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Abstract
Background—Antibiotic overuse in the primary care setting is common. Our objective was to
evaluate the effect of a clinical pathway-based intervention on antibiotic use.

Methods—Eight primary care clinics were randomized to receive clinical pathways for upper
respiratory infection, acute bronchitis, acute rhinosinusitis, pharyngitis, acute otitis media, urinary
tract infection, skin infections, and pneumonia and patient education materials (study group)
versus no intervention (control group). Generalized linear mixed effects models were used to
assess trends in antibiotic prescriptions for non-pneumonia acute respiratory infections and broad-
spectrum antibiotic use for all eight conditions during a 2-year baseline and 1-year intervention
period.

Results—In the study group, antibiotic prescriptions for non-pneumonia acute respiratory
infections decreased from 42.7% of cases at baseline to 37.9% during the intervention period
(11.2% relative reduction) (p <.0001) and from 39.8% to 38.7%, respectively, in the control group
(2.8% relative reduction) (p=0.25). Overall use of broad-spectrum antibiotics in the study group
decreased from 26.4% to 22.6% of cases, respectively, (14.4% relative reduction) (p <.0001) and
from 20.0% to 19.4%, respectively, in the control group (3.0% relative reduction) (p=0.35). There
were significant differences in the trends of prescriptions for acute respiratory infections (p<.0001)
and broad-spectrum antibiotic use (p=0.001) between the study and control groups during the
intervention period, with greater declines in the study group.
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Conclusions—This intervention was associated with declining antibiotic prescriptions for non-
pneumonia acute respiratory infections and use of broad-spectrum antibiotics over the first year.
Evaluation of the impact over a longer study period is warranted.

Keywords
Clinical pathways; guidelines; antimicrobial stewardship; antibiotic prescribing; primary care;
acute respiratory infection

Introduction
Despite national efforts to promote appropriate antibiotic prescribing in the United States,
unnecessary antibiotic use in the primary care setting remains common.1 Antibiotic overuse
fosters the spread of antimicrobial-resistant organisms.2,3 In an era of progressive
antimicrobial resistance and a diminishing pipeline of new antibiotic development,4

ensuring optimal antibiotic prescribing for common infections is of fundamental importance
to conserve our current arsenal of antibiotics for as long as possible.5 Although there has
been an increasing focus on antibiotic stewardship in the hospital setting,6 outpatient
prescribing accounts for the majority of antibiotic consumption and is an important factor in
the emergence of resistance in both the community and hospitals;7,8 therefore, preventing
unnecessary antibiotic use in the primary care setting remains paramount to overall
stewardship efforts.

Excessive antibiotic use is often manifest by prescriptions for conditions where antibiotics
are known to provide little or no benefit, such as non-pneumonia acute respiratory
infections,9 and use of antibiotics with a broader spectrum of activity than necessary.10 Prior
studies to address these prescribing errors have led to modest reductions in antibiotic
use.1,9,11–14 A recent evaluation of various interventions concluded that active clinician
education targeting multiple conditions is most likely to impact community antibiotic use.15

Clinical pathways, or algorithms, are an effective means to change antibiotic prescribing
behavior.16–20 We hypothesized that implementation of clinical pathways for a group of
infections commonly seen in the primary care setting would decrease prescribing for non-
pneumonia acute respiratory infections – conditions where antibiotics are typically not
indicated – and decrease overall use of broad-spectrum antibiotics.

Methods
Study setting and population

The study was performed in a diverse group of Family Medicine and Internal Medicine
outpatient clinics from the Distributed Ambulatory Research in Therapeutics Network
(DARTNet) and Denver Health. DARTNet is a federated network linking patient-level
clinical and pharmacy data from 86 organizations made up of 450 practices, 3000 clinicians,
and over 4.5 million patients.21 Electronic health records from DARTNet clinics are
integrated into a single system provided by Clinical Integration Networks of America, Inc.
(CINA), allowing central electronic data abstraction. Denver Health is avertically-integrated
public safety net institution22 with eight community health centers and 13 school-based
clinics. Patient-level clinical and pharmacy data from Denver Health are electronically
accessible via a data warehouse. Clinics were recruited for this study to include adult and
pediatric patients, urban, suburban, and rural locations, academic and private providers, and
varying geographic locations.
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Study design
We developed clinical pathways for eight common adult and pediatric outpatient infections:
non-specific upper respiratory infection, acute bronchitis, acute rhinosinusitis, pharyngitis,
acute otitis media, urinary tract infection, skin and soft tissue infection (cellulitis or
cutaneous abscess), and community-acquired pneumonia (Appendix). Each pathway was a
one-page decision support algorithm designed to assist providers in determining whether an
antibiotic should be prescribed, the optimal antibiotic choice when indicated, and the
shortest appropriate duration of therapy. In addition to the clinical pathways, the
intervention consisted of patient education materials developed as part of a prior community
antibiotic stewardship campaign.23

