 
cannot measure,” emphasising the importance of 
quantifying stewardship activities.12 While metrics like 
defined daily doses (DDD), days of therapy (DOT) and 
length of stay (LOS) are commonly used, their value 
emerges when consolidated into visual tools displaying 
data at institutional levels.9 13 Digital dashboards offer 
visual representations of prescribing patterns and 
guideline adherence, yet current tools remain frag-
mented and insufficiently integrated across the full 
stewardship cycle.14 15

Existing surveillance systems operate at various 
scales: the ECDC Antimicrobial Consumption Dash-
board enables cross-country comparisons,16 ESPAUR 
monitors national trends17 and WHO GLASS stan-
dardises global data collection.18 However, hospital-
level dashboards often remain retrospective and 
fragmented, lacking real-time clinical decision support 
integration.

Clinical decision support systems (CDSS) offer 
transformative potential by combining patient-
specific information with evidence-based guidelines 
to generate real-time recommendations.19 CDSS inter-
ventions consistently demonstrate reduced antibiotic 
use, narrower-spectrum prescribing and improved 
guideline adherence.19 The pandemic further empha-
sised the need for resilient digital solutions, as virtual 

innovations enabled stewardship continuity despite 
system disruptions.20 21

To address these gaps, we developed and validated an 
innovative real-time AMS dashboard aligned with the 
UKHSA SSTF framework. Designed for sustainability 
within the NHS, the dashboard advances stewardship 
from retrospective auditing to proactive clinical deci-
sion support.22 Its accessible architecture makes it scal-
able as a global model for AMR action.

METHODS
Study design and setting
A systematic four-phase development methodology 
was employed, informed by sequential empirical and 
observational studies conducted between 2019 and 
2024 across two hospitals within an NHS Foundation 
Trust in the East of England. The aim was to design, 
implement and validate a dynamic AMS dashboard 
aligned with the SSTF framework. Development 
combined evidence synthesis, retrospective record 
review, stakeholder engagement, user-centred design, 
technical development and structured validation. 
Reporting followed SQUIRE 2.0 (quality improve-
ment) and STROBE, with the RECORD extension for 
routinely collected data. Ethical approval: HRA (22/
EM/0161) and University of Hertfordshire (LMS/PGR/
NHS/02975); registered on ISRCTN (14825813).23

Foundational evidence base
Three complementary studies formed the foundation 
for the dashboard’s design.

Study 1: systematic literature review
A systematic review explored AMS strategies and 
monitoring tools in acute care before and during the 
COVID-19 pandemic. Searches across nine databases 
identified 8763 articles, of which 13 studies met eligi-
bility criteria. The review extracted information on 
AMS structures, processes, outcome measures and 
adherence to SSTF principles. Core strategies such as 
prospective audit and feedback, multidisciplinary AMS 
teams and quality indicator reporting were commonly 
described, yet significant gaps in visualisation and 
ward-level monitoring were evident. This study estab-
lished the theoretical requirements and benchmarks 
for dashboard content.9

Study 2: retrospective cross-sectional record review
A chart-based analysis examined 640 medical records 
from adult inpatients with respiratory tract infec-
tions admitted in 2019 (pre-pandemic) and 2020 
(pandemic). A validated data-extraction tool struc-
tured around SSTF principles was used to evaluate 
empirical prescribing, review timing, therapy appro-
priateness, AMS interventions and patient outcomes 
across eight decision points. This analysis provided 
empirical evidence of real-world stewardship 
performance, with antibiotic discontinuation and 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
.

b
y g

u
est

 
o

n
 S

ep
tem

b
er 18, 2026

 
h

ttp
://in

n
o

vatio
n

s.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
16 S

ep
tem

b
er 2026. 

10.1136/b
m

jin
n

o
v-2025-001501 o

n
 

B
M

J In
n

o
v: first p

u
b

lish
ed

 as 

http://innovations.bmj.com/


3Abdelsalam Elshenawy R, et al. BMJ Innov 2026;0:1–10. doi:10.1136/bmjinnov-2025-001501

Digital health

de-escalation rates of 47% and 37%, respectively, 
in pre-pandemic periods, and substantial disruption 
observed during COVID-19.4 24

Study 3: cross-sectional healthcare professionals survey
A descriptive survey of 240 doctors, nurses and phar-
macists across two hospitals within the same NHS 
Foundation Trust examined knowledge, attitudes and 
perceptions of antimicrobial stewardship during and 
after the COVID-19 pandemic. The instrument was 
pilot-tested, demonstrated good internal consistency 
(Cronbach’s α=0.80), and achieved the calculated 
sample size for a 5% margin of error at 95% confi-
dence. The survey captured perspectives on prescribing 
challenges, barriers to review compliance and prefer-
ences for digital solutions, all of which informed user-
centred design.25

The evidence synthesis informed the development 
of a dual-phase antimicrobial stewardship intelligence 
dashboard, enabling real-time monitoring of the initia-
tion of empirical antibiotic therapy and its subsequent 
optimisation. The framework translates research into 
a scalable digital solution supporting quality improve-
ment, stewardship governance and healthcare system 
impact.9 11 25

Phase 1: evidence synthesis and gap analysis
Foundational findings were integrated through a struc-
tured gap analysis. The systematic review showed that 
existing dashboards prioritised antibiotic consump-
tion metrics over prescribing decisions.9 The record 
review identified key SSTF monitoring indicators, 
demographics, diagnosis, appropriateness of initial 
therapy, review timing, and intervention outcomes,4 11 

Figure 1  Four-phase development framework for the antimicrobial stewardship dashboard. The dashboard was developed 
through a systematic four-phase methodology comprising: (1) evidence synthesis and gap analysis informed by a systematic review, 
retrospective record review, and healthcare professional survey; (2) user-centred design and stakeholder engagement; (3) technical 
development and dashboard construction and (4) content development, clinical integration and validation. The framework was 
designed to support real-time monitoring of empirical and subsequent antibiotic therapy across the antimicrobial stewardship 
pathway.
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while the healthcare-professional survey highlighted 
time constraints, communication gaps and demand 
for digital decision support.25 Benchmarking against 
ESAC-Net, ESPAUR and WHO GLASS confirmed that 
these provide valuable population-level surveillance 
but lacked ward-level decision support.4 16–18 Together, 
these findings shaped a dual-phase dashboard span-
ning admission to discharge.

