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ABSTRACT
Objective To assess the effect of a clinical decision
support system (CDSS) integrated into an electronic
health record (EHR) on antibiotic prescribing for acute
respiratory infections (ARIs) in primary care.
Materials and methods Quasi-experimental design
with nine intervention practices and 61 control practices
in the Practice Partner Research Network, a network of
practices which all use the same EHR (Practice Partner).
The nine intervention practices were located in nine US
states. The design included a 3-month baseline data
collection period (October through December 2009)
before the introduction of the intervention and 15 months
of follow-up (January 2010 through March 2011). The
main outcome measures were the prescribing of
antibiotics in ARI episodes for which antibiotics are
inappropriate and prescribing of broad-spectrum
antibiotics in all ARI episodes.
Results In adult patients, prescribing of antibiotics in ARI
episodes where antibiotics are inappropriate declined
more (�0.6%) among intervention practices than in
control practices (+4.2%) (p¼0.03). However, among
adults, the CDSS intervention improved prescribing of
broad-spectrum antibiotics, with a decline of 16.6%
among intervention practices versus an increase of 1.1%
in control practices (p<0.0001). A similar effect on
broad-spectrum antibiotic prescribing was found in
pediatric patients with a decline of 19.7% among
intervention practices versus an increase of 0.9% in
control practices (p<0.0001).
Conclusions A CDSS embedded in an EHR had
a modest effect in changing prescribing for adults where
antibiotics were inappropriate but had a substantial
impact on changing the overall prescribing of broad-
spectrum antibiotics among pediatric and adult patients.

INTRODUCTION
Antibiotics probably provide little benefit for most
acute respiratory tract infections (ARIs) that are
seen in primary care.1 However, respiratory tract
infections account for 60% of all antibiotic
prescribing in primary care.2 Moreover, there has
been an increased use of broad-spectrum antibiotics
for these conditions.3 Because of the implications
for increased antibiotic resistance, a variety of
guidelines including ones from the National Insti-
tute for Health and Clinical Excellence (NICE) and
the Centers for Disease Control and Prevention
(CDC) have been created to try to improve anti-
biotic prescribing for ARIs in primary care.4e6

Attempts to increase adherence to clinical practice
guidelines for judicious antibiotic prescribing have
used multiple different strategies.7 8

Electronic clinical decision support systems
(CDSS) may have particular value in changing
practice and increasing adherence to clinical prac-
tice guidelines.9 10 In particular, CDSS can provide
clinicians with patient-specific assessments and
treatment recommendations in real-time decision-
making at the point of care. CDSS have demon-
strated effectiveness in increasing adherence to
guidelines.11

Studies using various types of CDSS have been
used in an effort to improve clinician adherence to
guidelines for antibiotic prescribing for ARIs.
Although these studies indicate that when the
CDSS are employed they can improve prescribing,
because the CDSS tend to have low rates of use by
clinicians their benefits are limited.12 13 Samore
et al14 demonstrated in a randomized trial that
a CDSS plus a community-based intervention
decreased antibiotic prescribing for ARIs more than
in communities with only a community-based
intervention. In that study, clinicians who used
the hand-held computer or paper and pencil
CDSS showed a greater decrease in antibiotic
prescriptions.
One promising approach to improving care in

clinical practice is through the delivery of CDSS at
the point of care within electronic health records
(EHRs). What is unclear is whether integration of
a CDSS into EHRs will be adopted and effective in
decreasing antibiotic prescribing in episodes for
which antibiotics are not indicated, as well as
decreasing the prescribing of broad-spectrum anti-
biotics across all ARIs. The purpose of this study
was to assess the impact of a CDSS integrated into
an EHR designed to improve antibiotic prescribing
for ARI in primary care practices using a multi-
method intervention to facilitate CDSS adoption.

MATERIALS AND METHODS
Design
The study used a quasi-experimental design to
conduct a trial with nine intervention practices and
61 control practices in the Practice Partner Research
Network (PPRNet). The research design included
a 3-month baseline data collection period (October
through December 2009) before the introduction of
the intervention and 15 months of follow-up once
the intervention was implemented (January 2010
through March 2011). PPRNet is a primary care
research network across the USA whose members
use a common EHR (Practice Partner (PP) by
McKesson, Inc, San Francisco, California, USA) and
pool data quarterly for quality improvement and
research projects. Practice Partner is a certified EHR
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and medical billing software solution that instantaneously
populates patient data across the entire chart. Searchable patient
data is then automatically generated.