Eight participating clinics were randomized to receive either the clinical pathways and
patient education materials (study group) or no intervention (control group). To avoid
overrepresentation of clinics with similar characteristics or clinics from one institution in
either arm, the eight clinics were initially stratified into groups of two based on the clinic
population and institution (e.g., two Family Medicine clinics from Denver Health). Within
each of these groups, one clinic was randomized to the intervention arm (study group) and
the other to the control via a random number generator. Study clinics received binders
containing hard copies of the clinical pathways for examination rooms and provider work
areas as well as web-based access to the documents. One study clinic incorporated the
clinical pathway recommendations into encounter templates in its electronic medical record.
A provider at each of the four study clinics was selected as a peer champion to advocate for
use of the clinical pathways during the intervention period. The study was approved by the
Colorado Multiple Institutional Review Board.

The primary study outcomes were two related measures of antibiotic prescribing: 1) change
over time in antibiotic prescriptions for non-pneumonia acute respiratory infections (hereby
referred to as acute respiratory infections), conditions where antibiotics are typically not
indicated,9 and 2) change over time in broad-spectrum antibiotic prescriptions for all clinical
pathway conditions, including those for which antibiotic therapy is indicated (urinary tract
infection, skin and soft tissue infection, and pneumonia). Acute respiratory infections were
defined as upper respiratory infection, acute bronchitis, pharyngitis, acute rhinosinusitis, or
acute otitis media. Broad-spectrum antibiotics were defined as second- and third-generation
cephalosporins, fluoroquinolones, macrolides, β-lactam/β-lactamase inhibitor combinations,
and aminoglycosides.10 We performed a quasi-experimental study to assess changes in
antibiotic prescribing at the participating clinics during a 2-year period immediately prior to
the intervention (baseline period: May 1, 2008 through April 30, 2010) and during a 1-year
period after implementation of the pathways (intervention period: May 1, 2010 through
April 30, 2011). International Classification of Diseases, 9th Revision, Clinical Modification
(ICD-9-CM) codes were used to identify clinic visits for the clinical pathway conditions
(Table 1). Instances where two of these conditions were diagnosed at the same visit were
excluded. Visits for clinical pathway conditions occurring greater than 90 days apart were
analyzed as separate events. Antibiotic prescriptions were captured from electronic medical
records at DARTNet clinics and from patient-level pharmacy fill data at Denver Health
clinics.

To evaluate the safety of the intervention, we collected data on adverse events within 30
days of the index visit. Late antibiotic prescriptions and late follow-up visits were defined as
those occurring 8 to 30 days after the index visit, respectively. Since all adverse event data
could not be obtained through the CINA database, this analysis was limited to Denver
Health sites (2 study clinics, 2 control clinics).
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Data Analysis
The primary analytic technique was generalized linear mixed effects models to extend the
traditional logistic model to accommodate repeated observations within clinics over time.
This was applied to the two primary outcomes described above to model the probability of
an antibiotic being prescribed over time in the study group and control group. A piecewise
approach was used to model pre- and post-intervention time periods resulting in a mixed
effects piecewise logistic regression model.24 Each model included an intercept, a variable
indicating group membership (study vs. control), a time trend (slope) for the baseline period,
a time trend for the intervention period, interactions of these time trends with group (study
vs. control), and 11 seasonal indicator variables for the months January through November.
Separate models were also developed for individual clinics. Aggregated proportions of
antibiotic prescriptions and adverse events were compared between the baseline and
intervention periods using the Pearson chi-square test. Comparisons of antibiotic
prescriptions for individual conditions were not performed given the likelihood of
confounding due to multiple comparisons. We used SAS Version 9.3 (SAS Institute, Cary,
NC) for data analysis.

Results
Characteristics of the eight participating clinics are described in Table 2. The study group
included clinics with more providers (46 vs. 34) and more patients served (52,766 vs.
48,881) than the control group. Most index visits for the clinical pathway conditions were
due to acute respiratory infections (68.0% – 76.4%), and the proportions were similar among
the baseline and intervention periods (Table 3).

