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Abstract

Developing and improving an antimicrobial stewardship program successfully requires evaluation of numerous factors. As technology
progresses and our understanding of antimicrobial resistance grows, careful consideration should be taken to ensure that a program meets
the needs of the institution and is achievable given the available resources. In this review, we explore fundamental initiatives and strategies for
both new and established antimicrobial stewardship programs, including the specific areas to target and key elements required for sustainable
implementation.

(Received 1 September 2021; accepted 27 September 2021)

Multiple strategies can be deployed by an antimicrobial
stewardship program (ASP) to improve antimicrobial prescribing
in the acute-care setting. How an ASP selects and implements
these interventions depends on many factors. Each ASP is unique
and should be tailored to function in its specific healthcare
environment.

In this review, we highlight multiple antimicrobial stewardship
interventions shown to improve antimicrobial prescribing and the
care of hospitalized patients. Rather than implementing all
interventions immediately, the selection of ASP interventions
should be based on an understanding of the hospital needs and
the goals of the ASP. Performing a needs assessment is an efficient
method of identifying areas on which an ASP should focus with
new or expanded interventions. The Center for Disease Control
and Prevention (CDC) Core Elements of Hospital Antibiotic
Stewardship Programs Checklist is a needs assessment that
provides a framework for identifying hospital ASP opportunities.1

When selecting antimicrobial stewardship interventions, we
recommend focusing on 3 key principles. First, adapt and tailor
antimicrobial stewardship interventions to the resources available.
Such resources include the ASP team’s available time, availability
of infectious diseases (ID) consultation, involvement of ID
clinicians in ASP activities, the capabilities of the electronic
health record (EHR), and hospital culture. Second, implement
antimicrobial stewardship interventions across the continuum of
inpatient care. Opportunities to improve antimicrobial prescribing
occur throughout a patient’s admission, arising at different

points. Third, engage frontline clinicians when selecting and
implementing new antimicrobial stewardship interventions.
When developing any new intervention, it is paramount to under-
stand the attitudes, motivations, and intentions of those whose
behavior is targeted for change.3 Engaging frontline clinicians in
antimicrobial stewardship discussions and decisions will build
rapport and demonstrate your commitment to patient care.

Fundamental interventions

ASPs should select and implement interventions that will target
high-priority opportunities and goals. ASPs should prioritize anti-
microbial stewardship interventions that have demonstrated
improved prescribing and patient care in the medical literature.
We have labeled these evidence-based antimicrobial stewardship
interventions as fundamental interventions. Fundamental inter-
ventions are backed by the strongest clinical evidence and are
considered the foundation of an ASP.4 Fundamental interventions
are adaptable to all hospitals regardless of size and stewardship
personnel, and they target opportunities to improve prescribing
across the continuum of care by engaging with frontline clinicians
to build interdisciplinary relationships.

Facility-specific treatment guidelines

The establishment of facility-specific treatment guidelines for
common ID syndromes is fundamental to optimizing empiric
antimicrobial selection, de-escalation, and duration of therapy.
Facility-specific treatment guidelines can be developed from
national guidelines and modified based on local microbiology
susceptibility data, formulary options, and available resources.
Lower respiratory tract infections, urinary tract infections (UTIs),
and skin and soft-tissue infections (SSTIs) account for most
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antibiotic use in hospitals5 and should be a high priority for
hospital-based ASPs.

Facility-specific treatment guidelines are best developed collab-
oratively in multidisciplinary teams. Involving clinical stake-
holders will increase the likelihood that recommendations are
accepted. These guidelines can be used by the ASP when
performing postprescription and prior authorization reviews
and can be used as an audit tool when evaluating appropriate anti-
microbial use retrospectively.

Integration of these guidelines into the clinician’s workflow can
be achieved by leveraging the EHR to incorporate recommenda-
tions into order sets and clinical decision support systems
(CDSSs). Current and clinically useful guidelines that have been
developed with key stakeholders will improve the likelihood of cli-
nician acceptance and integration.

Prospective audit and feedback

Aprospective audit and feedback (PAF) program allows the ASP to
review patient encounters and identify opportunities where man-
agement can be optimized. PAF reviews are often initiated based
on the antimicrobial prescribed or by clinical results obtained from
the microbiology laboratory.

Postprescription review
Postprescription review (PPR) involves a member of the ASP who
performs a comprehensive patient review after an antimicrobial is
prescribed to optimize treatment. This review can result in recom-
mendations to change the agent, to adjust the dose or duration of
therapy, to convert intravenous to oral formulations, and to
evaluate drug–drug interactions. When deployed effectively,
PPR can reduce overall antibiotic use, cost, and length of stay
(LOS). This review can be performed immediately after prescribing
or within 24–72 hours after prescribing when more clinical infor-
mation is available. Incorporating PPR into an ASP requires
consideration of the hospital’s needs and resources, and priori-
tizing specific agents or patients to review is vital.

