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Abstract

Objective: To determine whether a clinician-directed acute respiratory tract infection (ARI) intervention was associated with improved anti-
biotic prescribing and patient outcomes across a large US healthcare system.

Design: Multicenter retrospective quasi-experimental analysis of outpatient visits with a diagnosis of uncomplicated ARI over a 7-year period.

Participants: Outpatients with ARI diagnoses: sinusitis, pharyngitis, bronchitis, and unspecified upper respiratory tract infection (URI-NOS).
Outpatients with concurrent infection or select comorbid conditions were excluded.

Intervention(s): Audit and feedback with peer comparison of antibiotic prescribing rates and academic detailing of clinicians with frequent
ARI visits. Antimicrobial stewards and academic detailing personnel delivered the intervention; facility and clinician participation were
voluntary.

Measure(s): We calculated the probability to receive antibiotics for an ARI before and after implementation. Secondary outcomes included
probability for a return clinic visits or infection-related hospitalization, before and after implementation. Intervention effects were assessed
with logistic generalized estimating equation models. Facility participation was tracked, and results were stratified by quartile of facility inter-
vention intensity.

Results: We reviewed 1,003,509 and 323,023 uncomplicated ARI visits before and after the implementation of the intervention, respectively.
The probability to receive antibiotics for ARI decreased after implementation (odds ratio [OR], 0.82; 95% confidence interval [CI], 0.78–0.86).
Facilities with the highest quartile of intervention intensity demonstrated larger reductions in antibiotic prescribing (OR, 0.69; 95% CI,
0.59–0.80) compared to nonparticipating facilities (OR, 0.89; 95% CI, 0.73–1.09). Return visits (OR, 1.00; 95% CI, 0.94–1.07) and
infection-related hospitalizations (OR, 1.21; 95% CI, 0.92–1.59) were not different before and after implementation within facilities that
performed intensive implementation.

Conclusions: Implementation of a nationwide ARI management intervention (ie, audit and feedback with academic detailing) was associated
with improved ARI management in an intervention intensity–dependent manner. No impact on ARI-related clinical outcomes was observed.

(Received 30 March 2022; accepted 3 July 2022; electronically published 15 August 2022)

Outpatient acute respiratory tract infections (ARIs) are commonly
treated with antibiotics.1 Diagnostic and treatment recommenda-
tions to facilitate appropriate management of ARIs exist; however,
opportunity to improve prescribing remains ample. Estimates sug-
gest that ∼30% of antibiotic prescriptions are unnecessary, and

ARI diagnoses constitute a major source of misuse.2 In
Veterans’ Healthcare Administration (VHA) analyses conducted
between 2005 and 2012 and in 2016, most patients with ARI
received antibiotics despite educational campaigns and guidelines
recommending prudent prescribing.3,4

Interventional approaches including audit and feedback with peer
comparison, academic detailing, clinician communication training,
and clinician public commitments to use antibiotics appropriately
have reduced antibiotic overprescribing for ARIs.5–12 Behavioral
interventions, such as audit and feedback with peer comparison,
have demonstrated robust improvement in prescribing and are
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perceived by clinicians as an acceptable approach to improve
practice.5,7,8,12 Large systemwide audit-and-feedback interven-
tions delivered in written or electronic format demonstrate
modest results, suggesting that additional interaction with clini-
cians may be needed to facilitate behavior change.13,14 Academic
detailing or noncommercial interactive education that uses
reinforcement techniques individually delivered to clinicians
has demonstrated improvements in antibiotic prescribing.6,15

Previously, we demonstrated that augmentation of audit and
feedback of clinician ARI treatment patterns coupled with aca-
demic detailing improved prescribing for ARIs without negative
clinical consequences in 10 VHA clinics.7 However, limited data
describe the impact of health system–wide outpatient antibiotic
stewardship interventions on patient outcomes.

TheVHA is the largest healthcare system in theUnited States, pro-
viding integrated inpatient and ambulatory care to 9 million veterans
through 130 VHA medical centers (VAMCs) (Appendix 1 online).
VHA-wide antimicrobial stewardship activities are coordinated by
theAntimicrobial StewardshipTaskforce (ASTF). Similar to the entire
US healthcare system, themajority of antibiotics prescribedwithin the
VHA are dispensed in outpatient settings.17 In 2016, ASTF and the
VHA National Academic Detailing Service (ADS) developed an
outpatient antimicrobial stewardship intervention to improve ARI
prescribing (ie, the ARI Campaign). The ARI Campaign encourages
local VAMCs to engage high-prescribing clinicians with 2 strategies:
audit and feedback with peer comparison of ARI antibiotic prescrib-
ing rates, and individualized academic detailing of ARI management.
The ARI Campaign was initiated in October 2017. Here, we describe
the ARI Campaign and its association with antibiotic treatment and
patient outcomes across the VHA.