Phase 2: User-centred design
Stakeholder mapping identified three user tiers: 
primary (clinical pharmacists, infectious disease 
specialists, microbiologists), secondary (ward doctors, 
nurses) and tertiary (administrators, quality improve-
ment teams).26 Structured interviews across the East 
of England explored existing monitoring approaches, 
their limitations, and desired functionality, and user-
journey mapping traced the antibiotic pathway to 
identify intervention points.27 Design was informed 
by the Technology Acceptance Model (TAM), empha-
sising perceived usefulness and ease of use,28 29 mini-
mising cognitive load, prioritising key decision points 
and supporting accessibility. Iterative prototyping with 
clinical-stakeholder feedback refined layouts, filtering, 
and visualisations; supplementary materials provide 
demonstration versions and technical documentation.

Phase 3: Technical development
Following evaluation of NHS operational require-
ments, Microsoft Excel was selected to maximise 
accessibility, scalability, and implementation potential, 
leveraging existing infrastructure for rapid translation 
from research to practice without additional software 
investment.30 Interactive functionality used advanced 
PivotTable and PivotChart features, supporting real-
time analysis of temporal, ward-level, and clinical 
stewardship metrics, with optimised formulas and 
streamlined data structures maintaining responsive-
ness.31 Data integration used the validated extraction 
tool from Study 2 for standardised capture across 
medical records, laboratory, and pharmacy systems, 
with validation ensuring accuracy and consistency.11 
The dashboard was built from variables captured by 
this tool, spanning patient demographics, clinical char-
acteristics, investigations, prescribing, stewardship 

review, SSTF compliance and outcomes (online supple-
mental table 1).

Phase 4: Content development and clinical integration
Metric selection was evidence-based, combining 
insights from the literature with empirical analysis 
of the 640-patient dataset. Core indicators spanned 
process measures (review timing and intervention 
frequency), outcome measures (appropriateness of 
therapy and length of stay) and balancing measures 
(safety indicators, such as allergy documentation).11 
Indicators used defined daily dose and days-of-
therapy methods where appropriate, supplemented by 
local quality-improvement metrics, and aligned with 
national and global stewardship points: empirical 
initiation, 48–72-hour review, microbiology-guided 
changes, de-escalation and discharge.4 11 Threshold-
based alerts flag overdue reviews or prolonged 
broad-spectrum therapy while avoiding alert fatigue, 
supporting ward-level improvement and bench-
marking (figure 1).

Validation methodology
Robust technical validation assessed dashboard 
responsiveness, stability, and data accuracy. Load 
testing simulated concurrent users and large dataset 
sizes. Data outputs were systematically compared with 
source data to confirm calculation fidelity, demon-
strating high concordance across all 42 tested vari-
ables. Functionality tests verified filtering, exporting 
and cross-version compatibility across Excel platforms. 
A structured panel of seven AMS experts, including 
antimicrobial pharmacists, microbiologists and quality 
improvement leads, evaluated the dashboard. Criteria 
included clinical relevance, usability, accuracy and 
feasibility of implementation. Mixed-

method feedback combined Likert-scale ratings with 
qualitative comments, enabling iterative refinements 
across three sequential review cycles (three experts 
in the first cycle, three in the second and two in the 
third). The process ensured alignment with evidence-
based requirements while maintaining clinical utility 
(table 1).

Table 1  Early validation of dashboard performance and usability

Validation domain Method Result

Data accuracy Source-to-dashboard concordance across 
tested variables

Source-to-dashboard validation demonstrated high concordance, with dashboard 
outputs matching the source dataset across all 42 tested variables.

Responsiveness Filtering/loading time across simulated 
datasets

0.4–0.8 s median response time across 8 simulated datasets

Usability System usability expert panel Assessed through structured expert review (n=7); across 3 review cycles, feedback 
informed iterative refinement

Clinical relevance Expert panel feedback Assessed through multidisciplinary expert review (n=7)
Feasibility Expert panel feedback Considered feasible by expert reviewers
Iterative refinement Changes implemented after feedback Dashboard refined following feedback from 7 reviewers across 3 review cycles

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
.

b
y g

u
est

 
o

n
 S

ep
tem

b
er 18, 2026

 
h

ttp
://in

n
o

vatio
n

s.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
16 S

ep
tem

b
er 2026. 

10.1136/b
m

jin
n

o
v-2025-001501 o

n
 

B
M

J In
n

o
v: first p

u
b

lish
ed

 as 

https://dx.doi.org/10.1136/bmjinnov-2025-001501
https://dx.doi.org/10.1136/bmjinnov-2025-001501
http://innovations.bmj.com/


5Abdelsalam Elshenawy R, et al. BMJ Innov 2026;0:1–10. doi:10.1136/bmjinnov-2025-001501

Digital health

Ethical considerations
All studies were conducted under appropriate ethical 
approvals (REC reference 22/EM/0161; UH LMS/
PGR/NHS/02975).23 Data from retrospective record 
review were anonymised prior to analysis. Survey 
participation was voluntary, with informed consent 
obtained from all respondents. No patient-identifiable 
data were included in the dashboard prototype.

Public and patient involvement (PPI) was integral 
to the design process. The East of England Citizens’ 
Senate, with substantial representation from older 
adults and individuals with lived healthcare experience, 
reviewed the protocol, advised on the acceptability of 
data-collection approaches and provided feedback on 
dashboard usability. Their input strengthened both 
methodological rigour and patient-centredness.

RESULTS
Dashboard architecture and core functionality
The dashboard is structured around the antimicro-
bial prescribing pathway, spanning empirical and 
subsequent therapy. A dual-phase, real-time moni-
toring architecture supports stewardship across the 
continuum of care, with interactive analytics enabling 
temporal, ward-level and patient-level exploration, 
stratified by diagnosis, demographics, microbiology 
and antibiotic class. Built on dynamic Excel-based 
pivot tables, it allows drill-down from hospital-wide 
to ward-specific indicators for targeted interventions, 
while export functions provide standardised outputs 
compatible with NHS reporting and external bench-
marking. Data integration accommodates electronic 
health records, laboratory and pharmacy systems, 

with built-in validation protocols that ensure data 
integrity and support multi-ward scalability. Online 
supplemental figure 1 presents the dual-stage steward-
ship pathway and dashboard framework spanning the 
empirical and subsequent therapy stages.