Aligning the PPR targets with the goals of the ASP ensures that
the reviewer’s time is used optimally. The specific approach to
implementing PPR can and should look different at each hospital;
it should account for the unique requirements and characteristics
of the facility.

In addition to ASP personnel, other resources contribute to the
success of PPR; some are arguably essential for success in large
hospitals. Prominent examples of crucial resources needed include
information technology (IT) and access to specially trained antimi-
crobial stewardship personnel. Leveraging technology to aid in
PPR can reduce the total number of patients requiring review
and the time spent per patient.6,7 Many modern EHRs and
CDSSs can identify patients on specific antimicrobials for review
by the ASP. Physicians and pharmacists trained in infectious
diseases (ID) are ideally suited to perform PPR and to provide
recommendations. Hospitals without access to ID-trained special-
ists can utilize interested physicians and pharmacists to perform
PPR. Appropriately trained staff can review more patients
with greater complexity and can provide more appropriate recom-
mendations.8 Formal training with certification can be obtained
online through various institutions, including the Society for
Infectious Diseases Pharmacists, Making a Difference in
Infectious Diseases, and the Society for Healthcare Epidemiology
of America.

Microbiology and laboratory surveillance–focused prospective
audit and feedback
PAF can also be initiated from clinical results obtained from
the microbiology or clinical laboratory. Just like PPR, laboratory-
initiated interventions should be prioritized based on the critical
nature of the test result and institution-specific needs discussed
previously. ASPs with limited personnel or resources may focus
on the review of sterile site cultures that pose a high risk ofmorbidity
and mortality if treated inappropriately. In contrast, well-staffed
ASPs may review all positive cultures to evaluate for de-escalation
opportunities. Other examples include positive multidrug-resistant
pathogens, positive cultures in patients not on antibiotic therapy,
and infection-related biomarkers, serologies, or viral studies.
Notably, positive Clostridioides difficile tests have been shown to
be a high-yield stewardship intervention.9

Molecular rapid diagnostic tests (mRDTs) have emerged as a
key technology to decrease the time to identification and antimi-
crobial susceptibility of pathogens. These tests can decrease the
time to effective therapy and antimicrobial optimization, and
they also decrease LOS in patients with bloodstream infections.
The clinical impact of mRDTs is most pronounced when
reviewed and acted upon by the ASP in real time.10,11 Successful
implementation of mRDTs is dependent on workflows supporting
antimicrobial stewardship review of mRDTs results and on
communicating recommendations to frontline clinicians.
Incorporating mRDTs results into the ASP workflow should be
a high priority in hospitals that utilize this technology.

Prior authorization

Another fundamental practice of antimicrobial stewardship is
prior authorization, sometimes called antimicrobial restriction.
Prior authorization requires certain agents to be approved prior
to initiation. This typically requires the prescriber to contact a
member of the ASP for authorization, typically based on policies
jointly established by the facility’s ASP and the pharmacy and
therapeutics committee. Common reasons for restriction include
drug cost, complexity in dosing and monitoring, and broad-
spectrum agents that should only be used to treat specific
pathogens.

Prior authorization allows direct control over specific agents
and has been shown to decrease designated antimicrobial use, to
decrease cost, and to improve antibiotic resistance among gram-
negative pathogens.12 A mature prior authorization program can
manage difficulties with acquisition and shortages by restricting
drugs as needed. Instituting a prior authorization program requires
the ASP to consider many operational and logistic challenges.
Ideally, members with ID training will review the requests,
although establishing approval criteria for restricted agents can
allow non-ID trained clinicians to participate and ensure consis-
tency of approvals.13 Since prompt antimicrobial therapy is
extremely important in critically ill patients, approval logistics
need to be addressed before starting a prior authorization program,
particularly in facilities that cannot provide around-the-clock
reviews. ASPs with heavy prior authorization requirements can
have disadvantages as well. The perceived impedance to provider
autonomy has been shown to create a negative perception of anti-
microbial stewardship and to damage the rapport necessary for
effective collaboration14; it also threatens provider efficiency.15

Actively managing these concerns and ensuring prior authoriza-
tion requests provide collaborative and educational opportunities
to instill a team-based approach to improving patient care.
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Postprescription review versus prior authorization

Postprescription review and prior authorization have long been
identified as the 2 pillars of antimicrobial stewardship interven-
tions. Results of direct comparisons have been published and
demonstrate that PPR results in greater improvements in
durations of therapy and antibiotic appropriateness compared to
prior authorization, as well as more collaboration between the anti-
microbial stewardship team and prescribers.16,17 Despite this
difference, many experts suggest that these interventions are syner-
gistic, and both should remain priorities for implementation.
A hospitals can use local data and predefined goals to determine
how much of each intervention to blend into its ASP.

