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Abstract 

Background Antibiotic overuse at hospital discharge is common, costly, and harmful. While discharge-specific 
antibiotic stewardship interventions are effective, they are resource-intensive and often infeasible for hospitals 
with resource constraints. This weakness impacts generalizability of stewardship interventions and has health equity 
implications as not all patients have access to the benefits of stewardship based on where they receive care. There 
may be different pathways to improve discharge antibiotic prescribing that vary widely in feasibility. Supporting 
hospitals in selecting interventions tailored to their context may be an effective approach to feasibly reduce antibiotic 
overuse at discharge across diverse hospitals. The objective of this study is to evaluate the effectiveness of the Reduc-
ing Overuse of Antibiotics at Discharge Home multicomponent implementation strategy (“ROAD Home”) on antibi-
otic overuse at discharge for community-acquired pneumonia and urinary tract infection.

Methods This 4-year two-arm parallel cluster-randomized trial will include three phases: baseline (23 months), inter-
vention (12 months), and postintervention (12 months). Forty hospitals recruited from the Michigan Hospital Medi-
cine Safety Consortium will undergo covariate-constrained randomization with half randomized to the ROAD Home 
implementation strategy and half to a “stewardship as usual” control. ROAD Home is informed by the integrated-Pro-
moting Action on Research Implementation in Health Services Framework and includes (1) a baseline needs assess-
ment to create a tailored suite of potential stewardship interventions, (2) supported decision-making in selecting 
interventions to implement, and (3) external facilitation following an implementation blueprint. The primary outcome 
is baseline-adjusted days of antibiotic overuse at discharge. Secondary outcomes include 30-day patient outcomes 
and antibiotic-associated adverse events. A mixed-methods concurrent process evaluation will identify contextual 
factors influencing the implementation of tailored interventions, and assess implementation outcomes includ-
ing acceptability, feasibility, fidelity, and sustainment.
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Discussion Reducing antibiotic overuse at discharge across hospitals with varied resources requires tailoring 
of interventions. This trial will assess whether a multicomponent implementation strategy that supports hospitals 
in selecting evidence-based stewardship interventions tailored to local context leads to reduced overuse of antibiot-
ics at discharge. Knowledge gained during this study could inform future efforts to implement stewardship in diverse 
hospitals and promote equity in access to the benefits of quality improvement initiatives.

Trial registration Clinicaltrials.gov NCT06106204 on 10/30/23

Keywords Antibiotic stewardship, Hospital discharge, Urinary tract infection, Pneumonia, Facilitation, Tailoring, 
Integrated Promoting Action on Research Implementation in Health Services Research (i-PARIHS) framework, 
Transitions of care

Contributions to the literature

• This 40-hospital randomized controlled trial will test 
the effectiveness of a multicomponent implementation 
strategy to reduce the overuse of antibiotics at hospital 
discharge, which is common, costly, and harmful.

• The strategy is designed to promote equity in antibiotic 
stewardship by encouraging fit between interventions 
and hospital context so the benefits of stewardship can 
reach patients wherever they receive care.

• This trial will advance implementation science by 
improving understanding of the way tailoring, a com-
monly used but ill-defined strategy, works through pre-
cise specification of timing, people involved, steps in 
the process, and potential mechanisms of action.

Introduction
Antibiotic overuse is common, costly, and harmful [1–3]. 
Antibiotics prescribed at hospital discharge account for 
half of antibiotic days received by hospitalized adults 
with infections in the United States (US) [4–9]. Yet, up to 
70% of discharge antibiotic prescriptions are not guide-
line concordant; rather, they are unnecessary, have an 
excessive duration, or use a suboptimal agent [4, 5, 8]. 
Community-acquired pneumonia (CAP) and urinary 
tract infection (UTI), which together account for half of 
all hospital-related antibiotic use [10], are particularly 
prone to antibiotic overuse at discharge [11]. Antibiotic 
overuse at hospital discharge increases antibiotic-associ-
ated adverse events and antibiotic resistance, especially 
among vulnerable patients such as those residing in long-
term care facilities [12–14].

While some stewardship interventions to improve 
discharge antibiotic use have proved efficacious [15–
19], data are limited on how to implement them across 
hospitals with varied resources and capacity [20]. For 
example, stewardship interventions such as infec-
tious diseases (ID)-trained pharmacist-led audit and 

feedback or fluoroquinolone restriction integrated into 
hospital discharge planning have reduced antibiotic 
overuse at discharge [15]. However, these approaches 
are resource-intensive and often infeasible or unsus-
tainable at hospitals with limited resources (e.g., those 
without ID pharmacists) or shifting priorities. This lim-
itation impacts the generalizability of successful stew-
ardship interventions; though nearly all US hospitals 
have antimicrobial stewardship programs (ASPs), they 
vary considerably in their capacity to implement evi-
dence-based but resource-intensive interventions [21, 
22].

Insufficient knowledge of how to improve discharge 
antibiotic use across variable contexts may contribute 
to health inequity, as not all patients have access to the 
benefits of robust ASPs based on where they receive 
care [23]. Thus, there is an urgent need to design stew-
ardship interventions with broad dissemination in 
mind [24, 25]. Too often, investigators do not consider 
the fit between an intervention and the places it could 
be implemented [26, 27]. It is well established that “one 
size doesn’t fit all” in stewardship [28–30], but existing 
research does not adequately specify the mechanisms 
by which the tailoring of stewardship interventions 
to context occurs [31], a process that is ill-defined in 
implementation science more generally [32]. Poor spec-
ification of these tailoring mechanisms creates difficul-
ties for antibiotic stewardship research by hampering 
the interpretation of results, replication of intervention 
studies, and evidence synthesis. It also impedes scale 
up and broad implementation of stewardship interven-
tions found to be effective in one setting to others.