Methods

Patients

A multicenter, retrospective cohort of outpatients with visits
for uncomplicated ARI between October 2012 and April 2019
was developed. Uncomplicated ARI visits were identified by
International Classification of Diseases, Tenth Revision (ICD-10)
procedure coding system (PCS) or ICD-9 PCS equivalent for visits
with diagnosis of acute rhinosinusitis, pharyngitis, bronchitis, or
unspecified upper respiratory tract infection (URI-NOS) (Appendix 2
online).7 Visits for patients with ARIs who had ICD-10 PCS
codes for immunosuppression, dialysis, advanced malignancy,
and/or chronic pulmonary disease within the past 2 years were
excluded (Appendix 2 online). To enhance complicated case
identification, patients with prescriptions for inhaled anticholi-
nergics, monoclonal antibody or anti–tumor necrosis factor
agents, or recent chemotherapy, with a concurrent ICD-10
PCS codes for infectious disease requiring antibiotics, or an
ARI diagnosed in the prior 30 days were excluded.3,4,7

Intervention

ASTF and VHA ADS initially defined ARI Campaign Key
Messages (Table 1), created an inventory of resources, and devel-
oped an implementation guide (ie, step-by-step protocol) as a
resource for local facility personnel (Appendix 3 online).

The campaign was developed to align with the Centers for
Disease Control and Prevention (CDC) Core Elements of
Outpatient Antimicrobial Stewardship: Leadership Commitment,
Action, Tracking and Reporting, and Education and Expertise.18

A VHA-wide ASTF webinar to kick off the ARI Campaign was

broadcast in October 2017. Local antimicrobial stewards were
encouraged to engage stakeholders prior to campaign initiation
and to obtain commitment from local leaders (ie, emergency depart-
ment (ED) and ambulatory care directors) key to implementation.
Along with local antimicrobial stewards, VHA ADS personnel are
embeddedwithin a VAMCor a VHA regional geographical network
of facilities (ie, Veterans’ Integrated ServiceNetwork or VISN). VHA
ADS personnel are trained to provide academic detailing to clini-
cians on a variety of clinical topics. Local intervention personnel
(facility antimicrobial stewards plus ADS personnel) were encour-
aged to coordinate intervention activities within each VAMC.
Actions included clinician audit and feedback with peer-group
comparison and individualized academic detailing of clinicians
who frequently diagnosed ARIs.

Clinicians practicing in the ED, urgent or primary-care settings
were identified through a facility-level report obtained through an
electronic medical record interface (ie, ARI dashboard) that
tracked clinician ARI visit totals and antibiotic prescribing. The
ARI dashboard allowed personnel delivering the intervention to
filter aggregated ARI visits by date, clinician, and peer group
(ie, ED or primary care). Peer comparison of measures on
audit-and-feedback reports were compared to average values of
the peer group. Intervention personnel could print the audit-
and-feedback reports for in-person distribution or e-mail the
report to clinicians. Stewards were encouraged to disseminate
baseline audit-and-feedback reports to clinicians with≥15 uncom-
plicated ARI visits during the prior year to coincide with the begin-
ning of the ARI season, then at least quarterly through spring and
as needed until the following ARI season. Intervention personnel
were encouraged to reinitiate the campaign each ARI season.
Additional campaign components included enablers to support
the CDC Core Elements including sample commitment letters
for administrative and clinic champions, sample electronic medi-
cal record ARI disease management menus, training for antimi-
crobial stewards on how to perform academic detailing, printed
ARI-specific academic detailing materials, clinician-focused
video clips on patient communication strategies for ARIs,
patient educational materials, and an ARI Campaign kickoff
slide set. These materials could be accessed (or ordered) online
through the ADS SharePoint site free of charge.

Local antibiotic stewards were encouraged to track facility
performance on ARI-related metrics as part of their stewardship
program and to report performance to appropriate local facility
governing committees. In addition to audit-and-feedback reports
for individual clinicians, other ARI dashboards provided local
stewardship personnel with clinic-, facility-, or VISN-level perfor-
mance on 5 ARI–related antibiotic metrics (Appendix 4 online).