Expanded practices

In contrast to the fundamental practices, expanded practices have
not yet become standard antimicrobial stewardship practices for all
hospitals. Many of the expanded practices described here have a
significant body of evidence supporting their practice. However,
incorporating them into an ASP is often limited by the resources
and specialized knowledge required. Although establishing the
fundamental practices of antimicrobial stewardship should be
prioritized, several expanded practices can be evaluated and imple-
mented concurrently based on need and resources available.

Diagnostic stewardship

Rapid and accurate diagnosis of infection is critical for appropriate
antimicrobial initiation and subsequent optimization. However,
when used inappropriately, diagnostic tests can identify organisms
that represent colonization or contamination, leading to an
incorrect diagnosis. Common targets include inappropriate urine
cultures or C. difficile tests, where positive results may lead to treat-
ment with unnecessary antibiotics andmay delay the identification
of the true cause of their symptoms.18 Inappropriate testing can
also result in overdiagnosis of healthcare-associated infections,
increasing a hospital’s publicly reported infection rate with
subsequent downstream consequences.19

Unnecessarily testing patients without infectious symptoms or
with a low pre-test probability of infection increases the likelihood
of a false-positive test result. Diagnostic stewardship aims to
improve the appropriate use and interpretation of diagnostic tests
to guide therapeutic decisions and avoid the consequences of false-
positive results, while also reducing costs. Diagnostic stewardship
interventions are becoming increasingly common among hospi-
tals, andmany of the interventions are under the direction of ASPs.

Discharge antimicrobial stewardship: Oral antibiotic therapy
at the time of discharge

Multiple studies have demonstrated that for common infections
(eg, UTI, community-acquired pneumonia, and SSTI), approxi-
mately two-thirds of the total antibiotic treatment course is
completed after the patient is discharged, often with broad-
spectrum, suboptimal agents.20,21 Studies of pneumonia have
shown that 57% of patients have antibiotics prescribed at
discharge, accounting for 39% of the overall duration and 93%
of total excess duration, most often with fluoroquinolones.22–24

Additionally, 44% of discharge antibiotics for UTIs are due to
treatment of asymptomatic bacteriuria.24 Antimicrobial steward-
ship interventions focusing solely on inpatient use will affect only
a fraction of the total use, thus coordinated discharge antimicrobial
stewardship interventions are needed. Interventions can include a

timeout checklist, medication reconciliation by trained pharma-
cists, provider education, EHR alerts, and incorporating discharge
recommendations during stewardship led PPR.

Discharge antimicrobial stewardship: Outpatient parenteral
antibiotic therapy (OPAT) review

OPAT utilization has increased over the past 20 years, allowing
more patients on IV antimicrobials to be discharged and to
complete their course of therapy outside the hospital. OPAT has
been shown to improve patient satisfaction and to reduce hospital
LOS, healthcare costs, and the potential of healthcare-associated
infections.25 Patients receiving OPAT are inherently complex
and result in hospital readmission rates exceeding those of non-
OPAT patients, and an estimated 15%–30% of OPAT discharges
are for patients eligible for oral therapy.26,27 Safe OPAT requires
(1) a thorough review of appropriateness, (2) close follow-up with
the prescribing clinician, (3) appropriate lab monitoring, and
(4) an established duration. Effective OPAT programs are
supported by infrastructure that allows for consistent review
of labs and communication between the agency providing the
antimicrobials, treating clinicians, and the patient.

The role of the ASP in OPAT is evolving. In some institutions,
the ID consult service manages all OPAT via required ID consul-
tation. This procedure ensures that patients are appropriately
evaluated prior to discharge and that follow-up is established.
Not all hospitals have the resources to support mandatory ID
consultation for OPAT, and ASPs may facilitate judicious
OPAT discharges instead. An ASP-led review could evaluate the
need for continued antimicrobial therapy, and if oral therapy or
de-escalation is an option, could include a review of dosing strat-
egies to promote compliance and convenience. Such a review could
ensure that follow-up is arranged when needed. Documenting
these items within the ASP workflow can be challenging and
requires coordination with case management, IT services, and
the discharging teams. Ideally, this review would occur prior to
insertion of a peripherally inserted central catheter without
delaying hospital discharges.

