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Abstract

Background: Antibiotic use in nursing homes is often inappropriate, in terms of overuse andmisuse, and it can be linked to adverse events and
antimicrobial resistance. Antimicrobial stewardship programs (ASPs) can optimize antibiotic use by minimizing unnecessary prescriptions,
treatment cost, and the overall spread of antimicrobial resistance. Nursing home providers and residents are candidates for ASP implemen-
tation, yet guidelines for implementation are limited.

Objective: To support nursing home providers with the selection and adoption of ASP interventions.

Design and Setting: Amultiphasemodified Delphi method to assess 15 ASP interventions across criteria addressing scientific merit, feasibility,
impact, accountability, and importance. This study included surveys supplemented with a 1-day consensus meeting.

Participants: A 16-member multidisciplinary panel of experts and resident representatives.

Results: From highest to lowest, 6 interventions were prioritized by the panel: (1) guidelines for empiric prescribing, (2) audit and feedback, (3)
communication tools, (4) short-course antibiotic therapy, (5) scheduled antibiotic reassessment, and (6) clinical decision support systems.
Several interventions were not endorsed: antibiograms, educational interventions, formulary review, and automatic substitution. A lack of
nursing home resources was noted, which could impede multifaceted interventions.

Conclusions: Nursing home providers should consider 6 key interventions for ASPs. Such interventions may be feasible for nursing home
settings and impactful for improving antibiotic use; however, scientific merit supporting each is variable. A multifaceted approach may be
necessary for long-term improvement but difficult to implement.

(Received 7 November 2019; accepted 3 April 2020; electronically published 22 June 2020)

Antibiotics are some of the most highly utilized medications in
health care, particularly in nursing homes; however, their use is
often inappropriate.1–3 An estimated 50%–75% of antibiotics pre-
scribed in nursing homes are potentially inappropriate and should
not have been prescribed.4,5 The causes of inappropriate antibiotic
prescriptions in nursing homes vary and include lack of diagnostic
tools, communication difficulties between residents and levels of
staff, high nurse turnover rates, and pressure from residents and
advocates.6–10 Inappropriate antibiotic consumption is an impor-
tant cause of adverse drug events and a chief driver for the spread of
antibiotic resistance.11,12 Optimizing antibiotic use by improving
prescribing practices is essential for reducing the risk of adverse
drug events and eliminating the emergence and spread of antimi-
crobial resistance.13

Antimicrobial stewardship programs (ASPs) are initiatives and
interventions implemented in healthcare settings to optimize the
use of antimicrobials and to reduce adverse drug effects and health-
care expenses.14 ASPs have been successfully implemented into many
healthcare sectors, especially in acute hospital care. Nursing homes are
prime candidates for ASP interventions because antibiotic use is
prevalent and often inappropriate there.15,16 Additionally, nursing
home administrators have displayed interest in the implementation of
such interventions, yetASP implementation in nursing homes remain
mostly underexplored.17,18 One likely cause for the lack of ASP imple-
mentation in nursing homes may be the lack of resources.18–20 ASPs
have been highly recommended in nursing home settings by organ-
izations such as the Infectious Disease Society of America (IDSA),
Centers for Disease Control and Prevention (CDC), the Society
for Healthcare Epidemiology of America (SHEA); however, ASP
research in nursing homes is limited, and guidelines for intervention
implementation are lacking.21–24 Thus, evidence supporting the selec-
tion and implementation of appropriate ASP interventions in nursing
homes is critical.
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Selecting and implementing ASP interventions is often a difficult
and resource-intensive task. ASP interventions are vast; many pro-
grams have been developed to address the various components of
the prescribing process, such as educating patients and their advocates
and utilizing behavior modification techniques to improve physician
antibiotic prescribing rates.16,25–30 Moreover, the evidence supporting
each ASP intervention is varied.29,31 Communicating the supporting
evidence of interventions, therefore, may not be an effective method
for implementing ASP interventions in nursing homes. Additionally,
extrapolating evidence from other healthcare settings to nursing
homes has its limitations. Differences such as length of stay, staff
turnover, and access to resources hinder the generalizability of ASP
research in hospital settings. Nursing home residents would likely
benefit from ASP implementation but ASP interventions need to
be evaluated to assist prioritization and implementation in nurs-
ing homes.