Table 1. Key Messages for the VHA ARI Campaign

–Use antibiotics sparingly in the treatment of acute respiratory tract
infection (ARI) to prevent adverse events.

–Make a specific clinical ARI diagnosis to drive appropriate care.

–Prescribe antibiotics only for patients who meet clinical diagnostic
criteria for pharyngitis or bacterial sinusitis.

–Prescribe symptomatic therapies that help patients feel better.

–SHARE treatment decisions for ARI management with patients to
improve satisfaction.

Note. VHA, Veterans’ Health Administration.
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The metrics were based on professional guideline recommenda-
tions for diagnosis and treatment of ARI.19–22

Data and outcomes

Antibiotic prescriptions filled between 2 days before and 3 days
after the index visit were attributed to the ARI visit.3,7 Because
some medications prescribed within the VHA are filled by non-
VHApharmacies, dispensing data were supplemented with natural
language processing (NLP) algorithm-generated data that identi-
fied additional antibiotic prescriptions documented in clinician
progress notes.3,7

Additional data obtained for analysis included patient variables
(ie, sex, age, diagnosis, maximal temperature recorded on visit date),
clinician variables (ie, age, sex, degree), and facility-related variables
(ie, clinic type and VISN) in addition to calendar month of study.

As VAMC participation in the ARI Campaign was voluntary,
the number of times local intervention personnel accessed the
ARI dashboard per month for audit-and-feedback reports and
identifying high-prescribing clinicians was tracked as a measure
of facility intervention intensity.

The primary outcome was the probability to receive an antibi-
otic for an uncomplicated ARI visit before and after campaign ini-
tiation. Secondary outcomes included the probability to receive an
antibiotic for acute bronchitis or URI-NOS, to receive appropriate
therapy for pharyngitis or sinusitis, or to be diagnosed with sinus-
itis relative to other uncomplicated ARI diagnoses. Patient out-
come measures included the probability of a return visit with an
ARI diagnosis coded (ie, return visit) and hospitalization with
an infectious-related diagnosis 2–30 days after ARI index visit
before and after campaign initiation (Appendix 2 online).

Analysis

Intervention effects were assessed with logistic generalized
estimating equation (GEE) models for binary outcomes (antibiotic
prescribing or outcomes) with clustering by facility. The preinter-
vention period was from October 2012 to September 2017 and the
postintervention period was from October 2017 to March 2019.
The logistic GEEmodels pre- and postintervention effects adjusted
for time trend, month, patient age, patient temperature, and pro-
vider type. Assessment of intervention intensity was conducted uti-
lizing similar logistic GEE models, except the intervention was
represented in 5 strata based on the number of times the ARI dash-
board was accessed. The lowest stratum comprised facilities that
never accessed the ARI dashboard, indicating nonparticipation
in the campaign. The remaining facilities were stratified into quar-
tiles of ARI dashboard access intensity. Results were expressed as
odds ratios (ORs) with 95% confidence intervals (CIs) for all pre-
and postimplementation effects. To aid in interpretation, antibiotic
and patient outcomes were also expressed as events per 1,000
uncomplicated ARI visits before and after implementation.

The ARI campaign was conducted as an operational activity;
however, the analysis activities constitute research (VHA Policy
Handbook guideline 1058.05). The research activities were granted
IRB approval and comply with all federal guidelines and policies
relative to human-subjects research.

Results

In total, 2,554,472 visits with ARI diagnoses occurred during the
7-year study period. Among them, 1,227,940 (48.1%) were
excluded due to complicated conditions (Fig. 1). The final cohort

included 1,003,509 visits before implementation and 323,023 visits
after implementation. Most patients were male, middle-aged, and
afebrile upon presentation. Most visits occurred in primary care,
and most care was provided by physicians (Table 2).

