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Aim: Preventing unnecessarily long durations of antibiotic therapy is a key opportunity to reduce antibiotic
overuse in children 2 years of age and older with acute otitis media (AOM). Pragmatic interventions
to reduce durations of therapy that can be effectively scaled and sustained are urgently needed. This
study aims to fill this gap by evaluating the effectiveness and implementation outcomes of two low-cost
interventions of differing intensities to increase guideline-concordant antibiotic durations in children with
AOM. Methods: The higher intensity intervention will consist of clinician education regarding guideline-
recommended short durations of antibiotic therapy; electronic health record (EHR) prescription field
changes to promote prescribing of recommended short durations; and individualized clinician audit and
feedback on adherence to recommended short durations of therapy in comparison to peers, while the
lower intensity intervention will consist only of clinician education and EHR changes. We will explore
the differences in implementation effectiveness by patient population served, clinician type, clinical
setting and organization as well as intervention type. The fidelity, feasibility, acceptability and perceived
appropriateness of the interventions among different clinician types, patient populations, clinical settings
and intervention type will be compared. We will also conduct formative qualitative interviews with
clinicians and administrators and focus groups with parents of patients to further inform the interventions
and study. The formative evaluation will take place over 1.5 years, the interventions will be implemented
over 2 years and evaluation of the interventions will take place over 1.5 years. Discussion: The results of
this study will provide a framework for other healthcare systems to address the widespread problem of
excessive durations of therapy for AOM and inform national antibiotic stewardship policy development.

Clinical Trial Registration: NCT05608993 (ClinicalTrials.gov)

Plain language summary
What is this article about? Ear infections are the most common reason children are prescribed antibiotics.
National guidelines recommend 5–7 days of antibiotics for most children over 2 years of age, but over
90% of children are prescribed durations over 5–7 days, resulting in unnecessary exposure to antibiotics.
This article details the protocol for a study that evaluates two interventions that aim to reduce antibiotic
overuse in children 2 years of age and older with ear infections. This study takes place in 35 clinics at
Vanderbilt University Medical Center in Nashville, TN, USA and Washington University Medical Center in
MO, USA.
How will the results of this study be used? The results of this study will provide a framework for other
healthcare systems to address the widespread problem of longer than necessary durations of antibiotic
treatment and help inform the development of policies to guide how clinicians prescribe antibiotics for
childhood ear infections.
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Tweetable abstract: This study evaluates interventions to reduce antibiotic overuse in children with ear
infections. It will provide a framework to address the problem of excessive durations of therapy and inform
stewardship policy.

First draft submitted: 31 May 2023; Accepted for publication: 27 September 2023; Published online:
19 October 2023
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Background
Acute otitis media (AOM) is the most common indication for antibiotics in children, affecting over 5 million
children and resulting in greater than 10 million antibiotic prescriptions annually in USA [1–3]. By 3 years of age,
60% of children will have had AOM at least once [1]. For most children 2 years of age and older, 5–7-day antibiotic
durations, rather than conventional 10-day durations, have been shown to be sufficient for treating AOM [4]. Thus,
national guidelines recommend 5–7-day antibiotic durations for non-severe AOM in this age group [5]. Despite
these recommendations, more than 90% of children 2 years of age and older are prescribed longer durations [6–8]

which results in substantial unnecessary antibiotic exposure. It is estimated that more than 40% of all antibiotic-days
prescribed for AOM are unnecessary [7]. This may harm children by causing adverse drug events (ADE) [9], selecting
for antibiotic-resistant bacteria [10], and increasing risk for Clostridioides difficile infection [11]. Antibiotic exposure
is also associated with the development of chronic diseases later in life [12–14].
One method to reduce unnecessary antibiotic exposure is to use the shortest duration of antibiotics needed to
effectively treat an infection. In a recent single-center study to promote use of the shortest guideline-recommended
duration of therapy for AOM, an intervention that included clinician education, individualized clinician audit and
feedback with peer comparison, and electronic health record (EHR) changes was associated with a 76% absolute
increase in prescribing of the recommended antibiotic duration, while a lower intensity intervention with only EHR
changes increased prescribing of the recommended duration by 50% (p < 0.01) [15]. A definitive study is needed
to make appropriate recommendations on which intervention to implement in diverse settings while minimizing
resource utilization and to compare implementation outcomes to effectively scale the interventions. This study
will evaluate and compare effectiveness and implementation outcomes of two low-cost pragmatic interventions
with differing intensities using mixed methods analyses and the Reach, Effectiveness, Adoption, Implementation
and Maintenance (RE-AIM) framework [16,17]. Additionally, the Practical Implementation Sustainability Model
(PRISM) [18] will be used to assess multilevel relevant contextual factors to prescribing shorter antibiotic durations
for AOM in children 2 years of age and older to help inform intervention and implementation strategy adaptations.

