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objective. Inappropriate treatment of asymptomatic bacteriuria (ASB) in the hospital setting is common. We sought to evaluate the
treatment rate of ASB at the 3 hospitals and assess the impact of a hospitalist-focused improvement intervention.

design. Prospective, interventional trial.

setting. Two community hospitals and a tertiary-care academic center.

patients. Adult patients with a positive urine culture admitted to hospitalist services were included in this study. Exclusions included
pregnancy, intensive care unit admission, history of a major urinary procedure, and actively being treated for a urinary tract infection (UTI) at
the time of admission or >48 hours prior to urine collection.

interventions. An educational intervention using a pocket card was implemented at all sites followed by a pharmacist-based intervention
at the academic center. Medical records of the first 50 eligible patients at each site were reviewed at baseline and after each intervention for signs
and symptoms of UTI, microbiological results, antimicrobials used, and duration of treatment for positive urine cultures. Diagnosis of ASB was
determined through adjudication by 2 hospitalists and 2 infectious diseases physicians.

results. Treatment rates of ASB decreased (23.5%; P= .001) after the educational intervention. Reductions in treatment rates for ASB
differed by site and were greatest in patients without classic signs and symptoms of UTI (34.1%; P< .001) or urinary catheters (31.2%; P< .001).
The pharmacist-based intervention was most effective at reducing ASB treatment rates in catheterized patients.

conclusions. A hospitalist-focused educational intervention significantly reduced ASB treatment rates. The impact varied across sites and
by patient characteristics, suggesting that a tailored approach may be useful.
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Treatment of positive urine cultures in hospitalized patients is
a major driver of antimicrobial use.1–3 However, in the absence
of clinical manifestations of a urinary tract infection (UTI), a
positive urine culture should be considered asymptomatic
bacteriuria (ASB) and should not be treated unless the patient
is pregnant or undergoing an invasive urological procedure.4

Overuse of antimicrobials leads to increasing rates of
bacterial resistance and antibiotic-associated infections such as
Clostridium difficile. Several factors contribute to unnecessary
treatment of ASB, including lack of familiarity with guidelines,
increased testing in patients with multiple comorbidities,
and treatment practices within groups of clinicians.5 Prior
improvement efforts have included educational presentations,

pocket cards, and audit and feedback, which have demon-
strated variable success at decreasing antimicrobial use.2,3,6–10

Evaluations of these interventions have either been performed
in a single setting or among practitioners from different
specialties.2,3,6–10 Hospitalists are increasingly providing a
broad range of care to hospitalized patients, performing roles
as both the primary provider and in consultative service. Given
the breadth of care they provide and the potential impact of
standardizing care of patients with ASB, hospitalists are an
important target for improvement interventions. We evaluated
the treatment rates of ASB and assessed the impact of
improvement interventions among hospitalists at 3 diverse
hospitals in southeastern Michigan.
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methods

We included 3 hospitals in this study: a large 1,059-bed
academic medical center, a large 537-bed community-based
teaching hospital, and a small 136-bed community hospital.
At the large academic medical center 10 hospitalists provide
care for ~105 patients daily; at the large community hospital,
~17 hospitalists provide care for ~275 patients daily; and at
the small community hospital, 3 hospitalists provide care for
~30 patients daily.

Baseline treatment rates of ASB were determined through
review of medical records. Adult patients with positive urine
cultures while admitted to the hospitalist service at each of the
3 hospitals were eligible for this study. Patients were excluded
if they were pregnant, were admitted to the intensive care
unit, had a history of a major urinary procedure (eg, renal
transplant), or were actively being treated for a UTI at the time
of admission or >48 hours prior to urine collection. Medical
records of the first 50 eligible patients at each site were
reviewed for signs and symptoms of infection, microbiological
results, antimicrobials used, and duration of treatment for
positive urine cultures. Diagnosis of UTI or ASB and treatment
rates of ASB were determined through adjudication by
2 hospitalists and 2 infectious diseases physicians using the
clinical histories obtained from chart review and the urine
culture results. The diagnostic criteria for UTI (adapted
from guidelines and requiring group consensus) included
patients with any of the following symptoms and signs with
no other alternative cause: urination urgency, urination
frequency, dysuria, suprapubic pain or tenderness, flank pain
or tenderness, new onset of altered mental status, fever >38°C,
rigors, acute hematuria, or increased spasticity or autonomic
dysreflexia in a spinal cord injury patient.4,11–16 All other
patients were determined to have ASB.

