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Background. Urinary tract infection (UTI) is a commonly misdiagnosed infectious syndrome. Diagnostic stewardship
interventions can reduce rates of asymptomatic bacteriuria treatment but are often labor intensive, and thus an automated
means of reducing unnecessary urine testing is preferred. In this systematic review and meta-analysis, we sought to identify
studies describing interventions utilizing clinical decision support (CDS) to optimize UTI diagnosis and to characterize the
effectiveness of these interventions.

Methods. We conducted a comprehensive electronic search and manual reference list review for peer-reviewed articles
published before July 2, 2021. Publications describing an intervention intending to enhance UTI diagnosis via CDS were
included. The primary outcome was urine culture test rate.

Results.  The electronic search identified 5013 studies for screening. After screening and full-text review, 9 studies met criteria
for inclusion, and a manual reference list review identified 5 additional studies, yielding a total of 14 studies included in the
systematic review. The most common CDS intervention was urinalysis with reflex to urine culture based on prespecified
urinalysis parameters. All 9 studies that provided statistical comparisons reported a decreased urine culture rate
postintervention, 8 of which were statistically significant. A meta-analysis including 4 studies identified a pooled urine culture
incidence rate ratio of 0.56 (95% confidence interval, .52-.60) favoring the postintervention versus preintervention group.

Conclusions. In this systematic review and meta-analysis, CDS appeared to be effective in decreasing urine culture rates.
Prospective trials are needed to confirm these findings and to evaluate their impact on antimicrobial prescribing, patient-

relevant outcomes, and potential adverse effects.
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Urinary tract infection (UTI) represents one of the most com-
mon infections in the inpatient setting, with upper and lower
UTIs accounting for over 10% of indications for systemic anti-
biotic use in hospitalized patients, and with a significant por-
tion of antibiotic courses considered inappropriate [1, 2].
Urinary tract infection is also regularly misdiagnosed, typically
in patients presenting with asymptomatic bacteriuria (ASB),
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defined as the presence of bacteria in urine in absence of clinical
manifestations of infection [3, 4]. Urinalyses are commonly
performed for patients without symptoms of UTI, increasing
the probability of inappropriate urine culture and antibiotic
prescriptions [5]. Based on evidence demonstrating the lack
of benefit and increased risk of adverse outcomes with the treat-
ment of ASB [6-9], the Infectious Diseases Society of America
[4] and the US Preventive Services Task Force [10] recommend
against testing for or treating ASB in most populations.
However, treatment remains frequent, with the proportion
of treated cases of ASB ranging between 38% and 75% [5, 8,
11-14].

Various stewardship interventions such as education, standard-
ized treatment algorithms, and prospective audit and feedback
have been successful in reducing rates of ASB treatment; however,
these approaches often require significant skilled resources for
scaling and maintenance [15-17]. Interventions utilizing clinical
decision support (CDS) offer a less resource-intensive means of as-
sisting providers with guideline-directed diagnosis and treatment
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[18-20]. Rather than attempting to distinguish symptomatic infec-
tions from ASB, CDS often capitalizes on the high negative predic-
tive value of a normal urinalysis test for UTI [21, 22]. However, the
effectiveness of CDS on improving the diagnostic accuracy of UTI
and reducing the rate of unnecessary testing is unknown. In this
systematic review and meta-analysis, we aimed to identify all pub-
lished studies describing the use of CDS to decrease unnecessary
diagnostic testing for UTI and to characterize the effectiveness
of the various indicated strategies.

METHODS

This systematic review and meta-analysis was performed in ac-
cordance with Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [23].

Search Strategy

We conducted a comprehensive search of electronic databases
(Ovid MEDLINE, Embase, Web of Science including Science
Citation Index, Conference Proceedings Citation Index, and
BIOSIS Citation Index,
Controlled Trials, ClinicalTrials.gov) for peer-reviewed articles
published from inception of the database to July 2, 2021. The
systematic search strategy was developed by a medical librarian

Cochrane Central Register of

with extensive experience in systematic reviews. Search terms

» «

included “urinary tract infections,” “urinalysis,” “decision sup-

» « » « » «

port systems, reflex
test,

A complete electronic search strategy is included in the

clinical decision support,” “algorithm,

» <«

electronic medical record,” “alert,” and related terms.