We utilized the modified Delphi method to support nursing
home providers in the selection and adoption of ASP interventions.
Our focus was to promote interventions that would most effec-
tively and likely be used in the nursing home environment, and
we sought to provide nursing home providers with 2 tools: (1) a
prioritized list of ASP interventions deemed appropriate and nec-
essary for nursing homes settings and (2) a description of the
resources necessary for implementation.

Methods

Ethics

This research was conducted in accordance with the Declaration of
Helsinki, national, and institutional standards. The project received
approval from the Sinai Health System Research Ethics Board (REB
no. 14-0336-E). Written informed consent was obtained from
invited panel members.

Modified Delphi panel to evaluate and prioritize ASP
interventions in nursing homes—Overview

The modified Delphi method, based on the RAND Corporation/
University of California Los Angeles (RAND/UCLA) appropriate-
ness method,32 is a structured, interactive consensus tool that
applies expert opinion in an in-person panel setting. The method
has been used to developmeasures and to define quality metrics for
ASPs.33,34 Our research group developed a survey to evaluate ASP
interventions across 5 criteria: scientific merit, impact, feasibility,
accountability, and importance. Such criteria have been success-
fully used in similar studies.34–36 Panel participants were invited
to complete 2 rounds of surveys: the first took place prior to the
in-person Delphi meeting and the second took place during the
meeting. Participants were provided a literature review of ASP
interventions in many divisions of health care, including nursing
homes. During the in-person meeting, participants were encour-
aged to discuss the results from the first survey round, followed
by completing the second round of the survey. Consensus was
not enforced. Results from the second round were tabulated and
presented to the panelists. ASP interventions deemed appropriate
and necessary for nursing homes were discussed for resourcing
requirements and were ranked by priority. Upon conclusion of
the meeting, an additional survey was provided to the panelists
to elicit feedback on whether opinions were given honestly, on
whether the panel discussion was fair, and onwhether intimidation
was the cause of revised answers.

Assembly of panel

The panel consisted of 16 individuals with varying professional
and geographical representation (see the Acknowledgements).
The panel included infectious disease (ID) physicians with exper-
tise in antimicrobial stewardship, nursing home physicians,
infection control personnel, hospital physicians, nurses, pharma-
cists, nursing home administration, nursing home residents and
their advocates, family councils, and other stakeholders. All panel
members who were healthcare professionals had at least 10 years
experience in their roles and had familiarity with diagnostic and
therapeutic challenges associated with nursing home antimicro-
bial use. Moreover, 4 pharmacists were on the panel: 1 with exper-
tise in antimicrobial stewardship, and two with expertise in
nursing homes. Potential panel members were identified from
the ASP literature, government agencies, and important stake-
holder groups.34–36We also included patient and family represen-
tation from specific stakeholder organizations. Members of the
research team that were not involved with the identification proc-
ess then evaluated the candidate participants for their inclusion.
Official invitations were sent to the final list of candidate
participants.

Background package and survey development

Two weeks prior to the in-person meeting, panel participants were
provided a background package and the first round of the survey.
The background package consisted of a literature review of ASPs
in all healthcare settings including nursing homes, as well as a
description of the intentions of the study. Systematic reviews describ-
ing ASPs in nursing homes and other healthcare settings were
collected and summarized. ASP interventions were tabulated and
reported in order of frequency of evidence supporting their imple-
mentation.We chose to be as inclusive as possible and to incorporate
all identified and relevant ASP interventions in the package.