Nine PPRNet practices in nine US states, representing 27
physicians, six nurse practitioners and six physician’s assistants,
volunteered to participate in this study in response to an email
sent to PPRNet members. All providers agreed to use the CDSS
for the duration of the study when evaluating patients
presenting with ARI symptoms. Participating practices were not
given monetary incentives to participate but were provided with
practice reports of their prescribing behavior throughout the
study.

Additional PPRNet practices that met the requirements of
having six quarters of complete data, at least one MD on the
staff, total numbers of providers within the range of the inter-
vention practices (ie, 2e8), and total number of ARIs in the
baseline timeframe within the range of the intervention prac-
tices (ie, 96e1701) were employed as a control group. The study
was approved by the institutional review board at the Medical
University of South Carolina.

Intervention
A multi-method intervention was used to facilitate provider
adoption of the CDSS, including quarterly EHR based audit and
feedback, ‘best-practice’ dissemination during meetings of prac-
tice representatives and practice site visits for academic
detailing, performance review, and CDSS training. Quarterly
reports presented practice use of the CDSS for ARI encounters,
percentage of use of antibiotics for ARI diagnoses, and the
proportion of broad-spectrum antibiotics. Two liaison personnel
from each practice (one provider and one clinical staff member)
attended two project meetings during the first year of the study.
The practice liaison personnel were members of the participating
practice and were expected to work with their colleagues in
explaining the CDSS and gathering information on the chal-
lenges of using the CDSS in the practice to share with the
study team.

At the initial meeting, antibiotic guidelines were reviewed,
and the CDSS was presented. The CDSS and how to integrate it
into the EHR was demonstrated to all the participants at the
first project meeting and each participant had an opportunity to
examine a demonstration version of the CDSS integrated into
laptop computers. The CDSS was revised by the study team
based on feedback from practice liaison personnel before
implementation in each practice’s EHR. All practices were
required to install the CDSS into their EHR within a week of the
initial meeting and the research team checked to make sure that
this went smoothly.

A follow-up project meeting with all of the participating
practices’ liaison personnel and the study investigators was held
in most cases in month 10 of the intervention and ‘best practice’
strategies of practice liaison personnel in overcoming barriers
related to implementation of the CDSS and adherence to
guidelines for antibiotic prescribing were discussed. The
participating practices each hosted two half-day site visits
during the first year of the intervention, in which members of
the study team came to the practice. Initial site visits to the
participating practices were conducted during the first 2 months
of the intervention, and follow-up site visits were held during
months 9 through 11, immediately before the second ARI
season. At these site visits quarterly reports on use of the CDSS
and antibiotic prescribing were reviewed, antibiotic prescribing
guidelines were presented, and CDSS training was delivered to
providers and staff of the participating practices. During site

visits, the research team could also make minor modifications to
the CDSS to accommodate the practices’ workflow and meet
the needs of the practice providers. Monthly phone calls were
made to each of the intervention sites to determine problems
with the implementation of the CDSS, and its acceptance by
the staff.
The control group did not receive any information on the

intervention, the CDSS, or educational materials. The control
practices were unaware of the intervention and were simply
observed during the study period using data captured in
the EHR.

Clinical decision support system
The CDSS was designed by the research team as a PP EHR
progress note template to be available at the point of care. PP
includes the ability to customize progress note templates;
creating this CDSS tool used existing features of the EHR, and
no additional programming by the vendor was required.
The CDSS tool reflects guidelines from the CDC ‘Get Smart’

programme.15 Recommendations are based on the patient’s
predominant presenting symptoms and the patient’s age. Deci-
sion support is provided in several ways. First, the CDSS
includes diagnostic criteria for various ARIs to assist providers
with making the appropriate diagnosis. For example, the
template guides providers to distinguish the common cold from
acute sinusitis based on duration of symptoms and physical
examination findings. Scoring strategies (eg, Centor criteria for
streptococcal pharyngitis) are also embedded within the
template to facilitate diagnosis.16 Second, the CDSS template is
used voluntarily by the provider when writing the note and is
pulled up when providers determine that a patient has an ARI. A
provider can write a note and make a diagnosis or treatment
decision without using the template if they choose to bypass the
template. As mentioned above, the template helps the provider
in deciding on the appropriate diagnosis. Once a diagnosis has
been made, the CDSS includes prompts about appropriate
antibiotic use, and, when appropriate, recommended first-line
antibiotics. Finally, embedded hyperlinks provided access to
printable patient and provider education from the CDC. A
screen shot of the CDSS and the sequence of screens is shown in
figure 1.

