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Abstract  
Background: Hospital-acquired infections (HAIs) and antimicrobial resistance (AMR) represent critical threats to global health 

security, straining healthcare systems and worsening patient outcomes. Traditional antimicrobial stewardship (AMS) programs, 

while essential, often operate in clinical silos, lacking integration with key diagnostic and epidemiological data streams. This 

fragmentation impedes timely, targeted interventions and holistic infection control. Aim: This narrative review aims to 

synthesize current evidence on the impact, implementation strategies, and outcomes of integrating pharmacy-led AMS with 

radiology and laboratory diagnostic data under coordinated health administration oversight, specifically for the epidemiological 

tracking and management of HAIs. Methods: A comprehensive literature search was conducted across PubMed, Scopus, and 

Web of Science for studies published between 2010 and 2024, focusing on interdisciplinary AMS models, diagnostic 

stewardship, and HAI surveillance. Results: The synthesized evidence demonstrates that integrated models significantly 

enhance early HAI detection, optimize antimicrobial use, and improve patient outcomes by leveraging real-time data analytics 

and interdisciplinary collaboration. Conclusion: A synergistic, administratively supported model that unites pharmacy 

expertise, advanced diagnostics, and epidemiological tracking is paramount for a proactive, data-driven defense against HAIs 

and AMR.  

Keywords: Antimicrobial Stewardship; Hospital-Acquired Infections; Diagnostic Stewardship; Interdisciplinary 
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Introduction 

The dual burden of hospital-acquired 

infections (HAIs) and antimicrobial resistance (AMR) 

constitutes one of the most pressing challenges in 

modern healthcare, leading to significant morbidity, 

mortality, and economic cost (World Health 

Organization, 2022). HAIs, defined as infections not 

present or incubating at the time of hospital admission, 

affect millions of patients globally annually, with 

resistant organisms increasingly implicated (Cassini et 

al., 2019). Antimicrobial stewardship (AMS) 

programs, coordinated interventions designed to 

measure and improve the appropriate use of 

antimicrobials, have emerged as a cornerstone of the 

response (Barlam et al., 2016). Traditionally, 

pharmacy-led AMS teams have focused on post-

prescription review and restriction, relying heavily on 

microbiology laboratory data. However, this approach 

often reacts to established infections and resistance 

patterns rather than preventing their emergence and 

spread.  

The siloed operation of AMS, clinical 

microbiology, radiology, and infection prevention and 

control (IPC) departments is a recognized barrier to 

effective HAI management (Poss-Doering et al., 

2021). This review posits that a transformative 

approach is required: the deep integration of 

pharmacy-led AMS with radiological and laboratory 

diagnostic pathways, underpinned by robust 

epidemiological tracking and empowered by proactive 

health administration oversight. Such a model moves 

from reactive review to proactive, pre-emptive 

management of infection risk, leveraging data as a 

unified strategic asset. 
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The Evolving Role of the Pharmacist in 

Antimicrobial Stewardship 
The clinical pharmacist has transitioned from 

a drug dispenser to an integral member of the 

antimicrobial stewardship team, a shift validated by 

numerous studies and guidelines (Barlam et al., 2016; 

Doron & Davidson, 2011). Pharmacists contribute 

unique expertise in 

pharmacokinetics/pharmacodynamics, antimicrobial 

pharmacology, and medication safety, making them 

pivotal in designing and implementing stewardship 

interventions (MacBrayne et al., 2021). Core activities 

include prospective audit and feedback, formulary 

restriction and pre-authorization, guideline 

development, and patient education (Barlam et al., 

2016). However, the effectiveness of these traditional 

pharmacy-centric activities is inherently limited by the 

timeliness and scope of the information available. A 

pharmacist reviewing a culture days after collection is 

addressing a historical event. The contemporary vision 

for the AMS pharmacist is as a nexus point for clinical, 

microbiological, and imaging data, interpreting this 

confluence to guide real-time therapy (Blanchette et 

al., 2018; Rivera et al., 2021). This expanded role 

necessitates not only advanced infectious diseases 

training but also competence in data interpretation and 

interdisciplinary communication, positioning the 

pharmacist to orchestrate care based on a 

comprehensive diagnostic picture rather than isolated 

laboratory results. 