Evidence-based antibiotic stewardship interventions 
often involve individual or combinations of discrete 
strategies (e.g., prospective audit and feedback, updated 
guidelines, clinician education, behavioral nudges, 
clinical decision support) to move evidence-based 
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prescribing practices (guideline-concordant antibi-
otic use—the right drug for the right diagnosis, at the 
right dose, for the right duration) [33] into routine 
clinical practice by changing clinician behavior [34].1 
In the case of discharge antibiotic stewardship inter-
ventions, emerging evidence suggests there are differ-
ent pathways to improve antibiotic use that vary widely 
in feasibility [35]. Supporting hospitals in selecting 
evidence-based stewardship interventions tailored to 
their local context is likely more feasible and effective 
for diverse hospitals than a “one size fits all” approach 
to antibiotic stewardship at discharge which suggests, 
for example, that all hospitals should implement an ID 
pharmacist-led audit and feedback program [28]. Little 
is known about whether or how tailoring works in anti-
biotic stewardship to improve prescribing.

In this trial, we will be investigating the impact of a 
multicomponent implementation strategy (referred to as 
“the ROAD Home strategy”) on discharge antibiotic pre-
scribing for hospitalized adults with CAP and UTI. The 
ROAD Home strategy is intended to help hospitals select, 
tailor, and implement evidence-based interventions to 
improve discharge antibiotic prescribing (referred to as 
“stewardship interventions”).

Hypothesis and aims
The Reducing Overuse of Antibiotics at Discharge 
(ROAD) Home study is designed to test the hypothesis 
that hospitals randomized to a tailored, multicomponent 
implementation strategy that includes external facilita-
tion while allowing for local autonomy in selecting and 
implementing evidence-based stewardship interventions 
will have fewer days of antibiotic overuse at discharge 
than “stewardship as usual” in control hospitals.

The study has two aims: (1) to evaluate the effectiveness 
of the ROAD Home strategy on days of antibiotic overuse 
at discharge for hospitalized patients treated for CAP and 
UTI; and (2) to identify contextual factors influencing 

tailoring and implementation of tailored interventions, 
and assess implementation outcomes (acceptability, fea-
sibility, fidelity, and sustainment).

Methods and analysis
Trial design
A two-arm, parallel, cluster-randomized trial will assess 
the effect of the ROAD Home strategy on days of anti-
biotic overuse at discharge. We will recruit at least 40 
hospitals from within the Michigan Hospital Medicine 
Safety Consortium (HMS), a statewide 69-hospital col-
laborative consisting of diverse hospitals focused on 
improving the care of hospitalized patients. HMS hospi-
tals that agree to participate will undergo covariate-con-
strained randomization to improve balancing of hospital 
characteristics between groups with 1:1 allocation to the 
ROAD Home strategy vs. a “usual stewardship” con-
trol. In the 12-month intervention period, hospitals will 
implement their selected stewardship interventions while 
we assess days of antibiotic overuse at discharge and 
patient outcomes. During the intervention period and in 
the 12-month postintervention period, we will conduct 
a mixed-methods process evaluation to evaluate barri-
ers, facilitators, and implementation outcomes across 
hospitals.

Study setting
HMS is supported by Blue Cross/Blue Shield of Michi-
gan (BCBSM) and, since 2017, has focused on improv-
ing the care of hospitalized patients treated for UTI or 
CAP. Trained abstractors at each hospital collect data 
via medical record review of a pseudo-random sample 
of hospitalized patients with a positive urine culture or 
CAP within each hospital [7, 36, 37]. There are tri-annual 
HMS meetings (2 in person, 1 virtual) to share data and 
best practices. HMS was initially voluntary (pre-2020) 
but has become required for all eligible hospitals par-
ticipating in BCBSM’s value-based partnership program. 
HMS has established pay for performance antibiotic use 
metrics which promote improvement. However, HMS 
does not provide financial support for antibiotic stew-
ardship interventions nor specify how hospitals should 
achieve improvement. To date, there remains variation 
in performance on antibiotic performance metrics across 
HMS hospitals [36, 37]. Recruitment from HMS is highly 
pragmatic due to existing infrastructure which allows 
patient-level data collection, hospital survey administra-
tion, in person group meetings, and inclusion of diverse 
hospitals from across the state of Michigan. As of January 
2023, 69 (75%) of the 92 non-critical access, non-federal 
hospitals in the state of Michigan participate in HMS. 
Table 1 shows characteristics of HMS hospitals.

1 Evidence-based antibiotic stewardship interventions often promote de-
implementation since most of the evidence-practice gaps in antibiotic pre-
scribing demonstrate that patients receive antibiotics inappropriately (e.g., 
antibiotics prescribed for too long of a duration, an inappropriately broad 
spectrum drug is used when a narrow spectrum drug would be just as effec-
tive with fewer side effects) [34]. This is the case when it comes to the use 
of antibiotics at hospital discharge, where patients often receive antibiotics 
they do not need, for too long of a duration with a suboptimal drug [4, 5, 8]. 
In this trial, we aim to reduce antibiotic overuse at the time of hospital dis-
charge, which is an example of de-implementation. However, we are evalu-
ating the impact of a multicomponent strategy to support hospital-based 
stakeholders in implementing evidence-based stewardship interventions 
to reduce (de-implement) antibiotic overuse at hospital discharge. Because 
the action target of the multicomponent strategy we are testing is antibiotic 
stewardship stakeholders who we want to start doing something (vs. stop 
doing something), we refer to the phenomenon we are focusing on in this 
trial as implementation and not de-implementation.



