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Abstract

Objectives: TheCore Elements of Outpatient Antibiotic Stewardship provides a framework to improve antibiotic use, but cost-effectiveness data
on implementation of outpatient antibiotic stewardship interventions are limited. We evaluated the cost-effectiveness of Core Element imple-
mentation in the outpatient setting.

Methods: An economic simulationmodel from the health-system perspective was developed for patients presenting to outpatient settings with
uncomplicated acute respiratory tract infections (ARI). Effectiveness was measured as quality-adjusted life years (QALYs). Cost and utility
parameters for antibiotic treatment, adverse drug events (ADEs), and healthcare utilization were obtained from the literature. Probabilities for
antibiotic treatment and appropriateness, ADEs, hospitalization, and return ARI visits were estimated from 16,712 and 51,275 patient visits in
intervention and control sites during the pre- and post-implementation periods, respectively. Data for materials and labor to perform the
stewardship activities were used to estimate intervention cost. We performed a one-way and probabilistic sensitivity analysis (PSA) using
1,000,000 second-order Monte Carlo simulations on input parameters.

Results: The proportion of ARI patient-visits with antibiotics prescribed in intervention sites was lower (62% vs 74%) and appropriate treat-
ment higher (51% vs 41%) after implementation, compared to control sites. The estimated intervention cost over a 2-year period was $133,604
(2018 US dollars). The intervention had lower mean costs ($528 vs $565) and similar mean QALYs (0.869 vs 0.868) per patient compared to
usual care. In the PSA, the intervention was dominant in 63% of iterations.

Conclusions: Implementation of the CDC Core Elements in the outpatient setting was a cost-effective strategy.

(Received 12 April 2021; accepted 25 August 2021; electronically published 29 September 2021)

Antibiotic resistance is a problem that is primarily a consequence
of widespread antibiotic use and misuse. A Centers for Disease
Control and Prevention (CDC) report estimated that 2.87 million
antibiotic-resistant infections occur in the United States annually.1

Antibiotic-resistant infections increase US healthcare costs,
including an additional $20 billion in direct costs and $35 billion
in indirect costs (calculated in 2008 dollars) annually.

Antibiotic stewardship is the systematic effort to measure and
improve how antibiotics are prescribed to mitigate the develop-
ment of resistance and other harmful effects of antibiotic overuse.
To promote optimal antibiotic use, guidelines for antibiotic stew-
ardship programs (ASPs) in multiple practice settings have been
published.2,3 To improve outpatient prescribing, the CDC created
theCore Elements for Outpatient Antibiotic Stewardship.4 The Joint
Commission published antibiotic stewardship requirements for
ambulatory healthcare organizations.5 Delivery of antibiotic stew-
ardship requires a commitment of economic resources. Although
cost-effectiveness analyses (CEAs) of antibiotic stewardship have
been conducted in inpatient settings, only 1 CEA has been con-
ducted in the outpatient setting6–8 despite evidence that most anti-
biotics are prescribed to outpatients.5 Acute respiratory tract
infections (ARIs) are common outpatient diagnoses for which
antibiotics are prescribed, and up to 50% are prescribed
inappropriately.9
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Beginning in September 2017, an antibiotic stewardship inter-
vention based on the Core Elements framework was launched at 10
outpatient Veterans Healthcare Administration (VHA) sites.10 The
intervention used a provider-directed audit feedback and academic
detailing approach to promote appropriate diagnosis and treat-
ment of ARIs. Academic detailing consists of noncommercial,
peer-to-peer communication using reinforcement techniques to
facilitate change in prescribing practices. Audit feedback refers
to providing clinicians with a summary of performance on health-
care indicators over time for the purpose of improving perfor-
mance.11,12 We evaluated the cost-effectiveness of the
intervention compared to usual care, using a decision ana-
lytic model.