Antibiotic allergy reconciliation and management

The overreporting of unconfirmed antibiotic allergies poses
considerable harm to patients and a great challenge to antimicro-
bial stewardship efforts. Patients labeled with a penicillin or
β-lactam allergy are often prescribed suboptimal and excessively
broad-spectrum agents, and which have been associated with
worse clinical outcomes, increased risk of adverse events, and
the promotion of antibiotic resistance.28,29 Both frontline pharma-
cists and antimicrobial stewardship pharmacists are well suited to
identify these patients and to determine whether they are eligible
for an antibiotic allergy intervention.28 This information can be
used to risk-stratify patients and inform the appropriate next steps.

Facilities with limited resources may consider interventions
requiring minimal personnel time, such as thorough allergy recon-
ciliations or provider education on β-lactam cross-reactivity rates,
potentially coupled with optimizations to the EHR to streamline
allergy alerts. Programs with more resources may be able to iden-
tify low-risk patients and perform an amoxicillin challenge to
remove the allergy from their medical record,30,31 while medium-
and high-risk groups receive penicillin allergy skin testing (PAST)
or desensitization. An abundance of literature supports the
successful implementation of PAST, citing numerous approaches
that can be adapted to fit institution-specific needs.32
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Pharmacy-driven protocols and collaborative practice
agreements

A collaborative practice agreement (CPA) is a relationship between
pharmacists and prescribers to expand the care pharmacists
provide independently and can serve several roles in an ASP.
Pharmacy-driven protocols also empower greater action by
pharmacists. Examples include dosing adjustment, route of admin-
istration, and laboratory monitoring for specific medications.

Antimicrobial dosing
Vancomycin and aminoglycosides require careful monitoring to
ensure that the patient receives an adequate dose to treat their
infection without toxicity. Beta-lactam antibiotics benefit from
prolonged infusion times, which ensure that concentrations
remain adequate at the site of infection. Patients with abnormal
renal function require regular modifications to antimicrobial
dosing. These are all key targets for CPAs that allow pharmacists
to adjust medications without provider approval. These pharmacy-
led dosing strategies save provider time and lead to reduced rates of
nephrotoxicity, higher percentage of adequate serum concentra-
tions, cost savings, and improved treatment outcomes.33–37

Intravenous to oral conversion of antimicrobial therapy
Conversion of antimicrobial administration from the intravenous
route to the oral (PO) route (IV to PO) is one of the simplest
expanded practices. Early IV-to-PO conversion leads to decreases
in adverse effects, LOS, and cost.38 Although it is regarded as one of
the more accessible interventions for new ASPs, a procedure
outlining settings for appropriate use is crucial in maximizing
impact and minimizing the risk to patient safety. When developed
carefully, an IV-to-PO intervention can be implemented with
minimal resources without requiring ID expertise.

Nursing and antimicrobial stewardship

Antimicrobial stewardship efforts crosscut all venues of patient
care, and interventions utilizing existing workflow hold tremen-
dous potential. Bedside nurses are well positioned to participate
in antimicrobial stewardship activities as part of a multidiscipli-
nary approach. However, survey results suggest that although
nurses consider antimicrobial stewardship important, knowledge
gaps exist.39 As awareness grows, potential roles for nurse involve-
ment in antimicrobial stewardship efforts will continue to
expand.40

Nurses view antimicrobial stewardship as a natural extension of
their role as patient advocates.39 Nurses are well positioned to ques-
tion the appropriateness of testing, proper culture technique, anti-
biotic allergies, and to identify adverse antibiotic events.41 Barriers
to successful implementation include inadequate education, time
constraints, and cultural perceptions about healthcare roles that
impede safe multidisciplinary communication.

Infection preventionists are also well suited to make important
contributions toward successful antimicrobial stewardship. More
training in microbiology and resistance makes the infection
preventionist an ideal nurse educator for antimicrobial steward-
ship and a valuable interface between nursing and other antimicro-
bial stewardship leaders. Infection preventionists are also aware of
local facility epidemiology and testing procedures that can play an
important role in developing antimicrobial stewardship interven-
tions tailored to the unique needs at each institution, thereby
circumventing negative trends in resistance before they become
widespread.

