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ntimicrobial stewardship is key to optimizing patient

outcomes and minimizing the emergence of drug-

resistant bacterial organisms.* Unfortunately, the goal
of reducing inappropriate antibiotic prescribing has remained
elusive.* This is true despite the existence of a variety of strategies
to improve antibiotic stewardship, such as pay-for-performance
incentives, documentation change strategies, provider educa-
tion, and social “nudges.”>” We currently do not understand why
these approaches have variable results across different settings.
Research is needed to describe the effect of such interventions
in general community practice and to understand variations in
effect due to patient, provider, or medical center characteristics
in order to inform current efforts to improve care.

Acute sinusitis is a condition that affects 31 million annu-
ally® and costs billions.’ The preponderance of evidence suggests
antibiotics are not only ubiquitously overused for acute sinusitis
treatment,’®® but the correct antibiotic is often not chosen.**
Despite agreement regarding overuse, there is no universal rec-
ommendation regarding the precise group of patients with acute
sinusitis who may benefit from antibiotics.*"*'7 We used the recom-
mendations from our health system, patterned after the Infectious
Diseases Society of America (IDSA)’s guideline,' and a practical
study design to report the effects of a 2-component intervention
designed to improve antibiotic stewardship for acute sinusitis
encounters. The components were computerized clinical decision
support (CDS) within an electronic health record (EHR)"* and
provider education.!

Clinical leaders and policy makers need to understand the
variable effectiveness of multifaceted interventions, as well as
the importance that individual provider characteristics may have
on expected results. Our aim was to enhance the understanding
of the effects of clinician education and CDS in a real-life clinical
setting and, specifically, to assess any differences in effective-
ness on providers with varying years of experience or among
medical centers.

ABSTRACT

OBJECTIVES: Antibiotic stewardship is key to optimizing
patient outcomes and affordable care. The study objective
was to examine the effect of provider education and clinical
decision support (CDS) on antibiotic prescribing for acute
sinusitis among providers of varying experience.

STUDY DESIGN: A stepped-wedge cluster randomized
intervention to evaluate antibiotic use for acute sinusitis
encounters at 126 Kaiser Permanente Southern California
clinics between September 2014 and April 2015.

METHODS: The primary outcome was receipt of an
antibiotic prescription. Multivariate analysis adjusted

for patient, provider, and medical center characteristics.
Secondary analyses described sinusitis and other common
upper respiratory infection (URI) diagnoses and antibiotic
use during the study period compared with prior years.
Chart review of a random sample reported the proportion of
encounters receiving guideline-concordant antibiotics.

RESULTS: Analysis of 21,949 encounters (10,491 pre-

and 11,458 post intervention) showed CDS reduced the

use of antibiotics (adjusted odds ratio [AOR], 0.78; 95% Cl,
0.71-0.87), although the pre-post absolute difference was
small (85.9% vs 83.9%, respectively). Education had a large
initial effect (AOR, 0.51; 95% Cl, 0.46-0.57), which did not
persist. Increasing years of provider experience raised the
rates of antibiotic prescribing, but did not have a significant
interaction with CDS (P =.19). The effect of CDS varied by
medical center (P <.001). In addition, sinusitis diagnoses
decreased post intervention, with no overall increase in
antibiotic prescribing for URI diagnoses. Lastly, guideline-
concordant antibiotic use increased by 14%.

CONCLUSIONS: Provider education and CDS improved
antibiotic stewardship and changed diagnosis patterns. The
benefits of education were brief, and CDS effectiveness
varied by medical center.
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METHODS

We performed a pragmatic stepped-wedge
cluster randomized study of provider educa-
tion and CDS for acute sinusitis encounters.
The study was performed in outpatient clin-
ics (105 primary care, 21 urgent care) between
September 2014 and April 2015 within Kaiser
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TAKEAWAY POINTS

It is vital to understand the effectiveness of interventions designed to improve patient care in

order to disseminate and replicate successful initiatives and avoid fruitless care improvement

efforts. Our study of provider education and clinical decision support (CDS) on antibiotic pre-

scribing for acute sinusitis offers the following to inform health systems and future research:

» CDS integrated in an electronic health record can discourage inappropriate antibiotic pre-
scribing and will likely change diagnostic patterns.