Methods

Decision analytic model

An economic simulation model was developed from the health-
system perspective for patients presenting to an outpatient setting
diagnosed with an ARI. Target ARI diagnoses included acute
sinusitis, pharyngitis, bronchitis, and other viral upper respiratory
tract infections not otherwise specified (URI-NOS). To limit the
analysis to visits for uncomplicated ARIs, patients with pre-
existing conditions (ie, chronic pulmonary disease, immuno-
suppression, chronic sinusitis or pharyngitis) or an ARI within
the previous 30 days were excluded. Clinical champions within
sites with facilitation by VHA Medical Center antibiotic stewards,
delivered provider-level audit feedback at 2–3-month intervals for
12 months coupled with an initial academic detailing visit. A full
description of the study intervention and results are available.10We
compared the cost and effectiveness of the intervention versus
usual care (ie, no intervention). The effectiveness measure was
quality-adjusted life-years (QALYs), a metric that encompasses
both duration and quality of life. Costs included those related to
treatment of ARIs and associated care, and cost incurred to imple-
ment the intervention. Model parameter inputs were obtained
from published literature and from study data obtained from
patient visits for ARIs in the intervention and control sites.

Patients enter the model by having an outpatient visit with a
diagnosis of an ARI (Fig. 1). Next, patient visits are classified as
having an antibiotic prescribed or not. Based on the specific
ARI diagnosis and patient characteristics, this treatment is classi-
fied as appropriate or not. Appropriate therapy for acute bronchitis
or URI-NOS was defined as symptomatic management (no anti-
biotics prescribed), whereas for pharyngitis prescription of a guide-
line recommended antibiotic (penicillin or amoxicillin except in
cases of penicillin allergy) was considered appropriate if the patient
had a positive group A Streptococcus test.13 Appropriate therapy
for sinusitis was based on prescription of a guideline recommended
antibiotic; amoxicillin or amoxicillin/clavulanate except in cases of
penicillin allergy.14,15 After the initial visit, patients could present
for follow-up which would require additional resources. For exam-
ple, patients might experience poor resolution, worsening of symp-
toms, secondary infections, or an adverse drug event (ADE)
requiring return visits or hospital admission. The model was pro-
grammed using TreeAge Pro 2018 software (TreeAge Software,
Williamstown, MA).

Input parameters

The movement of hypothetical patients through the model is gov-
erned by probability input parameters. Probabilities included those
for antibiotic treatment appropriateness, antibiotic ADEs, hospi-
talization, and return ARI visits, which were estimated based on
a prior analysis of the intervention outcomes (Table 1).10

Estimates of the intervention effect on the occurrence of these
events were obtained from difference-in-differences (DD) analy-
ses, which minimized the potential time-varying external effects
from the overall trend in probabilities.10

For DD analyses, control sites were selected in a 4:1 ratio from
VHA sites that were unlikely to have received a similar ARI inter-
vention and matched with intervention sites.10,16 The preimple-
mentation period was from October 2014 through September
2017, and the intervention implementation occurred between
September 2017 and January 2018. The postimplementation obser-
vation period spanned October 2017 through March 2019

Fig. 1. Decision analytic model. Note. ADE,
adverse drug event; ARI, acute respiratory tract
infection.
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depending on the site implementation date. All intervention sites
continued the intervention for at least 12 months. The DD models
adjusted for time trend, baseline antibiotic prescription rates,
month of year, patient age and temperature, and provider type.
We assumed that 76% of patients who were not given antibiotic
were treated with symptomatic therapy based upon a national uti-
lization review of outpatient ARI management.17,18

In total, 16,712 and 51,275 patient visits in the intervention and
control sites were evaluated, respectively. Patients had a median
age of mid-fifties and were primarily male. To estimate the prob-
ability input parameters for the intervention cohort, we applied the
relative changes from the DD analyses to the values of preimple-
mentation period for the usual care cohort. Antibiotic prescribing
was significantly lower for the intervention sites compared to the
usual care sites (62% vs 74%) while the rate of appropriate antibi-
otic prescribing was higher for the intervention compared to the
usual care (51% vs 41%) (Table 1). The rates of 14-day ADEs were
1.9% for the intervention and 1.7% for the control. The rates of
hospitalization were 1.6% for the intervention and 1.9% for the
control. The rates of 30-day ARI-related return visits were
10.4% for the intervention and 9.8% for the control.10