Stage 1 — Empirical (Initial) antibiotic therapy
The empirical therapy module visualises admission-
phase metrics from the 640-patient dataset: age 
distribution (predominantly 66–85 years), gender, 
comorbidity and allergy patterns. Primary diagnoses 
show respiratory infections, with community-acquired 
pneumonia predominant (40%), alongside hospital-
acquired and ventilator-associated pneumonia and 
COPD. Prescribing analysis displays the five most 
frequent empirical antibiotics, monitoring broad versus 
narrow spectrum use, while intervention tracking 
captures continue, switch, de-escalation and escalation 
decisions. Review-timing visualisation shows 48–72-
hour compliance (47%) and professional-responsibility 
tracking identifies reviewers: microbiologists (37%), 
physicians (31%), pharmacists (19%) and AMS teams 
(13%) (figure 2).

Stage 2 — Subsequent / second-course antibiotic therapy
The subsequent therapy module supports culture-
guided decision-making throughout hospitalisa-
tion, with temporal and ward-level filtering to target 
interventions. Real-time microbiological surveillance 
identifies prevalent isolates and emerging resistance, 
addressing recognised gaps in local awareness of 
resistance. Review-timing visualisation flags delays 
in reassessment, while intervention tracking captures 

Figure 2  Real-time empirical antibiotic therapy dashboard (Stage 1). The dashboard visualises empirical prescribing activity, 
patient demographics, diagnoses, antibiotic selection, stewardship interventions, 48–72-hour review compliance and professional 
responsibility for antimicrobial review, supporting ward-level monitoring and quality improvement. COPE, chronic obstructive 
pulmonary disease; IV, intravenous.
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optimisation actions, including continuation and 
intravenous-to-oral switches, supporting timely de-es-
calation. The discharge module monitors oral anti-
biotics, prescribing responsibilities and stewardship 
decisions (discontinuation, de-escalation, escalation, 
continuation and switch), while length-of-stay anal-
ysis explores associations between interventions and 
outcomes to optimise discharge prescribing (figure 3).

DISCUSSION
This study developed a real-time AMS dashboard that 
addresses the limitations of existing monitoring systems 
by using dual-phase surveillance aligned with the SSTF 
framework.4 The dashboard demonstrated strong 
technical performance and underwent structured 
validation by a panel of seven experts (antimicrobial 
pharmacists, microbiologists and quality-improvement 
leads) across three review cycles. Findings indicate the 
dashboard is clinically relevant, usable and feasible for 
implementation.32–34 Formal assessment using vali-
dated instruments such as TAM was beyond the scope 
of this prototype and will be incorporated into future 
multi-site evaluations of usability and user acceptance.

The design was grounded in an evidence base 
comprising a systematic literature review, retrospec-
tive chart review of 640 patients and a pharmacist 
survey.10 11 These foundational studies collectively 
revealed critical gaps in current stewardship prac-
tices and monitoring mechanisms, particularly around 
visualising prescribing behaviour in real time. While 
national systems such as ESPAUR, ECDC’s ESAC-Net 
and WHO GLASS have made valuable contributions 

to surveillance, they remain limited to consumption 
data or aggregate resistance trends and do not address 
clinical decision points at ward level.16–19 In response, 
this study sought to reframe stewardship monitoring 
as a proactive, patient-centred process rather than a 
retrospective audit exercise.

Added value of the dual-phase approach
Building on established population-level surveillance 
systems, this dashboard integrates the complete stew-
ardship pathway, empirical prescribing, 48–72-hour 
review, optimisation and discharge, within a single 
real-time platform. By combining prescribing, micro-
biology and stewardship-intervention data in a dual-
phase framework, it adds ward-level granularity, 
live monitoring and rapid deployability in resource-
constrained settings (table 2).

This design directly addresses a recognised weakness 
in stewardship monitoring: the disconnection between 
antibiotic initiation and subsequent optimisation.4 To 
our knowledge, no existing tool spans both phases at 
ward level in real time, allowing clinicians to evaluate 
stewardship across the full patient pathway rather than 
at isolated points. These features address gaps identi-
fied in the literature and support more timely, clini-
cally actionable interventions, providing a transferable 
model for stewardship monitoring across diverse 
health systems.16 34

In addition, the tool goes beyond traditional indi-
cators of antibiotic consumption. It integrates clin-
ically relevant measures, such as appropriateness of 
prescribing, timeliness of review, de-escalation rates 

Figure 3  Real-time subsequent antibiotic therapy dashboard (Stage 2). The dashboard supports monitoring of pathogen-directed 
therapy, microbiological findings, antimicrobial optimisation, review timing, stewardship interventions, discharge prescribing and 
length-of-stay outcomes across the subsequent therapy stage. IV, intravenous; LOS, length of stay.
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and professional responsibility for stewardship deci-
sions.17 19 These indicators are not merely descriptive 
but actionable: they provide insights that clinicians can 
use immediately to improve prescribing practice. In 
this respect, the dashboard transforms abstract stew-
ardship principles into measurable activities directly 
linked to patient care, echoing calls for actionable 
quality metrics in infection management.35

Accessibility and sustainability of this dual AMS 
dashboard
A deliberate, pragmatic decision was made to use 
Microsoft Excel as the development platform, driven 
by accessibility, cost-effectiveness and scalability within 
NHS and comparable healthcare environments.30 
More sophisticated platforms may offer advanced 
features, but they require substantial IT infrastructure 
and financial resources that often limit adoption. By 
contrast, Excel is universally available across NHS 
systems, requires minimal training and can be rapidly 
deployed. This resonates with evidence from low- and 
middle-income countries (LMICs), where transfer-
ring high-resource stewardship interventions without 
contextual adaptation has often failed.36–38 A light-
weight, sustainable tool that operates within existing 
infrastructure offers a realistic pathway for wider 
uptake without precluding future migration to EHR 
platforms.