Methods
Overview of study design
This is a pragmatic, cluster randomized clinical trial. We will compare the effectiveness of two interventions to
increase prescribing of guideline-concordant durations of antibiotic therapy for children with AOM. The study uses
a type two hybrid implementation-effectiveness design [19] to evaluate effectiveness and implementation outcomes
using PRISM and RE-AIM. Adaptations will be documented using the iterative RE-AIM method throughout the
implementation [20]. Randomization will be clustered at the clinic-level using covariate constrained randomization
to achieve balance between the arms on site- and patient-level characteristics. The formative evaluation will take
place over 1.5 years, the interventions will be implemented over 2 years, and evaluation of the interventions will
take place over 1.5 years. The primary outcome is the proportion of children 2 years or older treated with antibiotics
for AOM who are prescribed a 5-day duration of therapy.
Participating clinics will be randomly assigned to a higher intensity or lower intensity intervention. The interventions
were modeled after a prior single-center study that compared the effectiveness of interventions of differing intensity
in pediatric clinics within a federally qualified health center system (FQHC) in Denver, CO, USA [15]. Both
interventions were found to significantly increase adherence to institutional guidance for short (5-day) durations
of antibiotics for AOM. However, a higher intensity intervention led to a greater absolute increase in appropriate
durations than the lower intensity intervention (76 vs 50% absolute increase, p < 0.001).
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Table 1. Characteristics of partner institutes.
Characteristic Washington University

Medical Center,
n (%)

Vanderbilt University
Medical Center,
n (%)

Practice characteristics

Practice locations (n) 11 35

Clinicians (n) 52 164

Types of clinical care settings

Pediatric clinic 11 4

Urgent care 0 17

Retail clinic 0 14

Annual pediatric patient encounters 158,073 156,498

Pediatric patient characteristics

Age (median, years) 7.6 8.0

Male 29,072 (51.3) 35,956 (50.6)

Race

White 47794 (84.4) 38,148 (53.6)

Black/African–American 4213 (7.4) 13,757 (19.2)

Other 4639 (8.2) 19,744 (27.6)

Hispanic/Latinx 1188 (1.2) 9104 (12.8)

Public or self-pay 7688 (13.6) 35,767 (50.4)

Non-english language preference 993 (1.7) 10,650 (15.0)

Acute otitis media prescribing

Annual encounters for AOM in children 2–17 years (inclusive) 8888 6739

Antibiotic prescribed 7524 (84.6) 4059 (60.2)

Antibiotic duration 5 days† 168 (2.2) 42 (1.0)

Antibiotic duration 7 days† 589 (7.8) 645 (15.9)

Antibiotic duration ≥10 days† 6971 (92.7) 3263 (80.3)

†Of 2–17-year-old children prescribed an antibiotic.

Study setting & population
The study will take place in 35 clinics (general pediatric, urgent care, and retail clinics) in the Vanderbilt University
Medical Center system and 11 clinics (general pediatric clinics) in the Washington University Medical Center
system (Table 1). These clinics serve approximately 15,627 children with AOM annually. The participating clinics
were selected to represent a broad range of community-based practice types because more than 40% of children with
AOM in the US are cared for in non-primary care locations such as urgent cares and retail clinics [6]. Furthermore,
the patient populations from these sites are diverse: 33% are non-white, 8% are Hispanic, 9% have a language
preference other than English, and 34% have public insurance or are self-pay. Denver Health and Hospital Authority
(DHHA) will lead the implementation of the intervention components at Vanderbilt and Washington University,
as the intervention has already been successfully implemented in most DHHA ambulatory care locations.