Page 4 of 17Szymczak et al. Implementation Science           (2024) 19:23 

Participants
Stakeholders working in acute care hospitals who imple-
ment stewardship interventions (inner setting implemen-
tation leads) are the primary targets of the strategy being 
evaluated in the ROAD Home trial. These inner setting 
implementation leads will be the main point of contact 
between the ROAD Home study team and hospitals 
randomized to receive the ROAD Home strategy. Each 
hospital within HMS is represented by at least one data 
abstractor (usually a nurse with quality improvement 

training) and one physician champion. Many hospitals 
also include quality improvement representatives or 
leaders, administrators, additional physicians, and phar-
macists involved in antibiotic stewardship. Given the 
variation in stewardship stakeholder composition that 
naturally exists in HMS, we will allow hospitals to self-
select the individual(s) to represent them as implementa-
tion lead(s) within the trial.

Because the ROAD Home strategy is intended to 
increase the uptake of antibiotic stewardship interven-
tions known to reduce antibiotic overuse at hospital 
discharge, patients cared for in intervention arm hospi-
tals who are being treated for UTI or CAP are secondary 
targets, in that increased uptake of evidence-based anti-
biotic prescribing is expected to translate into improved 
clinical outcomes.

Inclusion/exclusion criteria
All hospitals participating in HMS are eligible to 
participate.

Recruitment
Hospital recruitment occurred in November 2023 at an 
in-person HMS collaborative meeting. Hospitals unable 
to attend the in-person meeting were contacted for a 
separate, virtual meeting in December 2023. Representa-
tives from eligible hospitals were invited to an in-person 
recruitment session led by the ROAD Home investiga-
tive team. To improve trial retention and commitment 
to study procedures, we employed an adapted Methods 
Motivational Interviewing approach [38] for recruit-
ment where we (a) set clear participant expectations, (b) 
introduced the trial including rationale for key elements 
of study design, and (c) diffused ambivalence about 
trial participation through small group discussion. This 
process has been shown to improve study retention in 
behavioral clinical trials [39]. Recruitment is still ongo-
ing. The recruitment goal, based on power calculations 
(see below), was at least 40 hospitals; given the goals of 
HMS, we did not turn away hospitals interested in partic-
ipating once our goal of 40 was reached. As of December 
20, 2023, 50 hospitals have agreed to participate.

Randomization
The trial will randomize study hospitals in a 1:1 alloca-
tion ratio to two arms: “ROAD Home strategy” inter-
vention vs. “usual stewardship” control (see Fig.  1 for 
CONSORT Diagram). Eligible hospitals that agree to 
participate will undergo covariate-constrained ran-
domization to improve balancing of critical hospital 
characteristics between groups. Covariate-constrained 
randomization allows for balancing of multiple pre-
specified characteristics of interest when the number of 

Table 1 HMS hospital characteristics, n = 69 hospitals

HMS Michigan Hospital Medicine Safety Consortium, RUCC  Rural–urban 
continuum code, ID Infectious diseases, IQR Interquartile range, ROAD Reducing 
overuse of antibiotics at hospital discharge
a Data element ascertained through HMS annual survey
b Weighting refers to the point value given to each intervention in use (each 
Tier 1 intervention = 1 point, each Tier 2 intervention = 2 points, each Tier 3 
intervention = 3 points)

Bed size; median (IQR) 277 (169–381.5)

Rurality; n (%)

 Metropolitan (RUCC 1–3) 55 (80%)

 Rural 14 (20%)

  Somewhat rural (RUCC 4–6) 7 (10%)

  Very rural (RUCC 7–9) 7 (10%)

Leader of antibiotic stewardship program; n (%)a

 ID physician and ID pharmacist 30 (43%)

 Other 39 (56%)

  ID physician OR ID pharmacist 34 (49%)

  Neither ID-trained 5 (7%)

ID availability; n (%)a

 Onsite daily 45 (65%)

 Onsite occasionally 10 (14%)

 Remote only (phone or virtual) 8 (12%)

 None 6 (9%)

Minority serving populations; median (IQR) 18.1% (8.7%–35.6%)

Safety net populations; median (IQR) 8.1% (5.3%–11.7%)

Baseline number of ROAD Home interventions; median (IQR)a,b

 Unweighted 15 (11–18)

 Weighted 27 (20–32)

Baseline number of discharge-specific interventions; n (%)a

 0 35 (51%)

 1 25 36%)

 ≥ 2 9 (13%)

Part of system; n (%)

 National 16 (23%)

 State 48 (70%)

 No 5 (7%)

Electronic medical record vendor

 Epic 35 (51%)

 Cerner 21 (30%)

 Other 12 (17%)

 Not reported 1 (1%)
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characteristics is high compared to the number of clus-
ters being randomized [40]. Characteristics that will 
be included in the constrained randomization process 
include (a) baseline antibiotic overuse at discharge; (b) 
year of entry into HMS; (c) social needs of population 
being served by the hospital (classified as rural hospital) 
(defined as either somewhat or very rural using Rural 
Urban Continuum Code (RUCC) score > 3) [41], Minor-
ity Serving Hospital or Safety Net Hospital (defined as 
hospital with RUCC score of 1 or 2 and either top 25% 
non-white and/or Hispanic population or top 25% 
Medicaid or uninsured population, respectively) [42] 
or neither; (d) composition of ASP leadership (is the 

ASP team led by both an ID physician and an ID phar-
macist or not); and (e) baseline number of stewardship 
interventions already implemented (weighted using 
our published ROAD Home framework) [35]. We will 
select from randomization sequences that have a bal-
ance of ± 10% or ± 2 sites between arms for continuous 
and categorical variables, respectively. All hospitals will 
be allocated to intervention or control arms simultane-
ously, negating the need for allocation concealment (see 
Fig.  2 for SPIRIT flow diagram). Due to the need for 
investigators to participate in the delivery of the ROAD 
Home strategy, neither investigators nor hospitals will 
be blinded to their assignment.