Supplementary Materials. A supplementary search was also
performed using PubMed and Google Scholar with the refer-
ence lists of articles included in the full-text review.

Eligibility Criteria

Inclusion criteria included randomized trials or observational
studies describing an intervention designed to reduce unneces-
sary or incorrect diagnosis of UTI through CDS utilization. We
defined CDS for UTI as any tool embedded within the electron-
ic medical record intended to support providers in adhering to
evidence-based clinical guidelines for UTI diagnosis. Studies
were considered for the meta-analysis if they additionally re-
ported data on the number of urine cultures performed pre-
and postintervention. Corresponding authors for studies that
reported data for urine culture rate without the raw urine cul-
ture numbers were contacted in an attempt to obtain the rele-
vant data. Studies in any language that met the inclusion
criteria were eligible. Studies were excluded if they were per-
formed in exclusively or primarily pediatric units or hospitals.

Study Selection

Studies meeting the eligibility criteria were imported into
COVIDence (www.COVIDence.org) and independently as-
sessed for inclusion by 2 investigators (E.A.S. and L.S.H.).

Studies were included only if selected by both reviewers.
Disagreements were resolved by discussion between the 2 re-
viewers and/or a third investigator (A.D.).

Outcomes

The primary outcome was rate of urine culture tests ordered,
pre- and postintervention. Additional outcomes of interest in-
catheter-associated UTI
(CAUTI) diagnoses, antimicrobial use, guideline-concordant

cluded urinalysis testing rate,
treatment, bloodstream infections, Clostridioides difficile infec-
tion, isolation of multidrug resistant organisms, mortality, costs
of patient care, provider acceptance, and accuracy of coding.

Study Quality Assessment

Study quality assessment was performed using the Joanna
Briggs Institute (JBI) critical appraisal checklist tool for
quasi-experimental studies [24]. The JBI tool evaluates study
quality on the basis of 9 questions designed to assess for bias
in design, conduct, and analysis of quasi-experimental or non-
randomized experimental study designs. The appraisal was per-
formed independently by 2 investigators (E.A.S. and L.S.H.),
with a third investigator (A.D.) serving as a tiebreaker for any
disagreements in the 2 assessments. The full checklist tool is in-
cluded in the Supplementary Materials.

Data Extraction

Two investigators (E.A.S. and L.S.H.) independently extracted
relevant data from the full text of the included studies. Data ex-
tracted from the studies included study design, setting (eg, acute
care, emergency department, intensive care unit [ICU], etc),
country, number of hospitals, hospital type (eg, academic, com-
munity, Veterans Health Administration, etc), number of partic-
ipants, inclusion and exclusion criteria, and urinalysis
parameters (if applicable), in addition to the aforementioned

outcomes.

Data Synthesis
A qualitative description of the studies meeting the inclusion
criteria was performed, identifying characteristics common
among multiple studies and unique to others. Results from
studies with a common study design and outcome measures in-
volving acute care units with complete urine culture volume
data pre- and postintervention were aggregated to perform a
meta-analysis. The random-effects model and the inverse var-
iance method were used to combine incidence rates (number of
cases/person-time), and the effects were expressed as absolute
measure (incidence rate difference [IRD] postintervention mi-
nus preintervention) and relative measure (incidence rate ratio
[IRR] postintervention over preintervention), both with their
respective 95% confidence intervals (CIs).

The presence of statistical heterogeneity was evaluated using
the Cochran y* A P <.1 for ¥* was considered to indicate the
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presence of heterogeneity. Heterogeneity of effects were quan-
tified with the I” statistic, with I* > 60% meaning high hetero-
geneity and I* > 75% meaning substantial heterogeneity. The
software R 4.2.0 (www.r-project.org) was used for statistical
analyses. A P <.05 was considered statistically significant.