Formative evaluation of context with PRISM
PRISM [18] will be used to guide the formative implementation evaluation of the interventions. It has demonstrated
efficacy in identifying contextual factors to facilitate intervention and dissemination adaptations to prevent program
failure and increase program uptake across diverse settings. Such contextual factors – both external and internal –
will be assessed in the PRISM domains of organizational perspective; patient perspective; external environment;
implementation and sustainability infrastructure; organizational characteristics; and patient characteristics. Using
a mixed methods approach during the intervention and implementation refinement phase of the study will help
make necessary adaptations to the intervention and guide implementation strategies (Table 2).

Contextual factors will be assessed at the patient/parent, clinician, clinic, and health systems levels using key
informant semi-structured interviews and focus groups, process mapping and EHR data (Table 2). A purposeful
sampling of clinical staff (clinicians, administrators) will be recruited to participate in virtual qualitative semi-
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Table 2. Practical robust implementation and sustainability model (PRISM) components.
PRISM domain What are we assessing? How will data be collected? Ref.

Organizational
perspective

• Baseline antibiotic prescribing patterns for AOM
• Assessment of current local guidelines for AOM prescribing
• Contextual factors that may facilitate/impede shorter duration of antibiotic
prescribing
• Contextual factors that may facilitate/impede implementation of intervention
components
• Clinician buy-in for 5 days

• Key informant interviews
• Process mapping interviews
• EHR data

[18]

Patient perspective • Receptiveness to shorter durations of antibiotics for AOM
• Contextual factors that may facilitate/impede the acceptance of shorter antibiotics
durations for AOM

• Key informant focus groups [18]

External environment • Cosmopolitanism
• Cost of interventions

• Key informant interviews
• Cost estimates

Implementation and
sustainability
infrastructure

• Current resources and resource utilization for AOM management (e.g., EHR tools,
education materials) and stewardship
• Baseline workflow for AOM
• Perceived facilitators/barriers to sustainability

• Key informant interviews
• Process mapping interviews

Organizational
characteristics

• Existing collaborations and information flow between clinics
• Administrative support
• Shared goals

• Key informant interviews

Patient characteristics • Demographics
• Urban, suburban, rural designation

• EHR data collection
• Clinic zip codes

AOM: Acute otitis media; EHR: Electronic health record.

structured interviews to understand workflow; contextual factors that may facilitate or impede prescription of
short antibiotic durations; contextual factors that may facilitate or impede implementation of interventions; and
organization culture. A purposeful sampling of parents will be recruited to participate in semi-structured virtual
focus groups to understand parent/child level contextual factors around use of short antibiotic durations for AOM
and intervention components.

The qualitative research team will analyze data using the Rapid Assessment Process (RAP) [21]. The RAP
is an intensive, iterative, team-based approach that provides a framework to efficiently identify a preliminary
understanding of a topic to inform design and implementation efforts in applied research activities [21–24].

Finally, to better understand variability in care, assist with setting targets for improvement, and randomize
clinics, baseline EHR data will be abstracted to determine baseline antibiotic prescribing patterns and patient-level
characteristics.

Intervention components
Intervention components in each arm are based on the CDC Core Elements of Outpatient Antibiotic Stewardship [2].
In the present trial, the higher intensity intervention is comprised of clinician education regarding the shortest
effective duration of antibiotic therapy for AOM; EHR prescription field changes to promote prescribing of
recommended short durations; and individualized clinician audit and feedback on adherence to recommended
short durations of therapy with comparison to peers. The lower intensity intervention will include only clinician
education and the EHR changes (Figure 1). Interventions will be adapted based on the formative evaluation.

Clinician education
Clinician education will include two one-hour virtual learning lessons. Education will focus on best practices for
AOM management including evidence for shorter durations of therapy in children 2 years of age and older, equity in
AOM management, and communication with parents using the Dialogue Around Respiratory Treatment (DART)
curriculum [12,25]. Based on prior clinician feedback [15] education will be included in both interventions rather
than just the higher intensity intervention. Learning sessions will be recorded and continuing medical education
(CME) and/or specialty board Maintenance of Certification (MOC) credit will be provided.

