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Background. In this pilot trial, we evaluated whether audit-and-feedback was a feasible strategy to improve antimicrobial pre-
scribing in emergency departments (EDs).

Methods. We evaluated an audit-and-feedback intervention using a quasi-experimental interrupted time-series design at 
2 intervention and 2 matched-control EDs; there was a 12-month baseline, 1-month implementation, and 11-month interven-
tion period. At intervention sites, clinicians received (1) a single, one-on-one education about antimicrobial prescribing for 
common infections and (2) individualized feedback on total and condition-specific (uncomplicated acute respiratory infection 
[ARI]) antimicrobial use with peer-to-peer comparisons at baseline and every quarter. The primary outcome was the total 
antimicrobial-prescribing rate for all visits and was assessed using generalized linear models. In an exploratory analysis, we 
measured antimicrobial use for uncomplicated ARI visits and manually reviewed charts to assess guideline-concordant man-
agement for 6 common infections.

Results. In the baseline and intervention periods, intervention sites had 28 016 and 23 164 visits compared to 33 077 and 28 835 
at control sites. We enrolled 27 of 31 (87.1%) eligible clinicians; they acknowledged receipt of 33.3% of feedback e-mails. Intervention 
sites compared with control sites had no absolute reduction in their total antimicrobial rate (incidence rate ratio = 0.99; 95% confi-
dence interval, 0.98–1.01). At intervention sites, antimicrobial use for uncomplicated ARIs decreased (68.6% to 42.4%; P < .01) and 
guideline-concordant management improved (52.1% to 72.5%; P < .01); these improvements were not seen at control sites.

Conclusions. At intervention sites, total antimicrobial use did not decrease, but an exploratory analysis showed reduced anti-
microbial prescribing for viral ARIs. Future studies should identify additional targets for condition-specific feedback while exploring 
ways to make electronic feedback more acceptable.

Keywords.  ambulatory care; antimicrobial stewardship; audit-and-feedback.

Antimicrobials are frequently prescribed in both hospitals and 
ambulatory care, but the majority of antimicrobial prescribing 
is in outpatient settings [1]. An estimated 30% of all outpatient 
antimicrobial use is unnecessary [2, 3].

Audit and feedback is an effective strategy to improve anti-
microbial prescribing [4]. Audit and feedback involves re-
viewing a clinician’s antimicrobial-prescribing behavior and 
providing feedback to help the clinician adjust his/her perfor-
mance. The use of audit and feedback for outpatient antimicro-
bial stewardship has been largely studied in primary care clinics 

[5–9] with limited data in emergency departments (EDs) and 
urgent care centers [10–13].

Emergency departments are a major provider of medical care 
in the United States and, in turn, an important partner in efforts 
to improve antimicrobial prescribing [14]. Prior studies have 
demonstrated several opportunities to improve antimicrobial 
prescribing in EDs [15–19].

In this quasi-experimental pilot study, we evaluated whether 
the use of audit and feedback with peer-to-peer comparisons 
could reduce unnecessary antimicrobial use at 2 intervention 
EDs compared with 2 matched-control EDs.

METHODS

Study Design

We performed a quasi-experimental study with an interrupted 
time-series design and a matched-pair nonequivalent control 
group to evaluate the effect of a pilot intervention on clinicians at 2 
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participating EDs versus 2 control EDs [20]. This study design pro-
vided a practical approach to explore our research question using 
a pilot trial. All EDs were affiliated with Veterans Affairs Medical 
Centers (VAMCs) in the midwestern United States.

Site Selection

First, we contacted VAMCs within 2 midwestern Veterans 
Integrated Service Networks (VISNs) to assess their interest in 
participating in this study. These VISNs were chosen because 
they were among the few VISNs that had not implemented re-
gional initiatives to improve antimicrobial use in ambulatory 
care. The 2 selected intervention VAMCs each had a 24 hours 
a day, 7 days a week ED staffed by a mix of full-time and part-
time clinicians. Intervention site 1 exclusively had physicians, 
whereas intervention site 2 also had some advanced practice 
providers. Some physicians were board-certified in Emergency 
Medicine, whereas others held board certification in Internal 
Medicine or Family Practice. There were no moonlighters at ei-
ther intervention site.