Fig. 1 CONSORT diagram. HMS, Michigan Hospital Medicine Safety Consortium; MMI, methods motivational interviewing. aHospitals will undergo 
covariate-constrained randomization to improve balancing of critical characteristics between groups with 1:1 allocation
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Intervention hospitals
Development of ROAD Home
ROAD Home is a multicomponent implementation strat-
egy that combines (a) evaluative techniques to under-
stand hospital context, (b) tailoring of stewardship 
interventions to that context, (c) external facilitation, 
and (d) active participation from hospitals to address 
known barriers to the implementation of discharge anti-
biotic stewardship. We developed ROAD Home based 
on extensive formative research on the current discharge 
stewardship landscape, approaches to reduce discharge 
overuse across hospital contexts, and quantitative asso-
ciations of different stewardship interventions with anti-
biotic overuse at discharge [7, 35, 43, 44]. This research 
demonstrated three primary findings that informed the 
creation of ROAD Home. First, the stewardship interven-
tion that has demonstrated efficacy and is most recom-
mended (prospective audit and feedback on discharge 
antibiotic prescriptions by a clinical or ID pharmacist) 

[15] to improve discharge prescribing is resource inten-
sive and not feasible or sustainable for most hospitals, 
and thus rarely used [7, 16, 44–47]. Second, there appear 
to be multiple pathways to improve discharge antibiotic 
prescribing through combinations of stewardship inter-
ventions that vary widely in feasibility [4, 35]. Third, anti-
biotic stewardship interventions that are implemented 
using a participatory approach are more likely to be suc-
cessful than “top down” approaches because they pro-
mote stakeholder engagement and tailoring of strategies 
to context [30, 48–53].

Considering these findings in concert with the inte-
grated-Promoting Action on Research Implementation 
in Health Services (iPARIHS) framework, we selected 
a group of implementation strategies that are likely to 
promote the tailoring of stewardship interventions to 
improve discharge antibiotic prescribing [54]. iPARIHS 
suggests that successful implementation is a function of 
the quality of the evidence to be implemented and the 

Fig. 2 SPIRIT flow diagram: schedule of enrollment, interventions, and assessments
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way the stakeholders perceive this evidence; the charac-
teristics of the setting or context in which implementa-
tion occurs; and the way that evidence is introduced or 
facilitated into practice [55]. Facilitation is central in 
iPARIHS, which posits that facilitation enables successful 
implementation by connecting action around new prac-
tices with the people who need to implement the new 
practice in a context-adaptive manner [56]. ROAD Home 
is intended to support inner setting implementation leads 
tasked with quality improvement and/or antibiotic stew-
ardship to implement interventions to improve antibi-
otic use at hospital discharge. An additional file includes 
a table that specifies each strategy included in ROAD 
Home (see Additional file  1) [57]. Figure  3 depicts our 
Implementation Research Logic Model [58] elaborating 
the connections between implementation determinants, 
strategies, and outcomes addressed in the ROAD Home 
Trial.

The ROAD Home strategy
Hospitals randomized to receive ROAD Home will 
undergo (1) a baseline needs assessment to create a tai-
lored suite of discharge stewardship interventions, (2) 
supported decision-making in selecting interventions 
to implement, and (3) external facilitation following 
an implementation blueprint (Fig.  4). We describe each 
strategy below.

Baseline needs assessment and development of customized 
suite of stewardship interventions
Hospitals will undergo a baseline assessment including 
an audit of baseline antibiotic use at discharge to identify 
areas of high overuse and a needs assessment. The needs 
assessment—conducted via HMS annual survey—will 
assess antibiotic stewardship interventions currently in 
use (and, if in use, how frequently, on what patient popu-
lations, and by whom), existing resources, infrastructure, 
hospital priorities, and anticipated barriers to implemen-
tation. Based on the findings of this local needs assess-
ment, study investigators will generate a tailored suite of 
potential stewardship interventions for each hospital.

The tailored suite created for each hospital rand-
omized to receive ROAD Home is based on a frame-
work we developed that specifies a three-tiered suite 
of evidence-based discharge antibiotic stewardship 
interventions [4, 11, 35]. Tier 1 includes critical stew-
ardship infrastructure (e.g., guidelines); Tier 2 includes 
inpatient-focused stewardship interventions (e.g., inpa-
tient-focused audit and feedback); and Tier 3 includes 
discharge-focused stewardship interventions (e.g., audit 
and feedback of discharge prescriptions). While Tier 3 
interventions individually have been shown to be most 
efficacious [15, 17, 19, 35], we found in a retrospective 
analysis [35] that implementing three Tier 1 interven-
tions, or one Tier 1 and one Tier 2 intervention, had a 

Fig. 3 ROAD Home Trial Implementation Research Logic Model. CFIR, Consolidated Framework for Implementation Research, Damschroder 
et al. Implementation Science (2022). ERIC, Expert Recommendations for Implementing Change, Powell et al. Implementation Science (2015). HMS, 
Michigan Hospital Medicine Safety Consortium. Implementation Research Logic Model Template from Smith et al. Implementation Science (2020). 
Color coding indicates the connection between the ERIC strategy and mechanism proposed for how it impacts implementation outcomes 
(underlined). +  = facilitator.—= barrier
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similar effect on antibiotic prescribing at discharge as 
implementing a single Tier 3 intervention. Thus, rather 
than suggesting all hospitals implement the same inter-
vention to improve discharge prescribing, ROAD Home 
supports hospitals in selecting intervention(s) to imple-
ment based on their existing priorities, resources, and 
infrastructure [35]. Interventions have been given a 
point value (each Tier 1 intervention = 1 point, each Tier 
2 intervention = 2 points, each Tier 3 intervention = 3 
points). The only requirement is that hospitals select 3 
points worth of interventions to implement, which they 
can achieve by selecting a single Tier 3 intervention, or a 
combination of Tier 2 and Tier 1 interventions, or three 
Tier 1 interventions.