Laboratory Diagnostics: The Foundation for 

Stewardship and Surveillance 
The clinical microbiology laboratory is the 

engine of evidence-based AMS and HAI surveillance. 

The integration of rapid diagnostic technologies 

(RDTs) has been a game-changer, reducing time to 

organism identification and resistance detection from 

days to hours (Bauer et al., 2020). Technologies like 

multiplex polymerase chain reaction (PCR) panels, 

MALDI-TOF mass spectrometry, and next-generation 

sequencing provide critical data that, when acted upon 

swiftly by AMS teams, can significantly improve 

outcomes (Banerjee et al., 2015). However, diagnostic 

stewardship—the coordinated guidance on test 

ordering, collection, interpretation, and application—

is as crucial as the technology itself (Morgan et al., 

2017).  

Pharmacy-led AMS must collaborate closely 

with laboratory professionals to define appropriate test 

indications, reject inappropriate samples, and create 

cascading reporting protocols that guide therapy 

(Messacar et al., 2017). Beyond individual patient 

care, aggregated, geocoded laboratory data is the 

lifeblood of epidemiological tracking. Patterns in 

resistance (e.g., rising carbapenem-

resistant Enterobacteriaceae (CRE) rates) or specific 

organism clusters (e.g., C. auris) can be detected early 

through laboratory surveillance (Avdic & Carroll, 

2014). Integrating this surveillance data directly into 

AMS pharmacist workflows allows for proactive, unit-

specific interventions, such as targeted education or 

pre-emptive guideline adjustments, before outbreaks 

become entrenched (Timbrook et al., 2017). 

Radiology as a Critical, Underutilized Component 

in the AMS Pathway 
Radiological imaging is frequently the first 

objective indicator of a deep-seated or evolving 

infection, often preceding microbiological 

confirmation. Radiology reports describing new 

pulmonary infiltrates, abscess formations, or 

collections provide critical, time-sensitive clues (Xu et 

al., 2022). However, this information often resides in 

isolated reports, not systematically integrated into 

AMS algorithms. Integration involves both 

technological and procedural innovation. Natural 

language processing (NLP) can be employed to scan 

radiology reports for key terms (e.g., "new 

consolidation," "possible abscess") and flag these 

cases automatically for AMS review (Lakhani et al., 

2018). Furthermore, interventional radiology (IR) 

plays a direct therapeutic role. The ability to 

percutaneously drain an abscess can be definitive 

therapy or a crucial adjunct, allowing for source 

control and enabling narrower-spectrum antimicrobial 

therapy (Silverman et al., 2016).  

An integrated model ensures close 

collaboration between IR, infectious diseases, and 

pharmacy: the interventional radiologist performs the 

drain, the microbiologist cultures the aspirate, and the 

pharmacist optimizes the antimicrobial regimen based 

on the combined imaging and microbiological data. 

This synergy prevents unnecessary prolonged empiric 

broad-spectrum therapy when source control is 

achieved. 

Epidemiological Tracking: Synthesizing Data for 

Population Health Management 
The true power of integration is realized in 

the epidemiological tracking of HAIs (Figure 1). 

