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BACKGROUND: Inappropriate use of antibiotics in the
outpatient setting is a common problem, yet literature
evaluating best practices for stewardship interventions
in this setting is sparse.
OBJECTIVE: To evaluate the impact of clinical decision
support (CDS) order panels for azithromycin prescribing
on the percentage of inappropriate azithromycin prescrip-
tions in primary care clinics.
DESIGN: Single-center, retrospective analysis of
azithromycin prescribingwithinnine primary care clinics.
Pre-intervention and post-intervention data included
azithromycin prescriptions from November 2016 to April
2017 and February 2019 to July 2019, respectively. Key
exclusion criteria includedprescriptions for the treatment
of a sexually transmitted infection or for prophylaxis
against Mycobacterium avium complex.
INTERVENTION: The azithromycin CDS panel was creat-
ed to provide point-of-care information on appropriate use
of azithromycin along with recommended alternatives
based on indications. CDS panels were implemented on
January 10, 2019.
MAIN MEASURES: The primary composite outcome was
the change in the percentage of inappropriate
azithromycin prescribing before and after implementation
of CDS panels. The composite outcome included prescrip-
tionswith inappropriate indications for azithromycin, un-
necessary prescriptions, inappropriate treatment dura-
tions, and/or inappropriate dose.
KEYRESULTS: Therewere 306 and 263 prescriptions for
azithromycin prescriptions included for analysis in the
pre- and post-intervention periods, respectively. Inappro-
priate prescriptions decreased by 12.6% from the pre- to
post-intervention period (81.4% vs. 68.8%; P < 0.001). In
both the pre- andpost-intervention period, bronchitis and
unspecified upper respiratory tract infections (URI) were
the two most common indications where azithromycin
was prescribed inappropriately.
CONCLUSIONS: Implementation of CDS order panels re-
sulted in a reduction in inappropriate azithromycin pre-
scribing. However, addit ional improvement in

azithromycin prescribing is needed especially for the in-
dications of bronchitis and unspecified URI.
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BACKGROUND

Improving antibiotic prescribing is critical to preventing drug
resistance and adverse effects as well as minimizing excessive
use of healthcare resources and associated costs.1 Recently,
there has been a growing focus on antibiotic stewardship in
primary care practices as > 60% of antibiotic expenditures are
associated with the outpatient setting.1 In 2016, the Centers for
Disease Control and Prevention released the Core Elements of
Outpatient Antibiotic Stewardship, which include commit-
ment, action for policy and practice, tracking and reporting,
and education and expertise.1 Although the Core Elements lay
the foundation for outpatient antibiotic stewardship programs
(ASP), literature evaluating the effectiveness of antibiotic
stewardship (AS) interventions in this setting are sparse.
A national study estimated that 30% of outpatient antibiotic

prescribing was inappropriate according to professional soci-
ety guidelines.2 However, this is likely an underestimation of
inappropriate prescribing.3 For instance, a study evaluating
inappropriate outpatient prescribing in primary clinics within
a Veterans Affairs Health Care System found that 76% of
prescriptions were considered inappropriate when agent selec-
tion and duration were also considered.4 Specifically, this
study found that azithromycin was one of the top offending
prescriptions, with 78.4% of outpatient azithromycin prescrip-
tions considered inappropriate according to prescribing guide-
lines.4 Likewise, another study found that azithromycin was
the most common agent prescribed inappropriately at their
institution, with 55% of prescriptions considered unnecessary
and 32% of prescriptions considered to be for an indication in
which azithromycin is not indicated.5 Data from these studies
supports outpatient AS interventions targeted to specific high-
risk antibiotic agents such as azithromycin.
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Clinical decision support (CDS) tools have been used to
reduce inappropriate prescribing of antibiotics for acute respi-
ratory tract infections in the ambulatory care setting. For
example, a study conducted at 33 primary care practice sites
within an integrated health system found a reduction in inap-
propriate antibiotic prescribing for acute bronchitis after im-
plementation of either print (from 80.0 to 68.3%) or comput-
erized (from 74.0 to 60.7%) CDS in conjunction with provider
and patient education.6 Likewise, another study evaluated
three behavioral interventions—suggested alternatives, peer
comparison, or accountable justification—on the rate of inap-
propriate prescribing for acute respiratory tract infections
among 47 primary care practices.7 All three interventions
resulted in lower rates of inappropriate prescribing, with inap-
propriate antibiotic prescribing decreasing by 16.0%, 16.3%,
and 18.1% for suggested alternatives, peer comparison, and
accountable justification, respectively.
Azithromycin is a broad-spectrum antibiotic that is com-

monly overprescribed for conditions where antibiotics are not
recommended, such as acute bronchitis, non-specific upper
respiratory infections (URI), or viral pharyngitis.1 At our
institution, CDS was developed in the form of an order panel
within the electronic medical record (EMR) to evaluate its
effect on the percentage of inappropriate azithromycin pre-
scribing within primary care clinics.