Each hospital will receive a tailored ROAD Home suite 
with a personalized graphic (see Fig.  5) that specifies 
ROAD Home interventions at each tier placed in one of 
four groups: (a) already doing well (no need to change); 
(b) intervention we recommend adding/changing; (c) 
intervention your hospital could implement, but may be 
unnecessary given performance; or (d) intervention your 
hospital could implement, but there are barriers. Recom-
mended interventions will add up to 3 points but can be 
changed based on hospital preference.

Supported decision‑making to select and tailor interventions
After intervention hospitals review their tailored suite, 
they will meet virtually with study investigators to ask 
questions, provide clarifying information, and suggest 
edits to which 3 points they choose from the suite. Stew-
ardship interventions not included in the original suite 
may also be considered; novel interventions will be given 
a point value determined by study investigators based on 
the most appropriate Tier fit. With assistance from the 
study investigators, intervention hospital implementa-
tion lead(s) will select a total of 3 points of interventions 

Fig. 4 ROAD Home strategy. HMS, Michigan Hospital Medicine 
Safety Consortium

Fig. 5 Example tailored ROAD Home suite
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to implement. While study investigators will facilitate a 
discussion of the anticipated benefits, drawbacks, bar-
riers, facilitators, and resources needed for each poten-
tial intervention, the hospital implementation lead(s) 
will make the final decision on which interventions to 
include.

External facilitation following an implementation blueprint
Once interventions have been selected, study investiga-
tors will facilitate a discussion about implementation, 
starting with the hospital implementation lead(s) select-
ing a start date within a 3–6-month window and creat-
ing an implementation blueprint. The blueprint will 
map out the specific steps, a timeframe with milestones, 
responsible people (or groups), and resources needed to 
implement ROAD Home interventions. An additional 
file shows a sample implementation blueprint (see Addi-
tional file  2) [59]. The hospital implementation lead(s) 
will be provided with a blueprint template, instructions 
to fill it out, and a request to submit it for review within 
1 month. Study investigators will review the blueprint for 
completeness and ask clarifying questions if necessary. 
As intervention hospitals prepare to implement their 
selected interventions, they will have access to adaptable 
tools from study investigators to support implementation 
of the selected interventions. For example, if a hospital 
decides (for 1 point) to create and implement institution 
specific UTI guidelines, we will provide a guideline tem-
plate that can be tailored (e.g., adding their hospital logo, 
utilizing context-specific language).

As part of external facilitation, all hospitals will have 4 
additional meetings with study investigators and other 
intervention hospitals during HMS meetings. The first, 
just prior to the intervention period, will be a “kick-off” 
meeting where study investigators will facilitate a dis-
cussion among hospital implementation leads including 
a high-level presentation of themes that cut across the 
implementation blueprints related to anticipated barri-
ers. The purpose of this meeting is to engage meaning-
fully with intervention hospitals prior to launch, build 
enthusiasm for the approach, and develop a sense of 
camaraderie across sites. During the intervention period, 
hospitals will have 2 “check-in” sessions and 1 close out 
session during HMS collaborative wide meetings. These 
meetings will be led by the study investigators who will 
facilitate a discussion about study progress, challenges, 
and strategies to overcome challenges. These meetings 
have three primary functions to facilitate implementa-
tion: (1) foster a learning climate among hospitals so that 
implementation leads can share with each other strat-
egies they have used to address barriers; (2) promote 

accountability for follow through on the planned ROAD 
Home interventions, which will increase fidelity to the 
implementation blueprints; and (3) increase implementa-
tion leads’ self-efficacy to make change at their hospital.

Control hospitals
The study’s primary aim is to understand whether the 
ROAD Home strategy results in fewer days of antibi-
otic overuse at discharge compared to “usual steward-
ship.” With this goal in mind, hospitals randomized to 
the control group will continue usual HMS activities and 
their existing stewardship interventions. As described 
previously [36, 37], usual HMS activities include hospi-
tal benchmarking of key quality metrics (e.g., pneumo-
nia antibiotic duration), sharing best practices during 3 
times per year meetings, and pay-for-performance met-
rics. These activities may touch on discharge prescribing 
(e.g., during best practices discussion) but discharge pre-
scribing will not be the focus (i.e., pay-for-performance 
metrics will not be discharge antibiotic use). Individual 
hospital activities are not specific to HMS but hospitals 
often use HMS data to improve antibiotic prescribing. 
It is possible that some control hospitals may decide to 
focus on improving discharge antibiotic use during the 
intervention period. However, they will not receive any 
of the ROAD Home strategies including baseline data 
analysis or needs assessment, tailored suite, supported 
decision-making in selecting interventions to imple-
ment, an implementation blueprint, adaptable steward-
ship tools, or external facilitation. We will assess ongoing 
and new stewardship interventions (including discharge-
focused interventions) implemented in both intervention 
and control hospitals via annual required HMS surveys 
to identify which, if any, control hospitals worked on 
improving discharge antibiotic use during the interven-
tion period and conduct a per protocol sensitivity anal-
ysis that excludes control hospitals that started a new 
discharge-focused stewardship intervention.