Isolated data points—a positive blood culture, a chest 

X-ray report—become powerful signals when 

aggregated, analyzed, and mapped. Modern electronic 

health records (EHRs) and data warehouses allow for 

the synthesis of pharmacy (antimicrobial usage), 

laboratory (culture and sensitivity, RDT results), and 

radiology (imaging frequency and findings) data 

(Rezel-Potts & Gulliford, 2023). Advanced analytics, 

including dashboard visualization and statistical 

process control charts, can identify aberrations in real-

time: a spike in antipseudomonal prescribing in the 

ICU coinciding with a cluster 

of Pseudomonas isolates from respiratory samples 

(Kuper & Hamilton, 2020). Pharmacy-led AMS 

teams, equipped with these dashboards, can transition 

from reviewing individual charts to monitoring 

population-level antimicrobial pressure and resistance 

trends. This enables targeted, hypothesis-driven 

audits. For instance, an increase in chest imaging and 

vancomycin use on a ward could trigger a focused 

review of pneumonia diagnosis and treatment 

adherence to guidelines, potentially identifying and 
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correcting a local practice drift (Watkins & 

Deresinski, 2019). This data-driven approach 

transforms AMS from a universal, somewhat 

scattergun effort into a precise, intelligence-led 

operation focused on areas of highest risk. 

 
Figure 1: HAI epidemiological tracking 

framework. 

The Imperative of Health Administration 

Oversight and Resource Allocation 
The successful integration of these complex, 

cross-disciplinary functions cannot occur organically; 

it requires deliberate and sustained health 

administration oversight and support. Hospital 

leadership must create the governance structures that 

mandate collaboration, break down inter-departmental 

barriers, and align incentives (Maraolo et al., 2019). 

This includes establishing a high-level steering 

committee with representation from pharmacy, 

microbiology, radiology, infection control, IT, and 

administration to set strategy and monitor outcomes 

(Polidori et al., 2022).  

Crucially, the administration must commit 

the necessary resources. This involves funding for 

advanced diagnostic technologies, IT infrastructure 

for data integration and analytics platforms, and, most 

importantly, dedicated personnel time (Charani et al., 

2013). Pharmacists, microbiologists, and data analysts 

need protected time to engage in stewardship activities 

beyond their routine clinical duties. Administration 

also plays a key role in linking AMS outcomes to 

quality improvement and value-based purchasing 

metrics, making the business case for investment 

(Moehring et al., 2017). By fostering a culture of 

safety and interdisciplinary accountability, leadership 

ensures that the integrated model is embedded into the 

hospital's operational fabric. 

Implementation Strategies and Operational 

Frameworks 

Translating the conceptual model of 

integrated antimicrobial stewardship (AMS) into daily 

practice necessitates a structured and phased 

operational framework. A stepwise implementation is 

widely advocated, beginning with the consolidation of 

the foundational partnership between pharmacy and 

microbiology departments before progressively 

incorporating radiology data streams and advanced 

epidemiological analytics (Barlam et al., 2016). This 

incremental approach allows for the refinement of core 

processes, builds trust among key stakeholders, and 

demonstrates early value, thereby securing the support 

necessary for subsequent, more complex integration 

phases. Successful implementation hinges on 

embedding several key operational components into 

the clinical workflow to ensure sustainability and 

impact. 

A critical technological component is the 

development of integrated Electronic Health Record 

(EHR) tools and clinical decision support (CDS) 

systems. These systems should be designed to 

synthesize disparate data streams, triggering 

intelligent alerts for the AMS team. For instance, an 

alert could be activated when a broad-spectrum 

antimicrobial is prescribed for a patient with a new 

radiological finding suggestive of infection, but 

without corresponding microbiological cultures 

having been obtained. This immediate signal enables 

the AMS pharmacist to contact the prescriber 

promptly to discuss diagnostic stewardship and the 

importance of culturing before initiating therapy, 

thereby optimizing both diagnostic yield and empirical 

treatment choices (Thursky & Mahemoff, 2007). 

Beyond reactive alerts, proactive interdisciplinary 

collaboration must be formalized through structured 

forums such as regular "diagnostic management team" 

rounds. These sessions, convening the AMS 

pharmacist, clinical microbiologist, radiologist, and 

infectious diseases physician, provide a platform for 

reviewing complex cases by collectively interpreting 

laboratory results, imaging studies, and clinical 

progress. This collaborative review leverages all 

available diagnostic data to reach a consensus on 

diagnosis, duration of therapy, and the need for further 

intervention or source control, thereby optimizing 

patient management (Chia et al., 2020). 