From passive audit to active decision support
Importantly, the dashboard functions as a decision-
supportive stewardship intelligence tool rather than 
an automated, patient-level CDSS; it informs, but 
does not replace, clinician judgement. Filtering by 
demographics, diagnosis, antimicrobial class and ward 
lets clinicians rapidly identify high-risk cases, such as 
prolonged broad-spectrum therapy without micro-
biological justification,39 moving stewardship from 
retrospective auditing toward real-time intervention 
and addressing review-compliance gaps highlighted in 
the foundational studies.40 Evidence suggests targeted, 
pattern-based interventions outperform generalised 
policy,41 and a Cochrane review found stewardship 
can raise policy compliance by around 15% and cut 
treatment duration by nearly 2 days without compro-
mising safety.41 The dashboard delivers precisely this 

granular, stratified data by temporal trend, clinical 
variable and intervention type, a resilience especially 
valuable during crises such as COVID-19.9 42 43

Educational applications
Beyond decision support, the dashboard holds educa-
tional value. Visualising real-time prescribing, review 
compliance and microbiological correlations provides 
a learning resource for trainees and practising profes-
sionals,44 while interactive exploration highlights 
gaps in compliance or resistance awareness to inform 
targeted teaching.45 Interprofessional education is 
particularly supported, as pharmacists, doctors and 
nurses interpret the same data through their profes-
sional lens.46 This aligns with evidence that interactive, 
work-based AMS education influences behaviour more 
than didactic teaching.44 Making stewardship visible 
and measurable also enables feedback and shared 
accountability, with potential to extend education into 
primary care.47 48

Limitations of current monitoring approaches
When benchmarked against existing systems, several 
limitations are evident. Population-level systems 
remain retrospective and aggregated, while hospital 
dashboards often emphasise consumption over clin-
ical processes.17–19 This tool addresses these deficien-
cies through ward-level monitoring and integrated 
prescribing, intervention and microbiology data deliv-
ered in real time.

Implementation considerations
Successful implementation of digital dashboards 
requires not only technical reliability but also attention 
to organisational and cultural factors. The Excel design 
minimises technical barriers, although scaling beyond 
a single site will require integration with existing EHR 
systems and automated data feeds.49 Training needs are 
modest, but users must understand stewardship prin-
ciples and data interpretation. Change-management 
strategies should emphasise clinical benefits, improved 
outcomes and workflow efficiency, rather than techno-
logical features, to secure clinician buy-in. Long-term 
sustainability depends on embedding dashboard main-
tenance within AMS teams, supported by governance 
and regular data-quality checks.49

Table 2  Dashboard metrics aligned with stewardship frameworks

Pathway stage Dashboard metric(s) UKHSA SSTF milestone
WHO AWaRe / international 
alignment

Empirical (initial) 
therapy

Empirical agent; broad- vs narrow-spectrum; allergy 
documentation

Start Smart – prompt effective 
empirical therapy

AWaRe (Access/Watch/Reserve) 
classification of empirical agents

48–72-hour review Review timing and compliance; intervention type; 
reviewing profession

Then Focus – mandatory 48–72-hour 
review

AWaRe – review and de-escalation 
prompts

Subsequent / second-
course therapy

Pathogen-directed prescribing; second-course review 
timing; resistance pattern

Then Focus – pathogen-directed 
adjustment

AWaRe targeted therapy; WHO GLASS 
resistance alignment

Discharge Discharge antibiotic; discharge reviewer; length-of-
stay band

Then Focus – discharge optimisation AWaRe – discharge prescribing P
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Contribution to AMR mitigation
At a broader level, the dashboard contributes to the 
global effort to combat antimicrobial resistance by 
operationalising stewardship principles in a practical, 
data-driven manner. Ward-level monitoring supports 
national targets while also allowing local adaptation 
to patterns of institutional resistance. Making stew-
ardship activities visible fosters accountability and 
supports continuous improvement, key elements for 
sustaining antimicrobial effectiveness. The tool’s cost-
effectiveness is particularly relevant for health systems 
with constrained resources, enabling them to expand 
stewardship capacity without prohibitive invest-
ment.37 38 Its feasibility demonstrates that effective 
stewardship monitoring does not necessarily require 
advanced informatics systems, but can be achieved 
through well-designed, accessible tools.

Limitations and future directions
Several limitations warrant acknowledgement. First, 
the prototype was developed and validated at a single 
site, limiting generalisability. Multi-site testing will be 
essential to assess adaptability across settings. Second, 
while Excel is accessible, it has constraints in handling 
very large datasets and real-time integration, which 
migration to EHR-embedded platforms could over-
come. Third, current metrics focus on prescribing 
and review, linking interventions to patient outcomes, 
such as mortality, readmission, or length of stay, would 
strengthen the evidence of clinical impact. Future 
work should explore machine learning and predictive 
analytics to forecast resistance and anticipate inappro-
priate prescribing, and extend the tool to primary care 
to bridge hospital and community stewardship.

CONCLUSIONS
This study demonstrates the development and early 
validation of an AMS dashboard enabling dual-phase 
monitoring aligned with the UKHSA SSTF framework. 
It shows how real-time integration of prescribing, 
microbiology and intervention data can shift stew-
ardship from retrospective auditing toward proactive 
decision support. Its pragmatic, novel and innovative 
dual-phase design offers sustainability and adapt-
ability within the NHS, with scalability to support the 
United Nations’ global action against AMR and save 
patient lives. As a low-cost, transferable model, the 
tool has potential to strengthen quality improvement, 
education and patient outcomes across diverse health 
systems. Future priorities include multi-site validation 
and integration of artificial intelligence to enhance 
predictive capacity.

Contributors  RAE conceived and designed the study, developed 
and validated the dashboard, collected and analysed the data, and 
drafted and revised the manuscript. ZA and NU supervised the 
study, contributed to study design and interpretation, and critically 
revised the manuscript for important intellectual content. All 
authors reviewed and approved the final version of the manuscript 

and agree to be accountable for all aspects of the work. RAE is the 
guarantor.