Study outcomes
Primary outcome
Our primary study outcome will be baseline-adjusted 
days of antibiotic overuse at discharge, defined by our 
extensively tested, guideline-based method (with minor 
updates applied to reflect national guideline changes) 
[4, 11, 35]. Antibiotic overuse at discharge includes a 
composite of unnecessary antibiotic use (e.g., antibiot-
ics for asymptomatic bacteriuria [ASB]), excessive anti-
biotic duration (e.g., > 3–5  days for most patients with 
CAP), and avoidable fluoroquinolones (e.g., ciprofloxa-
cin use for a patient with uncomplicated cystitis who 
has no allergies).
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Balancing metric
Prior data suggest that excessive antibiotic use does not 
improve patient outcomes [60]. To ensure no unintended 
patient harm occurs from reducing antibiotic overuse 
at discharge, we will use a non-inferiority framework to 
analyze composite 30-day post-discharge patient out-
comes including mortality, readmission, or urgent visit 
(i.e., urgent care or emergency care visit).

Secondary outcome
Our composite clinical secondary outcome is antibiotic-
associated adverse events defined using our prior metrics 
[4, 7, 61] including common side effects such as gastroin-
testinal upset and candidiasis as well as potentially life-
threatening side-effects such as Clostridioides difficile 
infection (CDI). Side effects will be gathered through a 
combination of chart review and 30-day post-discharge 
patient phone calls.

Data collection, completeness, and quality
Antibiotic overuse at discharge—including the clini-
cal data needed to define “overuse”—will be collected as 
part of HMS’ ongoing quality improvement initiatives. In 
HMS, discharge antibiotic prescriptions and discharge 
summaries are reviewed by trained clinical abstractors 
who collect antibiotic name, start, and stop dates, dis-
charge antibiotic duration, number of pills dispensed, 
indications, dose, and frequency. All other patient data, 
including symptoms, diagnostic testing results, and 
inpatient antibiotic treatment will be obtained via HMS 
medical record review as described previously [4, 7, 37]. 
Thirty-day post-discharge outcomes will be obtained 
through HMS via a combination of medical record review 
and patient phone calls. In HMS, all patients who survive 
to hospital discharge have 30-day outcomes obtained via 
medical record review. In addition, patients eligible for 
a discharge phone call (i.e., those not discharged to hos-
pice, prison, or a skilled care facility or those not known 
to have died or been rehospitalized) are called 30  days 
after hospitalization (3 attempts made) to obtain infor-
mation on antibiotic-related adverse effects and any addi-
tional 30-day outcome data that might be missing from 
the medical record. HMS has collected data on mortality, 
readmission, need for additional care (i.e., urgent/emer-
gent visit), and antibiotic-associated adverse events, via 
this method since 2017 [7, 11, 61].

Statistical analysis
Sample size
Over the study period, we anticipate including ~ 8000 
patients in the intervention arm and ~ 8000 patients in 
the “usual stewardship” control arm (~ 400 patients/hos-
pital/year). We estimated sample size and power based 

on the number of clusters (20 per arm) and using previ-
ously published data on antibiotic overuse at discharge, 
including in HMS hospitals [11, 35, 62], which found 
(a) baseline 2.2  days of antibiotic overuse at discharge 
per patient (or 4.4 days per patient with overuse); (b) an 
intraclass correlation coefficient (ICC) for our primary 
outcome (days of antibiotic overuse at discharge) of 0.03 
to 0.035; and (c) the average number of patients included 
per hospital per year (400). Estimates of effect size were 
determined based on the minimal clinically important 
difference (MCID) needed to improve distal public health 
outcomes (20%) [63–66] and plausible intervention effect 
size (24.8–40%) [15–17, 19, 67]. Given a high number of 
zeros (i.e., many patients with no antibiotic overuse at 
discharge), we used a negative binomial regression to esti-
mate power. Under these conditions, a baseline-adjusted 
cluster randomized trial with 40 hospitals would have 80 
to > 90% power (depending on ICC estimate) to detect 
the MCID (a 20% absolute difference in days of antibiotic 
overuse at discharge) and > 90% power to detect the mini-
mum plausible effect size (a 24.8% difference).

Analysis of primary outcome
Our primary intention-to-treat analysis will compare the 
average baseline-adjusted days of antibiotic overuse at 
discharge in the intervention arm vs. the usual steward-
ship control arm during the 12  months of study inter-
vention. We will compare antibiotic overuse at discharge 
between treatment groups using a generalized linear 
mixed-effects model (or generalized estimating equa-
tion analysis if the mixed-effects model is numerically 
intractable) accounting for correlation of patients within 
hospitals and adjusting for baseline antibiotic overuse at 
discharge, as well as patient covariates that were included 
in the covariate-constrained randomization procedure. 
To account for the over-abundance of zeros in the data 
(i.e., no days of antibiotic overuse at discharge), we will 
use a negative binomial or zero-inflated Poisson outcome 
model [68]. We will additionally control for time since 
the study began in months and as a secondary analysis 
we will examine a treatment group interaction with time. 
We plan to estimate treatment effects within the follow-
ing a priori subgroups: baseline discharge antibiotic over-
use tertiles, social needs of population being served by 
the hospital (i.e., rurality, minority serving safety net, or 
neither), condition (i.e., CAP, UTI), and type of antibi-
otic overuse at discharge (i.e., unnecessary, excess dura-
tion, suboptimal fluoroquinolone). Exploratory analyses 
will determine the trajectory of the intervention effect 
(i.e., slope change, differences at 3, 6, 12, 18  months 
[sustainability] after intervention) and effect of different 
stewardship intervention combinations. We will conduct 
sensitivity analyses (a) dropping control hospitals that 
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begin a Tier 3 intervention and (b) dropping interven-
tion hospitals that fail to implement their selected ROAD 
Home interventions.