Eligible control sites had a baseline total antimicrobial-
prescribing rate (outpatient antimicrobial prescriptions dis-
pensed per total ED patient-visits) that was similar to the 
intervention sites (see Outcomes). Selection of controls on 
the preintervention outcome of interest minimized bias and 
reduced the impact of regression to the mean, which is a key 
threat when selecting poor performers in nonrandomized trials 
[20]. To further ensure that intervention and control sites were 
as similar as possible, control and intervention sites were also 
matched on their hospital complexity level, as defined by the 
Veterans Health Administration (VHA).

Study Interventions

The entire study period was 2  years in duration. The base-
line period covered 1  year between October 1, 2017 through 
September 30, 2018, the implementation phase lasted 1 month 
(October 2018), and the intervention period spanned another 
11  months (November 1, 2018 through September 30, 2019). 
The intervention consisted of an initial one-on-one educational 
meeting with each willing clinician as well as feedback delivered 
at baseline and via a quarterly e-mail.

Initial Meeting With Study Participants

In October 2018, the study team had meetings with all willing 
ED clinicians at the intervention sites. Names of eligible clin-
icians were provided by each ED’s medical director. At interven-
tion site 1, these meetings were face-to-face and took place over 
2 days when D.J.L., an Infectious Disease (ID) physician, was 
present onsite. At intervention site 2, D.J.L.  enrolled ED clin-
icians by telephone, whereas an onsite ID physician (A.D.) met 
with clinicians in-person.

These one-on-one meetings with each clinician lasted 10–15 
minutes and included a review of the clinician’s individual 

antimicrobial-prescribing data (see Feedback on Antimicrobial-
Prescribing), an anonymous comparison to his/her local peers, 
and a review of antimicrobial-prescribing guidelines. This 
guideline review included a page-by-page discussion of a VA 
quick reference guide on the diagnosis and management of 
acute respiratory infections (ARIs) with a specific focus on not 
prescribing antimicrobials for viral ARIs. The guideline review 
also included a short discussion on the correct interpretation 
of urine studies, including the importance of not prescribing 
antimicrobials for patients with abnormal urinalyses but no 
acute genitourinary symptoms of infection (Supplemental Table 
1). All enrolled ED clinicians were given a copy of these educa-
tional materials. After this initial meeting, no further education 
was provided. There was no education at control sites.

Feedback on Antimicrobial Prescribing

Feedback individualized to each clinician was provided at 
baseline during the initial meeting and via quarterly e-mails. 
Feedback consisted of 2 metrics: (1) the clinician’s total 
antimicrobial-prescribing rate (ie, the clinician’s total number 
of antimicrobial-prescribing visits divided by the clinician’s total 
number of ED visits) and (2) the clinician’s rate of prescribing 
antimicrobials for uncomplicated ARIs. The uncomplicated 
ARI metric captured how often an antibacterial agent (hereafter 
“antimicrobial”) was prescribed for visits coded as acute bron-
chitis or an unspecified upper respiratory tract infection (URI), 
as shown in Supplemental Table 2. It excluded visits for patients 
who were immunosuppressed, had chronic lung disease, or had 
a concurrent infection [12].

For the enrollment meeting with clinicians, both metrics 
were based on the year preceding the initiation of the study. 
Once the intervention period began, metrics were only drawn 
from the intervention period. Data on the uncomplicated ARI 
metric were only provided if the clinician had seen ≥8 eligible 
ARI cases during the prior quarter; if 8 eligible visits did not 
occur during the prior quarter, then more than one quarter 
of data could be included as long as the data were all from 
the intervention period. Even if a clinician did not qualify for 
receiving feedback on the uncomplicated ARI metric, feed-
back was still provided every quarter on the clinician’s total 
antimicrobial-prescribing rate.

After the initial meeting, feedback was delivered quarterly via 
e-mail. We believed that, by providing a larger sample size, data 
aggregated over one quarter would provide a more meaningful 
assessment than data aggregated over a shorter time increment 
(eg, monthly).