METHODS

Study Design

This study was a single-center, retrospective analysis of a
quality improvement project of nine primary care clinics with-
in Grady Health System (GHS). The study was approved by
the Emory University investigational review board. Four aca-
demic primary care clinics are attached to the main hospital
and consist of attending and resident physicians. Five non-
academic, primary care clinics are off-site of the main hospital
and consist of attending physicians and advance practice pro-
viders (APPs). Outpatient azithromycin prescriptions were
identified from the EMR (EPIC; Verona, WI).

Inclusion/Exclusion Criteria

The pre-intervention and post-intervention data included
azithromycin prescriptions from the primary care clinics from
November 1, 2016, to April 30, 2017, and February 1, 2019, to
July 31, 2019, respectively. Patients were excluded if they
were younger than 18 years of age, pregnant or incarcerated,
diagnosed with multiple infections, failed previous treatment,
or had more than two antibiotic allergies. Additionally, pre-
scriptions for azithromycin for treatment of a sexually trans-
mitted infection or for prophylaxis or treatment againstMyco-
bacterium avium complex (MAC) or febrile neutropenia were
excluded.

CDS Panels

The pre-intervention data was reported at an ambulatory care
quality meeting that included the primary care clinic medical
directors on December 12, 2019. The CDS panels were dem-
onstrated for the medical directors who were then responsible
for disseminating this information to the providers in their
respective clinics. Before CDS panel implementation, clini-
cians could directly order azithromycin outpatient prescrip-
tions from computer order entry without restriction or guid-
ance for use.
The azithromycin CDS panel was implemented on January

10, 2019. The CDS panels were created in collaboration with
the pharmacy information technology team associated with
the EMR. The purpose of the azithromycin order panel was to
provide real-time education and guidance on appropriate use
of azithromycin at the time of order entry alongwith suggested
alternatives based on indication. Standard ordering was re-
placed with the CDS order panel for all outpatient prescrip-
tions for azithromycin. The clinician was required to select an
option within the order panel where guidance and alternative
options were also provided. However, free-standing ordering
of azithromycin was still permitted within the order panel;
therefore, the panel was non-restrictive. Ordering
azithromycin oral suspension did not direct the clinician to
the azithromycin order panel.
The azithromycin order panel contained brief text informa-

tion for appropriate use of azithromycin (Fig. 1). References to
institutional guidelines for URIs or FDA warnings associated
with azithromycin were provided via hyperlink. The
azithromycin order panel provided the clinician with only
one selection based on indication. Each selection provided a
default dose and duration. The panel indications included
bronchitis, sinusitis, community-acquired pneumonia, sexual-
ly transmitted infections, and MAC prophylaxis. Additional
azithromycin orders within the panel offered the 250 mg and
600 mg tablet size without defaulting prescribing information,
to allow prescribing outside of common indications.
Additional order panels for bronchitis and sinusitis were

created and linked within the azithromycin panel. The bron-
chitis and sinusitis order panels, respectively, provided medi-
cation options for symptom relief (Figs. 2 and 3).Within either
the bronchitis or sinusitis order panel, the clinician could select
as many medications as deemed appropriate. Both bronchitis
and sinusitis order panel medications were based on national
recommendations for symptom control that was individual-
ized based on local practice and formulary.8–10

In addition, either bronchitis or sinusitis panels could be
ordered, independent of the azithromycin panel, by searching
for the panel name or key words associated with indications.

Outcomes

The primary composite outcome of this study was the change in
the percent of inappropriate azithromycin prescribing before and
after implementation of the CDS panels in the EMR. The
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Figure 1 Azithromycin clinical decision support panel for computer order entry.

Figure 2 Bronchitis clinical decision support panel.

