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Background: Although automated urine cultures (UCs)
following urinalysis (UA) are often used in emergency
departments (EDs) to identify urinary tract infections (UTIs),
results are often reported as no organism growth or the
growth of clinically insignificant organisms, leading to the
overdetection and overtreatment of asymptomatic bacteriuria
(ASB).

Methods: A process change was implemented at a US
Department of Veterans Affairs medical center ED that
automatically cancelled UCs if UAs had < 5 white blood cells
per high-power field (WBC/HPF). An option for do not cancel
(DNC) UC was available. Data were prospectively collected for
3 months postimplementation and included UA/UC results,
presence of UTl symptoms, antibiotics prescribed, and health
care utilization.

Results: Postintervention, 684 UAs (37.2%) were evaluated

from ED visits. Postintervention, of 255 UAs, 95 (37.3%) were
negative with UC cancelled, 95 (37.3%) were positive with UC
processed, 43 (16.9%) were ordered as DNC, and 22 (8.6%)
were ordered without a UC. UC processing despite a negative
UA significantly decreased from 100% preintervention to
38.6% postintervention (P < .001). Inappropriate prescribing of
antibiotics for ASB was reduced from 10.2% preintervention to
1.9% postintervention (odds ratio = 0.17; P = .01). In patients
with negative UA specimens, antibiotic prescribing decreased
by 25.3% postintervention. No reports of outpatient, ED, or
hospital visits for symptomatic UTI were found within 7 days
of the initial UA postintervention.

Conclusions: The UAtoreflex culture process change resulted
in a significant reduction in processing of inappropriate UCs
and unnecessary antibiotic use for ASB. There were no
missed UTlIs or other adverse patient outcomes.
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ing urinalysis (UA) are often used in
emergency departments (EDs) to iden-
tify urinary tract infections (UTIs). The
fast-paced environment of the ED makes
this method of proactive collection and fa-
cilitation of UC favorable. However, results
are often reported as no organism growth
or the growth of clinically insignificant
organisms, leading to the overdetection
and overtreatment of asymptomatic bac-
teriuria (ASB).!” An estimated 30 to 60%
of patients with ASB receive unwarranted
antibiotic treatment, which is associated
with an increased risk of developing Clos-
tridioides difficile infection and contributes
to the development of antimicrobial resis-
tance.*'° The costs associated with UC are
an important consideration given the use
of resources, the time and effort required to
collect and process large numbers of nega-
tive cultures, and further efforts devoted to
the follow-up of ED culture results.
Changes in traditional testing involving
testing of both a UA and UC to reflex testing
where urine specimens undergo culture only

B utomated urine cultures (UCs) follow-
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if they meet certain criteria have been de-
scribed.''* This change in traditional testing
aims to reduce the number of potentially un-
necessary cultures performed without com-
promising clinical care. Leukocyte quantity
in the UA has been shown to be a reliable
predictor of true infection.'""> Fok and col-
leagues demonstrated that reflex urine test-
ing in ambulatory male urology patients
in which cultures were done on only urine
specimens with > 5 white blood cells per
high-power field (WBC/HPF) would have
missed only 7% of positive UCs, while avoid-
ing 69% of cultures.™

At the Edward Hines, Jr Veterans Affairs
Hospital (Hines VA), inappropriate UC or-
dering and treatment for ASB has been iden-
tified as an area needing improvement. An
evaluation was conducted at the facility to
determine the population of inpatient vet-
erans with a positive UC who were appro-
priately managed. Of the 113 study patients
with a positive UC included in this review,
77 (68%) had a diagnosis of ASB, with > 80%
of patients with ASB (and no other suspected
infections) receiving antimicrobial therapy.®
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TABLE 1 Baseline Demographics: Primary Objective

Variables Preintervention (n = 173) Postintervention (n = 105) P value

Sex, No. (%) 09
Male 150 (86.7) 83 (79.0) :
Female 23 (13.3) 22 (21.0)

Age, mean (SD) [range], y 63.5 (16.4) [25-93] 58.2 (1.3) [24-96] .02

Dementia diagnosis, No. (%) 6 (3.5) 4 (3.8) .75

Benign prosthetic hyperplasia or 44
overactive bladder treatment, No. (%) 50 (28.9) 35 (33.3)

A subsequent evaluation was conducted at
the Hines VA ED to evaluate UTI treatment
and follow-up. Of the 173 ED patients in-
cluded, 23% received antibiotic therapy for
an ASB and 60% had a UA and UC collected
but did not report symptoms.® Finally, a re-
view by the Hines VA laboratory showed that
in May 2017, of 359 UCs sent from various
locations of the hospital, 38% were obtained
in the setting of a negative UA.