Peer-to-peer comparisons were leveraged. At enrollment, 
clinicians were compared to their peers for both metrics. In 
subsequent e-mail communications, clinicians were compared 
to their peers and to their own prior performance for the un-
complicated ARI metric. For the total antimicrobial-prescribing 
rate, e-mails only compared clinicians to their personal baseline 
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performance; the lack of risk adjustment for differences in pa-
tient case-mix across clinicians precluded effective peer-to-
peer comparisons for this specific metric. The wording used 
in all feedback reports was based on the MITIGATE toolkit 
(Supplemental Table 3) [21]. All peer-to-peer comparisons were 
also demonstrated graphically in an attachment to the e-mail 
(Supplemental Figure 1).

In accordance with VA regulations, all e-mail feedback was 
sent to clinicians’ VA e-mail accounts. To assess whether the cli-
nician received the e-mail feedback, we requested a read receipt 
for all e-mail communication. The percentage of read receipts 
that were acknowledged was tracked over time.

We did not provide feedback to ED clinicians at the 2 control 
sites. The control sites were not aware that their antimicrobial 
prescribing was being monitored.

Other Stewardship Processes

Beginning in late September 2018, a clinical pharmacist was as-
signed to the ED at intervention site 2 from 10 am to 10 pm 
every day. One of the clinical pharmacist’s responsibilities was 
to prospectively monitor medication prescribing, including 
antimicrobial selection. These pharmacists were not part of this 
trial, and the study team was only made aware of their pres-
ence as the intervention period was about to begin. To account 
for this, separate analyses were performed for intervention sites 
1 and 2. To our knowledge, there were no other ED steward-
ship interventions at the intervention or control sites during the 
baseline or intervention periods.

Data Collection

Data on oral antimicrobial prescriptions, demographics, 
comorbidities, infections, and laboratory data for ED visits 
during the study period were extracted from the Corporate 
Data Warehouse using the VA Informatics and Computing 
Infrastructure. The International Classification of Diseases, 
Tenth Revision (ICD-10) codes were used to identify existing 
comorbidities and infection diagnoses linked to the ED visit. 
Data for the uncomplicated ARI metric were collected from 
the VA Academic Detailing Service’s internal ARI dashboard; 
this study’s uncomplicated ARI metric was identical to the 
dashboard’s metric for uncomplicated bronchitis/URI not oth-
erwise specified.

Outcomes

The primary outcome was the total antimicrobial-prescribing 
rate, defined as the cumulative frequency of prescribing an out-
patient antimicrobial prescription within 24 hours of the ED 
visit. Emergency department visits that resulted in an inpatient 
admission within 24 hours after the visit were not eligible for 
inclusion in the outcome. Antimicrobials were defined as all 
agents included in the National Healthcare Safety Network’s 
Antimicrobial Use and Resistance Module [22]. On a monthly 

basis, the cumulative number of outpatient antimicrobial-
prescribing visits by the ED and the total number of eligible ED 
visits were used as the numerator and denominator, respectively. 
This outcome was chosen because it would not be influenced 
by diagnostic shifting [12, 23]. Several exploratory analyses 
were performed. (1) The uncomplicated ARI metric, as defined 
above, was captured across all clinicians at the control and inter-
vention sites (see Feedback on Antimicrobial-Prescribing). (2) 
Guideline-concordant management was assessed using manual 
chart reviews for 6 conditions: acute bronchitis, acute exacer-
bations of chronic obstructive pulmonary disease (AE-COPD), 
acute sinusitis, cystitis, pharyngitis, and URI (see Manual Chart 
Reviews to Assess Guideline-Concordant Management). These 
conditions were chosen because their optimal management was 
reviewed in the one-on-one educational sessions at the onset 
of the intervention. (3) Several safety outcomes were meas-
ured from 24 hours after the ED visit up to 30 days after the 
visit. These safety outcomes included testing for the presence of 
Clostridioides difficile, confirmed C difficile infection, return ED 
visit, late antimicrobial use, and admission to a VHA acute-care 
facility. Clostridioides difficile linked to a visit was confirmed if 
the patient had a positive C difficile test and a qualifying anti-
microbial (metronidazole, oral vancomycin, or fidaxomicin) 
was dispensed within 7 days of the test. Safety outcomes, except 
return ED visits, included all eligible visits in the denominator. 
A return visit was any visit that occurred from 24 hours up to 
30 days after the prior visit, and ED visits that occurred after 
30 days from the prior ED visit were considered as independent 
visits.