Publication Bias

Funnel plots and the Egger’s regression asymmetry test were
used to assess publication bias. When asymmetry was detected,
the potential impact of publication bias was assessed using
Duval and Tweedie trim and fill method.

RESULTS

The search identified 5013 studies to be imported for screen-
ing, 1271 of which were excluded due to being duplicates,

5,013 studies imported
for screening

1,271 duplicate
studies removed

3.742 studies screened

3.685 wrrelevant

- i
studies removed

v

57 full-text studies
reviewed

48 studies excluded
after full-text review
¢ 29 Abstract only
—E * 14 Wrong intervention
* 3 Wrong study design
» 1 Wrong patient population
¢ 1 Duplicate study

y

9 studies included from
systematic search

5 studies added after
manual review

14 studies included in
systematic review

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) diagram indicating study selection process.

yielding a total of 3742 studies for screening (Figure 1).
After initial screening, full-text review was performed for
57 studies, 9 studies of which [25-33] were identified as
meeting criteria for inclusion. Manual review of reference
lists for papers included in the full-text review identified an
additional 5 studies [34-38] that met inclusion criteria.
Interrater agreement (E.A.S. and L.S.H.) was approximately
98%.

Study Characteristics

Characteristics of the 14 included studies are summarized in
Table 1. All studies were observational and quasi-experimental,
with most utilizing an interrupted time-series analysis. The
study periods ranged between 2011 and 2020. All studies
were performed in the United States except for 1 in Hong
Kong [35] and 1 in France [27].

Quality Assessment

The JBI quality assessment identified most studies as being fair
quality (Supplementary Table 1). Four studies were deemed to
be of poor quality due to poorly described study interventions,
poorly defined outcomes, or inclusion of multiple interventions
without distinguishing between individual components [28, 30,
32, 35].

Intervention Characteristics
The most common CDS intervention was a reflex urine cul-
ture approach (n=10), which required that the urinalysis
possess certain characteristics as a prerequisite for urine cul-
ture (Supplementary Table 2). These characteristics typically
involved (1) urine white blood cell count (usually more than
10 per high-power fields as the threshold value), (2) presence
of leukocyte esterase, and/or (3) presence of nitrites. Ourani
et al [32] developed an interesting approach in which they
evaluated various combinations of urinalysis parameters in
the preintervention phase to determine which yielded the
highest positive predictive values and applied these high-
yield combinations during the intervention phase [29]. All
reflex urine culture protocols allowed for urine culture to
proceed if any prespecified parameters were abnormal, aside
from Ourani et al [32], which required a combination of abnor-
mal white blood cells plus 1 additional abnormal parameter.

Munigala et al [37] used a similar approach that instead re-
quired an abnormal urine dipstick, defined as having blood or
greater than trace protein, prior to reflexing to urine microsco-
py. The remaining studies (n = 3) used reminders to provide di-
agnostic and treatment guidance, either through pop-up
messages [26], passive messages accompanying orders [30],
or a nudging order set [28].

Several of the interventions were not mandatory, in that us-
ers could ignore the guidance or circumvent the decision sup-
port through overriding the alerts or utilizing a different order
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Table 1.