Analysis of secondary outcomes
We will repeat the above analysis for clinical patient 
outcomes including the composite 30-day outcome and 
composite 30-day antibiotic-associated adverse events. 
Since our secondary outcomes are binary, we will use 
Bernoulli outcome models with a log link to express the 
estimated treatment effects as ratios of the risks of dis-
charge antibiotic overuse, as is generally preferred for 
clinical trials [69]. The clinical patient outcomes balanc-
ing metric will be analyzed in a non-inferiority testing 
framework within our generalized linear mixed-effects 
model, testing whether 30-day patient outcomes are not 
worse in the intervention arm relative to the control arm. 
We expect these adverse clinical outcomes to be rare, 
and plan to use a relative non-inferiority margin of 50% 
to demonstrate non-inferiority of the intervention arm 
to the control arm. For our secondary outcome of 30-day 
antibiotic adverse events, we will conduct a conventional 
test of differences using a 2-sided test and a 0.05 signifi-
cance level.

Mixed‑methods concurrent process evaluation
To identify contextual factors influencing the implemen-
tation of the ROAD Home strategy, and to understand 
how tailoring works to promote or impede the uptake of 
evidence, we will conduct a concurrent mixed methods 
process evaluation [70]. Qualitative and quantitative data 
(observations, hospital surveys, stakeholder interviews, 
document analysis) will be gathered during the pre-
intervention, intervention, and postintervention periods 
across all 20 intervention hospitals. Our Implementation 
Research Logic Model (Fig. 3), informed by the updated 
Consolidated Framework for Implementation Research 
(CFIR) and iPARIHS, will be used to organize our process 
evaluation [71].

Implementation outcomes
We hypothesize that tailoring will work to improve dis-
charge antibiotic use by supporting hospitals in select-
ing stewardship interventions that are well-matched to 
the context of their inner setting. The constructs within 
CFIR’s inner setting domain are most relevant to under-
standing how well stewardship interventions “fit” with 
context. We will examine structural characteristics 
(information technology infrastructure and work infra-
structure), relational connections between stewardship 
and prescribers, internal communications, and degree of 
organizational learning-centeredness [71]. Relevant inner 

setting constructs include tension for change, compat-
ibility, relative priority, available resources, and access to 
knowledge and information. We will examine how the 
ROAD Home strategy interacts with these determinants 
to influence four implementation outcomes: acceptabil-
ity, feasibility, fidelity, and sustainment (Table 2).

Data collection

Observations We will take detailed observational notes 
during all meetings between study investigators and 
intervention hospitals. This includes the virtual meet-
ing we will have with each hospital to review their needs 
assessment, present the tailored suite, and support them 
in selecting 3 point’s worth of interventions. We will 
observe all ROAD Home intervention hospital meetings 
at the triannual HMS in-person meeting. Trained study 
staff will use an observation template informed by CFIR 
to take notes on the discussions and interactions that 
occur during the meeting. Observations will be used to 
ascertain fidelity to the ROAD Home strategy (e.g., do 
hospitals attend ROAD Home meetings, do hospitals 
turn in their implementation blueprint) and fidelity to 
the selected antibiotic stewardship interventions (e.g., 
do hospitals abandon the intervention(s) they initially 
selected, do hospitals modify the planned intervention(s), 
do hospitals only partially implement an intervention).

Survey We will conduct two types of surveys—one to 
examine hospital characteristics, needs, stewardship 
interventions, feasibility, and acceptability and the sec-
ond to examine fidelity to the implementation blueprint. 
First, HMS requires hospitals to respond to biannual sur-
veys as a condition of participation [72]. Hospital charac-
teristics that will inform the baseline assessment, includ-
ing ongoing existing discharge antibiotic stewardship 
interventions, hospital priorities, and resources, will be 
obtained via the biannual HMS survey. At the end of the 
intervention period, we will add a series of items to the 
HMS survey to ascertain feasibility and acceptability of 
the ROAD Home strategy and the selected ROAD Home 
stewardship interventions. Second, we will administer a 
series of surveys to implementation lead(s) at months 3, 
6, and 9 of the intervention period to monitor fidelity to 
the implementation blueprint.

Semi‑structured interviews In the 4  months, follow-
ing the completion of the intervention period, we will 
conduct virtual semi-structured interviews with each 
intervention hospital’s implementation lead(s) and any 
other key stakeholders identified during the implementa-
tion process. The purpose of the interviews is to identify 
barriers and facilitators to implementation and assess 
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acceptability, feasibility, fidelity, and sustainment of the 
discharge stewardship interventions selected. We will 
also ask questions about their experiences with the tai-
loring process. Interviews will be conducted by a trained 
member of the investigative team using a guide informed 
by CFIR with additional questions tailored to the hospital 
based on information gathered during observations.

Document analysis We will ask intervention hospitals 
to share documents, tools, or guidelines they created to 
support implementation of selected stewardship inter-
ventions at their hospital. This can include copies of new 
guidelines, screenshots of clinical decision support, edu-
cational materials, and/or organizational messaging. Val-
uable information about implementation, including fidel-
ity and adaptation to context, are encompassed in objects 
that organizations create to support the integration of an 
intervention into routine use [73–75].