The first round of the survey consisted of 2 components:
(1) introduction to the evaluative criteria and (2) evaluation of
interventions. We used 5 criteria to evaluate the interventions:
(1) scientific merit, (2) impact, (3) feasibility, (4) accountability,
and (5) overall importance of the intervention. These criteria were
used successfully in prior ASP modified Delphi studies.33,34

A 9-point Likert scale was utilized to assess agreement with the
evaluative criteria: 1 = strong disagreement through 9 = strong
agreement. Interventions were evaluated individually, with an
opportunity to provide additional comments.

The initial strategy for eliminating ASP interventions involved
identifying items with consensus for disagreement, defined as at
least 75% of scores falling between 1 and 3 on the Likert scale.
No interventions attained consensus for disagreement following
this method. The method was then revised: criteria with <50% of
scores between 7 and 9 were considered to attain consensus for
disagreement, and criteria with 50%–74% of scores between 7
and 9 were considered to attain uncertain agreement (Appendix
Table 1 online).

In-person panel

All panel participants met for a 1-day, in-personmeeting to discuss
the results from the first round of the survey. Interventions that
received consensus for rejection were presented for elimination,
with an opportunity to discuss or to include in the second round
of the survey. After the first round, 4 of 14 ASP interventions were
candidates for this discussion. The remaining 10 of 14 ASP
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interventions were subsequently presented individually, and the
facilitator provided an opportunity for discussion. After discussion
of all interventions, panel participants were instructed to complete
the second round of the survey. Results from the second survey
round were tabulated and presented to the panel participants later
in the meeting. Interventions that received consensus for rejection
were eliminated and interventions receiving consensus for inclu-
sion were retained (ie, determined to be appropriate and relevant
to nursing homes). Each intervention that received uncertainty was
addressed collectively by the panel and were either eliminated or
retained. Panel participants were encouraged to discuss resourcing
for the considered interventions.

Tool packages development

After all rounds of discussion, interventions were then listed from
highest priority to lowest. Panel participants were instructed to
rank the final 6 interventions, and mean scores were calculated.
The goal was to consider the scores for each intervention across
both surveys and the resources required for implementation in
nursing homes. After completion of prioritization, panel partici-
pants were provided an end of day survey, which consisted of
2 components: a premeeting section and a meeting section. The
premeeting section addressed the background package and
the first round of the survey, and the meeting section addressed
the in-person discussion.

Results

Prior to completion of the first round of the survey, 14 interven-
tions were presented to and evaluated by the panelists. Prior to
completion of the second round of the survey, 10 of the original

14 interventions, plus 1 additional intervention, were presented
to and evaluated by panelists. The final 11 interventions were nar-
rowed to 6 that were determined to be important for nursing home
settings (Fig. 1 and Table 1).

Following the first round of the survey, no intervention received
consensus for inclusion across all 5 evaluative criteria; however, 4
received consensus for rejection for all criteria (i.e., all criteria
received <50% for scores of 7–9). Among these interventions, 3
were eliminated with the exception of formulary automatic substi-
tution. Disagreement among panel participants regarding the
applicability of formulary automatic substitution in nursing homes
led to the decision to include the intervention in the second round
of the survey. An additional intervention that was eliminated fol-
lowing the first round was multifaceted interventions; however, its
scores from the first round of the survey were largely favorable
(receiving consensus for inclusion for scientific merit and impact).
Overall, the panel agreed that although multifaceted interventions
likely have strong scientific evidence to support their implementa-
tion and the intervention is likely to have a high degree of impact,
nursing homes in general do not have the available resources to
implement such programs.

The panel agreed to include an additional intervention for the
second round of the survey that they determined was overlooked in
the first round: communication tools, defined as interventions tar-
geted at improved communication between providers, particularly
nurses, physicians, and pharmacists.37,38 Considering the commu-
nication difficulties in nursing homes, particularly between on-site
nurses and off-site physicians, the panel thought that nursing
homes would greatly benefit from structured communication tools
that ease the process of accurately describing resident conditions
over the telephone.1,39 Thus, communication tools were included

Fig. 1. Antimicrobial stewardship program (ASP) intervention
evaluation process.
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in the second round of the survey with the remaining 10 interven-
tions. The interventions were evaluated through the second round
of the survey, and six interventions remained and were
considered important for nursing homes.