Electronic clinical decision support systems in antimicrobial
stewardship

Electronic CDSSs are computer applications designed to present
data at the point of care to guide clinical decisions. Since the first
computerized CDSS for antibiotic selection in 1998,42 multiple
studies have shown this technology to improve clinical manage-
ment of infections. The use of CDSS as an antimicrobial steward-
ship tool has rapidly expanded with the universal adoption of the
EHRs and integration of IT in healthcare. Given the limited
resources for antimicrobial stewardship personnel, CDSS is an
attractive method to both facilitate compliance and improve
efficiency.43 However, the sheer volume, variety, and required
maintenance of antimicrobial stewardship–related CDSS options
can be imposing, and decisions regarding adoption of CDSS tools
should be carefully considered.

Standalone CDSS programs with no EHR integration include
institutional antibiograms, reports in antimicrobial resistance
trends and utilization, and clinical prediction rules and care path-
ways.44 Commercially available programs can pull data from the
EHR in real time and can provide facility surveillance and PAF
in the form of targeted alerts, as well as medication dosing assist-
ants and data tracking. These programs can expand surveillance
and improve intervention efficiency, although they are often
hindered by significant cost and limited customizability.45 These
tools can also be built directly into the EHR, ranging from alerts
triggered upon ordering specific agents or flagging medication
interaction, to providing reminders of guideline recommendations
for prescribing and testing various disease states at the point of
ordering.46–48 Selecting combinations of these tools based on
resources and needs can optimize an institution’s ability to leverage
technology to bolster the impact of its ASP.

Handshake stewardship

Handshake stewardship is a unique rounding strategy that consists
of in-person rounds during which feedback is provided by a phar-
macist-provider team about antibiotic use in each individual
patient, without restriction or prior authorization of antibiotics.49

This strategy has been shown to decrease anti-infective use without
detrimental effects on severity adjusted mortality, readmissions, or
lengths of stay while also promoting a collaborative relationship
between prescribers and the ASP.50

Antimicrobial stewardship in special populations

Antimicrobial stewardship can be particularly challenging in high-
risk populations, including the critically ill and immunocompro-
mised. These patients have higher incidence of multidrug-resistant
pathogens due to cumulative healthcare contact and antibiotic
exposure, and prescribing practices in these groups tend to be
liberal in spectrum and volume. Nevertheless, antimicrobial resis-
tance is now a well-recognized threat to the success of transplant
and oncology programs, and ASPs that recognize and adapt to
these challenges can be successful in these populations.51

A top priority is understanding unique factors that affect ID
management in these patients, providing antimicrobial steward-
ship teams with valuable insights into prescribing behaviors.
Armed with this information, antimicrobial stewardship teams
may choose a more permissive approach to empiric broad-
spectrum use and, rather, focus efforts on appropriate dosing, tox-
icity avoidance, and early de-escalation. In other situations,
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competing considerations such as palliative versus curative care or
transplant candidacy may affect antimicrobial choices.51

The global coronavirus disease 2019 (COVID-19) pandemic
has effectively demonstrated the importance of an established
ASP in managing a new cohort of unique patients. Hospitals with
an established PAF program can and have used it for collaborative
review of complex COVID-19 patients, even as global under-
standing of appropriate management has unfolded. Discussions
regarding de-escalation of antibiotics and approval of novel thera-
peutics (eg, remdesivir, tocilizumab) can be facilitated within such
a systematic approach, increasing efficiency, consistency, and
equity in disease management even during a global health crisis.

In our experience, developing relationships with the respective
clinical leaders of these unique populations is the single best anti-
microbial stewardship strategy for sustained success. One effective
method is integrating the antimicrobial stewardship teammember
into multidisciplinary rounds. This integration facilitates real-time
antimicrobial stewardship recommendations that are more col-
laborative than traditional PAF. Recent research exploring antimi-
crobial stewardship in immunocompromised cohorts confirms
that availability and consistency of recommendations are key
to success.53 Other activities that develop key relationships
include involving ICU and transplant leaders in the institution’s
antimicrobial stewardship committee, codeveloping care path-
ways, and collaborating on antimicrobial stewardship–related
research. Antimicrobial stewardship participation in creating algo-
rithms and care pathways is an efficient method of influencing
prescribing.

Finally, using local data to generate unit or program specific
antibiograms to guide appropriate antimicrobial selection is one
relatively accessible option in a high-risk population, and resis-
tance trends can help justify systematic changes in prescribing
for common conditions where a predominant pathogen is
known.54

In conclusion, all hospitals can implement practices to improve
antimicrobial prescribing, regardless of size, financial support, and
resource allocation. Identifying opportunities for clinical improve-
ment of patients will allow ASPs to incrementally improve patient
care. Keys to success include setting attainable goals; focusing on
evidence-based fundamental antimicrobial stewardship interven-
tions; fostering positive and productive relationships; and adapting
expanded practice antimicrobial stewardship interventions to the
local environment and resources.
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