Funding  The authors have not declared a specific grant for this 
research from any funding agency in the public, commercial or 
not-for-profit sectors.

Competing interests  None declared.

Patient and public involvement  Patients and/or the public were 
involved in the design, or conduct, or reporting, or dissemination 
plans of this research. Refer to the Methods section for further 
details.

Patient consent for publication  Not applicable.

Ethics approval  This study involves human participants and was 
approved. All the studies were conducted under appropriate 
ethical approvals (REC reference 22/EM/0161; UH LMS/PGR/
NHS/02975). Data from retrospective record review were 
anonymised prior to analysis. Survey participation was voluntary, 
with informed consent obtained from all respondents. No patient-
identifiable data were included in the dashboard prototype. 
Participants gave informed consent to participate in the study 
before taking part.

Provenance and peer review  Not commissioned; externally peer 
reviewed.

Data availability statement  All data relevant to the study are 
included in the article or uploaded as supplementary information. 
The anonymised patient-level data underpinning this study were 
collected under Health Research Authority approval (REC 22/
EM/0161; CAG 22/CAG/0039) without patient consent, under 
Regulation 5 of the Health Service (Control of Patient Information) 
Regulations 2002. These data are not publicly available owing 
to the conditions of that approval, but may be obtained from 
the corresponding author on reasonable request, subject to the 
approvals in place and University of Hertfordshire sponsor 
governance. Methodological documentation (online supplemental 
material 1), technical specifications (online supplemental material 
2), and a synthetic, non-identifiable interactive demonstration 
dashboard (online supplemental material 3) are provided as 
supplementary information, together with the dashboard variable 
list (online supplemental table 1) and the dual-stage stewardship 
pathway and dashboard framework (online supplemental figure 1).

Supplemental material  This content has been supplied by the 
author(s). It has not been vetted by BMJ Publishing Group Limited 
(BMJ) and may not have been peer-reviewed. Any opinions or 
recommendations discussed are solely those of the author(s) 
and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. 
Where the content includes any translated material, BMJ does not 
warrant the accuracy and reliability of the translations (including 
but not limited to local regulations, clinical guidelines, terminology, 
drug names and drug dosages), and is not responsible for any 
error and/or omissions arising from translation and adaptation or 
otherwise.

Open access  This is an open access article distributed in accordance 
with the Creative Commons Attribution 4.0 Unported (CC BY 
4.0) license, which permits others to copy, redistribute, remix, 
transform and build upon this work for any purpose, provided 
the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https://​
creativecommons.org/licenses/by/4.0/.

ORCID iD
Rasha Abdelsalam Elshenawy https://orcid.org/0000-0002-8954-​
0817

REFERENCES
	 1	 World Health Organization. Antimicrobial resistance. 2023. 

Available: https://www.who.int/news-room/fact-sheets/detail/​
antimicrobial-resistance

	 2	 Murray CJL, Ikuta KS, Sharara F, et al. Global burden of 
bacterial antimicrobial resistance in 2019: a systematic analysis. 
Lancet 2022;399:629–55. 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
.

b
y g

u
est

 
o

n
 S

ep
tem

b
er 18, 2026

 
h

ttp
://in

n
o

vatio
n

s.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
16 S

ep
tem

b
er 2026. 

10.1136/b
m

jin
n

o
v-2025-001501 o

n
 

B
M

J In
n

o
v: first p

u
b

lish
ed

 as 

https://dx.doi.org/10.1136/bmjinnov-2025-001501
https://dx.doi.org/10.1136/bmjinnov-2025-001501
https://dx.doi.org/10.1136/bmjinnov-2025-001501
https://dx.doi.org/10.1136/bmjinnov-2025-001501
https://dx.doi.org/10.1136/bmjinnov-2025-001501
https://dx.doi.org/10.1136/bmjinnov-2025-001501
https://dx.doi.org/10.1136/bmjinnov-2025-001501
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-8954-0817
https://orcid.org/0000-0002-8954-0817
https://www.who.int/news-room/fact-sheets/detail/antimicrobial-resistance
https://www.who.int/news-room/fact-sheets/detail/antimicrobial-resistance
http://dx.doi.org/10.1016/S0140-6736(21)02724-0
http://innovations.bmj.com/


9Abdelsalam Elshenawy R, et al. BMJ Innov 2026;0:1–10. doi:10.1136/bmjinnov-2025-001501

Digital health

	 3	 Ahmed SK, Hussein S, Qurbani K, et al. Antimicrobial 
resistance: Impacts, challenges, and future prospects. J Med 
Surg Public Health 2024;2:100081. 

	 4	 UKHSA. Antimicrobial stewardship: start smart - then focus. 
GOV.UK; 2024. Available: https://www.gov.uk/government/​
publications/antimicrobial-stewardship-start-smart-then-focus

	 5	 UK Parliament. Antimicrobial resistance: addressing the risks - 
committees. 2025. Available: https://committees.parliament.uk/​
work/8826/antimicrobial-resistance-addressing-the-risks/

	 6	 de Kraker MEA, Stewardson AJ, Harbarth S. Will 10 Million 
People Die a Year due to Antimicrobial Resistance by 2050? 
PLoS Med 2016;13:e1002184. 

	 7	 The World Bank. By 2050, drug-resistant infections could cause 
global economic damage on par with 2008 financial crisis. 2016. 
Available: https://www.worldbank.org/en/news/press-release/​
2016/09/18/by-2050-drug-resistant-infections-could-cause-​
global-economic-damage-on-par-with-2008-financial-crisis

	 8	 Abpi. AMR: the silent undercurrent of modern medicine. 
2024. Available: https://www.abpi.org.uk/media/blogs/2024/​
may/amr-the-silent-undercurrent-of-modern-medicine/

	 9	 Elshenawy RA, Umaru N, Alharbi AB, et al. Antimicrobial 
stewardship implementation before and during the COVID-19 
pandemic in the acute care settings: a systematic review. BMC 
Public Health 2023;23:309. 