» Provider education is unlikely to have a sustained effect on antibiotic prescribing.

> The effectiveness of education and CDS will vary based on inherent differences among

Permanente Southern California (KPSC), a locations.

large integrated health system. This system

provides healthcare to more than 4 million

members representative of the population diversity found in
southern California. We used information from the EHR col-
lected during routine care. This study was approved by the KPSC
Institutional Review Board.

Each participating primary care and urgent care clinic is clus-
tered within 1 of 6 medical service areas. Each service area was
randomly assigned to receive the CDS intervention as part of a
staged implementation over the course of 6 months. The total
study period was 8 months, allowing for 1 month of pre-data for
all areas prior to CDS implementation. CDS was turned on in 1 of
the 6 areas each month until all were receiving CDS, then 1 month
of post data was collected after all had received the intervention
(Figure 1). This staggered implementation allowed for a stepped-
wedge analysis.” This design controls for confounders due to
secular trends and strong champion effects.

CDS was based on qualitative interviews with practicing cli-
nicians* and designed using features shown to be effective in
previous trials.” Automated in the EHR, CDS was initiated at the
time of antibiotic prescribing for patients with an acute sinusitis
diagnosis. Once triggered, it offered a clear recommendation based
on current evidence. The alert informed providers that antibiotics
were not generally recommended for patients with symptoms of
less than 10 days’ duration. Additionally, CDS included options
to justify use of antibiotics in the case of prolonged symptoms,
“double worsening” of symptoms, or abnormal physical exam find-
ings. CDS could be bypassed by providers, but required a response
or cancellation to proceed with the order. In addition, CDS directed
providers to an order set to facilitate the prescribing of amoxicillin
oramoxicillin clavulanate if they had ordered a nonrecommended

antibiotic for acute sinusitis.

Provider education included a recorded online presentation
and 2 webinars delivered in the middle of the staggered rollout
(December). The intervention was created after previous research
showed the need for improved stewardship and no temporal trends
in improvement in the years leading up to our study period.?

All acute sinusitis encounters (International Classification of
Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] code
461.x) taking place in primary care settings were included. We
excluded encounters with specialists, follow-up visits, and

patients with chronic diseases compromising their immune
response (chronic liver disease, ICD-9-CM code 571; end-stage renal
disease, ICD-9-CM code 585.6; congestive heart failure, ICD-9-CM
code 428; immune disorders, ICD-9-CM code 279; malignant neo-
plasms, ICD-9-CM codes 140-165, 170-176, 179-209, and 235-239; and

FIGURE 1. Flow Diagram Showing the Sample of
Acute Sinusitis Encounters Included in the Analysis

Outpatient Acute Sinusitis Physician Encounters
9/14/14 - 4/16/15

ICD-9-CM Codes: 461.XX
N = 39,204

Specialty departments
n=14,335

Follow-up acute sinusitis encounters

n=1668 )

Nonmembers
n =240

<18 years
n =552

Immune compromised patients
n =460

IR

Chronic liver disease: n = 101
Congestive heart failure: n = 62
Immune disorders: n =7
Malignant neoplasms: n =123
End-stage renal disease: n =13

Common rheumatologic disorders
(frequently treated with immune-
ksuppressing medications): n =175 )

Sample of Acute Sinusitis Encounters
Included in Analysis

n=21,949

ICD-9-CM indicates International Classification of Diseases, Ninth Revision,
Clinical Modification.
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CLINICAL

TABLE 1. Patient Characteristics for Our Study Sample of
Acute Sinusitis Encounters?

Total
(n=21,949)

Post
(n =11,458)

Pre-
(n=10,491)

n % n %

Age, years: 47.4 479 47.7
mean (SD) (16.0) (15.7) (15.8)
Females 7157 68.2 7900 68.9 15,057 68.6
Race
é:'jfr:é cander 823 78 991 86 1814 83
Black 728 69 905 7.9 1633 7.4
Hispanic 3904 37.2 4185 365 8089 36.9
Other 439 42 441 39 880 4.0
White 4597 438 4936 431 9533 434
Primary care clinic 7669 73.1 9008 78.6 16,677 76.0
Urgent care clinic 2822 26.9 2450 21.4 5272  24.0
Fever 2064 1.9 282 25 486 2.2
:anh:}f;]r index, 4 4 (1.8) 1.6(1.8) 1.6(1.8)
fﬁﬁﬁlﬁ‘i.‘l . 9008 859 9617 839 18625 849

SD indicates standard deviation.
aData are stratified pre- and post implementation of an integrated electronic
health record clinical decision aid designed to optimize antibiotic prescribing.

common rheumatologic disorders, ICD-9-CM codes 714, 710, 555.9,
and 556). To ensure completeness of data, we limited our sample
to Kaiser health plan members.