Characteristics of Included Studies

Study
Period No. of Hospitals (Unit
First Author, Year Study Type Years Type/Hospital Type) Intervention Exceptions Allowed
Claeys, 2021 [25] Quasi-experimental/interrupted 2013-2018 6 (inpatient/VHA) Reflex urine culture Provider override;
time series special
populations
Coughlin, 2020 [26] Quasi-experimental/interrupted 2015-2017 3 (ED/academic; Reflex urine culture Provider override
time series community;
free-standing)
Demonchy, 2014 [27] Quasi-experimental/treatment versus 2012 3 (ED/academic) EMR soft stop (Pop-up Provider override
control versus treatment removal clinical guidelines)
Epstein, 2016 [34] Quasi-experimental/interrupted 2011-2013 1 (ICU/academic) Reflex urine culture Provider override;
time series special
populations
Eudaley, 2019 [28] Quasi-experimental/single group 2017 1 (outpatient/academic) Test interpretation and Provider override
pre-post comparison treatment guidance
Howard-Anderson, Quasi-experimental/interrupted 2015-2018 3 (inpatient/academic; Reflex urine culture Special populations
2020 [29] time series community)
Keller, 2018 [30] Quasi-experimental/interrupted 2014-2016 1 (inpatient/academic) Asymptomatic bacteriuria  None
time series passive guidance
Lee, 2021 [35] Quasi-experimental/single group 2018-2020 12 (inpatient; outpatient/ Reflex urine culture None
pre-post comparison academic; community)
Lynch, 2020 [36] Quasi-experimental/interrupted 2016-2018 3 (inpatient; ED; LTC/VHA)  Reflex urine culture None
time series
Munigala, 2018 [37] Quasi-experimental/interrupted 2015 1 (ED/academic) Reflex urine microscopy Provider override
time series
Munigala, 2019 [31] Quasi-experimental/interrupted 2015-2017 1 (inpatient/academic) Reflex urine culture Special populations
time series
Ourani, 2021 [32] Quasi-experimental/single group 2020 1 (inpatient/academic) Reflex urine culture None
pre-post comparison
Sarg, 2016 [38] Quasi-experimental/interrupted 2012-2013 1 (ICU/academic) Reflex urine culture Provider override;
time series special
populations
Watson, 2020 [33] Quasi-experimental/interrupted 2017-2019 5 (inpatient/academic; Reflex urine culture None

time series

community)

Abbreviations: ED, emergency department; EMR, electronic medical record; ICU, intensive care unit; LTC, long-term care; VHA, Veterans' Health Administration.

(n=7). In addition, several interventions included exceptions
for special populations or circumstances, which included preg-
nancy [25, 29, 35], urologic procedures [25, 29, 35, 38], neph-
rostomy or suprapubic catheter specimen [35], neutropenia
[29, 31], transplant recipient [29, 34, 35], or otherwise
immunocompromised status [38].

Outcomes

Urine Culture Rate

Twelve studies provided data related to the primary outcome, 4
of which had almost identical study designs and reported suffi-
cient data to allow them to be utilized within a meta-analysis
[29, 31, 33, 36]. Ten studies reported a percentage change after
the intervention, all of which found a decrease postintervention
(Table 2). Of the 9 studies that provided a statistical compari-
son of the urine culture rate pre- and postintervention, 8 noted
a statistically significant decrease.

Four studies were included in the meta-analysis [29, 31, 33, 36].
The percentage change in urine culture rate from pre- to
postintervention in individual studies ranged from —45.6 to
—40.4 (Table 3). An IRR for urine culture performance of

0.56 (95% confidence interval [CI], .52-.60; I> = 94%) signifi-
cantly favoring the postintervention group was observed (P <
.001) (Figure 2A). In addition, an IRD per person-years of
—8.81 (95% CI, —17.86 to .24; I>=100%; P=.053) and an
IRD per 1000 person-days of —24.12 (95% CI, —48.92 to .68;
> =100%; P=.054) were found (Figure 2B and C).

Publication bias was not assessed because of an inadequate
number of included studies (<10) for the meta-analysis. It is
recommended to have a minimum of 10 studies to properly as-
sess a funnel plot or to assess the use of other more advanced
regression-based methods [39].

Catheter-Associated Urinary Tract Infections

Four studies evaluated the impact of CDS on CAUTI rates
(Table 4) [31, 33, 34, 36]. Epstein et al [34], utilizing a reflex urine
culture protocol in 5 ICU locations, noted a significant down-
ward trend in CAUTI rates during the postintervention period.
Although individual rates by unit were not provided, the steep-
ness of the downtrend appeared to be proportional to the prein-
tervention CAUTI rate, with higher preintervention rates being
most impacted by the intervention. Lynch et al [36] noted an
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Table 2. Results of Primary Outcome of Urine Culture Rate by Study