EHR changes
All participating clinical sites use a single EHR that can be modified centrally (Epic; WI, USA). The EHR changes
will include modifications to prescription fields [15] such as adding a hyperlink to local clinical care guidelines
for AOM, ‘help’ text to the prescription to guide real-time prescribing, and changes in the quick-select duration
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Prescription field changes
Patient education
Access to clinical care guidelines

Prescription field changes
Patient education
Access to clinical care guidelines

2 virtual learning sessions 2 virtual learning sessions
Provider education Provider education

EHR tools EHR tools

Low intensity

Interventions

High intensity 23
clinics

23
clinics

Audit
and feedback

Figure 1. Interventions comparator.
EHR: Electronic health record.
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Figure 2. Example Outpatient Antibiotic Stewardship Information System report.
AMOX: Amoxicillin; AOM: Acute otitis media.

buttons from 10-, 14- and 21-days to 5- and 10-days. Patient education materials will be added to the EHR in
languages appropriate for the patient populations (English, Spanish) at a fifth to eighth grade literacy level so that
clinicians can add them to the patient after-visit summary.

Audit & feedback reports with peer comparison
Audit and feedback reports will be created for each clinician in the clinics randomized to the higher intensity
intervention. Similar to those previously published [15,26], the reports will show the proportion of that clinician’s
antibiotic prescriptions for AOM in children ≥2 years old that were for the recommended 5-day duration and
the same metric for each peer clinician in their practice (Figure 2). To reduce cost and increase generalizability of
the findings, feedback reports will be generated using the Outpatient Automated Stewardship Information System
(OASIS C©) [27]. OASIS C© is a free, open-source method that uses statistical software to automate audit and feedback
report creation, distribution and tracks clinician review of reports.
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Table 3. Reach Effectiveness Adoption Implementation Maintenance (RE-AIM) framework components for
evaluation.
RE-AIM component Project questions Outcomes How will data be obtained and at what

intervals?
Ref.

R-Reach • How many patients can be reached by the
interventions?

• AOM episodes (n) • EHR data (baseline, quarterly during
intervention, post-intervention)

E-Effectiveness • Do the interventions increase prescribing
of short durations of antibiotics?
• How do the interventions impact
prescribing for patients of different races,
ethnicities, insurance types, and language
preferences?
• How effective are the intervention in
difference clinical settings?

• Primary: Proportion of antibiotics for
AOM that are short course (5 days).
• Secondary: Proportion of children
experiencing an ADE with short (5 days)
vs long durations (�5 days).

• EHR data (baseline, quarterly during
intervention, post-intervention)

A-Adoption • How many clinics will adopt the
interventions?
• Do the interventions require adaptations
to meet local needs?

• Number/proportion of eligible clinics
that agree to participate
• Characteristics of clinics that
participate vs clinics that opt not to
participate
• Number/proportion of enrolled clinics
that implement all program
components

• Network data (pre-intervention,
post-intervention)
• Clinician and administrator surveys
(post-intervention)
• Key informant qualitative interviews
(pre intervention)

I-Implementation • Are the interventions fully implemented
and how rapidly are interventions
implemented?
• How many clinicians participate in
intervention components?
• Do clinicians and administrators think the
interventions are acceptable and
appropriate?
• Are the interventions acceptable to
parents?
• Are there differences in the acceptability
of intervention between parents of
different races, ethnicities, insurance types,
and language preferences?

• Implementation of intervention
components and time to
implementation
• Intervention fidelity
◦ Education
◦ EHR-tools
◦ Audit and feedback
• Clinician perceptions of component
utility, acceptability, and
appropriateness
• Parent perceptions of short vs long
antibiotic durations

• Stages of Implementation
Completeness (SIC) tracking (quarterly
through the study)
• Attendance at education sessions,
meeting board specialty requirements,
proportion of AOM episodes where EHR
tools were used, proportion of audit
and feedback reports read by clinicians-
tracked using read receipts (quarterly
during intervention and
post-intervention)
• Clinician and administrator surveys
using the AIM and IAM (post
intervention).
• Focus groups of parents (pre- and
post-intervention)

[28,29]

M-Maintenance • What is the likelihood of sustainability of
the interventions?
• Do clinicians and administrators think it
would be feasible to implement the
interventions in other settings?
• Could the interventions be implemented
in other settings?
• What are the health system costs of
implementing the interventions?