The primary outcome was prescription of an antibiotic, classi-
fied by the generic product identifier. Secondary outcomes included
prescription of an antibiotic for diagnoses with similar symptoms
as acute sinusitis (acute nasopharyngitis, ICD-9-CM code 460;
nonstreptococcal pharyngitis, ICD-9-CM code 462; acute laryn-
gitis, ICD-9-CM code 464; acute laryngopharyngitis, ICD-9 code
465; acute upper respiratory tract infections of other multiple sites,
ICD-9-CM code 465.8; acute upper respiratory tract infections not
otherwise specified, ICD-9-CM code 465.9; acute bronchitis, ICD-9
code 466; influenza with respiratory manifestations, ICD-9-CM
code 487.1; and bronchitis not specified as acute or chronic, ICD-
9-CM code 490)" and concordance with current IDSA guidelines.

Concordance estimates were done based on structured chart
review from a random sample of 50 charts with some from each
of the 6 medical service areas. The structured chart review was
performed by a trained member of the research team who followed
a standardized protocol to limit bias.?*?* This random sample was
selected from encounters in which antibiotics were prescribed post
intervention. We used a standardized data abstraction form and
manual previously developed to identify guideline-concordant anti-
biotic use for similar acute sinusitis encounters, which is proven to

have high interrater reliability (93% agreement, kappa = .86).” This
previous research provided estimates of concordance rates (32%)
foracute sinusitis encounters receiving antibiotics for comparison
purposes. We used results from our chart review and applied the
sampling fraction to estimate the variance of the proportion of
encounters receiving antibiotics concordant with recommenda-
tions post intervention. This estimate was calculated via standard
formulas routinely used for survey sampling research,” then
applied to the entire sample to construct 95% confidence limits.

We used multiple logistic regression analyses to examine the
main effect of CDS on antibiotic prescribing. To account for the
staggered implementation of CDS, a dichotomous variable was
created to indicate whether the encounter was pre- or post CDS.
Another indicator variable was included to assess the impact
of education amidst the rollout of CDS. A facility variable was
included to identify differences in effect among the service areas.
The analysis adjusted for variables that were statistically associated
(P <.05) with receipt of antibiotics.

The final model used the provider as a random intercept, the
education indicator as a fixed effect, and indicator variables
modeled as fixed effects to assess the separate effects of CDS and
provider education.

Secondary analyses examined the interaction between CDS and
provider groups of varying years of experience. We categorized the
years of provider experience into 4 groups (<3 years, 3-9 years, 10-20
years, and >20 years), using the largest group of providers (10-20
years) as the reference for comparison. We similarly examined
the interaction between CDS and each of the medical service areas.
Within these groups of providers and service areas we also compared
the odds of receiving antibiotics pre- and post intervention.

We performed additional analyses to understand changes in
sinusitis encounter diagnoses compared with similar upper respi-
ratory infections (URIs) and to evaluate if these encounters resulted
in changes to antibiotic prescribing. We report the number of acute
sinusitis encounters and other similar URIS, as well as the propor-
tion resulting in antibiotics during the study period (September
2014-April 2015) compared with the same months in the 2 prior
years, 2012 to 2013 and 2013 to 2014. Similarly, we report these
diagnoses and the percent receiving antibiotics stratified pre-post
CDA implementation and pre-post provider education during the
study period, as well as the type of antibiotic used pre-post CDS
for acute sinusitis encounters.

RESULTS

The study sample included 21,949 initial acute sinusitis encounters
foradults (Figure 1). A similar number of encounters were included
before and after the implementation of CDS (10,491 pre- and 11,458
post intervention), and more patients were seen at primary care
clinics (76%) than in urgent care settings (Table 1).
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TABLE 2. Multivariate Results Comparing the Odds of
Receiving Antibiotics for an Initial Acute Sinusitis Encounter
Before and After the Intervention?