An educational intervention was presented to the hospital-
ists at each of the 3 hospitals. It included a 60-minute lecture
highlighting the unnecessary treatment of ASB at their
institution using representative cases from the baseline
measurement. A pocket card was introduced with appro-
priateness criteria for diagnostic testing and antimicrobial
treatment recommendations based on institutional anti-
biograms (Figure 1). In total, 3 sessions were conducted at the
academic medical center: 2 sessions at scheduled noon
conferences and 1 evening session. In addition, 2 afternoon
sessions were conducted at the large community hospital and
included hospitalists from the smaller community hospital.
Hospitalists unable to attend these sessions were emailed a link
to a webcast of the presentation and were asked to watch it
and to respond upon completion. Hospitalists were encour-
aged to document the following items in the medical record:
the indication for ordering the urine culture, the category
of UTI being treated (eg, uncomplicated, complicated UTI,
sepsis with UTI, pyelonephritis, perinephric abscess), and the
planned duration of treatment. After the intervention, the
medical records of 50 patients with positive urine cultures

while admitted to the hospitalist service at each hospital were
reviewed. Data collection and adjudication procedures were
identical to those used for the baseline measurement.
After completion of data collection from the educational

intervention, a pharmacy-based intervention was performed at
the academic medical center. This intervention included a
30-minute session conducted by an antimicrobial stewardship
pharmacist to train team-based pharmacists on the content of
the educational pocket card. Pharmacists were then sent a daily
electronic alert of positive urine cultures from the micro-
biology lab for all patients admitted to the hospitalist service.
These results were reviewed with hospitalists at daily afternoon
rounds Monday through Friday. In the absence of guideline-
based clinical manifestations of a UTI, the team-based
pharmacist strongly encouraged the hospitalist to refrain
from initiation of, or to discontinue antimicrobial treatment
(Figure 2). Patients who met guideline-based criteria for UTIs
were reviewed for appropriate antimicrobials and planned
duration of treatment.
Descriptive statistics were used to characterize the popula-

tion. Unnecessary antimicrobial days of therapy per patient
with ASB were calculated using the number of antimicrobial
days of therapy per patient determined to have ASB based on
adjudication. Continuous variables were compared using
standard t tests, and categorical variables were compared using
the χ2 statistic or Fisher’s exact tests, as appropriate. The
2-tailed α was set at 0.05. Analyses were conducted using Stata/
SE 13.1 (StataCorp, College Station, TX). Institutional review
boards at each site provided ethical and regulatory approval for
this study. To the extent possible, SQUIRE guidelines for
describing quality improvement interventions were used in
preparation of the manuscript.17

results

At baseline, 254 patients were screened across all 3 hospitals
and 92 were excluded, leaving 162 for detailed chart review.
The webcast or educational sessions were successfully
completed by 95.3% of hospitalists (N= 128) at the 3 sites.
After the educational intervention, a subsequent sample of
264 patients was screened, and 112 patients were excluded,
leaving 152 patients for evaluation (Figure 3). Patient demo-
graphics are presented in Table 1. A total of 104 patients were
screened after the pharmacy-based intervention; 52 patients
were excluded, leaving 52 patients for evaluation.
Of the 162 patients at baseline, 99 patients (61.1%) were

determined to have ASB. Among these, 76 patients (76.8%)
were treated with antimicrobials, with a total of 455 unneces-
sary antimicrobial days of therapy (Table 2). After the educa-
tional session, 92 patients (60.5%) had ASB; among these,
49 patients (53.3%) were treated with antimicrobials (ie, 305
unnecessary antimicrobial days of therapy), demonstrating a
decrease of 23.5% (P= .001) in patients with ASB exposed to
antimicrobials.
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figure 1. Pocket card. (A) Front. (B) Back.
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Treatment rates of ASB at baseline varied among the
3 institutions. The highest rates of treatment were observed
at the small community-based hospital (83.9%) and at the
academic medical center (80.5%), followed by the large
community-based hospital (63.0%).