A multidisciplinary group with represen-
tation from primary care, infectious diseases,
pharmacy, nursing, laboratory, and informat-
ics was created with a goal to improve the
workup and management of UTIs. In addi-
tion to periodic education for the clinicians
regarding appropriate use and interpreta-
tion of UA and UC along with judicious use
of antimicrobials especially in the setting of
ASB, a UA to reflex culture process change
was implemented. This allowed for auto-
matic cancellation of a UC in the setting of a
negative UA, which was designed to help fa-
cilitate appropriate UC ordering.

METHODS

The primary objective of this study was to
compare the frequency of inappropriate UC
use and inappropriate antibiotic prescribing
pre- and postimplementation of this UA to
reflex culture process change. An inappropri-
ate UC was defined as a UC ordered despite
a negative UA in asymptomatic patients. In-
appropriate antibiotic prescribing was de-
fined as treatment of patients with ASB. The
secondary objective evaluated postinterven-
tion data to assess the frequency of outpa-
tient, ED, and hospital visits for UTI-related
symptoms in the group of patients that had
a UC cancelled as a result of the new pro-
cess change (within a 7-day period of the ini-
tial UA) to determine whether patients with
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true infections were missed due to the pro-
cess change.

Study Design and Setting

This pre-post quality improvement (QI) study
analyzed the UC-ordering practices for UTIs
sent from the ED at the Hines VA. This VA is
a 483-bed tertiary care hospital in Chicago, II-
linois, and serves > 57,000 veterans and about
23,000 ED visits annually. This study was ap-
proved by the Edward Hines, Jr VA Institu-
tional Review Board as a quality assurance/QI
proposal prior to data collection.

Patient Selection

All patients who received a UA with or
without a UC sent from the ED between
October 17, 2017 and January 17, 2018
were identified by the microbiology labo-
ratory and a list was generated. Postinter-
vention data were compared with data from
a previous analysis performed at the Hines
VA in 2015 (baseline data), which found
that UCs were collected frequently despite
negative UA, and often resulted in the pre-
scribing of unnecessary antibiotics.’

When comparing postintervention data
with preintervention data for the primary
study objective, the same exclusion criteria
from the 2015 study were applied to the pres-
ent study, which excluded ED patients who
were admitted for inpatient care, concurrent
antibiotic therapy for a non-UTI indication,
duplicate cultures, and use of chronic bladder
management devices. All patients identified as
receiving a UA during the specified postinter-
vention study period were included for evalu-
ation of the secondary study objective.

Interventions
After physician education, an ED process
change was implemented on October 3,
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TABLE 2 All Urine Analysis Results

Preintervention, No. (%)

Postintervention, No. (%)

Variables (n =157) (n = 105) P value

Inappropriate treatment for asymptomatic bacteriuria 16 (10.2) 2(1.9) .01

Inappropriate urine culture ordering 45 (28.7) 52 (49.5) .01
TABLE 3 Negative Urine Analysis Results

Preintervention, No. (%) Postintervention, No. (%)

Variables (n =109) (n=70) P value

Negative urine analysis and antibiotics 6 (5.5) 3 (4.3) .74

Negative urine analysis and urine culture processed 109 (100.0) 27 (38.6) <.001

2017. This process change involved the cre-
ation of new order sets in the EHR that al-
lowed clinicians to order a UA only, a UA
with culture that would be cancelled by
laboratory personnel if the UA did not re-
sult in > 5 WBC/HPE and a UA with cul-
ture designated as do not cancel, where
the UC was processed regardless of the UA
results. The scenarios in which the latter
option was considered appropriate were
listed on the ordering screen and included
pregnancy, a genitourinary procedure
with necessary preoperative culture, and
neutropenia.