Intervention cost was estimated using data provided by the
National VHA Academic Detailing Service for a similar
ARI-focused campaign.16 Costs included those associated with
the development of the audit feedback and academic detailing
materials and electronically captured time for personnel delivering
the campaign. The total cost for interventionmaterial development
was estimated at $94,052 including costs to make the ARI cam-
paign education tools, build an electronic graphical interface (ie,
dashboard) to generate audit feedback reports and SharePoint site
and to coach local and regional staff to implement the campaign.
Additionally, time spent on intervention implementation at the 10
sites was electronically documented by provider type for clinic
champions, their surrogates, and antibiotic stewards. The cost of
intervention implementation time was estimated to be $39,551
from 2016 to 2018, using the median wage of each provider type
from the US Bureau of Labor Statistics 2018.19 The total estimated
2-year intervention cost was $133,604 in 2018 US dollars (Table 2).
Although the postimplementation observation period of this study

was 1 year, total 2-year estimated cost was used because most costs
were related to development of intervention tools prior to imple-
mentation rather than labor costs to deliver the intervention.

Cost and utility parameters for ARI treatment, ADEs, and
healthcare utilization were obtained from the published literature
(Table 2). Costs of antibiotic and symptomatic therapy treatment
were obtained for ARI using the Centers for Medicare & Medicaid
Services physician fee schedule or VHA federal supply schedule.8,20

Hospitalization costs were estimated from studies evaluating ASPs
for patients with suspected sepsis or lower respiratory tract infec-
tions, which occurred infrequently but were the most commonly
encountered admitting diagnoses during the intervention.21,22

Costs for mild complications not requiring hospitalization were
obtained from a study on the economic burden of non–influ-
enza-related viral respiratory tract infection including sinusitis.23

We assumed that the cost of a return clinic visit was the same
as the initial clinic visit.

Effectiveness was measured in QALYs, and utility was mea-
sured on a scale in which 1.0 represented a state of perfect health
and 0.0 represented death. Base utility for ARI without complica-
tions or additional utilization was estimated at 0.87.24 Disutility of
antibiotic use, symptomatic therapy, mild or severe ADE from
antibiotics, inpatient complications, ED visit for infection, and
hospitalization for severe infection were determined from previ-
ously published studies.25–28 Disutility of a return ARI visit was
assumed to be same as disutility of symptomatic treatment.

All costs were adjusted to 2018 US dollars using the personal
consumption expenditures price index for healthcare services.

Sensitivity analysis

Point estimates for each input parameter were used in the base-
case analysis. Next, we performed a one-way sensitivity analysis
in which we varied the number of patients seen at the intervention
sites given that most of the intervention cost was fixed (ie, the total
intervention cost was the same regardless of the number of patients
seen). In an additional one-way sensitivity analysis, we varied the
intervention cost from 50% to 100% of the base-case value. We also
performed a one-way threshold analysis to identify the interven-
tion cost for which the incremental cost-effectiveness ratio
(ICER) exceeded the willingness-to-pay (WTP) threshold of
$100,000 per QALY.

A probabilistic sensitivity analysis (PSA) was performed to
assess the impact of uncertainty in all probabilities, utility, and cost
parameters simultaneously using 1,000,000 (1,000 trials of 1,000
hypothetical patients each) simulated patients. The PSA parameter
values were based on random draws from a distribution.
Probabilities and utilities were assumed to follow either a beta dis-
tribution or a triangular distribution, and cost parameters were
assumed to follow a gamma distribution.29

Results

In the base-case analysis, mean total costs per patient were higher
for the usual care strategy ($565) compared to the antibiotic stew-
ardship strategy ($528) (Table 3). The usual care strategy yielded
0.868 versus 0.869 QALYs for the intervention strategy. Overall,
the antibiotic stewardship intervention was $37 (7%) less costly
and yielded an additional 0.001 QALYs (1.2%) per patient com-
pared to the usual care. These results suggest that the antibiotic
stewardship intervention was the dominant treatment strategy
because it produced slightly more QALYs at a slightly lower cost
compared to usual care.