Statistical Analysis

An interrupted times-series analysis was used to evaluate the 
effect of audit and feedback between the intervention and 
control sites on the primary outcome. The crude differences 
in patient characteristics between the baseline and interven-
tion periods were assessed for intervention and control sites 
using the Fisher’s exact test and Wilcoxon rank-sum test. 
Monthly proportions of antimicrobial use were calculated 
at each site for the baseline and intervention time periods. 
Segmented regression analysis was conducted using gen-
eralized linear models to estimate change in monthly total 
antimicrobial prescription rates between baseline and inter-
vention periods for intervention and control sites, respec-
tively. Models were adjusted for continuous variables for 
time (months before, during, and after implementation). The 
estimate for time during implementation was used to cal-
culate the immediate change in prescription rates and was 
reported as incident rate ratios (IRRs) with 95% confidence 
intervals (CIs). Indicator variables for the 4 seasons were 
also included in each model to adjust for seasonal trends. 
An R-side random statement was included in each model to 
vary the degree of overdispersion for each facility. Finally, a 
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difference-in-difference estimate was reported for the change 
in monthly total prescription rates between intervention and 
control sites in the intervention period while controlling for 
changes in the baseline period.

A Poisson regression model with log link was used to esti-
mate the rate of safety outcomes. Models were adjusted for time 
as a continuous covariate, an indicator for month of implemen-
tation of intervention (October 2018), and included random 
effects to account for repeated measurements among sites for 
each month during the study period. An interaction variable 
for the study period (baseline or intervention) and site (inter-
vention or control) was included in the model to estimate the 
IRR and 95% CIs.

Manual Chart Reviews to Assess Guideline-Concordant Management

Patient-visits were eligible for manual chart review if the 
visit met the following criteria: (1) a patient’s first ED visit 
during the study period; (2) a qualifying infection diagnosis, 
as defined by ICD-10 codes; and (3) no evidence of immu-
nosuppression. Qualifying diagnoses were acute bronchitis, 
AE-COPD, acute sinusitis, cystitis, pharyngitis, and URI 
(Supplemental Table 4). Immunosuppression was defined, as 
shown in Supplemental Table 4. At each of the 4 EDs, eligible 
patient-visits were randomly chosen for review. Two inde-
pendent, blinded reviewers evaluated selected medical re-
cords while using defined algorithms (Supplemental Figures 
2–7). Reviewers assessed the accuracy of the diagnosis and, 
if necessary, reclassified the infection type; they also evalu-
ated a decision to prescribe or not prescribe antimicrobials as 
well as the antimicrobial selection and duration, as informed 
by guidelines. Reviewers consisted of a fourth-year medical 
student, an Internal Medicine resident physician, and an 
Infectious Disease fellow physician. If the initial reviewers’ 
assessment were discordant, a third reviewer, who was not 
blinded, reviewed the medical record. The third reviewer 
(D.J.L.) had to evaluate 128 (26.7%) charts during the base-
line period and 135 (29.7%) during the intervention period. 
Based on available resources, the goal was to include at least 
110 adjudicated charts per site for the baseline and interven-
tion periods. Guideline-concordant management was de-
fined as either prescribing an antimicrobial when indicated 
or not prescribing an antimicrobial when not indicated.

Patient Consent Statement

The clinical trial was registered on ClinicalTrials.gov, 
NCT03349567. The Institutional Review Boards (IRBs) at 
the University of Iowa and Indiana University as well as the 
Research & Development Committee of the Iowa City and 
Indianapolis VAMCs approved this study and waived written 
informed consent. All other sites were not engaged in research 
activities, so local IRB approval was not sought.