• CSAT Sustainability Score
• FIM measure
• Costs of implementation

• Clinician and administrator surveys
using CSAT and FIM (post-intervention)
• COINS method

[29–31]

ADE: Adverse drug event; AIM: Acceptability of intervention measure; AOM: Acute otitis media; COINS: Cost of implementation new strategies; CSAT: Clinical Sustainability
Assessment Tool; FIM: Feasibility of intervention measure; EHR: Electronic health record; IAM: Intervention appropriate measure.

Evaluation with RE-AIM including data analytics plan
The RE-AIM framework will guide evaluation using mixed methods to evaluate implementation outcomes (Ta-
ble 3). Data on participating and non-participating clinics and clinicians will be acquired from each organization to
assess and compare the primary and secondary effectiveness outcomes (how many children received short durations
and how many had ADEs), adoption outcomes (how many and which types of clinics participated), reach outcomes,
implementation outcomes (fidelity, acceptability, appropriateness, time to implementation), reach outcomes (how
many and which type of patients were affected), and sustainability outcomes (sustainability, feasibility of imple-
mentation in other sites, and costs of the interventions) for each interventions. Finally, the costs of implementation
will be assessed.

We will explore the differences in implementation effectiveness by patient population served, clinician type,
clinical setting, organization as well as intervention type. The fidelity, acceptability, and perceived appropriateness
of the interventions among different clinician types, patient populations, clinical settings and intervention type will
be compared.
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Stakeholder engagement
We will seek input from key stakeholders to guide this research, increase the likelihood of success of the interventions,
and disseminate the trial results. A stakeholder advisory council (SAC) comprised of parents, clinicians, and clinic
administrators with representation from both Vanderbilt and Washington Universities will be assembled. The
SAC will meet twice in the first year and once annually in the remaining 4 years of the study period. The initial
focus will be the development of the components of each intervention arm and implementation strategies with a
subsequent focus on interpretation and dissemination of results. A group of national stakeholders from the Centers
for Disease Control and Prevention, Pew Charitable Trusts, and the American Academy of Pediatrics will help
guide implementation of interventions, evaluation of outcomes and dissemination of findings.

Data collection & statistical analysis
Patient level data
Children aged 2 to 17 years treated for AOM at a participating clinic during the study period will be identified
using ICD-10 codes (H65.X, nonsuppurative otitis media; H66.X, suppurative otitis media and unspecified otitis
media; H67.X, otitis media in diseases classified elsewhere; H72.X, perforation of tympanic membrane). For each
encounter, the following data will be collected: demographic characteristics (age, sex, race, ethnicity, language
preference, insurance type), comorbid conditions, vaccination status, visit location, antibiotic prescribed at the
index visit and duration of therapy, clinical encounters after the index visit, and antibiotics prescribed within
30 days after the index visits. The baseline (pre-intervention) period of 1 January 2019, through 31 December
2022, was selected to encompass time periods both before and after the emergence of SARS-CoV-2. The duration
of the post-intervention implementation period will be 3 years.

Statistical analysis
Baseline patient and practice characteristics will be summarized using descriptive statistics and compared between
intervention groups. The primary outcome will be analyzed with a mixed effects logistic regression model, account-
ing for the hierarchical structure of the data with patients nested within clinics on an intention to treat population.
In the main, adjusted analysis, intervention group, period (pre- vs post-intervention), an interaction term between
intervention and period, and a priori specified confounding factors (age, race, gender, ethnicity, language preference
and insurance type) will be included in the model. In addition, any covariates that appear unbalanced between the
study arms in bivariate analysis at p < 0.2, will be included as predictors. As it is possible that clinicians (within
clinics) are another source of variation, variance components will also be estimated for clinicians within practices
and both random effects will be retained if there is evidence of sufficient variability at both levels. Changes in
the proportion of prescriptions will be compared between pre-intervention and intervention periods within and
between intervention groups. Comparisons between intervention and period groups will be expressed as proportion
differences and odds ratios, with 95% confidence intervals (CIs). Hypothesis tests will be two-sided with an alpha
of 0.05.
Secondary outcomes will be analyzed using linear mixed effects regression for mean days of antibiotics prescribed
and mixed effects logistic regression for ADE rates and balance measures (treatment failure and recurrence). Similar
random effects will be included accounting for the nested structure of the data. For these analyses, comparisons
between and within groups will be expressed as mean differences, difference in proportions, and odds ratios, as
appropriate, with 95% CIs.
We will also conduct prespecified, exploratory subgroup analyses to investigate whether age, race, ethnicity, insurance
status, clinical care setting, and clinician type modifies the effectiveness of each intervention group in increasing
the proportion of short durations of antibiotics. Similar models will be used in evaluating the subgroup analyses
on the primary outcome.