	10	 Abdelsalam Elshenawy R, Umaru N, Aslanpour Z. WHO 
AWaRe classification for antibiotic stewardship: tackling 
antimicrobial resistance - a descriptive study from an English 
NHS Foundation Trust prior to and during the COVID-19 
pandemic. Front Microbiol 2023;14:1298858. 

	11	 Abdelsalam Elshenawy R, Umaru N, Aslanpour Z. Impact 
of COVID-19 on ‘Start Smart, Then Focus’ Antimicrobial 
Stewardship at One NHS Foundation Trust in England Prior to 
and during the Pandemic. COVID 2024;4:102–16. 

	12	 The Deming Institute. If you can’t measure it, you can’t 
manage it. The W Edwards Deming Institute; 2022. Available: 
https://deming.org/myth-if-you-cant-measure-it-you-cant-​
manage-it/

	13	 Yang Z, Alveyn E, Dey M, et al. Impact of visualising 
healthcare quality performance: a systematic review. BMJ Open 
2024;14:e083620. 

	14	 NHS England. Digital vision for antimicrobial stewardship in 
England. 2025. Available: https://www.england.nhs.uk/long-​
read/digital-vision-for-antimicrobial-stewardship-in-england/

	15	 Garzón-Orjuela N, Parveen S, Amin D, et al. The Effectiveness 
of Interactive Dashboards to Optimise Antibiotic Prescribing 
in Primary Care: A Systematic Review. Antibiotics (Basel) 
2023;12:136. 

	16	 European Centre for Disease Prevention and Control. 
Antimicrobial consumption database (ESAC-Net). 2023. 
Available: https://www.ecdc.europa.eu/en/antimicrobial-​
consumption/surveillance-and-disease-data/database

	17	 Public Health England. English surveillance programme for 
antimicrobial utilisation and resistance (ESPAUR) report. 
2014. Available: https://www.gov.uk/government/publications/​
english-surveillance-programme-antimicrobial-utilisation-and-​
resistance-espaur-report

	18	 World Health Organization. Global antimicrobial resistance 
and use surveillance system (GLASS). 2023. Available: https://
www.who.int/initiatives/glass

	19	 Schaut M, Schaefer M, Trost U, et al. Integrated antibiotic 
clinical decision support system (CDSS) for appropriate 
choice and dosage: an analysis of retrospective data. Germs 
2022;12:203–13. 

	20	 Khan S, Bond SE, Bakhit M, et al. COVID-19 Mixed Impact 
on Hospital Antimicrobial Stewardship Activities: A Qualitative 
Study in UK-Based Hospitals. Antibiotics 2022;11:1600. 

	21	 Matuluko A, Ness V, Macdonald J, et al. The impact of 
the COVID-19 pandemic on the antimicrobial stewardship 
workforce in Scottish acute care hospitals-a qualitative study. 
JAC Antimicrob Resist 2024;6:dlae199. 

	22	 Elshenawy RA. P15 From pandemic to policy: leveraging 
COVID-19 lessons to strengthen antimicrobial stewardship. 
JAC Antimicrob Resist 2025;7. 

	23	 ISRCTN Registry. Antibiotic prescribing in an English 
secondary care setting before and during the COVID-19 
pandemic. 2022. Available: https://www.isrctn.com/​
ISRCTN14825813

	24	 Abdelsalam Elshenawy R, Umaru N, Aslanpour Z. Shorter 
and Longer Antibiotic Durations for Respiratory Infections: 
To Fight Antimicrobial Resistance—A Retrospective Cross-
Sectional Study in a Secondary Care Setting in the UK. 
Pharmaceuticals 2024;17:339. 

	25	 Abdelsalam Elshenawy R, Umaru N, Aslanpour Z. Healthcare 
workers’ views on antibiotic prescribing and stewardship 
during the COVID-19 pandemic at an NHS Foundation 
Trust in England: a cross-sectional survey. Int J Pharm Pract 
2024;32:ii39–40. 

	26	 Majumder MAA, Rahman S, Cohall D, et al. Antimicrobial 
Stewardship: Fighting Antimicrobial Resistance and Protecting 
Global Public Health. Infect Drug Resist 2020;13:4713–38. 

	27	 Naseem R, Howe N, Pretorius S, et al. Mapping decision-
making pathways: Determination of intervention entry points 
for diagnostic tests in suspected serious infection. NIHR Open 
Res 2024;4:35. 

	28	 Fusco R, Granata V, Setola SV, et al. Visual Perception and 
Pre-Attentive Attributes in Oncological Data Visualisation. 
Bioengineering (Basel) 2025;12:782. 

	29	 NHS England. Inclusive digital healthcare: a framework for 
NHS action on digital inclusion. 2023. Available: https://
www.england.nhs.uk/long-read/inclusive-digital-healthcare-a-​
framework-for-nhs-action-on-digital-inclusion/

	30	 Microsoft Office. Overview of formulas in excel. 2023. 
Available: https://support.microsoft.com/en-gb/office/overview-​
of-formulas-in-excel-ecfdc708-9162-49e8-b993-c311f47ca173

	31	 McCarthy C, Moynagh P, Mannion Á, et al. Effectiveness 
of interactive dashboards to optimize prescribing in general 
practice: a systematic review. Fam Pract 2025;42. 

	32	 Jones D, Marra AR, Livorsi D, et al. Perceptions of an 
automated benchmarking dashboard for antimicrobial 
stewardship programs among antimicrobial stewards within the 
veterans’ health administration: a multicenter qualitative study. 
Antimicrob Steward Healthc Epidemiol 2023;3:e118. 

	33	 Barbosa de Lima AC, Buabeng KO, Sakyi M, et al. Bridging 
the Capacity Building Gap for Antimicrobial Stewardship 
Implementation: Evidence from Virtual Communities 
of Practice in Kenya, Ghana, and Malawi. Antibiotics 
2025;14:794. 

	34	 Futurenhsuk. Future NHS collaboration platform. 2024. 
Available: https://future.nhs.uk/connect.ti/system/login

	35	 Xie CX, Chen Q, Hincapié CA, et al. Effectiveness of clinical 
dashboards as audit and feedback or clinical decision support 
tools on medication use and test ordering: a systematic review 
of randomized controlled trials. J Am Med Inform Assoc 
2022;29:1773–85. 