Antibiotic prescription for uncomplicated ARI decreased after
implementation (OR, 0.82; 95% CI, 0.78–0.86) (Fig. 2 and Table 3).
Facilities in the upper third and fourth quartiles of intervention
intensity exhibited significant reduction in antibiotic prescribing,
withmean facility absolute decreases of 34 and 78 prescriptions per
1,000 ARI visits, respectively. Reductions (OR, 0.84; 95% CI, 0.80–
0.88) in antibiotic prescribing for acute bronchitis and UTI-NOS
paralleled those of the primary endpoint with significant reduc-
tions of antibiotic prescribing for the third quartile (−51 per
1,000) and fourth quartile (−92 per 1,000) of intervention inten-
sity, respectively. Appropriate management of acute pharyngitis
increased after implementation (OR, 1.20; 95% CI, 1.13–1.27).
Improvement was driven by facilities in the fourth quartile (OR,
1.45; 95% CI, 1.24–1.70) of intervention intensity, where appropri-
ate therapy increased by 43 per 1,000 after implementation. The
proportion of sinusitis visits with preferred antibiotic therapy pre-
scribed remained unchanged (OR, 0.97; 95% CI, 0.91–1.03). High
absolute rates of prescribing preferred antibiotic therapy for sinus-
itis before implementation (731 per 1,000) and after implementa-
tion (756 per 1,000). The proportion of uncomplicated ARI visits
diagnosed as sinusitis decreased after implementation (OR, 0.79;
95% CI, 0.75–0.82). The reductions in sinusitis diagnoses were
similar across all levels of intervention intensity.

Across the VHA, the probability of a return ARI visit increased
(OR, 1.04; 95% CI, 1.00–1.08) (Table 4). This effect was most pro-
nounced for the first quartile in facilities that minimally partici-
pated in the campaign (OR, 1.15; 95% CI, 1.01–1.31). Infection-
related hospitalization within 30 days (OR, 1.16; 95% CI, 0.99–
1.35) was not significantly different; however, point estimates
for infection-related hospitalization in the third quartile (OR,
1.30; 95% CI, 0.98–1.74) and fourth quartile (OR, 1.21; 95% CI,
0.92–1.59) of intervention intensity were observed (Table 4).
The overall rate of infection-related hospitalization was low
(0.22%), and the most common admitting diagnosis for infec-
tion-related hospitalization was pneumonia (22.0%) (Appendix
5 online).

Discussion

This large health-system intervention was associated with
improved ARI management and reduction in outpatient antibi-
otic prescribing for uncomplicated ARIs after implementation.
Participation was voluntary, and the frequency that local per-
sonnel conducting the intervention utilized the ARI dashboards
served as measure of intervention intensity. Reduction in anti-
biotic prescribing was related to the intensity of intervention
uptake. Facilities above the median of ARI dashboard access
exhibited significant reduction in antibiotic prescription.
Reduction in antibiotic prescription for acute bronchitis and
URI-NOS, and improvements in pharyngitis management, were
also observed within intensive-intervention facilities. The pro-
portion of ARI visits diagnosed as acute sinusitis over the 7-year
period decreased across the VHA irrespective of intervention
intensity. The findings suggest that implementation of the cli-
nician-directed intervention was associated with improvements
in guideline-concordant ARI management.

Outpatient return visits for ARIs increased slightly after imple-
mentation. However, the increase was limited to facilities within
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the lowest intensity of ARI dashboard utilization. This finding is
unlikely to be related to intervention implementation because
utilization of the ARI dashboard in this quartile was exception-
ally limited after implementation. Infection-related hospitali-
zation after an ARI visit was not significantly different after
implementation. Point estimates for the highest intervention
intensity quartiles were higher, but not significantly different
than facilities that did not participate in the intervention. The
absolute differences in the postimplementation infection-
related admission rate between facilities that never participated
and those in the third and fourth quartiles of intervention inten-
sity were 0.05% and 0.03%, respectively. This finding indicates
that intervention implementation was not associated with harm
at the health-system level.

A study strength was the real-world application of the interven-
tion across a large healthcare system through voluntary participa-
tion, which may contribute to sustainability beyond the research
setting. The VHA infrastructure allowed for intervention develop-
ment and facilitation by the ASTF and ADS across the healthcare
system. The centralized VHA Corporate Date Warehouse was uti-
lized to generate both the ARI dashboard data used to deliver the
intervention and to conduct an integrated analyses of outpatient
ARI management and patient outcomes.23 Although many US
healthcare systems do not possess data repositories or utilize aca-
demic detailing, the utilization of dashboards to track healthcare
performance and academic detailing programs to improve medi-
cation prescribing is increasing among other large healthcare sys-
tems (ie, Kaiser Permanente and state health departments).24

Analysis strengths include the large sample size, which provided

statistical power to examine clinical outcomes with a high degree
of precision and evaluation over multiple ARI seasons after imple-
mentation. Although the use of NLP to supplement antibiotic pre-
scribing data for the analysis was a strength, it was not feasible to
include these data in real time within the ARI dashboards. This
finding may have resulted in underreporting of antibiotic use
for audit and feedback in VHA practice settings (community-
based outpatient clinics) where outsourcing of prescriptions is
common. As a result, some VAMCs chose to exclude these clinics
from intervention and reporting, whereas others performed aca-
demic detailing and included them.