Table 1. Probability Input Parameters for the Decision Analytic Model

Input Parameters

Usual Care Intervention

Value,
% Range

Value,
% Range

Probabilitiesa

Antibiotic prescribing 73.5 73.1–73.9 61.6 60–63.3

Appropriate antibiotic
prescribingb

41.2 40.8–41.7 51.1 49.4–52.9

14-d adverse event 1.7 1.6–1.8 0.8 0.5–1.2

30-d hospitalizationc 1.9 1.8–2.0 1.6 1.2–2.1

30-d ARI-related return visit 9.8 9.5–10 7.7 6.9–8.7

Note. ARI, acute respiratory tract infections.
aProbabilities were estimated using the results from the difference-in-difference analyses.4
bDefinitions of appropriate therapy: Acute bronchitis or upper respiratory tract infections not
otherwise specified (URI-NOS), no antibiotic prescribed. Sinusitis: aminopenicillin, or in the
case of a penicillin allergy, doxycycline, or a respiratory tract fluoroquinolone. Pharyngitis:
aggregate of no antibiotic therapy for patients with a negative group A strep test or culture (or
test not performed), or penicillin/amoxicillin for a positive test, except in cases where
penicillin allergy was identified and cephalexin or clindamycin was considered appropriate.
c30-d hospitalization includes non–ARI-related cases.
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Major differences between the intervention and the usual care
strategies were the rate of antibiotics prescribed and appropriate-
ness of the treatment; however, the difference in the rate of hospi-
talization between 2 strategies was the factor that led the biggest
cost difference in the results because of the high cost of hospitali-
zation if incurred. Althoughminimal, QALYs were gained by fewer
antibiotics prescribed under the intervention, compared to the
usual care.

Threshold analyses demonstrated that the intervention strat-
egy would be dominant (ie, both less costly and more effective)
as long as the intervention cost was <$346,923 or the total num-
ber of patient visits under the intervention strategy was at least
1,282. In our study, we estimated the intervention cost to be
$133,604, and 3,273 patient visits were included. Because the
threshold values for these inputs were not close to the actual val-
ues, our study results were not sensitive to the intervention cost.
Additionally, the per-person mean cost savings could increase
from $37 to $63 if the intervention cost was reduced by 50%.

The rate of hospitalization played a significant role in the overall
cost incurred in each strategy. The rate of hospitalization was 1.6%
for the intervention verses 1.9% for the usual care strategy in the
base-case model. One-way sensitivity analysis demonstrated that
the intervention strategy was no longer cost-effective at a WTP
of $100,000 per QALY, when the rate of hospitalization for the
intervention was ≥1.8%.

Finally, our PSA suggested that the results were robust to varia-
tion in the base-case values of probability, utility, and cost param-
eter values. The ASP intervention was dominant in 63% and cost-
effective at a WTP of $100,000 per QALY in 67% of the 1,000,000
Monte Carlo iterations (Fig. 2).