RESULTS

Enrollment of and Feedback to Emergency Department Clinicians

In all, 27 of 31 (87.1%) eligible ED clinicians were enrolled, in-
cluding 8 of 9 (88.9%) at intervention site 1 and 19 of 22 (86.4%) 
at intervention site 2.  All eight initial meetings at site 1 were 
conducted in-person. At site 2, 6 of 19 (31.6%) initial meetings 
were done over telephone and 13 of 19 (68.4%) were conducted 
in-person. Two clinicians from intervention site 2 later with-
drew from the study; one did not give a reason for withdrawing, 
whereas the other expressed frustration at not being evaluated 
more favorably on the study’s feedback metrics. There were 13 
and 29 unique providers at control sites 1 and 2, respectively.

Feedback was provided to all enrolled clinicians at interven-
tion sites every quarter. However, there was insufficient data 
to provide feedback on the uncomplicated ARI metric for 12 
(42.9%) clinicians during quarter 1, 3 (10.7%) during quarter 2, 
and 1 (3.6%) during quarter 3.

During quarter 1, we received e-mail read receipts from 14 
(51.9%) participants. This decreased to 10 (38.5%) read receipts 
during the second quarter and 2 (7.7%) in the third quarter. In 
all, only 33.3% of all e-mails were acknowledged; 18 (66.7%) of 
all clinicians acknowledged receipt of at least 1 feedback e-mail.

Characteristics of Patients Seen in Emergency Departments During 
Baseline and Intervention Periods

In the baseline and intervention periods, intervention sites had 
28 016 and 23 164 visits, respectively, compared to 33 077 and 
28 835 visits at control sites. Table 1 summarizes patient-visit 
characteristics during the baseline and intervention periods.

Changes in Total Antimicrobial Prescription Rates

There was an immediate, nonsignificant reduction in monthly 
total antimicrobial prescription rates (IRR = 0.77; 95% CI, 0.54–
1.09) at intervention site 1 (Figure 1). During the intervention 
period, there was a nonsignificant absolute reduction of 1% in 
the monthly total antimicrobial-prescribing rate between in-
tervention sites compared to control sites while controlling for 
changes in the baseline period (IRR = 0.99; 95% CI, 0.98–1.01; 
P = .35) (Table 2). As shown in Supplemental Figure 8, there 
was no graphical difference in total antimicrobial-prescribing 
rates between clinicians at intervention sites who acknowledged 
receipt of e-mail feedback and those who did not.

Changes in Antimicrobial-Prescribing for Visits Coded as Uncomplicated 
Acute Respiratory Infections (Exploratory Analysis)

At baseline, antimicrobial use for uncomplicated ARIs ac-
counted for 15.8% of all antimicrobial-prescribing visits at in-
tervention sites and 8.9% of all antimicrobial-prescribing visits 
at control sites (Supplemental Table 5). In comparing the base-
line and intervention periods, antimicrobial-prescribing for un-
complicated ARIs increased from 56.8% to 62.5% at control sites 
(P < .01) while decreasing from 68.6% to 42.4% at intervention 
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sites (P < .01). Figure 2 shows time-series data for changes in 
antimicrobial-prescribing in visits coded as uncomplicated 
ARIs. Graphically, antimicrobial use for uncomplicated ARIs re-
mained stable at control sites but decreased at intervention sites.

Guideline-Concordant Management, Based on Manual Chart Reviews 
(Exploratory Analysis)

Supplemental Tables 6 and 7 provide an overview of how many 
patient-visits were eligible for review and how many were excluded. 
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Figure 1. (a) Comparison of monthly total antimicrobial-prescribing rates between the baseline and intervention periods at 2 intervention emergency departments. (b) 
Comparison of monthly total antimicrobial-prescribing rates between the baseline and intervention periods at 2 control emergency departments.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab186#supplementary-data
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In all, full-chart adjudication was performed on 480 visits during 
the baseline period and 455 during the intervention period.