May et al.: Impact of Clinical Decision SupportJGIM 2269



composite outcome included azithromycin prescriptions with an
inappropriate indication, unnecessary prescription, excessive or
insufficient treatment duration, and inappropriate dose. Inappro-
priate indication was defined as a prescription for a diagnosis in
which azithromycin is not recommended. Unnecessary prescrip-
tion was defined as a prescription for a diagnosis with no indica-
tion for antibiotics. Inappropriate treatment duration was defined
as a prescription with an excessive or insufficient duration accord-
ing to guidelines. Inappropriate dose was defined as a dose that
deviated from the guideline-recommended dosage regimen for the
particular condition being treated. Appropriateness of prescription
was based on the institution’s outpatient antibiotic guidelines, or
national guidelines when institutional guidelines did not exist.8–10

Secondary outcomes included change in the percent of individual
components of the primary outcome, patients requiring additional
antibiotics within 30 days, and return visits to a GHS clinic or the
emergency department (ED) within 30 days for azithromycin-
related adverse effects. Inappropriate prescribing between type of
provider and type of clinic were evaluated.

Statistics

Primary and secondary outcome analyses were performed
using chi-squared or Fisher’s exact test, and a P value of <
0.05 was considered significant. Analysis was performed
using IBM SPSS Statistics, Version 24.0 (2016; Armonk,
New York).

RESULTS

There were 306 and 263 prescriptions for azithromycin in-
cluded for analysis in the pre- and post-intervention periods,
respectively (Fig. 4). Baseline characteristics associated with
azithromycin prescribing are shown in Table 1. Consistent
with pre-intervention data, prescriptions for azithromycin
were most commonly written by attending physicians
(74.5%) in the post-intervention period. Likewise, inappropri-
ate prescriptions most commonly originated in the non-
academic clinic setting (76.0%) post-intervention. The most

Figure 3 Sinusitis clinical decision support panel.
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common indications for azithromycin were bronchitis or un-
specified URI. The median duration of therapy was 5 days in

both the pre- and post-intervention groups (Table 2).

The primary composite outcome of inappropriate
azithromycin prescriptions decreased by 12.6% from the pre-

Table 2 Results of the Primary and Secondary Outcomes

Outcome Pre-
intervention
(N = 306)

Post-
intervention
(N = 263)

P
value

Composite outcome for
inappropriate
prescription*, n (%)

249 (81.4) 181 (68.8) <
0.001

Inappropriate indication,
n (%)

214 (69.7) 161 (61.2) 0.04

Unnecessary
prescription, n (%)

208 (67.8) 147 (55.9) 0.004

Inappropriate duration,
n (%)

10 (3.3) 16 (6.1) 0.11

Inappropriate dose,
n (%)

3 (1.0) 10 (3.8) 0.05

Additional antibiotics
within 30 days, n (%)

6 (1.9) 5 (1.9) 0.96

Adverse events within 30
days†‡, n (%)

2 (< 0.1) 0 (0) 0.51

Inappropriate prescription by provider type, inappropriate/total pre-
scriptions (% inappropriate)
Attending physician 189/222

(85.1)
153/196 (78.1) 0.06

Resident physician 44/66 (66.7) 18/40 (45.0) 0.03
Advanced practice

provider
16/18 (88.9) 10/27 (37.0) <

0.001
Inappropriate prescription by clinic type, inappropriate/total prescrip-
tions (% inappropriate)
Non-academic 190/218

(87.2)
152/200 (76.0) 0.003

Academic 59/88 (67.1) 29/63 (46.0) 0.01

*Primary composite outcome was percentage of azithromycin prescrip-
tions classified by at least one of the following: inappropriate
indication, unnecessary prescription, inappropriate duration, or inap-
propriate dose. Inappropriate indication = prescriptions for diagnoses
in which azithromycin is not recommended; unnecessary prescription =
diagnoses with no indication for antibiotics
†Secondary outcome

‡Patient-reported allergic reaction (n = 1) and disturbance in INR (n = 1)

Pre-Intervention
Orders identified (n=529)

Orders included (N=306)

Excluded (n=223)
STI (n=147)

Order cancelled (n=40)
Prisoner (n=11)

Concomitant infections (n=8)
No documentation (n=6)

Pregnancy (n=4)
> 2 antibiotic allergies (n=4)
Febrile neutropenia (n=3)

Post-Intervention
Orders identified (n=560)

Orders included (N=263)

Excluded (n=297)
STI (n=234)

Order cancelled (n=38)
MAC Infection (n=9)

> 2 antibiotic allergies (n=5)
Prisoner (n=5)

Concomitant infections (n=5)
Pregnancy (n=1)

Figure 4 Flow diagram of inclusion and exclusions.