Measurement of appropriate/inappropriate antimicrobial use
Diagnoses of an acute respiratory infection were extracted for all
active patients (defined as having had a visit within 1 year and
not designated as deceased, transferred, or inactive) within these
PPRNet practices. PP primarily uses free-text diagnoses,
although some templates used by PPRNet practices do have
ICD-9 codes linked to diagnoses. Free-text diagnoses and ICD-9
codes abstracted from patients’ electronic medical records are
routinely ‘mapped’ by a physician into a standardized diagnosis
data dictionary by the study team, which we used as the basis
for the ARI classifications (see online Appendix). As part of
PPRNet’s normal data management and analysis processes,
quarterly extracts are analyzed using complex algorithms to
correctly and appropriately identify diagnoses, including
searching for specific text strings and ICD-9 codes. This logical
mapping and linking of text strings with ICD-9 codes is
performed by clinicians within the PPRNet leadership and
agreed within the PPRNet team before implementation by the
data analysts.
An episode of care was defined as the 3-day period beginning

with diagnosis of an ARI. Diagnoses for which antibiotics are
usually considered inappropriate were designated as appropriate
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if an antibiotic-appropriate diagnosis was made on the same day
or up to 3 days later.

Following CDC guidelines, diagnoses for which antibiotics are
generally inappropriate comprise nonspecific upper respiratory
infections, acute bronchitis, acute pharyngitis (but not strepto-

coccal pharyngitis (group A b-hemolytic streptococcal pharyn-
gitis)), and otitis media with effusion. Diagnoses for which
antibiotics are indicated comprise acute sinusitis, streptococcal
pharyngitis, pneumonia, acute otitis media, and chronic
obstructive pulmonary exacerbations (in adults only).

Figure 1 Screen shot of the sequence
of the clinical decision support tool
within the electronic health record for
acute respiratory infection.
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Prescribed antibiotics were classified as either narrow or broad
spectrum. Broad-spectrum antibiotics included amoxicillin/
clavulanate, azithromycin, clarithromycin, second- and third-
generation cephalosporins, and quinolones.17

All other antibiotics were classified as narrow spectrum; these
included amoxicillin, penicillin, first-generation cephalosporins,
tetracyclines, erythromycin, and trimethoprim/sulfamethox-
azole. Intravenous formulations, polymyxins, aminoglycosides,
and antimycobacterial agents were excluded from the analysis.

Outcome measures
Inappropriate prescribing
This primary outcome was limited to ARI episodes involving
diagnoses for which antibiotics are inappropriate, and it was
calculated by dividing the number of ARI episodes with diag-
noses in the ‘inappropriate’ category that included an antibiotic
prescription by the total number of ARI episodes with diagnoses
for which antibiotics are ‘inappropriate’.

Broad-spectrum antibiotic use
An additional secondary outcome was calculated by dividing the
number of all ARI episodes (episodes considered either inap-
propriate or appropriate for antibiotics) with a broad-spectrum
antibiotic prescription by the total number of ARI episodes with
an antibiotic prescription. Broad-spectrum antibiotics are of
particular interest because frequent use of these agents promotes
bacterial resistance.

Diagnostic shift
Two measures were used to assess whether prescribers changed
their patterns of diagnosing during the study. One was calcu-
lated by dividing the number of ARI episodes with diagnoses for
which antibiotics are appropriate by the total number of ARI
episodes with an antibiotic prescription. The other measure was
calculated by dividing the number of ARI episodes for which
antibiotics are inappropriate by the total number of ARI
episodes.

Process measures
In addition to the outcome measures, because the CDSS
templates were not required to be used in an office visit by the
EHR, we also measured within the intervention practices how
often the CDSS templates were used and examined whether the
study outcome measures defined above differed by CDSS
template use/non-use.