The proportion of acute respiratory infections where an antibiotic was prescribed decreased
in the study group from 42.7% of cases during the baseline period to 37.9% during the
intervention period (Χ2 (1) = 50.8, p <.0001), representing a relative reduction of 11.2%
(Table 4). Most of this effect was due to fewer prescriptions for upper respiratory infections
(21.6% vs. 15.6%) and acute bronchitis (60.5% vs. 54.9%). In the control group, the overall
change in antibiotic prescriptions for acute respiratory infections was not statistically
significant (39.8% vs. 38.7%, relative reduction of 2.8%, Χ2(1) = 1.3, p = 0.25).

The results of the mixed effects piecewise logistic regression model of antibiotic
prescriptions for acute respiratory infections are displayed in Figure 1. During the baseline
period, there was a lower probability of antibiotic use in the control group than in the study
group; however, there was not a significant difference in the trend of antibiotic use between
the groups (F(1, 35968) = 0.5, p = 0.49) (Figure 1A). During the intervention period, there
was a significant time trend (F(1, 35968) = 66.9, p<.0001) and a significant difference in
trend between the study and control groups F(1, 35968) = 23.1, p<.0001) with a greater
decline in antibiotic use in the study group (Figure 1A). There was also a significant
seasonal effect with higher prescribing in the winter months and lower prescribing in the
summer months. When the models were stratified by individual clinics, antibiotic use
declined during the intervention period for 3 of the 4 study clinics (Figure 1B).

The proportion of all clinical pathway conditions where a broad-spectrum antibiotic was
prescribed decreased from 26.4% to 22.6% (Χ2 (1) = 0.9, p<.0001) in the study group (Table
5), representing a relative reduction of 14.4%. This included reductions in broad-spectrum
antibiotic use for upper respiratory infection, acute bronchitis, pharyngitis, acute
rhinosinusitis, skin and soft tissue infections, and community-acquired pneumonia. Broad-
spectrum antibiotic prescriptions for urinary tract infections increased. In the control group,
broad-spectrum antibiotics were prescribed in 20.0% of cases during the baseline period and
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19.4% during the intervention period, representing a relative reduction of 3.0% (Χ2 (1) =
50.8, p=0.35).

In the mixed effects piecewise logistic regression analysis of broad-spectrum antibiotic use,
there was not a significant difference in the trend of prescriptions between the study and
control groups during the baseline period (F(1, 48367) = 1.1, p = 0.29) (Figure 2A). During
the intervention period, there was a significant time trend (F(1, 48367) = 41.5, p<.0001) and
a significant difference in the prescribing trend between the study and control groups, with a
greater decline in broad-spectrum antibiotic use in the study group (F(1, 48367) = 10.7,
p=0.001). Use of broad-spectrum antibiotics declined during the intervention period for 3 of
the 4 individual study clinics (Figure 2B).

Potential adverse events for the subset of clinics where these data were available are
presented in Table 6. In the study clinics, there was a trend toward fewer late antibiotic
prescriptions (4.9% vs. 3.9%, p=0.06) during the intervention compared with the baseline
period. In the control clinics, there were more frequent late follow-up visits (3.3% vs. 4.2%,
p=0.02) and a trend toward more frequent late antibiotic prescriptions (6.1% vs. 7.1%,
p=0.06) during the intervention period.

Discussion
Unnecessary antibiotic prescriptions and use of overly broad-spectrum antibiotics remain
common in the primary care setting. During the first year of this clinical pathway-based
intervention, clinics randomized to the intervention prescribed antibiotics 11% less
frequently for non-pneumonia acute respiratory infections and used broad-spectrum
antibiotics 14% less frequently for all eight clinical pathway conditions compared with the
baseline period. Logistic regression models revealed significant differences in the trends of
antibiotic use for acute respiratory infections and overall broad-spectrum antibiotic use
between the study group and control group during the intervention period, with greater
declines in the study group.

Clinical pathways for infections in the primary care setting have been studied previously.
Samore and colleagues demonstrated a 10% relative reduction in antibiotic prescriptions for
acute respiratory infections through dissemination of paper- and handheld device-based
algorithms to primary care clinicians along with a community educational campaign.17

However, this result was achieved only during the second year of the intervention; during
the first year, antibiotic prescriptions did not decrease. More recently, Weiss and colleagues
described a large-scale clinical pathway-based intervention in Quebec that led to a 4.2%
reduction in outpatient antibiotic prescriptions in the first year.19 Our intervention is notable
in that we observed 11% and 14% relative reductions in prescriptions for acute respiratory
infections and total broad-spectrum antibiotic use, respectively, during the first year.
However, similar to these previous studies, antibiotics use remained common despite the
intervention, particularly for acute bronchitis and rhinosinusitis where an antibiotic was
prescribed in approximately half and two-thirds of cases, respectively.