Table 1 Baseline Characteristics Associated with Azithromycin
Prescriptions

Characteristic Pre-intervention
(N = 306)

Post-intervention
(N = 263)

Age (years), mean (SD) 57.0 (12.0) 48.0 (8.5)
Female, n (%) 223 (72.9) 182 (69.2)
Race, n (%)
Black 235 (76.8) 174 (66.2)
White 30 (9.8) 31 (11.8)
Hispanic 21 (6.9) 32 (12.1)
Other 20 (6.5) 26 (9.9)

Duration of therapy (days),
median (IQR)

5 (5.5) 5 (5.5)

Provider, n (%)
Attending physician 222 (72.5) 196 (74.5)
Resident physician 66 (21.6) 40 (15.2)
Advanced practice

provider
18 (5.9) 27 (10.3)

Clinic type, n (%)
Non-academic 218 (71.2) 200 (76.0)
Academic 88 (28.8) 63 (24.0)

Indication, inappropriate/total prescriptions (% inappropriate)
Bronchitis 75/77 (97.4) 69/69 (100)
URI, unspecified 108/110 (98.2) 61/62 (98.4)
Pneumonia 0/28 (0) 1/37 (2.7)
COPD exacerbation 11/28 (39.3) 15/32 (46.9)
Sinusitis 37/38 (97.4) 17/17 (100)
COPD, chronic 0/5 (0) 0/10 (0)
Asthma exacerbation 12/13 (92.3) 5/5 (100)
Otitis media 0/2 (0) 1/5 (20)
Pharyngitis 5/5 (100) 4/4 (100)
Bronchiolitis 0/3 (0) 0/3 (0)
Lymphadenopathy 0/0 (0) 3/3 (100)
Traveler’s diarrhea 0/0 (0) 0/3 (0)
Other 3/3 (100) 5/11 (45.5)

URI, upper respiratory tract infection; COPD, chronic obstructive
pulmonary disorder
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to post-intervention period (81.4% vs. 68.8%; P < 0.001).
There was an 8.7% decrease in prescriptions with inappropri-
ate indications (69.7% vs. 61.2%; P = 0.04) and 11.9% de-
crease in unnecessary prescriptions (67.8% vs. 55.9%; P =
0.004) from the pre- to post-intervention period. Although the
numbers were small, in the post-intervention period, there was
a slight increase in prescriptions with inappropriate durations
(3.3% vs. 6.1%; P = 0.11) and inappropriate doses (1.0% vs.
3.8% P = 0.05). In both the pre- and post-intervention period,
1.9% of patients required additional antibiotics within 30 days
(P = 0.96). Two patients in the pre-intervention group and zero
patients in the post-intervention group returned to a GHS
clinic or the ED within 30 days for azithromycin-related
adverse effects (P = 0.51). The two adverse effects experi-
enced in the pre-intervention group included a patient-reported
allergic reaction and disturbance in international normalized
ratio (INR).
Inappropriate prescribing of azithromycin by attending phy-

sicians decreased by 7.0% from the pre- to post-intervention
period (85.1% vs. 78.1%; P = 0.06). Inappropriate prescribing
by APPs decreased from 88.9 to 37.0% from the pre- to post-
intervention period (P < 0.001). Similarly, inappropriate pre-
scribing by resident physicians decreased from the pre- to
post-intervention period (21.7%; 66.7% vs. 45.0%; P =
0.03). A higher percentage of inappropriate prescriptions orig-
inated from non-academic clinic sites in both the pre- and post-
intervention time period. The percentage of inappropriate
prescriptions originating from non-academic clinics decreased
by 11.2% (87.2% vs. 76.0%; P = 0.003).

DISCUSSION

Within the post-intervention period, there was a 12.6% reduc-
tion in inappropriate azithromycin prescriptions. Overall, the
results of this study suggest that implementation of CDS
panels influenced azithromycin prescribing. Although there
was a reduction in unnecessary prescriptions post-interven-
tion, the most common inappropriate indications for
azithromycin were bronchitis or unspecified URI, suggesting
that future stewardship targets should focus on improving
prescribing for conditions that do not require antibiotics. Fur-
thermore, this study demonstrated a decrease in inappropriate
azithromycin prescribing within individual provider groups
and within clinic practice settings after CDS intervention.
There are several possible explanations for the reduction in

inappropriate azithromycin prescribing that was observed fol-
lowing CDS panel implementation. First, the CDS panel of-
fered point-of-care syndrome-based guidance upon
azithromycin ordering. Some information was available di-
rectly within the panel, such as reminders of inappropriate
indications for azithromycin and alternative management for
conditions that do not require antibiotics, whereas other infor-
mation had to be actively sought by the provider via hyper-
links. Providing ordering options for alternative therapies