	36	 Antimicrobial stewardship programmes in health‑care facilities 
in low‑ and middle‑income countries: a WHO practical toolkit. 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
.

b
y g

u
est

 
o

n
 S

ep
tem

b
er 18, 2026

 
h

ttp
://in

n
o

vatio
n

s.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
16 S

ep
tem

b
er 2026. 

10.1136/b
m

jin
n

o
v-2025-001501 o

n
 

B
M

J In
n

o
v: first p

u
b

lish
ed

 as 

http://dx.doi.org/10.1016/j.glmedi.2024.100081
http://dx.doi.org/10.1016/j.glmedi.2024.100081
https://www.gov.uk/government/publications/antimicrobial-stewardship-start-smart-then-focus
https://www.gov.uk/government/publications/antimicrobial-stewardship-start-smart-then-focus
https://committees.parliament.uk/work/8826/antimicrobial-resistance-addressing-the-risks/
https://committees.parliament.uk/work/8826/antimicrobial-resistance-addressing-the-risks/
http://dx.doi.org/10.1371/journal.pmed.1002184
https://www.worldbank.org/en/news/press-release/2016/09/18/by-2050-drug-resistant-infections-could-cause-global-economic-damage-on-par-with-2008-financial-crisis
https://www.worldbank.org/en/news/press-release/2016/09/18/by-2050-drug-resistant-infections-could-cause-global-economic-damage-on-par-with-2008-financial-crisis
https://www.worldbank.org/en/news/press-release/2016/09/18/by-2050-drug-resistant-infections-could-cause-global-economic-damage-on-par-with-2008-financial-crisis
https://www.abpi.org.uk/media/blogs/2024/may/amr-the-silent-undercurrent-of-modern-medicine/
https://www.abpi.org.uk/media/blogs/2024/may/amr-the-silent-undercurrent-of-modern-medicine/
http://dx.doi.org/10.1186/s12889-023-15072-5
http://dx.doi.org/10.1186/s12889-023-15072-5
http://dx.doi.org/10.3389/fmicb.2023.1298858
http://dx.doi.org/10.3390/covid4010010
https://deming.org/myth-if-you-cant-measure-it-you-cant-manage-it/
https://deming.org/myth-if-you-cant-measure-it-you-cant-manage-it/
http://dx.doi.org/10.1136/bmjopen-2023-083620
https://www.england.nhs.uk/long-read/digital-vision-for-antimicrobial-stewardship-in-england/
https://www.england.nhs.uk/long-read/digital-vision-for-antimicrobial-stewardship-in-england/
http://dx.doi.org/10.3390/antibiotics12010136
https://www.ecdc.europa.eu/en/antimicrobial-consumption/surveillance-and-disease-data/database
https://www.ecdc.europa.eu/en/antimicrobial-consumption/surveillance-and-disease-data/database
https://www.gov.uk/government/publications/english-surveillance-programme-antimicrobial-utilisation-and-resistance-espaur-report
https://www.gov.uk/government/publications/english-surveillance-programme-antimicrobial-utilisation-and-resistance-espaur-report
https://www.gov.uk/government/publications/english-surveillance-programme-antimicrobial-utilisation-and-resistance-espaur-report
https://www.who.int/initiatives/glass
https://www.who.int/initiatives/glass
http://dx.doi.org/10.18683/germs.2022.1323
http://dx.doi.org/10.3390/antibiotics11111600
http://dx.doi.org/10.1093/jacamr/dlae199
http://dx.doi.org/10.1093/jacamr/dlaf118.022
https://www.isrctn.com/ISRCTN14825813
https://www.isrctn.com/ISRCTN14825813
http://dx.doi.org/10.3390/ph17030339
http://dx.doi.org/10.1093/ijpp/riae058.047
http://dx.doi.org/10.2147/IDR.S290835
http://dx.doi.org/10.3310/nihropenres.13568.2
http://dx.doi.org/10.3310/nihropenres.13568.2
http://dx.doi.org/10.3390/bioengineering12070782
https://www.england.nhs.uk/long-read/inclusive-digital-healthcare-a-framework-for-nhs-action-on-digital-inclusion/
https://www.england.nhs.uk/long-read/inclusive-digital-healthcare-a-framework-for-nhs-action-on-digital-inclusion/
https://www.england.nhs.uk/long-read/inclusive-digital-healthcare-a-framework-for-nhs-action-on-digital-inclusion/
https://support.microsoft.com/en-gb/office/overview-of-formulas-in-excel-ecfdc708-9162-49e8-b993-c311f47ca173
https://support.microsoft.com/en-gb/office/overview-of-formulas-in-excel-ecfdc708-9162-49e8-b993-c311f47ca173
http://dx.doi.org/10.1093/fampra/cmaf036
http://dx.doi.org/10.1017/ash.2023.203
http://dx.doi.org/10.3390/antibiotics14080794
https://future.nhs.uk/connect.ti/system/login
http://dx.doi.org/10.1093/jamia/ocac094
http://innovations.bmj.com/


10 Abdelsalam Elshenawy R, et al. BMJ Innov 2026;0:1–10. doi:10.1136/bmjinnov-2025-001501

Digital health

2019. Available: https://iris.who.int/bitstream/handle/10665/​
329404/9789241515481-eng.pdf

	37	 Wu K, Dang Nguyen M, Rouleau G, et al. Understanding 
how virtual care has shifted primary care interactions and 
patient experience: A qualitative analysis. J Telemed Telecare 
2025;31:73–81. 

	38	 Shamas N, Stokle E, Ashiru-Oredope D, et al. Challenges of 
implementing antimicrobial stewardship tools in Low to Middle 
Income Countries (LMICs). Infect Prev Pract 2023;5:100315. 

	39	 Sadeq AA, Hasan SS, AbouKhater N, et al. Exploring 
Antimicrobial Stewardship Influential Interventions on 
Improving Antibiotic Utilization in Outpatient and Inpatient 
Settings: A Systematic Review and Meta-Analysis. Antibiotics 
(Basel) 2022;11:1306–6. 