OR 95% CI

CDS intervention effect (post vs pre) 0.78 0.71-0.87
Fljd:(f:r:(l))r;f\flfse;ther months) 051 0.46-057
Effect of provider by years of experience

<3 vs 10-20 0.57 0.44-0.74

3-9vs 10-20 0.77 0.64-0.93

>20 vs 10-20 1.36 1.07-1.74
Patient age 1.01 1.01-1.01
Patient fever at clinic visit 1.96 1.41-2.78
Patient race (vs White)

Asian/Pacific Islander 0.78 0.67-0.92

Black 0.68 0.58-0.80

Hispanic 0.74 0.67-0.82

Other 0.85 0.69-1.06
Medical service area

2vs 1 0.73 0.54-0.99

3vs 1 1.73 1.29-2.30

4vs 0.98 0.73-1.32

5vs 1 0.96 0.72-1.29

6vs 1 1.32 0.96-1.81
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FIGURE 2. Graphical Representation of the Proportion of

Encounters With Acute Sinusitis Prescribed Antibiotics?

Antibiotics Prescription Rate
within Study Period by Each Service Area

0.85
0.80

0.75

Proportion of Prescribed Antibiotics

Time Period

Service Area — 1 2 —3 4

CDS indicates clinical decision support; OR, odds ratio.

aThese results include the overall effect of CDS, the education effect,

the effect by provider years of experience, patient age, presence of fever,
patient race, and medical service area post intervention. The patient variables
included in the analysis were those found to correlate (P <.05) with receipt

of antibiotics in bivariate comparisons. Boldface indicates statistically
significant results.

Primary Outcome

The CDS intervention significantly reduced antibiotic use for
acute sinusitis encounters (adjusted odds ratio [AOR], 0.78; 95% CI,
0.71-0.87) (Table 2), although it demonstrated only a 2% absolute
reduction. Provider education, assessed as a time effect during
December, showed significant decreases in antibiotic prescribing
(aOR, 0.51; 95% CI, 0.46-0.57) (Table 2), but these effects were not
sustained over the study period (Figure 2).

Secondary Outcomes

The odds of receiving antibiotics increased with additional years of
provider experience (Table 2), although there was not a statistically
significant interaction between years of provider experience and
CDS (P = .19) (Table 3). There were significant differences in the
effect of CDS and antibiotic prescribing based on the interaction
with each medical service area (P <.001).

The overall number of encounters with acute sinusitis diagnoses
decreased compared with the same temporal period in the 2 prior

2Each line represents 1 of the 6 medical service areas included in the analysis.
This graph shows trends in prescribing over time; the intervention began in
October for the first medical center and was subsequently rolled out each
month, in the order listed, to each of the other service areas. The drop in
December was attributed to broadly publicized and disseminated provider
education during that month.

years and represented a smaller proportion of acute URI diagno-
ses (8.1% vs 11.7% and 11.3%). The proportion of acute sinusitis
encounters, compared with all similar URI diagnoses, decreased
in the posteducation (7.5% vs 9.3%) and the post-CDS (7.1% vs 9.2%)
periods compared with pre-intervention. The overall proportion of
acute URI encounters receiving antibiotics decreased during the
study period (27.1%) compared with prior years (31.2% and 30.7%)),
but this does not appear to be attributable to the intervention.
Pre-post stratification showed there may have been some diagno-
sis shifting where antibiotics were still prescribed, as CDS (3.3%
increase) and education (2% increase) showed a small increase in
antibiotic prescribing for other URIs before and after implementa-
tion during the study period (eAppendices 1 and 2 [eAppendices
available at ajmc.com]). The types of antibiotics used pre-post
intervention did not differ significantly (eAppendix 3).

Lastly, a structured review of acute sinusitis encounters for
patients who received antibiotics found that 46% (95% CI, 32%-60%)
were guideline concordant. This was a 14% absolute improvement
from a structured review of acute sinusitis encounters from the
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CLINICAL

TABLE 3. 0dds of Receiving Antibiotics for Acute Sinusitis?