In comparing the baseline and intervention periods, 
guideline-concordant management improved from 52.1% to 
72.5% (P < .01) at intervention sites compared to 51.3% to 
58.2% (P = .13) at control sites (Table 3). If cases reviewed by the 
nonblinded third reviewer are excluded, guideline-concordant 
management still improved at the intervention sites (88 of 176 
[50.0%] to 133 of 170 [78.2%], P < .001) but not at control sites 
(94 of 176 [53.4%] to 93 of 150 [62.0%], P = .12). The improve-
ments in guideline-concordant management at intervention 
sites were driven by declines in prescribing antimicrobials for 
viral ARIs (Supplemental Table 8). Table 3 also shows findings 
on antimicrobial selection and duration in cases in which an 
antimicrobial was indicated.

Safety Outcomes

During the intervention period, there were no statistically sig-
nificant differences in the IIRs of monthly safety outcomes 

between intervention and control sites, while controlling for 
changes in the baseline period (Table 4).

DISCUSSION

After the implementation of audit and feedback at 2 EDs, total 
antimicrobial use did not decrease at intervention sites com-
pared with control sites. However, antimicrobial use for viral 
ARIs decreased at the intervention sites, based on an explora-
tory analysis that included manual chart reviews of 6 infection 
types and an electronic evaluation of visits coded as uncompli-
cated ARIs (ie, acute bronchitis or URI).

Our feedback to clinicians focused on 2 metrics: (1) the fre-
quency of prescribing antimicrobials for uncomplicated ARIs 
and (2) each clinician’s frequency of prescribing antimicrobials 
for all patient-visits. Like prior outpatient behavioral inter-
ventions for stewardship, we provided repeated individual-
ized feedback that leveraged peer-to-peer comparisons for 
the uncomplicated ARI metric [5, 10, 12, 24]. The feedback 

Table 2. Effect of the Intervention on the Monthly Total Antimicrobial Prescribing Rates at 2 Intervention and 2 Control Emergency Departments, Stratified 
by Baseline and Intervention Periods

Outcome
Baseline Monthly 
Prescription Rate

Immediate Change in  
Prescription Rate IRR (95% CI)

Monthly Prescription Rate Reduction in Monthly  
Prescription Rate  

(Difference-in-Difference)Baseline Trend Intervention Trend

Antimicrobial Use      

Intervention Site 1 17.9% 0.77 (0.54–1.09) −0.9% +1.0% 0.99% (0.98–1.01) (P = .35)

Intervention Site 2 21.4% 1.11 (0.93–1.33) −0.9% −0.9%

Control Site 1 20.8% 1.21 (0.94–1.55) −0.9% +1.0%

Control Site 2 20.9% 1.13 (0.93–1.38) −0.9% +1.0%

Abbreviations: CI, confidence interval; IRR, incident rate ratio.
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Figure 2. Antimicrobial prescribing in emergency department (ED) visits associated with a diagnostic code for an uncomplicated acute respiratory tract infection at inter-
vention and control sites during October 2017–September 2018 (baseline period) and October 2018–September 2019 (intervention period).

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab186#supplementary-data
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on antimicrobial use for uncomplicated ARIs was specific and 
actionable, which are both characteristics of effective feed-
back; in turn, antimicrobial prescribing for ARIs seems to have 
declined.

Providing clinicians feedback on their total antimicrobial-
prescribing rate was based on the premise that clinicians who 
more frequently prescribe antimicrobials are more likely to 
prescribe unnecessary antimicrobials [25, 26]. However, this 
type of feedback may have been too nonspecific to drive be-
havior change, because it did not identify the specific situations 
in which antimicrobials were unnecessarily prescribed. In ad-
dition, we chose not to make quarterly peer-to-peer compari-
sons on this unadjusted metric, and this too may have limited 
its impact. Based on existing literature, it is unclear whether 
feedback on total antimicrobial-prescribing volume is effec-
tive. In one study, general practitioners in England decreased 
their antibiotic use after receiving feedback on their practice’s 
antibiotic-prescribing rate, compared with other practices [27]. 
However, the feedback came from the country’s Chief Medical 

Officer, so it may have been more influential than the feedback 
in our study, which came from the study’s lead physician who 
was not otherwise known to participants. In line with our study, 
primary care physicians in Switzerland who received quarterly 
feedback on the frequency of their antibiotic prescribing did not 
change their antibiotic use [28].