	40	 Van Dort BA, Penm J, Ritchie A, et al. The impact of digital 
interventions on antimicrobial stewardship in hospitals: 
a qualitative synthesis of systematic reviews. J Antimicrob 
Chemother 2022;77:1828–37. 

	41	 Currie K, Laidlaw R, Ness V, et al. Mechanisms affecting 
the implementation of a national antimicrobial stewardship 
programme; multi-professional perspectives explained using 
normalisation process theory. Antimicrob Resist Infect Control 
2020;9. 

	42	 Davey P, Marwick CA, Scott CL, et al. Interventions to 
improve antibiotic prescribing practices for hospital inpatients. 
Cochrane Database Syst Rev 2017;2:CD003543. 

	43	 Abdelsalam-Elshenawy R, Umaru N, Aslanpour Z. Seasonal 
variations and the COVID-19 pandemic: impact on 

antimicrobial stewardship and antibiotic prescribing in a UK 
secondary care setting to combat antimicrobial resistance—a 
pilot study. Front Microbiol 2025;16:1–9. 

	44	 Langdridge D, Virhia J, McMullan R, et al. Effectiveness 
of work-based educational interventions for antimicrobial 
stewardship: a systematic review. JAC Antimicrob Resist 
2024;6:dlae192. 

	45	 PHE. Exploring the implementation of interventions to reduce 
antibiotic use (ENACT study). 2020. Available: https://assets.​
publishing.service.gov.uk/media/612e3a12e90e0705355a5526/​
ENACT_AMS_Report.pdf

	46	 Chetty S, Swe-Han KS, Mahabeer Y, et al. Interprofessional 
education in antimicrobial stewardship, a collaborative effort. 
JAC Antimicrob Resist 2024;6:dlae054. 

	47	 NHS. Antimicrobial stewardship - pharmacy first dashboard 
| NHSBSA. 2019. Available: https://www.nhsbsa.nhs.​
uk/access-our-data-products/epact2/dashboards-and-​
specifications/antimicrobial-stewardship-pharmacy-first-​
dashboard

	48	 McCloskey AP, Malabar L, McCabe PG, et al. Antibiotic 
prescribing trends in primary care 2014-2022. Res Social Adm 
Pharm 2023;19:1193–201. 

	49	 Wherton J, Greenhalgh T, Hughes G, et al. The Role of 
Information Infrastructures in Scaling up Video Consultations 
During COVID-19: Mixed Methods Case Study Into 
Opportunity, Disruption, and Exposure. J Med Internet Res 
2022;24:e42431. 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
.

b
y g

u
est

 
o

n
 S

ep
tem

b
er 18, 2026

 
h

ttp
://in

n
o

vatio
n

s.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
16 S

ep
tem

b
er 2026. 

10.1136/b
m

jin
n

o
v-2025-001501 o

n
 

B
M

J In
n

o
v: first p

u
b

lish
ed

 as 

https://iris.who.int/bitstream/handle/10665/329404/9789241515481-eng.pdf
https://iris.who.int/bitstream/handle/10665/329404/9789241515481-eng.pdf
http://dx.doi.org/10.1177/1357633X231167905
http://dx.doi.org/10.1016/j.infpip.2023.100315
http://dx.doi.org/10.3390/antibiotics11101306
http://dx.doi.org/10.3390/antibiotics11101306
http://dx.doi.org/10.1093/jac/dkac112
http://dx.doi.org/10.1093/jac/dkac112
http://dx.doi.org/10.1186/s13756-020-00767-w
http://dx.doi.org/10.1002/14651858.CD003543.pub4
http://dx.doi.org/10.3389/fmicb.2025.1530414
http://dx.doi.org/10.1093/jacamr/dlae192
https://assets.publishing.service.gov.uk/media/612e3a12e90e0705355a5526/ENACT_AMS_Report.pdf
https://assets.publishing.service.gov.uk/media/612e3a12e90e0705355a5526/ENACT_AMS_Report.pdf
https://assets.publishing.service.gov.uk/media/612e3a12e90e0705355a5526/ENACT_AMS_Report.pdf
http://dx.doi.org/10.1093/jacamr/dlae054
https://www.nhsbsa.nhs.uk/access-our-data-products/epact2/dashboards-and-specifications/antimicrobial-stewardship-pharmacy-first-dashboard
https://www.nhsbsa.nhs.uk/access-our-data-products/epact2/dashboards-and-specifications/antimicrobial-stewardship-pharmacy-first-dashboard
https://www.nhsbsa.nhs.uk/access-our-data-products/epact2/dashboards-and-specifications/antimicrobial-stewardship-pharmacy-first-dashboard
https://www.nhsbsa.nhs.uk/access-our-data-products/epact2/dashboards-and-specifications/antimicrobial-stewardship-pharmacy-first-dashboard
http://dx.doi.org/10.1016/j.sapharm.2023.05.001
http://dx.doi.org/10.1016/j.sapharm.2023.05.001
http://dx.doi.org/10.2196/42431
http://innovations.bmj.com/

	United Nations AMR action: development and early validation of a real-­time, dual-­phase antimicrobial stewardship dashboard for ﻿
﻿full-­pathway monitoring of empirical and subsequent antibiotic therapy
	Abstract
	Introduction﻿﻿
	Methods
	Study design and setting
	Foundational evidence base
	Study 1: systematic literature review
	Study 2: retrospective cross-sectional record review
	Study 3: cross-sectional healthcare professionals survey
	Phase 1: evidence synthesis and gap analysis
	Phase 2: User-centred design
	Phase 3: Technical development
	Phase 4: Content development and clinical integration

	Validation methodology
	Ethical considerations

	Results
	Dashboard architecture and core functionality
	Stage 1 — Empirical (Initial) antibiotic therapy
	Stage 2 — Subsequent / second-course antibiotic therapy


	Discussion
	Added value of the dual-phase approach
	Accessibility and sustainability of this dual AMS dashboard
	From passive audit to active decision support
	Educational applications
	Limitations of current monitoring approaches
	Implementation considerations
	Contribution to AMR mitigation
	Limitations and future directions

	Conclusions
	References