Statistical analysis
Study outcomes were measured quarterly for each practice.
Practice-level observations were weighted by the number of ARI
episodes during the quarter. In this manner, more weight was
given to practices with greater numbers of relevant episodes and
to time points (within practices) that involve greater numbers of
relevant episodes.

Weighted means and 95% CIs were determined for interven-
tion and control practices at each time point, separately for adult
(aged $18 years) and pediatric (<18 years of age) patients.
Baseline means in study outcome measures were compared
between intervention and control groups using weighted inde-
pendent-sample t tests. Linear mixed models (LMMs) for
longitudinal analyses were then used to compare changes among
intervention and control practices across the 18-month study
period (baseline + 15 months of follow-up).18 All models
included time and an indicator variable representing interven-
tion/control status, and all models adjusted for practice char-

acteristics, including practice specialty (family medicine vs
internal medicine), number of providers in the practice, region
and baseline number of ARIs. To examine whether intervention
practice outcomes changed more during the study than control
practices, the interaction term involving time and intervention/
control status was the primary parameter of interest in each
model. Random practice effects were included in the LMMs to
account for the clustering of repeated measures on practices over
time. All statistical analyses were performed using SAS V.9.2
(SAS Institute Inc), and p values <0.05 were considered statis-
tically significant.

RESULTS
Table 1 shows the practice characteristics at baseline. The
median number of providers is the same for the intervention and
control groups, and both groups had a median number of adult
ARI episodes greater than 300 in the baseline period. The median
numbers of ARI episodes for each practice are listed by quarter in
table 2, along with the median number with diagnoses for
which antibiotics were inappropriate, reflecting the seasonal
trends in ARIs. At baseline, the weighted percentage of ARI
episodes with diagnoses for which antibiotics were inappro-
priate that included an antibiotic prescription was similar
(p¼0.27) between adult patients in intervention (mean: 46.2%;
95% CI 33.4% to 58.9%) and control practices (mean: 53.0%;
95% CI 48.5% to 57.5%), and different (p¼0.04) between pedi-
atric patients in intervention (mean: 21.6%; 95% CI 10.8% to
32.3%) and control practices (mean: 34.3%; 95% CI 29.9% to
38.8%).
Figure 2A,B illustrate the changes in the inappropriate

prescribing outcome over time for adult and pediatric patients.
In adult patients, results from the LMMs indicated that the
percentage of ARI episodes with diagnoses for which antibiotics
were inappropriate declined to a significantly greater degree
among adult patients in intervention practices than among
those in control practices (�0.6% vs +4.2%, p¼0.03), a trend
which was not seen among pediatric patients (+1.4% vs +4.2%,
p¼0.34).
Figure 3A,B presents the impact of the intervention on

prescribing of broad-spectrum antibiotics for ARIs. At baseline,
broad-spectrum antibiotic use was similar (p¼0.19) among adult
patients in intervention (mean: 65.5%; 95% CI 57.1% to 74.0%)
and control (mean: 71.8%; 95% CI 68.3% to 75.3%) practices,
and similar (p¼0.62) among pediatric patients in intervention
(mean: 46.1%; 95% CI 36.6% to 55.5%) and control (mean:
49.1%; 95% CI 44.6% to 53.6%) practices. Broad-spectrum
antibiotic use declined to a significantly greater degree in

Table 1 Characteristics of intervention and control practices at
baseline

Characteristics
Intervention
practices (n[9)

Control
practices (n[61)

Family medicine specialty, n (%) 7 (78) 55 (90)

Number of providers: median (IQR) 4 (2e6) 4 (3e6)

Geographic location (%)

South 4 (44) 17 (28)

Northeast 0 (0.0) 21 (34)

Midwest 1 (11) 16 (26)

West 4 (44) 7 (11)

Number of ARIs during 4th quarter 2009, median (IQR)

Adults 312 (292e457) 367 (192e489)

Children 214 (56e259) 136 (63e222)

ARIs, acute respiratory infections.
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intervention practices than in control practices, for both adult
(�16.6% vs +1.2%, p<0.0001) and pediatric patients (�19.7% vs
+0.9%, p<0.0001).