Data analysis

Qualitative analysis Interview transcripts, notes, and 
hospital artifacts will be uploaded to QSR NVivo soft-
ware [76]. The codebook will be created to include a 
priori codes derived from CFIR, iPARHIS, and the Proc-
tor et  al. [77] taxonomy of implementation outcomes. 
We will augment the codebook with concepts that arise 
during data collection and after a period of familiariza-
tion with the data [78–80]. A sample of documents will 
be double-coded and inter-coder reliability assessed with 
discrepancies resolved by consensus. After coding, we 
will use framework matrices to examine variation across 
respondents, performance, and organizational context.

Quantitative analysis Descriptive statistics (means, 
standard deviations, frequencies, percentages) will be 
used to summarize fixed‐response survey items. T-tests 
will be used for comparisons. For categorical items, 
responses will be examined as frequencies and compari-
sons will be made with the chi-square or fisher-exact test, 
as appropriate. For all analyses, p < 0.05 will be consid-
ered significant. Survey responses will also be compared 
by hospital characteristics.

Discussion
The ROAD Home trial is a two-arm parallel cluster RCT 
of a tailored, multicomponent implementation strat-
egy to improve the quality and safety of discharge anti-
biotic prescribing. It includes external facilitation to 
support diverse hospitals in selecting and implement-
ing evidence-based antibiotic stewardship interventions 

based on local context. This will be a large-scale, multi-
site study testing the impact of implementation strate-
gies to improve uptake of stewardship across hospitals 
with varied implementation capacity. Too often, antibi-
otic stewardship research has applied a “one-size-fits-all” 
approach to interventions, leading to a widening imple-
mentation gap across diverse contexts—where antibiotic 
prescribing at academic medical centers (which tend to 
be heavily resourced) improves while antibiotic prescrib-
ing at critical access and community hospitals remains 
stagnant [45, 47, 81–83].

The ROAD Home trial is informed by the idea that 
achieving equity in antibiotic stewardship requires that 
all patients, wherever they receive care, can access the 
health benefits produced by stewardship, such as reduc-
tions in antibiotic-associated adverse events, optimized 
therapy to treat infection, and decreased transmission of 
antibiotic-resistant bacteria. Through inclusion of diverse 
hospital contexts (e.g., rural, urban, community), which 
are reflective of the places many vulnerable, minoritized, 
and marginalized patients receive care, the ROAD Home 
trial will generate knowledge that explicitly advances the 
integration of health equity into antibiotic stewardship. 
ROAD Home will do so by targeting the organization’s 
inner setting. The inner setting has been overlooked in 
the field’s recent increased focus on equity which has 
instead centered on interactions between patients and 
clinicians or social determinants of health in the outer 
setting that increase an individual’s risk of acquiring an 
antibiotic resistant infection [84].

In addition to specifying determinants, mechanisms, 
and outcomes that clarify “how” to improve antibi-
otic use through tailoring, there are several additional 
strengths of this study. First, it represents a departure 
from the status quo given its rigorous study design as a 
multi-center randomized, controlled trial that includes 
hospitals with a range of resources and capacities for 
stewardship, allowing us to closely examine the impact 
of hospital context on implementation. Second, we 
have carefully selected our implementation strategies 
based on known barriers and facilitators to integrating 
stewardship into resource-constrained settings. While 
these barriers have been widely identified, there is little 
research systematically examining strategies to overcome 
them. Our trial will generate knowledge that explicitly 
addresses the implementation gap in stewardship science 
more broadly, beyond our specific target of antibiotic 
prescribing at hospital discharge. Third, we will evaluate 
an innovative primary outcome which combines three 
types of antibiotic overuse (unnecessary, excess duration, 
avoidable fluoroquinolones) into a single guideline-based 
validated metric which will be assessed for ~ 8000 inter-
vention patients.
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The study also has limitations. It is possible that hospi-
tals will drop out of the trial, and that hospitals with the 
most obstacles to improvement (whom we are trying to 
reach) may disproportionately drop out. We will include 
hospitals that drop out in an intention-to-treat analy-
sis. Even if hospitals stop participating in the trial, it is 
unlikely that they will drop out of HMS (none has left the 
consortium in the last 2 years), which allows us to include 
their data. A second limitation is that we are gathering 
data on implementation outcomes reflective of the organ-
ization by only a small number of individuals (e.g., 1–2 
implementation leads). We believe that this approach is 
justified because the target of action of our implementa-
tion strategies are those individuals tasked with leading 
antibiotic stewardship interventions in hospitals. These 
individuals play a critical role in changing prescriber 
behavior by modifying organizational-level systems or 
through direct interaction [85–87]. They can be thought 
of as “agents of implementation” [88]. Conducting this 
trial in HMS somewhat limits our generalizability in 
that the structure of the collaborative introduces incen-
tives for hospitals to participate and focus on stewardship 
through pay for performance (P4P) antibiotic use meas-
ures, which do not exist for most hospitals in the US. 
Future work will evaluate the effect of the ROAD Home 
strategy outside of a pre-existing quality collaborative. 
Finally, although we believe it is unlikely, hospitals in our 
control group may implement interventions to improve 
discharge prescribing to achieve P4P, which may impact 
our ability to detect a difference. We will test for this in a 
sensitivity analysis but it may reduce our overall power to 
detect difference in outcomes.

Improving discharge antibiotic prescribing across hos-
pitals with varied needs and resources requires tailoring 
of interventions to local context. The ROAD Home trial 
will assess whether a multi-component implementation 
strategy combining tailoring and external facilitation leads 
to reduction in antibiotic overuse at hospital discharge. 
Knowledge gained during this study could inform future 
efforts to implement stewardship and patient safety inter-
ventions in diverse hospital contexts to promote equity in 
access to the benefits of quality improvement initiatives.
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