Sample size & power
Using feasibility data from Vanderbilt and Washington University, we estimate approximately 23,000 children will
be treated for AOM during the study period (11,500 prior to the intervention, 11,500 during the intervention) at
each site, or 46,000 total children. Feasibility data also indicate that the proportion of pre-intervention antibiotic
prescriptions for 5 days is approximately 2%. If the lower intensity intervention arm increases the proportion to
50%, a 25% absolute difference in the change in the primary outcome from baseline between the groups (i.e., 75%
higher intensity post-intervention) can be detected with >99% power (intraclass coefficient [ICC] = 0.02–0.05).
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In a more conservative estimate, a 10% absolute difference (i.e., 60% higher intensity post-intervention) can be
detected with 90% power (ICC = 0.02) and 84% power (ICC = 0.05).

Discussion
AOM is the most common indication for antibiotic prescriptions for children; thus, it is imperative to develop
interventions to improve prescribing for AOM to optimize clinical outcomes and reduce unnecessary antibiotic
exposure and its inherent risks. Preventing unnecessarily long durations of antibiotic therapy for AOM is one key
opportunity to reduce antibiotic use for pediatric AOM. Interventions to promote the shortest effective duration
of antibiotic therapy for common infections have proven to be a highly effective outpatient antibiotic stewardship
approach. Unfortunately, pragmatic interventions to reduce durations of therapy that can be effectively scaled and
sustained are lacking. This study aims to fill this gap by evaluating the effectiveness and implementation outcomes
of two low-cost pragmatic interventions of differing intensities to increase prescribing of recommended short
antibiotic durations for AOM in children 2 years of age and older.
The strengths of this study include the cluster-randomized design, large number of participating clinics, diversity of
the practice types (primary care, urgent care, retail clinics), and the mixed methods approach to guide implementa-
tion and evaluate outcomes and sustainability. Furthermore, the components of the intervention are pragmatic and
utilize freely available tools so could be implemented in clinics with limited resources. Limitations include use of
secondary data to evaluate changes in antibiotic durations associated with the intervention and clinical outcomes,
minimal geographic diversity with only two participating health systems, and the inability to assess the long-term
sustainability of the interventions. Nevertheless, this study will represent a substantial contribution to the pediatric
AOM literature where large, randomized trials have been lacking, provide a framework for other healthcare systems
to address the widespread problem of excessive durations of therapy for AOM, and inform national antibiotic
stewardship policy development.

Summary points

• Preventing unnecessarily long durations of antibiotic therapy is a key opportunity to reduce antibiotic overuse in
children 2 years of age and older with acute otitis media (AOM).

• This study aims to fill the need for pragmatic interventions to reduce durations of antibiotic therapy by
evaluating the effectiveness and implementation outcomes of two low-cost interventions of differing intensities
to increase guideline-concordant antibiotic durations in children with AOM.

• Intervention components are based on the Centers for Disease Control (CDC) Core Elements of Outpatient
Antibiotic Stewardship and will include clinician education regarding guideline-recommended short durations of
antibiotic therapy; electronic health record (EHR) prescription field changes to promote prescribing of
recommended short durations; and individualized clinician audit and feedback on adherence to recommended
short durations of therapy in comparison to peers.

• The study will take place in 35 clinics in the Vanderbilt University Medical Center and Washington University
Medical Center systems.

• We will seek input from key stakeholders to guide this research, increase the likelihood of success of the
interventions, and disseminate the trial results.

• Contextual factors will be assessed at the patient/parent, clinician, clinic, and health systems levels using key
informant semi-structured interviews and focus groups, process mapping, and EHR data analysis.

• The study will use a type 2 hybrid implementation-effectiveness design to evaluate effectiveness and
implementation outcomes using the Reach, Effectiveness, Adoption, Implementation, and Maintenance (RE-AIM)
framework and the Practical Implementation Sustainability Model (PRISM).

• The results of this study will provide a framework for other healthcare systems to address the widespread problem
of excessive durations of therapy for AOM and inform national antibiotic stewardship policy development.
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