This study had several limitations. As facility participation was
voluntary, a quasi-experimental design was utilized. Facilities with
higher-intensity intervention may have been more broadly
engaged in quality improvement or may have employed additional
or alternative interventions during the study period that we were
unable to identify.25,26 Facilities could have opted to deliver audit
and feedback or academic detailing to clinicians without combin-
ing both interventions, and we were unable to track which inter-
ventions individual clinicians received. The VHA population is
predominantly male and older than the overall US population,
and approximately half of the ARI visits were excluded as poten-
tially complicated due to chronic pulmonary disease and immuno-
suppression, which may have limited the potential reduction of
overall antibiotic prescribing.25,27 Furthermore, ARI cases were
identified based on administrative coding, and the analysis did
not adjust for patient-level comorbidity. Finally, the analysis did
not consider potential benefits of reduced antibiotic prescribing
on adverse events, antibiotic resistance, or cost.

Fig. 1. Study flow diagram for the VHA ARI
Campaign. Note. VHA, Veterans’ Healthcare
Administration; ARI, acute respiratory tract infec-
tion; COPD, chronic obstructive pulmonary dis-
ease; SSTI, skin and soft-tissue infection. AVisits
may have met >1 exclusion criteria.
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Antibiotic prescriptions in US outpatient settings decreased
during the approximate time frame of the study; however, inappro-
priate antibiotic prescription for adults decreased minimally.2

Most inappropriate antibiotic prescribing is for ARI-related con-
ditions and visits for ARIs have declined since 2010–2011.2

Reasons for the decline in ARI visits is unclear.
In a pilot study conducted in 10 VHA clinics that utilized a sim-

ilar protocol to the ARI Campaign under more controlled condi-
tions, we observed a reduction in antibiotic prescribing for
uncomplicated ARIs that was comparable to the highest interven-
tion quartile in the ARI Campaign.We also observed no increase in
ARI return visits as well as a small decrease in all-cause hospitali-
zation.7 Based on the pilot-study findings and other similar studies,
the interventional approach appears to be cost-effective.28,29 To
date, the VHA ARI Campaign is one of the largest US outpatient
stewardship interventions using a clinician-directed approach.
Prescription feedback interventions of similar focus and scale have
been conducted in Europe with mixed results.13,14 Many of these
interventions focused on electronic or written dissemination of
feedback coupled with dissemination or reference to prescribing
guidelines. In a randomized trial of 2,900 high-prescribing pri-
mary-care clinicians in Switzerland in which feedback was pro-
vided by mail or electronically and was supplemented with

national guidelines, minimal reduction in antibiotic prescription
to adults was observed (between-group difference, −4.6%).13 In
a cluster-randomized trial of 79 general practices in the United
Kingdom where electronic prescription feedback was facilitated
by recruitment of a local champion, a similar reduction (adjusted
rate ratio, 0.84) in antibiotic prescription for treatment of respi-
ratory tract infections without increase in secondary infection
was observed.14 A large study of academic detailing to improve
antibiotic prescribing of general practitioners in Norway indi-
cated a 13% reduction in potentially inappropriate antibiotic pre-
scribing.30 To our knowledge, the ARI campaign is the only large-
scale intervention to combine an audit-and-feedback approach
with academic detailing targeting reduction in inappropriate
antibiotic prescribing.