Measurements

Postimplementation, all UAs were re-
viewed and grouped as follows: (1) posi-
tive UA with subsequent UC; (2) negative
UA, culture cancelled; (3) only UA ordered
(no culture); or (4) do not cancel UC or-
dered. Of the UAs that were analyzed, the
following data were collected: demograph-
ics, comorbidities, concurrent medications
for benign prostatic hyperplasia (BPH) and/
or overactive bladder (OAB), documented
allergies/adverse drug reactions to antibiot-
ics, date of ED visit, documented UTI signs/
symptoms (defined as frequency, urgency,
dysuria, fever, suprapubic pain, or altered
mental status in patients unable to verbalize
urinary symptoms), UC results and suscep-
tibilities, number of UCs repeated within
7 days after initial UA, requirement of an-
tibiotic for UTI within 7 days of initial UA,
antibiotic prescribed, duration of antibiotic
therapy, and outpatient visits, ED visits, or
need for hospital admission within 7 days
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of the initial UA for UTI-related symptoms.
Other relevant UA and UC data that could
not be obtained from the EHR were col-
lected by generating a report using the Vet-
erans Information Systems and Technology
Architecture (VistA).

Analysis

Statistical analysis was performed using SAS
v9.4. Independent ¢t tests and Fisher exact
tests were used to describe difference pre-
and postintervention. Statistical significance
was considered for P < .05. Based on results
from the previous study conducted at this
facility in addition to a literature review, it
was determined that 92 patients in each
group (pre- and postintervention) would be
necessary to detect a 15% increase in per-
centage of patients appropriately treated for
a UTL

RESULTS

There were 684 UAs evaluated from ED vis-
its, 429 preintervention and 255 postinter-
vention. The 255 patients were evaluated for
the secondary objective of the study. Of the
255 patients with UAs identified postinter-
vention, 150 were excluded based on the pre-
defined exclusion criteria, and the remaining
105 were compared with the 173 patients
from the preintervention group and were in-
cluded in the analysis for the primary objec-
tive (Figure 1).

Patients in the postintervention group
were younger than those in the preinter-
vention group (P < .02): otherwise the
groups were similar (Table 1). Inappro-
priate antibiotics for ASB decreased from
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10.2% preintervention to 1.9% postinter-
vention (odds ratio, 0.17; P = .01) (Table
2). UC processing despite a negative UA
significantly decreased from 100% prein-
tervention to 38.6% postintervention (P <
.001) (Table 3). In patients with a nega-
tive UA, antibiotic prescribing decreased by
25.3% postintervention, but this difference
was not statistically significant.

Postintervention, of 255 UAs evaluated,
95 (37.3%) were positive with a processed
UC and 95 (37.3%) were negative with UC
cancelled, 43 (16.9%) were ordered as DNC,
and 22 (8.6%) were ordered without a UC
(Figure 2). Twenty-eight of the 95 (29.5%)
UAs with processed UCs did not meet the
criteria for a positive UA and were not des-
ignated as DNC. When the UCs of this sub-
group of patients were further analyzed, we
found that 2 of the cultures were positive
of which 1 patient was symptomatic and re-
quired antibiotic therapy.

Of the 95 patients with a negative UA,
69 (72.6%) presented without any UTI-
related symptoms. In this group, there were
no reports of outpatient visits, ED visits, or
hospital admissions within 7 days of initial
UA for UTl-related symptoms. None of the
UCs ordered as DNC had a supporting rea-
son identified. Nonetheless, the UC results
from this patient subgroup also were ana-
lyzed further and resulted in 4 patients with
negative UA and positive subsequent UC,
1 was symptomatic and required antibiotic
therapy.

DISCUSSION
A simple process change at the Hines VA re-
sulted in benefits related to antimicrobial
stewardship without conferring adverse out-
comes on patient safety. Both UC process-
ing despite a negative UA and inappropriate
antibiotic prescribing for ASB were reduced
significantly postintervention. This process
change was piloted in the ED where UCs are
often included as part of the initial diagnos-
tic testing in patients who may not report
UTl-related symptoms but for whom a UC is
often bundled with other infectious workup,
depending on the patient presentation.
Reflex testing of urine specimens has
been described in the literature, both in an
exploratory nature where impact of a reflex
UC cancellation protocol based on certain
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FIGURE 1 Study Flowchart

Preintervention (2015)

429 UAs

256 Excluded [

— 173 UAs

16 Did not meet [ |
criteria

—1 157 UAs included

— 48 Positive UAs

109 Negative UAs

Postintervention (2018)

255 UAs

150 Excluded

105 UAs included

— 35 Positive UAs

— 70 Negative UAs

Abbreviation: UAs, urinalyses.