Implementation considerations

Resourcing requirements for the final list of interventions were
then considered. Each intervention was addressed individually
and panel participants were provided an opportunity to share their
thoughts and opinions. Some resources described for a particular
intervention were also applicable to other interventions (Table 2).

The panel then prioritized the final list of interventions for
nursing homes (Table 1). Guidelines for empiric prescribing
received the highest priority rank, with a mean score of 1.3.
Tied for second priority were audit and feedback, and communi-
cation tool interventions, each with a mean score of 3.4. Short-
course antibiotic therapy interventions received third place prior-
ity, with a mean score of 3.9. Scheduled antibiotic reassessment (or
de-escalation) interventions received fourth place priority, with a
mean score of 4.4. Lastly, clinical decision support systems received
fifth place priority, with a mean score of 4.6.

The final component of the in-person Delphi meeting was
completion of the end-of-day survey. Overall, the results from
the end-of-day survey were favorable. All of the premeeting ques-
tions received consensus for agreement (defined as percentage of
scores of 4 and 5, and 1 and 2 for reversed questions, accounting for
at least 75%). However, certain questions received considerable
scores for uncertainty (percentage of scores of 3): able to under-
stand and complete questions (23%), background information
offering enough support (21%), timing of survey (7%), and easy
and unobtrusive formatting (7%). The results from the meeting
section of the survey were more heterogeneous, although most
questions were responded to favorably. Finally, 2 questions
received scores for uncertainty: unfair time allocation between
panelists (21%), and retaining answers due to not understanding
discussion (7%).

Discussion

Using the modified Delphi method, we were able to successfully
evaluate and prioritize interventions for administering antimicro-
bial stewardship programs (ASPs) in nursing homes. We deter-
mined 6 of 15 interventions to be fundamental and necessary

Table 1. List of ASP Interventions and their Descriptions, by Prioritization and Rejection

Intervention Description
Mean
Scorea

Prioritized

Guidelines for empiric prescribing Development of standardized, multidisciplinary, evidence-based guidelines to aid prescribers in their
initiation of antibiotic therapy

1.3

Audit and feedback Summarization of a clinician’s prescribing performance and recommendations for adjustment 3.4

Communication tools Interventions that target improved communication between providers, specifically, nurses, physicians,
and pharmacists

3.4

Short-course antibiotic therapy Implementation of guidelines encouraging short durations of antibiotic therapy for specific
uncomplicated infections

3.9

De-escalation (renamed scheduled
antibiotic reassessment)

Readjustment of antibiotics following culture results: transitioning from broad-spectrum to narrow-
spectrum antibiotics, conversion of empiric to pathogen-directed therapy, discontinuation of
unnecessary antibiotics

4.4

Clinical decision support systems
(computerized)

Tool for providing clinicians with relevant information for arriving at correct diagnosis and selection of
antibiotics

4.6

Rejected

Antibiograms A tool for summarizing susceptibility of bacteria to antibiotics at a given point in time : : :

Antibiotic cycling Repeated exchange, or cycling, of antibiotics of a certain class with those of another class. Eventual
return to the original antibiotic class and continued exchange

: : :

Educational Education of nursing home staff (nurses, physicians, HCPs, etc.) and patients/advocates to better their
understanding of bacterial resistance, share knowledge of ASP principles, and improve antibiotic
prescribing

: : :

Formulary automatic substitution Automatic substitution of certain drugs by pharmacists without the need for prescriber consultation : : :

Formulary restriction Restriction of certain antibiotics and guidance for their use due to risk of resistance/adverse drug
effects, over/misuse, broad spectrum, expense

: : :

Formulary review Institutional review of available antibiotics : : :

Intravenous to oral transition Guideline implementation to transition antibiotics from IV to oral when clinically indicated : : :

Multifaceted Bundling of 2 or more ASP intervention strategies to form a complex intervention. Generally educational
interventions combined with audit and feedback and/or guidelines. Can include physician e-learning
modules, decision support, and engagement of patients.