Discussion

We assessed the cost-effectiveness of Core Element implementa-
tion to improve ARI management in an outpatient setting. To
our knowledge, this is the second CEA on an antibiotic stewardship

Table 2. Cost of Care and Utility Input Parameters for the Decision Analytic Model

Input Parameters Value Range Source

Intervention costs (2018$)

Antibiotics stewardship 133,604 VHA database

Costs (2018$)

Clinic visits 36.24 29.81–45.95 CMS Physician Fee Schedule (HCPCS 99212), Gong (2019)8

Antibiotics 10.21 2.25–51.27 VHA Federal Supply Schedule, Gong (2019)8

Adverse drug events 33.42 23.32–46.19 Fendrick (2003)23

Symptomatic treatment 5.15 0.00–10.66 VHA Federal Supply Schedule, Gong (2019)8

Hospitalization 26,727 – Mewes (2019), Balk (2017)21,22

Return ARI visit 36.24 29.81–45.95 Expert opinion

Death 10,000 8,000–12,000 Van Howe (2005)36

Utility

Acute respiratory infection 0.8700 0.8600–0.8800 Luo (2005)24

Disutility

Antibiotic treatment 0.0018 0.0011–0.0040 Bergus (2008)25

symptomatic treatment 0.0015 0.0017–0.0034 Bergus (2008)25

Inpatient complications 0.0109 0.0062–0.0121 Egger (2016)26

Hospitalization for severe infection 0.0065 0.0046–0.0084 Egger (2016)26

Mild side effectsa from antibiotics 0.0020 0.0010–0.0040 Shepard (2002)27

Severe side effectsb from antibiotics 0.0080 0.0050–0.0120 Shepard (2002)27

Return ARI visit 0.0015 0.0017–0.0034 Expert opinion

Note. ARI, acute respiratory tract infections; ADE, adverse drug effect; VHA, Veterans Healthcare Administration; CMS, Centers for Medicare & Medicaid Services.
aMild ADE, ADE not requiring hospitalization.
bSevere ADE, ADE requiring hospitalization.

Table 3. Base-Case Cost-Effectiveness Analysis Results

Treatment Strategy Mean Cost (2018$) Incremental Cost (2018$) Mean Effect (QALYs) Incremental Effect (QALYs) ICER ($/QALY)

Usual care $565 : : : 0.868 : : :

Antibiotic stewardship $528 −$37 0.869 0.001 Dominant

Note. ICER, incremental cost-effectiveness ratio. QALY, quality-adjusted life year.
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outpatient-focused intervention using US real-world data includ-
ing cost to implement the intervention.8 Our analysis suggests that
implementation of the outpatient provider-directed audit feedback
and academic detailing intervention based on the CDC Core
Elements yielded cost savings. For uncomplicated ARI patients,
the intervention was safe and was associated with lower costs of
$37 per patient without affecting quality of life. The cost savings
were mainly driven by reductions in antibiotic prescribing and
hospitalization after an ARI visit where most the cost difference
resulted from reduced inpatient cost.

These findings were robust with regard to variation in compli-
cation rates or other probability parameters, utility or disutility of
each health state and utilization, and treatment costs, except for the
rate of hospitalization. One-way sensitivity analysis demonstrated
that the intervention approach is a dominant strategy as long as the
implementation cost is less than $346,923. We applied a
conservative measure of intervention cost using the full 2-year
implementation cost of $133,604 from a nearly identical
National VHA Academic Detailing Service for the ARI-focused
campaign. Most of the intervention costs were related to develop-
ment costs prior to implementation rather than labor costs to
deliver the intervention during the 12-month observation period.
A longer observation period of the intervention potentially
achieves further cost savings because most costs are fixed.
Institutions interested in developing similar interventions might
realize further reductions in start-up costs by utilizing similar
intervention resources.10,30 Likewise, the number of patients
impacted by the intervention is an important factor to determine
cost-effectiveness because the fixed costs per patient decrease as the
number of patients increases. The intervention sites provided 3,273
patient visits, which was>2.5-fold the cost-effectiveness threshold.
These findings suggest that themore patients who receive care with
the intervention, the greater cost-effectiveness benefit. Finally, our
results were fairly sensitive to the rate of hospitalization, which was
a key factor of cost saving in terms of its magnitude. Although the
DD analysis in the original study identified a small but significant
reduction in hospitalization between usual care and the interven-
tion, the reasons for this effect are unknown. Possible explanations
include enhanced diligence in applying respiratory tract–related
diagnostic and treatment criteria, unmeasured differences in
patient comorbidity, and differences in practice across sites. We

conclude that the intervention compared to usual care is the pre-
ferred strategy for patients with uncomplicated ARI visits condi-
tional on the decreased chance of hospitalization because of the
intervention. These findings may provide decision makers with
a comparable benchmark for evaluating the antibiotic stewardship
intervention.