The impact of the educational intervention and introduction
of the pocket card differed among the sites. We observed a

decrease in the initiation of antimicrobials in patients with ASB
at the academic hospital (27.2%; P= .015) and at the small
community hospital (25.8%; P= .001), but we observed a trend
toward reduction of initiation of antimicrobials post interven-
tion (14.6%; P= .266) at the large community hospital.
The success of the intervention also varied based on patient

characteristics. Some patients determined to have ASB after

figure 2. Timeline of project phases.

table 1. Patient Demographics (All Sites Combined)

Characteristic
Baseline
(n= 162)

Posteducational Intervention
and Pocket Card

(n= 152) P Value

Age, y
Mean (range) 72.6 (18–103) 69.2 (18–99) .107
Median 78 74

Gender, No. (%) .702
Female 120 (74.1) 109 (71.7)
Male 42 (25.9) 42 (27.6)
Unknown … 1 (<1)

Race, No. (%) .454
White 137 (84.6) 133 (87.5)
Black/unknown/other 25 (15.4) 19 (12.5)

Length of stay, d
Mean (range) 6.1 (2–38) 5.4 (1–24) .197
Median 5 4
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adjudication had guideline-based clinical manifestations
potentially suggestive of UTI; however, the clinical presenta-
tion suggested an alternative explanation for the sign or
symptom (eg, fever was present, but was due to pneumonia).
The impact of the educational intervention and pocket card
varied based on whether patients lacked all signs or symptoms
(34.1%; P= .001) compared with patients who had guideline-
based signs or symptoms (eg, fever or altered mental status)
from a condition other than UTI (13.3%; P= .179) (Table 2).
The presence of a urinary catheter at the time of urine culture
also modified the impact of the intervention. The absolute rate
of treatment of ASB decreased in patients without a urinary
catheter (31.2%; P< .001) but did not change significantly in
patients with urinary catheters (6.0%; P= .646) (Table 2).

During the pharmacy-based intervention at the academic
hospital, antimicrobial treatment was initiated for 44.8% of
all patients with ASB. Treatment of ASB in catheterized
patients improved from 78.6% after the educational
intervention to 50.0% during the pharmacy-based interven-
tion (28.6%; P= .218). However, treatment of noncatheterized
patients with ASB remained unchanged: 31.3% after the

educational intervention versus 41.2% after the pharmacy-
based intervention (P= .554).

discussion

Unnecessary treatment of ASB is common, yet we were able to
demonstrate that a hospitalist-focused educational interven-
tion reduced ASB treatment rates by 23.5%, resulting in
150 fewer antimicrobial days of therapy in patients with ASB
and a 28.3% decrease in unnecessary antimicrobial days of
therapy per patient with ASB. Despite this improvement,
site- and patient-specific differences suggest that a universal
model does not work as well as a customized approach.
The intervention brought treatment rates down across the 3
sites to a range of 48.4%–58.1%, but the reductions were
limited to the academic hospital and the small community
hospital. The large community hospital demonstrated only a
14.6% downward trend in initiation of antimicrobials for
treating ASB. Both sites with the largest benefit from the
intervention had baseline ASB treatment rates >80%, almost
20% higher than the large community hospital. This statistic

table 2. Treatment of Asymptomatic Bacteriuria (ASB) Impact of Educational Intervention and Pocket Card