To support population health management 

and drive accountability, the creation of unified 

surveillance dashboards is essential. These customized 

data visualization tools aggregate and display real-

time metrics from across the integrated system, such 

as unit-specific antimicrobial consumption, emerging 

resistance patterns, culture positivity rates correlated 

with imaging orders, and compliance with institutional 
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treatment pathways. Disseminating these dashboards 

to clinical unit leaders, the AMS team, and hospital 

administration fosters transparency, highlights areas 

for improvement, and enables data-driven 

interventions. By making epidemiological trends 

visible, these dashboards empower frontline staff and 

leaders to take ownership of local antimicrobial use 

and infection outcomes (Alawi & Darwesh, 2016; 

Shafiq et al., 2016). 

 Finally, the development and enforcement of 

evidence-based, institution-specific clinical protocols 

and pathways are fundamental to standardizing care. 

These algorithms must explicitly incorporate 

diagnostic stewardship principles, specifying when 

and how to use imaging and laboratory testing within 

condition-specific pathways for common infections 

like community-acquired pneumonia or intra-

abdominal infections. By providing clear, stepwise 

guidance that integrates diagnostic and therapeutic 

decisions, these protocols reduce unwarranted 

variation, improve the quality of diagnostic data 

available for stewardship, and ensure patient care 

aligns with best practices (Metlay et al., 2019). This 

incremental approach allows for the refinement of core 

processes, builds trust among key stakeholders, and 

demonstrates early value. The success of this model 

relies on the synergistic interaction of distinct but 

interconnected components, each contributing unique 

data and expertise to a unified system, as outlined in 

Table 1 and Figure 2. 

Table 1: Core Components and Synergies of an Integrated AMS Model 

Component Key Functions Data Input for AMS Synergistic Link to Other 

Components 

Pharmacy-Led 

AMS 

Prospective audit & feedback; 

Guideline development; 

Education; Pharmacokinetic 

monitoring. 

Antimicrobial 

consumption data; 

Intervention outcomes. 

Acts on lab/radiology alerts; 

uses epidemiological data to 

target interventions; educates 

based on local trends. 

Laboratory 

Diagnostics 

Rapid pathogen ID & 

resistance detection; 

Diagnostic stewardship; 

Aggregated susceptibility 

reporting. 

Culture results; RDT 

results; Antibiograms; 

MDRO alerts. 

Informs pharmacist reviews; 

provides data for 

epidemiological dashboards; 

guides radiological follow-up. 

Radiology Early infection detection; 

Assessment of treatment 

response; Guidance for source 

control (IR). 

Imaging reports 

(text/NLP); Procedure 

notes (drainage). 

Triggers AMS review for new 

findings; provides clinical 

context for lab results. 

Epidemiological 

Tracking 

HAI surveillance; 

Antimicrobial use monitoring; 

Data aggregation & 

visualization. 

Integrated datasets 

(drugs, bugs, images); 

Statistical alerts for 

clusters. 

Informs AMS priorities; 

provides evidence for 

administration; measures 

impact of interventions. 

Health 

Administration 

Governance; Resource 

allocation; Quality metric 

integration; Culture 

cultivation. 

Program outcomes; 

Cost & utilization data. 

Mandates collaboration; funds 

technology & personnel; 

aligns goals across 

departments. 

 
Figure 2: Data flow between lab, pharmacy, 

radiology, and administration. 

Outcomes and Impact of Integrated Models 
A growing body of evidence supports the 

superior outcomes of integrated, data-driven AMS 

models. Studies demonstrate that integrating RDTs 

with pharmacist intervention significantly reduces 

time to effective therapy, decreases mortality, and 

shortens hospital length of stay (Bauer et al., 2020; 

Timbrook et al., 2017). Furthermore, programs that 

incorporate epidemiological surveillance and 

proactive interventions show sustained reductions in 

targeted multidrug-resistant organism (MDRO) rates 

and overall antimicrobial consumption (Perez et al., 

2014).  