UA criteria is measured by percent reduc-
tion of UCs processed as well as results of
such interventions implemented into clinical
practice.13 A retrospective study performed
at the University of North Carolina Medi-
cal Center evaluated patients who presented
to the ED during a 6-month period and had
both an automated UA and UC collected. UC
processing was restricted to UA that was pos-
itive for nitrites, leukocyte esterase, bacteria,
or > 10 WBC/HPE Use of this reflex culture
cancellation protocol could have eliminated
604 of the 1546 (39.1%) cultures processed.
However, 11 of the 314 (3.5%) positive cul-
tures could have been missed.' This same
protocol was externally validated at another

Urine Culture Analysis
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FIGURE 2 Flowchart of Postintervention Urinalysis

684 UAs evaluated

429 Preintervention

255 Postintervention

95 Positive UAs 95 Negative UAs

22 UAs without UC 43 UAs with DNC UC

Abbreviations: DNC, do not cancel; UAs, urinalyses; UC, urine culture.

large academic ED setting, where similar re-
sults were found.'

In clinical practice, there is a natural ten-
dency to reflexively prescribe antibiotics
based on the results of a positive UC due to
the hesitancy in ignoring these results, de-
spite lack of a suspicion for a true infection.
Leis and colleagues explored this in a proof-
of-concept study evaluating the impact of dis-
continuing the routine reporting of positive
UC results from noncatheterized inpatients
and requesting clinicians to call the labora-
tory for results if a UTI was suspected.'® This
intervention resulted in a statistically signif-
icant reduction in treatment of ASB in non-
catheterized patients from 48 to 12% pre- and
postintervention. Clinicians requested cul-
ture results only 14% of the time, and there
were no adverse outcomes among untreated
noncatheterized patients. More recently, a QI
study conducted at a large community hospi-
tal in Toronto, Ontario, Canada, implemented
a 2-step model of care for urine collection.'”
UC was collected but only processed by
the microbiology laboratory if the ED phy-
sicians deemed it necessary after clinical
assessment.

After implementation, there was a de-
crease in the proportion of ED visits asso-
ciated with processed UC (from 6.0% to
4.7% of visits per week; P<.001), ED vis-
its associated with callbacks for process-
ing UC (1.8% to 1.1% of visits per month;
P< .001), and antimicrobial prescriptions
for urinary symptoms among hospitalized
patients (from 20.6% to 10.9%; P<.001).
Equally important, despite the 937 cases in
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which urine was collected but cultures were
not processed, no evidence of untreated
UTIs was identified."”

The results from the present study simi-
larly demonstrate minimal concern for po-
tentially undertreating these patients. As
seen in the subgroup of patients included
in the positive UA group, which did not
meet criteria for positive UA per protocol
(n = 29), only 2 of the subsequent cultures
were positive, of which only 1 patient re-
quired antibiotic therapy based on the clin-
ical presentation. In addition, in the group
of negative UAs with subsequent cancella-
tion of the UC, there were no found reports
of outpatient visits, ED visits, or hospital
admissions within 7 days of the initial UA
for UTI-related symptoms.

Limitations

This single-center, pre-post QI study was not
without limitations. Manual chart reviews
were required, and accuracy of information
was dependent on clinician documentation
and assessment of UTI-related symptoms.
The population studied was predominately
older males; thus, results may not be ap-
plicable to females or young adults. Addi-
tionally, recognition of a negative UA and
subsequent cancellation of the UC was de-
pendent on laboratory personnel. As noted
in the patient group with a positive UA,
some of these UAs were negative and may
have been overlooked; therefore, subsequent
UCs were inappropriately processed. How-
ever, this occurred infrequently and con-
firmed the low probability of true UTI in
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the setting of a negative UA. Follow-up for
UTlI-related symptoms may not have been
captured if a patient had presented to an out-
side facility. Last, definitions of a positive UA
differed slightly between the pre- and pos-
tintervention groups. The preintervention
study defined a positive UA as a WBC count
> 5 WBC/HPF and positive leukocyte ester-
ase, whereas the present study defined a pos-
itive UA with a WBC count > 5. This may
have resulted in an overestimation of posi-
tive UA in the postintervention group.

CONCLUSIONS

Better selective use of UC testing may im-
prove stewardship resources and reduce
costs impacting both ED and clinical lab-
oratories. Furthermore, benefits can in-
clude a reduction in the use of time and
resources required to collect samples for
culture, use of test supplies, the time and
effort required to process the large number
of negative cultures, and resources devoted
to the follow-up of these ED culture results.
The described UA to reflex culture process
change demonstrated a significant reduc-
tion in the processing of inappropriate UC
and unnecessary antibiotics for ASB. There
were no missed UTIs or other adverse pa-
tient outcomes noted. This process change
has been implemented in all departments
at the Hines VA and additional data will be
collected to ensure consistent outcomes.
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