Study Characteristic
Baseline

(N= 162), No. (%)a

Posteducational
Intervention and Pocket

Card
(N= 152), No. (%)a

Change From
Baseline, %

P
Value

All patients
Patients with ASB 99 (61.1) 92 (60.5) −0.6 .916
Treatment rates of ASB 76/99 (76.8) 49/92 (53.3) −23.5 .001
Treatment rates for patients with ASB and guideline-based clinical
manifestation from a condition other than UTI

31/43 (72.1) 30/51 (58.8) −13.3 .179

Treatment rates for patients with ASB and no guideline-based
clinical manifestations

45/56 (80.4) 19/41 (46.3) −34.1 <.001

Unnecessary antimicrobial days of therapy/patient with ASB 4.6 (455 d/99 patients) 3.3 (305 d/92 patients) −28.3 <.001
Patients with a urinary catheter

Patients with ASB and a urinary catheter 20/99 (20.2) 29/92 (31.5) +11.3 .073
Treatment rates for catheterized patients with ASB 15/20 (75.0) 20/29 (69.0) −6.0 .646
Treatment rates for catheterized patients with ASB and guideline-
based clinical manifestation from a condition other than UTI

8/10 (80.0) 14/18 (77.8) −2.2 1.00

Treatment rates for catheterized patients with ASB and no
guideline-based clinical manifestation

7/10 (70.0) 6/11 (54.5) −15.5 0.69

Unnecessary antimicrobial days of therapy/catheterized patient with
ASB

5.2 (104 d/20 patients) 4.7 (137 d/29 patients) −9.6 .460

Patients without a urinary catheter
Patients with ASB and no urinary catheter 79/99 (79.8) 63/92 (68.5) −11.3 .073
Treatment rates for noncatheterized patients with ASB 61/79 (77.2) 29/63 (46.0) −31.2 <.001
Treatment rates for noncatheterized patients with ASB and a guideline-
based clinical manifestation from a condition other than UTI

23/33 (69.7) 16/33 (48.5) −36.4 .08

Treatment rates for noncatheterized patients with ASB and no
guideline-based clinical manifestation

38/46 (82.6) 13/30 (43.3) −37.2 <.001

Unnecessary antimicrobial days of therapy/non-catheterized
patient with ASB

4.4 (351 d/79 patients) 2.7 (168 d/63 patients) −40.9 <.001

NOTE. UTI, urinary tract infection.
aUnless otherwise noted.
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figure 3. Patients screened. (A) Baseline. (B) Posteducational intervention and pocket card introduction.
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suggests that, at institutions with very high rates of over-
treatment, the educational intervention and pocket card
assisted in identifying antimicrobial treatment practices and
impacted rates of antimicrobial use.

The effect of the intervention also varied based on patient
factors, including the presence of a urinary catheter and whether
guideline-based signs or symptoms were present. The greatest
combined improvement in unnecessary treatment was among
patients without any guideline-based clinical manifestations of
UTI (34.1%, P< .001) and patients without urinary catheters
(31.2%; P< .001). Complex clinical situations make it more
difficult for providers to feel confident that a UTI is not present,
even when the initial guideline-based signs or symptoms eval-
uated are explained by an alternative condition or source of
infection.1 Clinicians are also more likely to treat ASB in patients
with an increased number of comorbidities and in the presence
of particular organisms, specifically those with antimicrobial
resistant organisms.1 This perceived risk by clinicians also
requires an augmented approach to decreasing treatment rates.5