We encountered several additional challenges with pro-
viding feedback. First, we had difficulty confirming that 
our electronic feedback had actually been received by par-
ticipants. As the study progressed, fewer and fewer parti-
cipants acknowledged receipt of our e-mail feedback. It is 
unclear whether the e-mail content had been read but the 
read receipt was just not sent. All feedback e-mails were sent 
to participants’ VA e-mail accounts, which may have been 
infrequently checked. Such a low and declining rate of ac-
knowledgment suggests that ED clinicians may have found 
the feedback less acceptable over time and represents a bar-
rier to the feasibility of our intervention. Second, a large 
proportion of clinicians had insufficient data to qualify for 

Table 3. Guideline-Concordant Management Based on Findings From Manual Chart Reviews

Intervention Sites Control Sites

Type of Assessment
Baseline Period  

(n = 240)
Intervention Period  

(n = 230)
Baseline Period  

(n = 240)
Intervention Period  

(n = 225)

Coded diagnosis changed by reviewersa 46 (19.2%) 13 (5.7%) 35 (14.6%) 13 (5.8%)

Guideline-concordant managementb,c 125 (52.1%) 166 (72.5%) 123 (51.3%) 131 (58.2%)

 Antimicrobial-prescribed when indicated 55 (22.9%) 73 (31.7%) 54 (22.5%) 69 (30.7%)

 Antimicrobial not prescribed when not indicated 70 (29.2%) 93 (40.4%) 69 (28.8%) 62 (27.6%)

Guideline-concordant selection 51/55 (92.7%) 68/73 (93.2%) 50/54 (92.6%) 66/69 (95.7%)

Guideline-concordant duration 35/55 (63.6%) 51/73 (69.9%) 34/54 (63.0%) 44/69 (63.8%)

aIf there was discrepancy between the diagnostic code and the reviewer’s assessment on either upper respiratory tract infection or acute bronchitis, the consensus diagnosis was con-
sidered to be a viral respiratory tract infection and a change in diagnosis was deemed to not have been made.
bWhen management was not guideline-concordant, it was almost always because an antimicrobial was prescribed when not indicated. There were only 1 case across both study periods in 
which the reviewers thought an antimicrobial was indicated but an antimicrobial had not been prescribed.
cGuideline-concordant management improved in the intervention sites (52.1% to 72.5%, P < .001) but not at the control sites (51.3% to 58.2%, P = .13). If sites reviewed by the third re-
viewer are excluded, guideline-concordant management improved at the intervention sites (88 of 176 [50.0%] to 133 of 170 [78.2%], P < .001) but not at control sites (94 of 176 [53.4%] 
to 93 of 150 [62.0%], P = .12).

Table 4. Median Outcomes at 30 Days for Patient-Visits to 2 Intervention and 2 Control Emergency Departments, Stratified by Baseline and Intervention 
Periods

Secondary Outcomesa

Intervention Sites Control Sites

Adjusted IRR (95% CI)Baseline % Intervention % Baseline % Intervention %

Repeat ED visit 18.4 19.2 18.2 19.1 1.01 (0.85–1.19)

Inpatient admission 5.9 5.9 5.6 5.8 1.01 (0.81–1.27)

Late antimicrobial use 31.5 31.1 29.5 28.5 1.12 (0.93–1.35)

Clostridioides difficile testing 0.60 0.69 0.86 0.89 0.83 (0.53–1.29)

C difficile infectionb,c 0 0 0 2.5 1.41 (0.88–2.25)

All-cause mortality 0.56 0.60 0.61 0.59 0.88 (0.58–1.34)