Future work should consider the impact of coronavirus disease
2019 (COVID-19) on outpatient antibiotic prescribing, the
increasing use of telehealth for mild-to-moderate illness, the
impact of diagnostic shifting, and approaches to optimizing clini-
cian-directed intervention delivery. Although our study concluded
prior to the arrival of COVID-19, large reductions in outpatient
antibiotic prescription have been observed since the pandemic
began.31 Reasons for the reductions include reduced transmission
of non–COVID-19 viral illnesses such as influenza, a reduced

Table 2. Characteristics of Patients With Uncomplicated Acute Respiratory Tract Infection (ARI) Before and After ARI Campaign Implementation

Variablea
Preimplementation Period
(N = 1,003,509), No. (%)

Postimplementation Period
(N = 323,023), No. (%)

Patient sex

Female 163,833 (16) 56,191 (17)

Male 839,676 (84) 266,832 (83)

Age, median y (IQR) 56 (42, 66) 57 (41, 68)

Acute respiratory diagnosis

Sinusitis 220,593 (22) 70,964 (22)

Bronchitis 285,150 (28) 85,039 (26)

Pharyngitis 138,366 (14) 43,512 (13)

URI-NOS 359,400 (36) 123, 508 (38)

Temperature

Fever (100.4–102°F or 38–38.39°C) 16,861 (2) 4,901 (2)

High fever (>102°F or 38.39°C) 3,996 (<1) 1,150 (<1)

No fever (<100.4°F or 38°C) 923,912 (98) 301,847 (98)

Mean systolic blood pressure (SD) 134 (18) 135 (19)

Clinician type

Physician 667,810 (67) 206,822 (64)

Advance practitioner (PA, NP) 252,437 (25) 93,895 (29)

Other (pharmacist, nurse) 83,259 (8) 22,306 (7)

Clinic type

ED/UC 406, 549 (41) 135,726 (42)

Primary care 596,960 (59) 187,297 (58)

Clinic location

VAMC (main facility) 640,138 (64) 200,796 (62)

Community-based outpatient clinic (CBOC) 286,925 (29) 98,597 (31)

Other outpatient clinic 76,446 (8) 23,630 (7)

Note. URI-NOS, unspecified upper respiratory tract infection; IQR, interquartile range; PA, physician assistant; NP, nurse practitioner; ED, emergency department; UC, urgent care.
aMissing values: temperature (n = 73,865), systolic blood pressure (n = 55,522), provider type (n = 3).
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volume of office visits, and a change in treatment modalities with
large increases in telehealth.31–33 Many VHA facilities placed the
ARI campaign on hold during the pandemic; however, the ARI
Campaign was recently revised with anticipation of a return to his-
torical practice patterns once COVID-19 subsides. The increased
use of telehealth to diagnose and treat ARIs will require further
study, especially the role of physical assessment and diagnostic
test ordering in ARI management. Altering diagnosis or coding

practices in response to diagnosis-based interventions (ie, diag-
nostic shifting) has been observed in audit-and-feedback inter-
ventions.7,34 Additional work is needed to develop metrics to
assess a broader array of conditions for which antibiotics are
inappropriately prescribed and to address diagnostic shifting.
In 2022, the National Committee for Quality Assurance released
the Antibiotic Utilization for Respiratory Conditions HEDIS
measure, which was designed to assess a broader array of

Fig. 2. Observed (2a) and predicted (2b) antibiotic prescription (%) for uncomplicated acute respiratory tract infection (ARI) diagnoses. (a) Observed monthly percentage of
antibiotic prescribing was calculated for the whole cohort (overall) for the whole study period and by facility dashboard access quartiles (no access, Q1–Q4) for the 18-month
postimplementation period. The probability of antibiotics prescribed for each individual was predicted using the generalized estimating equation (GEE) model as described in the
Methods. (b) Predicted monthly percentage of antibiotics prescribing was estimated as the mean of the predicted probabilities for the whole cohort (overall) for the whole study
period and by the facility dashboard access quartiles (no access, Q1–Q4) for the 18-month postimplementation period.
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Table 3. Changes in Campaign Metrics Before and After ARI Campaign Implementation Across the VHA System and Based on Intensity of ARI Dashboard Utilization

Campaign Metrica and Quartile of ARI Dashboard Utilizationb

Preimplementation, (N = 1,003,509),
No. (events per 1,000

uncomplicated ARI visits)

Postimplementation
(N = 323,023),

No. (events per 1,000
uncomplicated ARI visits)

Odds Ratio
(95% CI)

Antibiotic prescribing for uncomplicated ARI

Aggregate 697,837 (695) 208,511 (646) 0.82 (0.78–0.86)

0 57,347 (682) 17,979 (662) 0.89 (0.73–1.09)

1 146,761 (723) 44,142 (686) 0.99 (0.86–1.14)

2 160,827 (704) 49,789 (654) 0.85 (0.71–1.01)

3 136,748 (680) 41,616 (646) 0.82 (0.69–0.96)

4 196,154 (683) 54,985 (605) 0.69 (0.59–0.80)