In addition to hospitalist education, we implemented a
pharmacy-based intervention using audit and feedback at the
academic hospital. Pharmacists were chosen to participate
because of their important role in antimicrobial stewardship in
the hospital.3 The aim of this intervention was to assure that, as
positive urine cultures returned, the hospitalist reviewed the
clinical manifestations that prompted testing and reconsidered
antimicrobial decisions. This intervention resulted in an
additional 8.5% (nonsignificant) reduction in treatment rates
of ASB compared with the educational intervention at the
academic hospital (P= .606). The small sample size in this
phase of the intervention limited our ability to draw firm
conclusions. However, we identified a trend indicating that
catheterized patients benefited most from this approach. These
findings further suggest that the addition of a pharmacist may
have the greatest impact when focused on more complex
patients. Pharmacy-based interventions targeting unnecessary
treatment of ASB in the past have been assessed while bundled
with an educational intervention.3 Future endeavors should be
targeted at local patterns of unnecessary treatment of ASB, and
further understanding these patient-specific differences will
enable infection control teams and healthcare systems to tailor
selected aspects of such interventions to their institutions.

Our study has important limitations. The retrospective
design relied on documentation at the time of care to deter-
mine the presence of guideline-based clinical manifestations.
While our adjudication process focused on information that
was available to clinicians at the time of decision making, a
potential for bias exists in the interpretation, given that the
clinical outcome was apparent at the time of review. Addi-
tionally, unnecessary treatment rates in the baseline group may
have been elevated due to lack of documentation of clinical
manifestations. The introduction of this study to hospitalists
may have improved awareness, leading to increased doc-
umentation of clinical manifestations and false elevation of the
benefit of the educational intervention. However, the number

of patients with ASB did not change significantly between
interventions and correlated with previous reports, making
changes in documentation less likely.3 Additionally, the pocket
cards emphasized the evaluation of the patient for clinical
manifestations and, if signs or symptoms were present without
an alternative explanation, both urinalysis and urine culture
were recommended. Guidelines have emphasized that, even in
the presence of symptoms, a urinalysis without pyuria is
unlikely to be consistent with a UTI.14 Use of the urinalysis as a
screening test prior to performing urine culture may further
decrease the number of urine cultures performed as well as
ASB treatment. However, none of the sites in this study used
this approach at the time of the study; therefore, we cannot
comment on the potential additional benefit of this approach.
Finally, small samples of patients with urinary catheters and
patients evaluated in the pharmacy-based intervention may
have limited our ability to identify meaningful changes. These
limitations should be interpreted in the setting of the strengths
of our evaluation: (1) a rigorous method of medical record
abstraction, (2) consolidation of multiple national guidelines
and consensus statements to a single list of treatment criteria
that can be customized with antimicrobial recommendations
at each hospital, (3) adjudication of all charts by 2 infectious
diseases physicians and 2 hospitalists, (4) targeting of hospi-
talists as a single provider group with a high rate of engage-
ment in the interventions, and (5) a multicenter approach to
assessing the generalizability of the intervention.
The next steps in advancing this work should include a

similarly targeted intervention for physicians working in the
emergency department. Urine cultures are often performed on
patients in this setting, and the clinical decision making
around testing may not be communicated at the time of
transfer to the inpatient provider. Consideration for a durable
reminder of testing criteria includes embedding the collated
signs and symptoms into a decision-making tool within the
electronic medical record. Both of these interventions con-
tribute to decreasing the rates of unnecessary testing, which
has been shown to decrease unnecessary treatment of ASB.6,10

As antimicrobial stewardship programs search for the most
cost-effective approach to reducing unnecessary treatment of
ASB, it is important to consider patients with ASB who were
treated despite discord between the clinical scenario and the
guidelines (eg, a young woman with dysmenorrhea continued
on therapy for possible cystitis or a catheterized patients with
nephrolithiasis and flank pain who is treated for possible
pyelonephritis). Interventions that target these clinical biases
are needed, and they may vary between institutions. Hospi-
talists will likely continue to be key contributors to efforts
targeting the reduction of unnecessary treatment of ASB in the
future.18 Our study highlights 3 key areas that should be
targeted when formulating solutions in future projects:
(1) provider education regarding indications for urinary test-
ing, (2) targeted evaluation of patients with increased com-
plexity, including the use of urinary catheters or nonspecific
symptoms, and (3) the need to study interventions across
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multiple sites to understand limitations that may not be
apparent in a single-site study.
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