Abbreviations: CI, confidence interval; ED, emergency departments; IRR, incident rate ratio.
aAll secondary outcomes were measured from 24 hours after the ED visit up to 30 days after the visit.
bClostridioides difficile infection was confirmed if the patient had a positive C difficile test and a qualifying antimicrobial agent (metronidazole, oral vancomycin, or fidaxomicin) was dispensed 
within 7 days of the test.
cAlthough the median is reported as 0, there were still C difficile infections that occurred during both the baseline and intervention periods. The median absolute count varied from 1–2 
infections per month.
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feedback on the uncomplicated ARI metric during quarter 
1, which may have limited our ability to influence antimicro-
bial prescribing for ARIs. Third, we only provided feedback 
every quarter, because we believed that quarterly feedback 
would ensure an adequate sample size for each clinician. We 
acknowledge that providing more frequent feedback may 
have been more effective at changing behavior. However, 
some clinicians had few uncomplicated ARI visits, so it may 
have been challenging to make more frequent peer-to-peer 
comparisons that were still meaningful. Fourth, our inter-
vention did not address several important barriers to acting 
on our feedback. For example, we did not address the chal-
lenge of diagnostic uncertainty, time constraints, or patients 
frequently demanding antimicrobial therapy [29, 30].

Without question, there is a need to develop effective anti-
microbial stewardship strategies for EDs [31, 32]. To our knowl-
edge, our pilot trial is the third multicenter stewardship study 
that leveraged audit and feedback to improve antimicrobial 
prescribing in EDs [10, 12]. Both prior studies, which found 
audit-and-feedback to be effective, provided their feedback on 
a metric similar to our uncomplicated ARI metric, and both 
measured antimicrobial use solely for ARI visits. One of these 
studies provided feedback on a monthly basis, which was more 
frequent than our study, whereas the other provided feedback 
every 2–3 months [10, 12]. Although our study did not show 
a change in our primary outcome, our intervention seems to 
have reduced unnecessary antimicrobial use for viral ARIs. It 
is unclear whether this improvement was the result of our in-
itial education, the quarterly feedback, or simply the result of 
ED clinicians’ awareness that their antimicrobial prescribing 
was being monitored. Because uncomplicated ARIs (ie, acute 
bronchitis and URI) only accounted for a small percentage of 
all antimicrobial-prescribing visits, providing specific feedback 
for this condition may have had a limited impact on total anti-
microbial use, our primary outcome. Although a metric that 
included all ARIs would have captured a higher proportion of 
visits, certain ARIs (eg, sinusitis) sometimes require antimicro-
bial therapy, so interpretation of such an expanded metric could 
have been difficult.

Future stewardship studies on audit and feedback in EDs 
should incorporate additional strategies, such as local cham-
pions, to improve the adoption and sustainability of the in-
tervention. Future studies could also evaluate the perceived 
acceptability of the feedback and optimal methods for delivering 
feedback, including for infections other than ARIs. To this end, 
measuring implementation outcomes, as was done in at least 1 
prior ED stewardship study, would be helpful [10, 33]. Finally, 
as done in our study, future studies should include clinical out-
comes to ensure safety and measure antimicrobial-prescribing 
outcomes that are independent of diagnostic codes.

Our study has a few limitations that should be acknowl-
edged. First, because the study was not randomized, we 

cannot exclude temporal confounding or selection bias. By 
conducting a time-series analysis, we tried to account for 
confounders that may change over time, and by including a 
matched-control group, we tried to minimize the possibility 
of regression to the mean. Second, we cannot exclude the pos-
sibility that sites had any other processes in place that could 
have influenced our outcomes. In fact, intervention site 2 had 
assigned 2 dedicated ED pharmacists to their ED the month 
before our intervention started. However, based on our anal-
ysis, the baseline and intervention trends in antimicrobial 
use did not differ in the 2 intervention sites, which suggests 
that these ED pharmacists did not have an added effect on 
the primary outcome. Third, this intervention only lasted for 
12  months, so we cannot comment on its sustainability, but 
the low rate at which our e-mails were acknowledged suggests 
that sustainability may be difficult.

CONCLUSIONS

In conclusion, the implementation of audit and feedback at 2 
EDs raised questions about the acceptability of this type of elec-
tronic feedback. Although our pilot intervention did not de-
crease total antimicrobial use, an exploratory analysis showed 
that it decreased antimicrobial prescribing for viral ARIs. There 
is a continued need to improve antimicrobial prescribing in 
EDs, and audit and feedback remains a promising tool. Future 
studies should be sufficiently powered and develop strategies 
to optimize the delivery of electronic feedback. Future studies 
should also explore the added benefit of using further behav-
ioral interventions and the effectiveness of giving feedback for 
infections other than ARIs.
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