Author and Year Preintervention Postintervention % Change P Value
Claeys, 2021 [25]* 35.8/1000 PD 33.7/1000 PD -5.9 .8
Coughlin, 2020 [26] 15.2/100 ED visits 9.3/100 ED visits -38.8 NR
Epstein, 2016 [34] NR NR (decreased) NR <.001
Eudaley, 2019 [28] 72% of visits for cystitis 40% of visits for cystitis —44.4 (-32 absolute) .009
Howard-Anderson, 2020 [29] 35.2/1000 PD 18.6/1000 PD —47.2 <.001
Keller, 2018 [30] 18.2% of monthly admissions 11.8% of monthly admissions —35.2 (6.4 absolute) <.001
Lynch, 2020 [36]° 3.6/100 PD 1.8/100 PD -50 <.001
Munigala, 2018 [37] 54.3/1000 ED visits 29.7/1000 ED visits -45.3 <.001
Munigala, 2019 [31] 38.1/1000 PD 20.9/1000 PD —45.1 <.001
Ourani, 2021 [32] NR 24.6% of total urine samples NR NR
Sarg, 2016 [38] 139/1000 PD 93/1000 PD -33.1 NR
Watson, 2020 [33] 1175.8/10000 PD 701.4/10000 -40.3 <.01

Abbreviations: CAUTI, catheter-associated urinary tract infection; DOT, days of therapy; ED, emergency department; GN-BSI, Gram-negative bloodstream infection; NR, not reported; PD,

patient days.

aComparison of preintervention and postintervention results among intervention sites only.

bAcute care results only.

approximate 10% decrease in CAUTT per 1000 catheter days in
acute care units after a reflex culture protocol was initiated. They
additionally noted that 29% of preintervention CAUTI cases oc-
curred in patients without pyuria, meaning they would not have
been reported had the intervention already been in place.
However, 2 other studies that examined CAUTI rates noted no
significant changes postintervention [31, 33].

Antimicrobial Use

The effect of CDS on different measures in relation to antimi-
crobial use was evaluated in 7 studies (Table 4). Three studies
[32, 35, 36] found a decrease in antimicrobial prescriptions
for patients with normal urine specimen results, notably with
an 80% (45% vs 9%) decrease in rate of prescriptions for normal
urine cultures by Ourani et al [32]. Two studies [33, 38] showed
a decrease in antimicrobial days of therapy per patient days. In
addition, Demonchy et al [27] found a 50% increase in the rate

Table 3. Pre- and Postintervention Urine Culture Rates for Studies
Included in Meta-Analysis

Preintervention

Urine Culture Rate Postintervention

(n Urine

Urine Culture Rate (n

%

Author and Year Cultures/n PD) Urine Cultures/n PD)  Change
Howard-Anderson, 35.2/1000 PD (24 18.6/1000 PD (7685/ —45.6
2020 [29] 511/715055 PD) 406552 PD)

Lynch, 2020 [36]° 3.58/100 PD (894/ 1.82/100 PD (507/25  —45.2
24972 PD) 857 PD)

Munigala, 2019 [31]  38.1/1000 PD (15 20.9/1000 PD (8823/  —45.1
746/413 137 PD) 421714 PD)

Watson, 2020 [33] 1175.8/170 000 PD 701.4/10000 PD (20 -40.4

(32598/277 241
PD)

064/286 056 PD)

Abbreviation: PD, patient days.

@Acute care results only.

of guideline-concordant antimicrobial prescriptions, and
Eudaley et al [28] found a 64% decrease in fluoroquinolone use.

Additional Outcomes

Several additional outcomes were evaluated related to cost-
effectiveness, CDS tool utilization, adverse outcomes, and other
diagnostic testing measures (Supplementary Table 3). All 3
studies which included cost data noted large savings related
to laboratory spending on urine cultures [31, 33, 35]. Watson
et al [33] also noted a 30% annual decrease on CAUTI spend-
ing. There were no significant differences postintervention in
adverse events that could be related to inappropriately omitting
a urine culture or inappropriately treating with antimicrobials.
These included bloodstream infection [25, 35] or C. difficile in-
fection [35, 38] rates, emergence of multidrug resistant organ-
isms [35], mortality [35], and delayed urine culture ordering
[37]. Only 2 studies reported utilization rates, which were 59%
[27] and 29% [28], both involving interventions that were op-
tional. Other findings related to diagnostic testing included in-
creased urine culture positivity rates [26, 29], decreased
catheter urine culture rates [37], and mixed urinalysis rates re-
sults [30, 37].