Although there were some significant baseline differences in
the use of diagnoses appropriate for antibiotics among pediatric

patients, results of the LMM also indicated that there was little
evidence of diagnostic shift during the study in either the
intervention or control practices (tables 3 and 4). In adult
patients, the percentage of ARI episodes with an antibiotic
prescription that included diagnoses for which antibiotics are

Table 2 Median number of acute respiratory infections (ARIs) episodes over time in intervention and
control practices

Time period

Intervention practices (n[9, median
number of ARIs per practice (median
number with disease for which
antibiotics are inappropriate)

Control practices (n[61): median
number of ARIs per practice (median
number with disease for which
antibiotics are inappropriate)

Adult patients Pediatric patients Adult patients Pediatric patients

4th Quarter 2009 312 (200) 214 (152) 367 (192) 136 (78)

1st Quarter 2010 336 (206) 162 (95) 359 (190) 122 (71)

2nd Quarter 2010 194 (105) 148 (77) 246 (126) 74 (41)

3rd Quarter 2010 160 (102) 99 (61) 191 (104) 55 (33)

4th Quarter 2010 230 (118) 145 (99) 356 (163) 106 (65)

1st Quarter 2011 266 (140) 179 (141) 414 (205) 134 (75)

Figure 2 Comparisons of intervention
and control practices’ inappropriate
prescribing over time in adult patients
(A) and pediatric patients (B) (weighted
means and 95% CIs).

Research and applications

J Am Med Inform Assoc 2013;20:317–324. doi:10.1136/amiajnl-2011-000701 321



appropriate increased by an average of 2.4% in intervention
practices compared with 0.5% in control practices (difference
between groups ¼ 1.9%; 95% CI �2.1% to 5.9%; p¼0.35), and
the percentage of ARI episodes (out of all ARI episodes) with
diagnoses for which antibiotics are typically inappropriate
increased by an average of 0.4% in intervention practices
compared with a decrease of 0.2% in control practices (difference
between groups ¼ 2.5%; 95% CI �0.8% to 5.9%; p¼0.14). In
pediatric patients, the percentage of ARI episodes with an
antibiotic prescription that included diagnoses for which anti-
biotics are appropriate decreased by 1.6% in intervention prac-
tices compared with a 2.5% increase among control practices
(difference between groups ¼ �4.1%; 95% CI �9.7% to 1.5%;
p¼0.15), and the percentage of ARI episodes (out of all ARI
episodes) with diagnoses for which antibiotics are typically
inappropriate increased an average of 8.6% in intervention
practices compared with a decrease of 5.0% in control practices

(difference between groups ¼ 13.6%; 95% CI 8.9% to 18.3%;
p<0.0001).
Within the intervention practices, template use for ARI

episodes increased from 0% to 57.8% by March 2010, with
a slower increase during the rest of the study period, to 68.5% by
March 2011. Template use did not appear to influence two of the
outcomes (inappropriate prescribing and diagnostic shift);
however, by the end of the 15-month study period, adult and
pediatric subjects with ARIs were less likely to receive a broad-
spectrum antibiotic if the template was used (adult patients:
45.9% vs 56.8%, p<0.04; pediatric patients: 24.6% vs 35.0%,
p<0.0001).

DISCUSSION
The results of this project indicate that a CDSS embedded in an
EHR to improve antibiotic prescribing for ARIs in primary care

Figure 3 Comparisons of intervention
and control practices’ use of broad-
spectrum antibiotics over time in adult
patients (A) pediatric patients (B)
(weighted means and 95% CIs).
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had a modest effect in changing prescribing for adults with
diagnoses for which antibiotics are generally inappropriate but
had a substantial impact on changing prescribing of broad-
spectrum antibiotics for all ARIs among both pediatric and adult
patients.

It could be hypothesized that physicians might bend the rules
to be able to justify antibiotics. Thus, once they are told that
they should not give antibiotics for certain conditions like
common colds but that antibiotics may be appropriate for other
conditions like sinusitis then the physicians will begin classi-
fying patients with a group of symptom that they used to
diagnose as colds and now call that sinusitis. The CDSS did not
lead to playing the system by having providers ‘shift’ their
diagnoses to justify prescribing antibiotics. In this project, the
decision support may have actually worked to improve diag-
noses because among pediatric patients in the intervention
group, the proportion of diagnoses for which antibiotics are
inappropriate increased. Over time, once the physician better
understands the defining parts of the diagnosis then they may
more accurately classify the group of symptoms as a cold rather
than as sinusitis.