Antibiotic prescribing for acute bronchitis and URI-NOS

Aggregate 412,145 (639) 118,881 (570) 0.84 (0.80–0.88)

0 34,594 (626) 10,323 (593) 0.92 (0.73–1.16)

1 85,354 (669) 24,948 (615) 1.01 (0.86–1.18)

2 95,400 (647) 29,009 (583) 0.88 (0.73–1.06)

3 82,273 (625) 24,238 (574) 0.84 (0.71–1.00)

4 114,524 (627) 30,363 (519) 0.69 (0.58–0.81)

Appropriate prescribing for acute pharyngitisc

Aggregate 44,243 (320) 15,589 (358) 1.2 (1.13–1.27)

0 3,812 (312) 1,330 (352) 1.15 (0.88–1.50)

1 8,045 (290) 2,828 (330) 1.03 (0.89–1.20)

2 9,013 (298) 3,475 (345) 1.13 (0.91–1.40)

3 8,994 (326) 2,923 (348) 1.14 (0.96–1.35)

4 14,379 (354) 5,033 (397) 1.45 (1.24–1.70)

Appropriate antibiotic selection for acute sinusitisd

Aggregate 161,213 (731) 53,621 (756) 0.97 (0.91–1.03)

0 12,102 (730) 4,466 (746) 0.92 (0.78–1.09)

1 35,047 (736) 11,661 (768) 1.03 (0.93–1.14)

2 36,876 (729) 12,211 (751) 0.95 (0.86–1.05)

3 30,223 (720) 10,308 (746) 0.92 (0.82–1.05)

4 46,965 (736) 14,975 (760) 0.98 (0.88–1.10)

Proportion of uncomplicated ARI cases diagnosed as acute sinusitis

Aggregate 220,593 (220) 70,964 (220) 0.79 (0.75–0.82)

0 16,568 (197) 5,985 (220) 0.80 (0.66–0.96)

1 47,614 (235) 15,185 (236) 0.85 (0.75–0.97)

2 50,587 (222) 16,267 (214) 0.76 (0.65–0.89)

3 41,971 (209) 13,821 (214) 0.77 (0.67–0.87)

4 63,853 (223) 19,706 (217) 0.77 (0.69–0.86)

Note. ARI, acute respiratory infection; VHA, Veterans’ Health Administration; CI, confidence interval.
aThe percentage (%) of patient visits with antibiotics prescribed for individual ARI diagnoses pre/post implementation were bronchitis (83.0 vs 78.4), sinusitis (86.6 vs 86.5), pharyngitis (68.4 vs
63.4), URI-NOS (48.8 vs 42.3).
bARI Dashboard hits was stratified into facilities that never accessed the dashboard indicated by 0 and for facilities that did access the dashboard into quartiles based on the number of times
they accessed the dashboard over the 18-mo postimplementation period, reported as a range: first quartile (1–14), second quartile (≥14–49), third quartile (≥49–173), fourth quartile (≥173–
1,300).
cAppropriate prescribing for acute pharyngitis was defined as no antibiotic for cases with a negative group A rapid antigen detection test or throat culture (or test not performed), penicillin or
amoxicillin for cases with a positive test, or cephalexin, or clindamycin for cases with a positive test and penicillin allergy.
dAppropriate antibiotic selection was defined as defined as prescription for an aminopenicillin (±clavulanate) or, in case of penicillin allergy, doxycycline or a respiratory fluoroquinolone in
patients visits with an antibiotic prescribed.
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respiratory diagnoses for which antibiotics are inappropriately
prescribed.35 Despite the requirement that all VAMCs have a
stewardship program, a number of facilities did not participate
or participated minimally, and reasons for the lack of engage-
ment requires study. Finally, further work is needed to optimize
the behavioral approaches utilized in delivering audit-and-feed-
back and academic-detailing interventions.

In conclusion, implementation of a voluntary systemwide clini-
cian-focused intervention involving audit and feedback of antibi-
otic prescribing rates coupled with academic detailing was
associated a meaningful reduction in antibiotic prescribing for
ARIs within facilities that intensively participated. Minimal impact
on ARI-related clinical outcomes was observed. Healthcare sys-
tems implementing similar interventions should follow the CDC
Core Elements in intervention design. Further work is needed to
maximize reduction of unnecessary antibiotics while identifying
patients for whom antibiotic therapy is appropriate.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/ice.2022.182
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