The integration of radiology data, while less 

studied, contributes to more accurate diagnosis of 

treatment failure or complications, preventing 

unnecessary antibiotic escalation and prompting 

timely source control (Xu et al., 2022). From an 

administrative perspective, these models demonstrate 
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a strong return on investment through avoided costs of 

prolonged hospitalization, expensive salvage 

therapies, and outbreak management (Nelson et al., 

2021). Perhaps most importantly, they foster a culture 

of collective responsibility for antimicrobial 

preservation and infection prevention, engaging 

clinicians across disciplines in a shared mission. The 

comparative advantages are summarized in Table 2, 

demonstrating a shift from reactive, generalized 

interventions to proactive, precision stewardship. 

Table 2: Measurable Outcomes of Integrated vs. Traditional Siloed AMS Approaches 

Outcome Metric Traditional Siloed AMS Integrated AMS Model Supporting Evidence 

Time to Optimal 

Therapy 

Slower, often post-culture 

review (48-72 hrs). 

Faster, triggered by RDTs and 

imaging (often <24 hrs). 

Bauer et al., 2020; 

Timbrook et al., 2017 

Antimicrobial 

Consumption 

Reductions are possible, 

but may be broad. 

More targeted reductions; able to 

de-escalate faster. 

Perez et al., 2014; 

Barlam et al., 2016 

HAI/MDRO Rates Reactive containment of 

outbreaks. 

Proactive suppression through 

early detection & targeted 

interventions. 

Poss-Doering et al., 

2021; Avdic & Carroll, 

2014 

Clinical Outcomes Mixed, often modest 

improvements. 

More consistent improvements 

are shown. 

Timbrook et al., 2017; 

Nelson et al., 2021 

Cost-Effectiveness Cost-saving, but the return 

may be limited. 

Enhanced ROI via avoided 

complications & outbreaks. 

Moehring et al., 2017; 

Nelson et al., 2021 

Clinician 

Engagement 

Often perceived as 

restrictive/police-like. 

Fosters a collaborative, 

consultative culture as a 

diagnostic partner. 

Polidori et al., 2022; 

Rivera et al., 2021 

Challenges and Future Directions 
Despite the compelling rationale, significant 

challenges persist. These include the high initial cost 

of technology, interoperability issues between 

disparate IT systems, professional territoriality, and 

the need for continuous training of the workforce in 

data literacy (Grech et al., 2021). Future directions will 

likely involve greater use of artificial intelligence (AI) 

and machine learning to predict infection risk, 

interpret complex imaging, and recommend 

personalized antimicrobial regimens (Sakagianni et 

al., 2023). The expansion of rapid molecular 

diagnostics to directly detect resistance genes and the 

integration of pharmacokinetic monitoring into 

dashboards will further personalize therapy (Tiwari et 

al., 2022). Ultimately, the goal is a learning health 

system where every diagnostic datum—from a PCR 

result to a CT scan finding—feeds into a continuously 

refined model of care, enabling pre-emptive action 

against HAIs and the precise use of our diminishing 

antimicrobial arsenal. 

Conclusion 
The threat landscape of HAIs and AMR 

demands a sophisticated, coordinated response that 

transcends traditional departmental boundaries. This 

review underscores that pharmacy-led antimicrobial 

stewardship, when fully integrated with the real-time 

intelligence from laboratory diagnostics and 

radiology, and guided by robust epidemiological 

tracking under committed health administration 

oversight, creates a powerful, proactive defense 

system. This model transforms isolated data into 

actionable wisdom, moving from reacting to resistant 

infections to predicting and preventing them. The path 

forward requires investment, interdisciplinary trust, 

and institutional will. By forging this integrated 

partnership, healthcare systems can significantly 

enhance patient safety, improve outcomes, and 

safeguard the efficacy of antimicrobials for future 

generations. 
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