This modest impact of this intervention on antibiotic
prescribing overall for ARIs for which antibiotics are generally
inappropriate is not too dissimilar from the results of several
previous studies.8 14 19 20 Although the effect on overall antibi-
otic prescribing for adult patients was statistically significant,
because the effect was relatively modest, interpretations of the

clinical significance of the finding as a successful strategy for
changing practice should be made with caution. However, the
intervention did have a dramatic effect on the use of broad-
spectrum antibiotics for ARIs. This finding has considerable
implications for improving quality of care. As the proportion of
antibiotic prescriptions accounted for by broad-spectrum anti-
biotics has increased, the CDC has focused on decreasing the
number of broad-spectrum antibiotic prescriptions in ARIs to
control antibiotic resistance. Thus, an effective strategy to
decrease broad-spectrum antibiotic prescriptions that could be
easily implemented in EHRs would be particularly useful in
improving quality of care. Broad-spectrum antibiotic use has
been attributed as a factor in the rise in Clostridium difficile.21 22

This study has several limitations. First, there was the
potential for diagnostic ascertainment bias, since the template
facilitated recording of the diagnoses. A potential further
confounding factor in regard to diagnoses might have been that
the study period overlapped with the 2009 H1N1 influenza
pandemic. That the total number of diagnoses did not differ
much between the intervention and control groups mitigates
this possible limitation. Second, when physicians are required to
use a CDSS, it may improve prescribing.23 Although in this
study in which the use of the CDSS was voluntary the adoption
of the CDSS was 68%, other studies of CDSS have shown
relatively low rates of its use.12 13 24 In a trial of the AHRQ
quality dashboard, only 28% of the clinicians used the dashboard
at least once, a rate much lower than in this study.20 Third, we

Table 3 Potential diagnostic shift after intervention as shown by weighted mean percentage (and 95% CI) of acute respiratory infection (ARI)
episodes for which antibiotics are appropriate out of the total number of ARI episodes for which an antibiotic was prescribed

Time period

Episodes among adult patients Episodes among pediatric patients

Intervention practices (n[9) Control practices (n[61) Intervention practices (n[9) Control practices (n[61)

4th Quarter 2009 61.4% (of n¼2868 ARI
episodes) (54.6% to 68.2%)

52.0% (of n¼16 529 ARI
episodes) (48.4% to 55.7%)

79.2% (of n¼1543 ARI
episodes) (66.4% to 92.0%)

57.7% (of n¼5431 ARI
episodes) (53.4% to 62.0%)

1st Quarter 2010 60.2% (of n¼3040 ARI
episodes) (55.1% to 65.2%)

54.9% (of n¼18 790 ARI
episodes) (51.2% to 58.6%)

77.5% (of n¼1798 ARI
episodes) (67.1% to 87.9%)

62.2% (of n¼6780 ARI
episodes) (58.0% to 66.3%)

2nd Quarter 2010 59.7% (of n¼2098 ARI
episodes) (56.3% to 63.1%)

55.4% (of n¼11 928 ARI
episodes) (51.9% to 58.8%)

77.8% (of n¼1039 ARI
episodes) (65.9% to 89.6%)

62.8% (of n¼3986 ARI
episodes) (58.5% to 67.1%)

3rd Quarter 2010 63.5% (of n¼1590 ARI
episodes) (57.6% to 69.4%)

54.0% (of n¼9424 ARI
episodes) (50.5% to 57.4%)

80.3% (of n¼800 ARI
episodes) (70.1% to 90.4%)

60.0% (of n¼3079 ARI
episodes) (55.5% to 64.6%)

4th Quarter 2010 61.4% (of n¼2704 ARI
episodes) (55.2% to 67.6%)

53.2% (of n¼17 024 ARI
episodes) (49.3% to 57.1%)

76.2% (of n¼1180 ARI
episodes) (65.4% to 86.9%)

59.7% (of n¼5370 ARI
episodes) (55.1% to 64.4%)

1st Quarter 2011 61.5% (of n¼3429 ARI
episodes) (55.8% to 67.2%)

54.4% (of n¼19 956 ARI
episodes) (50.6% to 58.2%)

75.0% (of n¼1773 ARI
episodes) (63.7% to 86.3%)

64.4% (of n¼7217 ARI
episodes) (59.8% to 68.9%)