based on indication directly within the panels may have im-
pacted the improvement in inappropriate and unnecessary
prescribing that was observed post-intervention. However,
we are unable to measure how the providers utilized the
information in the panels to influence therapeutic decision-
making.
While this study demonstrated a statistically significant

reduction in inappropriate azithromycin prescribing, the ma-
jority of azithromycin prescriptions remained inappropriate in
the post-intervention period. Although this study was not
designed to ascertain specific reasons for provider prescribing
behavior, there are several potential factors that could be
impacting the inappropriate azithromycin prescribing post-
intervention. One potential reason for inappropriate prescrib-
ing is concern for poor patient satisfaction scores. In a retro-
spective study of acute sinusitis, an indication to which anti-
biotics have low value, Sharp and colleagues observed that
receipt of antibiotics was an independent predictor of favor-
able patient satisfaction scores.11 Ackerman and colleagues’
survey found two highly perceived physician barriers regard-
ing antibiotics prescribing for acute bronchitis: patient dissat-
isfaction if no receipt of antibiotics and patient expectations
for antibiotics.12

This study demonstrated variability in prescribing among
types of prescribers and prescribing sites. From the pre- to
post-intervention period, there was a decrease in inappropriate
prescribing within each provider group. However, there was a
smaller percentage decrease in inappropriate azithromycin
prescribing by attending physicians compared to resident phy-
sicians or APPs. In addition, this study also demonstrated a
decrease in inappropriate prescribing from both academic and
non-academic clinics in the post-intervention period, although
the percentage decrease was smaller in the non-academic
clinic setting. Although these results suggest that the CDS
panel intervention appears to have broad applicability to dif-
ferent types of providers and practice sites, further studies are
needed to evaluate the reasons for the variability in prescribing
observed in this study.
There are several benefits associated with the intervention

used in this study. Implementing CDS panels in the EMR
offers a real-time intervention that impacts prescribing at the
time of order entry. The intervention’s incorporation into the
EMR allows the CDS panels to have broad applicability to all
providers, regardless of provider type or location of their
clinical practice site. In addition, the CDS panels are a sus-
tainable intervention that requires little maintenance other than
updating recommendations when guidelines change. This pro-
vides opportunity for antibiotic stewardship programs to have
an active role in outpatient antibiotic stewardship without
devoting extensive personnel resources.
There are several limitations of this study that warrant

consideration. The retrospective design of this study may have
documentation biases leading to erroneous assignment of
azithromycin prescriptions as either appropriate or inappropri-
ate. For example, a patient prescribed azithromycin for a
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COPD exacerbation could have been considered inappropriate
due to lack of documentation of signs and symptoms. Like-
wise, this study was limited in that there was a reliance on
documented diagnosis rather than diagnostic criteria. The
study being within a single healthcare system may limit the
generalizability of these results to other institutions as re-
sponse to such an intervention may differ. However, the
intervention in this study was analyzed in various settings
and provider types, suggesting it is an applicable intervention
for various settings. This study only evaluated the impact of
CDS panels on the use of azithromycin. Additional studies are
required to determine if this intervention can impact the inap-
propriate prescribing of other antibiotics used for similar indi-
cations. Also, this study examined a short time frame of 6
months both pre- and post-intervention. It is unclear if benefits
observed in post-intervention period are sustainable over lon-
ger periods. The periods examined differed between the two
cohorts may have seasonal confounders such as the influenza
season. The pre-intervention cohort encompassed months that
were considered peak influenza season, where it is likely that
more patients were presenting with URI symptoms and there-
fore creating a higher potential for inappropriate prescribing.
Although there was no formal education on the CDS panels
provided to clinicians as part of this study, medical directors
could have provided education to providers on their own
accord, and the quality or type of education was not measured.
Future studies evaluating the use of CDS panels in conjunction
with targeted provider education are needed. Finally, although
this study did demonstrate a decrease in inappropriate pre-
scriptions, click fatigue associated with the intervention was
not able to be assessed.
In conclusion, our study suggests that implementation of a

CDS order panel resulted in a reduction in inappropriate
outpatient azithromycin prescribing. The CDS panel interven-
tion appeared to have broad applicability to different types of
providers and clinic sites. However, improvement is still
needed in azithromycin prescribing for common outpatient
conditions such as bronchitis or unspecified URI. Further
studies into strategies for reducing prescribing variability and
improvement in azithromycin prescribing are needed.
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