OR 95% CI
Effect of intervention by provider years of
experience (interaction P =.19)
<3 0.75 0.56-1.02
3-9 0.77 0.64-0.93
10-20 0.88 0.75-1.03
>20 0.66 0.53-0.82
Provider years of experience
(post intervention)
<3vs 10-20 0.53 0.35-0.80
3-9vs 10-20 0.73 0.55-0.98
>20vs 10-20 1.19 0.83-1.71
Effect of intervention by medical service
area (interaction P <.001)
1 0.87 0.53-1.41
2 0.43 0.26-0.73
3 0.57 0.40-0.82
4 0.97 0.60-1.57
5 1.12 0.79-1.58
6 0.99 0.52-1.87
Medical area (post intervention)
2vs 1 0.62 0.38-1.01
3vs 1 1.53 0.98-2.40
4vs 1 1.15 0.67-1.98
5vs 1 1.18 0.73-1.91
6vs 1 1.60 0.82-3.16

OR indicates odds ratio.

2Results are stratified by physician years of experience, including the interac-
tion of the intervention effect and a comparison of pre- and post clinical
decision support implementation.

same primary care clinics in the pre-implementation period (32%;
95% CI, 19%-45%)."

DISCUSSION

We performed an effectiveness study of the ability of CDS and pro-
vider education to decrease the use of antibiotics for acute sinusitis
encounters. Adjusted comparisons showed a 22% improvement in
the odds of prescribing antibiotics after the intervention, but the
absolute reduction was small (2%). After CDS and education, the
number of encounters with an acute sinusitis diagnosis decreased
substantially. Lastly, we found that CDS had variable effectiveness
based on the medical service area.

This study makes several important contributions to the exist-
ing body of literature describing the effectiveness of CDS. First,
we confirmed that CDS is effective in real-world clinical settings,
but showed that the magnitude of benefit may be less than that
observed in highly controlled studies of efficacy.?

Second, we observed a pattern of diagnosis-shifting as a result
of education and CDS implementation. This may be an example of
documented CDS “workarounds,” and future studies and quality-
improvement efforts should account for changes in diagnosis
patterns.? It is possible that providers substituted a diagnosis other
than acute sinusitis once they were made aware that antibiotics
were not indicated for most patients with sinusitis. Understanding
how CDS modifies diagnosis patterns warrants future investigation,
although, based on our results, these changes did not result in
an overall increase in the use of antibiotics for all URI diagnoses.

Third, we observed increasing odds of antibiotic prescribing cor-
related with increasing years of provider experience, but this did not
resultin varying CDS impact. CDS did vary in effectiveness, however,
based on the medical service area of the encounter. This may be a
result of the culture and context within particular settings that pro-
motes success. This finding supports other reports that have shown
these less tangible factors to be an important aspect of the success of
interventions.?®? What is clear is that clinical leaders, policy makers,
and researchers should account for the variable effectiveness of CDS
depending on the local medical center characteristics.

Despite overall results demonstrating improvements in anti-
biotic stewardship and guideline-concordant prescribing, we
observed a diminution in effect over time. Much of the overall
effectiveness of the 2-component intervention may be attributed
to the acute drop in prescribing in December associated with pro-
vider education, rather than the CDS intervention. This temporal
improvement was not sustained, and by the end of the study period
rebounded to near the prior baseline. This reinforces that sustained
improvement in clinical practice is difficult to achieve.

Our study confirms results from recent efficacy trials show-
ing the benefit of “accountable justification™° with automated
CDS during outpatient encounters, although in a slightly differ-
ent approach. The limited effectiveness of our results may be
partially due to limited “accountability,” as our CDS required a
clicked response, but did not require the provider to document in
the medical record the reason for use of antibiotics. Additionally,
we looked only at acute sinusitis encounters, a condition for which
antibiotics are generally not indicated, except under special cir-
cumstances, instead of viral diagnoses for which antibiotics are
always contraindicated. Based on our relatively large aOR and
comparatively small absolute effect of CDS, we hypothesize that
patients with shorter symptoms or less severe symptoms were
those changed to a different diagnosis and not given antibiotics.
This is also based on our chart review, which showed improve-
ments in guideline-concordant use of antibiotics. This may explain
the increase in other similar URI diagnoses without a rise in anti-
biotics for those conditions. Therefore, it is reasonable to predict
that the effect of our intervention on overall use of antibiotics may
be underestimated by the absolute 2% decrease in the proportion
of encounters receiving antibiotics for acute sinusitis.
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CONCLUSIONS