Adjusted weighted
mean change over time

+2.4% +0.5% �1.6% +2.5%

Table 4 Potential diagnostic shift post intervention as evidenced by weighted mean percentage (and 95% CI) of acute respiratory infection (ARI)
episodes for which antibiotics are inappropriate out of the total number of ARI episodes

Time period

Episodes among adult patients Episodes among pediatric patients

Intervention practices (n[9) Control practices (n[61) Intervention practices (n[9) Control practices (n[61)

4th Quarter 2009 59.4% (of n¼5055 ARI
episodes) (52.2% to 66.6%)

62.4% (of n¼29 355 ARI
episodes) (59.4% to 65.4%)

51.0% (of n¼2882 ARI
episodes) (41.7% to 60.4%)

66.4% (of n¼11 480 ARI
episodes) (63.4% to 69.3%)

1st Quarter 2010 61.7% (of n¼5669 ARI
episodes) (56.5% to 66.8%)

58.1% (of n¼31 225 ARI
episodes) (55.0% to 61.3%)

51.4% (of n¼3379 ARI
episodes) (43.2% to 59.5%)

57.8% (of n¼12 266 ARI
episodes) (54.7% to 61.0%)

2nd Quarter 2010 60.3% (of n¼3799 ARI
episodes) (55.3% to 65.3%)

58.8% (of n¼22 067 ARI
episodes) (55.7% to 62.0%)

48.7% (of n¼1891 ARI
episodes) (39.9% to 57.4%)

57.9% (of n¼7616 ARI
episodes) (54.4% to 61.4%)

3rd Quarter 2010 60.7% (of n¼3091 ARI
episodes) (54.1% to 67.3%)

60.4% (of n¼18 252 ARI
episodes) (57.4% to 63.5%)

52.9% (of n¼1602 ARI
episodes) (41.6% to 64.3%)

60.5% (of n¼6265 ARI
episodes) (56.6% to 64.3%)

4th Quarter 2010 60.7% (of n¼4738 ARI
episodes) (56.2% to 65.2%)

59.6% (of n¼28 181 ARI
episodes) (55.8% to 62.3%)

59.7% (of n¼2490 ARI
episodes) (51.6% to 67.8%)

60.4% (of n¼9889 ARI
episodes) (56.6% to 64.2%)

1st Quarter 2011 60.5% (of n¼6070 ARI
episodes) (56.4% to 64.6%)

58.3% (of n¼33 256 ARI
episodes) (55.1% to 61.5%)

58.4% (of n¼3537 ARI
episodes) (51.0% to 65.8%)

57.3% (of n¼13 302 ARI
episodes) (53.8% to 60.8%)

Adjusted weighted
mean change over time

+0.4% �0.2% +8.6%* �5.0%

*p<0.0001 in comparison with adjusted weighted mean change in control practices.
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used naturally occurring groups (volunteers in the intervention
group and other similar practices in PPRNet) in this quasi-
experimental trial. It is possible that the volunteers might be
more oriented toward controlling antibiotic use. However, the
two groups were similar at baseline so any particular orientation
toward controlling antibiotic prescribing in the intervention
group was not evident before the intervention. Further, in this
quasi-experimental design we did adjust for a variety of poten-
tially confounding variables, thereby increasing the validity of
the research design.25 Fourth, the feedback on prescribing was
given as practice level feedback rather than as individual
prescribing data. It is possible that individual feedback might be
more powerful in changing behavior. For this study the inter-
vention was focused on the entire practice as a location of
change because of the importance of the roles of multiple
personnel in the practice in decisions to prescribe antibiotics for
ARIs. Fifth, it is unclear whether the implementation of just
a CDSS system into an EHR would be an effective strategy
without the additional activities of performance reports and
practice participation in site visits and project meetings. Find-
ings from other CDSS implementation research suggest that
dissemination of these tools without more robust implementa-
tion strategies may limit the impact of the CDSS.12 Addition-
ally, other outcomes that might have been the result of changing
antibiotic prescribing patterns, with potentially negative relapse
rates and clinical sequelae, were not measured in the study and
might have been unintended effects of the intervention.

CONCLUSION
In conclusion, this CDSS embedded in an EHR as a strategy to
promote judicious use of antibiotics for ARIs in primary care
was particularly successful in decreasing the use of broad-spec-
trum antibiotics. Future research focusing on the sustainability
of this intervention and the impact of these practice changes on
the prevalence of resistant organisms is needed.
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