Cost-effectiveness evidence for ASP is limited, especially for
the outpatient setting. Recent studies on the cost-effectiveness
of ASP suggest that they may provide health economic benefits
in inpatient settings.6,7 Although the magnitude of benefit var-
ied significantly across studies, ranging from <$100 to >$3,000
per patient for sepsis and lower respiratory tract infection,20,31,32

or bloodstream infection.33,34 Most analyses did not include
intervention cost,33 which might have resulted in overestima-
tion of benefit. A similar outpatient stewardship study to ours
demonstrated a cost saving of $5–$6 per person and an
increased utility of ∼0.05 depending on the types of behavioral
economic interventions for ARIs.8 This report was in line with
our findings, although the intervention cost was not incorpo-
rated in the model. Furthermore, the outpatient provider-
directed audit feedback and academic detailing intervention
was a population-based approach which differs from the indi-
vidual patient audit feedback approach utilized in most in-
patient settings. Although the latter requires limited fixed
costs to implement, the labor to maintain patient-level review
of antibiotic prescribing is more intensive than the audit feed-
back and academic detailing approach which requires only peri-
odic intervention. Further economic comparisons of the 2
interventional approaches are needed.

Study limitations should be considered when interpreting the
generalizability of our results. The data underlying the input
parameters were obtained from literature and retrospective sam-
ples obtained within VHA sites. The one-way sensitivity analyses
and PSA ensured that the results were fairly robust to the uncer-
tainties and variations of the input parameters; however, there
could still be publication bias in treatment costs or utility values
that could affect the results. The use of VHACDWdata to populate
the input probabilities may limit the generalizability of our results
to other healthcare systems due to the skewed population distribu-
tion toward older males. However, 2020 changes to ARI-related
Healthcare Effectiveness Data and Information Set measures with

Fig. 2. Scatter plot of results from probabilistic
sensitivity analysis. Note. WTP, willingness-to-
pay; QALY, quality-adjusted life year.
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similar patient exclusion criteria and antibiotic appropriateness
parameters as our intervention apply to all adults.35

Additionally, this study was limited to patients with uncomplicated
ARIs. Although it excludes patients presenting with ARIs that had
select pre-existing conditions, we expect that the potential impact
of a more broad-scale antibiotic stewardship intervention is even
greater.

One of the most important goals of antibiotic stewardship is to
limit the development of antibiotic resistance because infections
caused by antibiotic resistant pathogens lead to higher morbidity,
mortality, and cost.1 Although we did not include antibiotic resis-
tance in our model, it is likely that this omission favors the inter-
vention strategy meaning that our findings of dominance for the
intervention are conservative. Finally, a key variable with potential
to impact study results was our estimate of the intervention cost.
Although we did not have estimates of the actual cost of the inter-
vention of interest in our study, we could use detailed data from a
nearly identical intervention as a proxy measure for this input. We
also conducted a sensitivity analysis of ourmodel with a wide range
of values for this parameter and found that the intervention only
ceased to be dominant when this cost was excessively high (nearly
$350,000).

In conclusion, we found that an outpatient provider-
directed audit feedback and academic detailing antibiotic
stewardship intervention based on the Core Elements was a
cost-effective strategy for ARIs compared to usual care in
VHA sites. By integrating information about health outcomes
and healthcare costs, this CEA can help in evaluating the value
of ASP intervention for clinical decision making. The results of
this CEA may support the implementation of ASPs in the VHA
outpatient setting. Further research in non-VHA healthcare
systems is needed to confirm the cost-effectiveness of ASPs
for other populations.
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