In the studies by Samore and Weiss and colleagues, population-based estimates of antibiotic
prescribing were made through combining retail pharmacy and census data. Since antibiotics
may be prescribed for many different indications, a number of factors could affect this
measure of antibiotic utilization. Our study is unique in that we were able to capture patient-
level data regarding visits for clinical pathway conditions and antibiotic prescriptions
associated with those visits. This is likely a more accurate means to assess changes in
prescribing practices for specific conditions.
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This intervention was designed to be practical and widely generalizable with three simple
components: 1) clinical pathways, 2) patient education materials, and 3) peer champion
support. The availability of our clinical pathways in the appendix and widely accessible
patient education materials should enable implementation at any primary care practice. We
encourage clinicians to advocate for use of these resources in their own offices to scale-up
this low-resource and evidence-based antimicrobial stewardship intervention.

Given our methods of data capture, we were not able to assess the appropriateness of
antibiotic prescriptions nor the duration of therapy prescribed. Although antibiotics do not
provide substantial clinical benefit in the majority of acute respiratory infections, they are
indeed indicated in a subset of cases (e.g., group A streptococcal pharyngitis).9 Similarly,
broad-spectrum antibiotics have a role in certain clinical settings (e.g., complicated urinary
tract infection). Our clinical pathways were developed to help clinicians identify specific
clinical scenarios where antibiotics – narrow- or broad-spectrum – are warranted and the
shortest appropriate duration of therapy. Therefore, this intervention may have had
unmeasured effects on both the appropriateness and duration of antibiotic therapy.

Despite less overall antibiotic exposure in the study group during the intervention, adverse
events such as emergency department visits and late antibiotic prescriptions were not
increased in the subset of clinics where these data were available. Although the study was
not powered to detect small differences in adverse events, the trends in the safety data
between the baseline and intervention periods are consistent, supporting the relative safety
of decreasing antibiotic exposure for the conditions studied.

This study has several limitations that warrant further discussion. First, our data revealed
lower baseline antibiotic use for the study group than the control group. However, it is
important to point out that this study was not designed to compare prescribing between
groups given the small numbers of clinics leading to imbalances in group characteristics.
Moreover, methods of data capture among DARTNet and Denver Health sites differed. As
Denver Health prescriptions were obtained through pharmacy fill data, the prescribing rates
for these clinics are underestimates. Data collection methods were consistent over time at
each site; therefore, changes in antibiotic prescribing within each clinic (or group of clinics)
before and after the intervention were the outcomes of interest. Second, use of electronic
data to identify visits for clinical pathway conditions, antibiotic prescriptions, and adverse
events leads to inevitable misclassification. The large number of patients and the pre-
intervention post-intervention study design lessen the potential impact on results. Third, data
on adverse events such as emergency department visits and hospitalizations were not
available for DARTNet clinics. Fourth, this study design is subject to the Hawthorne effect,
whereby providers may have changed prescribing practices simply because they were being
observed in a study. Fifth, since we combined clinical pathways, patient education materials,
and peer champion advocacy in our intervention, the relative contribution of each aspect of
the intervention cannot be known. Multi-faceted interventions to change provider behavior
have been shown to be more effective than single interventions;25,26 therefore, our
intervention strategy likely had a larger impact than would have been observed with passive
dissemination of the clinical pathways alone. Last, the 12-month intervention period may
not have been of sufficient duration to demonstrate the true effect of this intervention over
time.

Relative strengths of the study are its inclusion and cluster-randomization of diverse
outpatient practices, large number of visits for the conditions under study, generalizability of
the clinical pathways to locations where antimicrobial resistance rates and formularies vary,
and practical nature of the intervention.
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In summary, a widely generalizable clinical pathway-based intervention to improve
antibiotic use for common outpatient infections modestly decreased antibiotic prescriptions
for acute respiratory infections and overall use of broad-spectrum antibiotics during the first
year. Further study is needed to evaluate the impact and sustainability of this intervention
over a longer time period. Antibiotic use for acute bronchitis and rhinosinusitis was
remarkably common despite the intervention and should be a focus of future research.
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Figure 1.
Mixed effects piecewise logistic regression models predicting antibiotic prescriptions for
acute respiratory infections over time for study and control groups (Panel A) and for
individual clinics (Panel B). Models for two control clinics are similar and appear
superimposed in Panel B.
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Figure 2.
Mixed effects piecewise logistic regression models predicting broad-spectrum antibiotic
prescriptions for all eight clinical pathway conditions over time for study and control groups
(Panel A) and for individual clinics (Panel B).
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