Provider education and integrated CDS reduced antibiotic use for
acute sinusitis encounters and substantially changed patterns of
diagnosis for acute URIs. The benefits of education were brief and
did not persist through the study period, and CDS effectiveness
varied by medical center. B
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eAppendix 1

Descriptive results of acute sinusitis and other common respiratory diagnoses® during our study

period (September 2014 to April 2015) compared with the same period in the 2 prior years

(2012-2014). The study period is also stratified into pre/post-clinical decision support (CDS) and

provider education. Acute sinusitis totals vary from Table 1 because no exclusions were applied

to this cohort.

Year

2012-2013
2013-2014
Study Period ‘14-°15
Pre-CDS
Post CDS
Pre-Education

Post Education

Acute Sinusitis | Other Respiratory Infections Total Acute URIs
Encounters Prescribed
Encounters (% URISs) Encounters
(% URIs) Antibiotics
69,563 11.3% 544,018 88.7% 613,581 31.2%
64,469 11.7% 488,782 88.3% 553,251 30.7%
48,115  8.1% 549,106 91.9% 597,221 27.1%
24218  9.2% 238,011 90.8% 262,229 27.4%
23,897  7.1% 311,095 92.9% 334,992 29.1%
13,023 9.3% 126,629 90.7% 139,652 28.2%
27,882 7.5% 342,796 92.5% 370,678 28.9%

*Other common respiratory diagnoses includes the following (ICD-9 Code): Acute

nasopharyngitis (460), nonstreptococcal pharyngitis (462), acute laryngitis without obstruction

(464), acute laryngopharyngitis (464), acute upper respiratory tract infections of other multiple

sites (465.8), acute upper respiratory tract infections not otherwise specified (465.9), acute

bronchitis (466), influenza with other respiratory manifestations (487.1), bronchitis not specified

as acute or chronic (490).




eAppendix 2

Specific diagnoses representing the cumulative "Other Respiratory Infections" used to

understand changes in diagnostic patterns associated with the acute sinusitis intervention.

2012-2013
(n = 544,018)

2013-2014
(n = 488,782)

2014-2015
(n = 549,106)

acute or chronic

ICD-9 Code Description n % n % n %
460 Acute nasopharyngitis 56,210 | 17.24 | 68,359 | 17.86 | 76,053 | 17.13
462 Nonstreptococcal 36,887 | 11.32 | 47,923 | 12.52 | 53,702 | 12.10

pharyngitis
464 Acute laryngitis without 4210 1.29 5193 1.36 5780 1.30
obstruction
465 Acute laryngopharyngitis 1 0.00 3 0.00 6 0.00
465.8 Acute upper respiratory 0 0.00 1 0.00 0 0.00
tract infections of other
multiple sites
465.9 Acute upper respiratory 149,079 | 45.74 | 177,335 | 46.34 | 202,795 | 45.68
tract infections not
otherwise specified
466 Acute bronchitis 20,432 | 6.27 | 21,971 | 5.74 | 19,280 | 4.34
487.1 Influenza with other 22,094 | 6.78 | 18,753 | 4.90 | 35,222 | 7.93
respiratory manifestations
490 Bronchitis not specified as 37,037 | 11.36 | 43,164 | 11.28 | 51,093 | 11.51




eAppendix 3

Types of prescribed antibiotics pre- and post intervention.

Pre Post Total

(n=10,491) (n =11,458) (n =21,949)
Antibiotic n % n % n %
Amoxicillin 3597 343 3722 32.5 | 7319 | 333
Amoxicillin clavulanate 1188 11.3 1207 10.5 | 2395 | 109
Azithromycin 2005 19.1 2474 | 21.6 | 4479 | 204
Cefuroxime 279 2.7 263 23 542 2.5
Cephalexin 190 1.8 281 2.5 471 2.1
Clindamycin 79 0.8 70 0.6 149 0.7
Doxycycline monohydrate 1115 10.6 1042 9.1 2157 9.8
Other 243 23 284 2.5 527 2.4
Sulfamethoxazole-trimethoprim 471 4.5 413 3.6 884 4.0
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