: : :

Targeting CDI Increasing appropriate therapy and adherence to guidelines for treating CDI. Includes education,
guidelines, and restriction components

: : :

Note. ASP, antimicrobial stewardship program; CDI, Clostridium difficile infection.
aPanelists instructed to rank interventions from 1 to 6.

Infection Control & Hospital Epidemiology 1031

https://doi.org/10.1017/ice.2020.214 Published online by Cambridge University Press

https://doi.org/10.1017/ice.2020.214


for nursing home settings, and were then ranked from highest to
lowest in priority after considering resource requirements. From
highest to lowest priority, these were guidelines for empiric pre-
scribing, audit and feedback, communication tools, short-course
antibiotic therapy, scheduled antibiotic reassessment, and clinical
decision support systems.

Guidelines for empiric prescribing received the highest priority,
and they were the only intervention to receive consensus for inclu-
sion across all criteria. This prioritization reflects much of the com-
mentary provided by the panel participants. Most respondents
perceived guidelines as foundational for effective ASP implemen-
tation in nursing homes, and particularly for inappropriate empiric
prescribing, which is a highly prevalent practice. Despite the
general consensus supporting implementing guidelines for empiric
prescribing into nursing homes, its ability to provide meaningful
prescribing changes remains unclear. Although the intervention
received consensus for inclusion across all criteria, it was desig-
nated as necessary but insufficient by several participants. Other
interventions, such as educational interventions, also received
the necessary but insufficient designation. This finding is consis-
tent with literature describing the ineffectiveness of solely educa-
tional interventions.40 Participants consequently considered the
need for multifaceted interventions, or bundling several interven-
tions together, to provide meaningful prescribing changes.
Multifaceted interventions were included in the first round of the
survey, and although the intervention received favorable scores, the
intervention was eliminated from the second round of the survey
due to consensus regarding its lack of feasibility in nursing homes.
The panel determined that if ASPs are to be implemented into
nursing homes, ideally they should be implemented as a bundled
intervention; however, since that is likely not feasible for most
nursing homes, efforts should target improved guidelines for
empiric prescribing.

Findings from ameta-analysis and systematic review of ASPs in
nursing homes40 are consistent with our results. They highlight

some critical necessities of successful ASP implementation, par-
ticularly the importance of behavior change. The study found a
variable range of interventions applied across nursing home
settings, with some facilities emphasizing education, and others,
such as antibiotic reassessment, reflecting a lack of guidance.
Interventions that included an enabling component, such as audit
and feedback, were associated with increased effect. Including a
restrictive component, such as rules to limit prescribing, further
increased the effect of the intervention. Educational interventions
implemented in isolation were not associated with sustainably
improved antibiotic prescriptions. Improving patient education
may be an important component of ASPs.

Our evaluation is among the few to examine and prioritize a
number of interventions for improving antibiotic utilization in
nursing homes.21,26,40,41 As noted, nursing home settings are
suitable candidates for ASP implementation; however, research
evaluating individual interventions is limited and inconsistent,
and research targeting the selection and initial implementation
of ASPs is inadequate.

Our panel was professionally diverse. We were careful to
include representatives of various roles in the nursing home envi-
ronment, from nursing home physicians and nurses to residents
and family councils. Wemade a deliberate decision to include non-
experts (ie, residents and resident councils) and to deviate from the
traditional modified Delphi method. Indeed, residents and advo-
cates may play a substantial role in the prevalence of inappropriate
antibiotic use in nursing homes. Improving communication
between residents, nurses, and prescribers is critical for improving
antibiotic use, and we believe that diverse professional representa-
tion in our panel was essential for optimal intervention evaluation.

Our study has some limitations. Although our panel included
nursing home residents and caregivers, of the 6 physicians, we were
limited to 1 physician who provides primary care in a nursing
home. Several nursing home physicians were invited to participate
in our modified Delphi panel; however, only 1 agreed. Nursing
home physicians play a leading role in administering ASPs in nurs-
ing homes; additional nursing home physicians could have shared
further experience with previous attempts at implementing ASPs
in nursing homes. Furthermore, the participants were all from
Canada. Inclusion of more international participants could have
improved the generalizability of this study. Still, many of the par-
ticipants have national and international stature. Another limita-
tion is the inevitable social influence from certain participants.
Because the modified Delphi method utilizes face-to-face interac-
tion, some participants may have felt intimidated, thereby leading
to a false consensus. To address this challenge, we included an end-
of-day survey to assess the effects of social influence and intimida-
tion and to ensure that the process was conducted in a fair and
respectful manner. The results largely negated this contention,
thereby reinforcing our findings. Finally, these prioritized inter-
ventions were selected solely on consensus opinion and not on
solid evidence. Thus, their utility requires future study.

In this study, we prioritized guidance for implementing founda-
tional ASPs to improve inappropriate antibiotic use in nursing
homes. We have subsequently engaged nursing home associations,
physician groups, and accreditation bodies (many of which were
stakeholders in the Delphi panel process) to apprise them of this
work. Future efforts should consider improving the evidence base
of the interventions. Conjoint work with stakeholder groups
should encourage the inclusion of ASP implementation in nursing
homes as part of policy and procedure. Further research is needed
to assess the feasibility of ASPs in nursing homes, particularly

Table 2. Resources Needed for Improved ASP Implementation in Nursing
Homes

Resource Panel Comments

Electronic medical (EMR)
implementation

“Provincial report is essential – an EMR
capturing patient-level prescriptions.”

Central data repository “Centralized process to house guidelines,
then distribute them and assess their
usefulness at the local level.”

“Clinical Practice Guidelines team. Lead MD
in nursing homes would be part of the team.
Nurse managers. ID specialists. Residents.”

Establishing ASP team “A group tasked with summarizing current
guidelines and deciding which are
applicable to nursing homes.”

Better staffing in nursing
homes

“Continuity of care is a big issue. Staffing
issues. Very difficult to do with nursing home
staffing. Staffing not keeping up with
change.”

“May need more nursing time.”

Improved resource
availability in nursing
homes

“Need to change the system. Need funding
from Ministry of Health to make this
happen.”
“Need more resources and funding allocated
to ASPs.”
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multifaceted interventions, which are likely to be most impactful
for producing lasting prescribing changes.

Our research adds to evidence in the understudied area of anti-
biotic use and ASP implementation in nursing homes. Our consen-
sus approach underscores the lack of evidence contrasting ASP
interventions and provides nursing homes with a place to start,
particularly, with improved guidelines for empiric prescribing.
Nursing homes are primary candidates for ASPs; however, unlike
acute-care hospital settings, resources to select and implement
such interventions are mostly lacking in nursing home environ-
ments. There is insufficient information examining the capacity
for specific interventions, both individually and with a bundled
approach. Nursing home administrators attempting to implement
ASPs often rely on inconclusive literature and extrapolate evidence
from other healthcare settings. Our findings may not be general-
izable for reasons such as differences in nursing staff, family
engagement, and availability of on-site physicians.
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Appendix Table 1. First Round of Survey Results for
Clinical Decision Support Systems Across 5 Evaluative
Criteriaa,b

Intervention Scientific
Merit

Impact Feasibility Accountability Importance

CDSS 60% 87% 47% 60% 67%

aPercentages represent scores ranging between 7 and 9 in the survey per criterion.
bPercentages ≥ 75% .
Percentages between 50% and 74% .
Percentages< 50% .
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