DISCUSSION

Despite well described harms of ASB treatment, the practice of
routine urine testing and treatment based on laboratory results
rather than clinical findings persists. Prevention of false UTI di-
agnoses and subsequent unnecessary antibiotic treatment thus
relies upon mindful diagnostic stewardship efforts. In this sys-
tematic review and meta-analysis, we identified 14 studies de-
utilizing CDS to
diagnostic accuracy of urine culture, most of which involved

scribing  interventions improve the

a reflex urine culture approach. All studies that reported the
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Figure 2. (A) Incidence rate ratio (IRR) postintervention over preintervention. (B) Incidence rate difference (IRD) between postintervention and preintervention in person-
years (p-y). () Incidence rate difference (IRD) between postintervention and preintervention in 1000 person-days. Abbreviations: Cl, confidence interval; tpd, total person-

days.

impact on urine culture rate found a decrease, most of which
were statistically significant. The meta-analysis of 4 studies
showed ~40% decreased incidence rate of urine cultures in
the postintervention group after implementation of CDS, com-
pared to the preintervention group. The uniformity and degree
of change noted in these studies confer some degree of confi-
dence that a CDS intervention restricting urine culture based
on urinalysis can help decrease urine culture rates. Moreover,
the additional studies included only in the systematic review
similarly showed decreased urine culture rates after CDS im-
plementation. However, the high heterogeneity among the in-
cluded studies and the moderate to high level of bias detected
could render the results more ambiguous and should thus be
interpreted with caution.

More importantly, restricting urine cultures to patients with
positive urinalyses does not prevent all patients with ASB from
receiving an erroneous diagnosis of UTI and subsequent expo-
sure to unnecessary antimicrobial treatment. Many patients
with ASB may have abnormal urinalysis parameters, and special

populations that may not require treatment for ASB may never-
theless be excluded from these interventions, such as patients
with neutropenia [29, 31] or prior transplant [29, 34, 35].
Interventions designed to assist the provider with recognition
of ASB such as that of Keller et al [30] represent one CDS ap-
proach that may be helpful in this regard. Other more novel ap-
proaches to CDS such as integration of natural language
processing tools may be considerations for future studies.
Several studies measured the impact of CDS on antimicrobi-
al use and found decreases in antimicrobial prescriptions for
normal urine specimens, antimicrobial days of therapy, use of
target antimicrobial classes such as fluoroquinolones, and pre-
scriptions discordant with guidelines. However, there was sub-
stantial variation in how antimicrobial use was measured
between studies, for example, antimicrobial days of therapy
per patient-days versus antimicrobial prescriptions per normal
urinalysis or urine culture. Furthermore, antimicrobial use is
an intermediate outcome to more relevant clinical and patient-
centered outcomes such as antimicrobial-associated adverse
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Table 4. Secondary Outcome Results by Outcome Measure Category and Study

Author and Year Outcome Measure Preintervention Postintervention % Change P Value

CAUTI

Epstein, 2016 [34] CAUTI rate NR NR (decreased) NR .04

Lynch, 2020 [36]* CAUTI rate 1.82/1000 catheter days 1.64/1000 catheter -9.9 NR

days
Munigala, 2019 [31]  CAUTI rate 0.3/1000 PD 0.3/1000 PD 0 .87
Watson, 2020 [33] CAUTI rate 11.5/10000 catheter 9.3/10000 catheter -19.1 .23
days days
Antimicrobial Use
Demonchy, 2014 Guideline-concordant antimicrobial prescription 31.7% 47.6% +50.2 (+15.9 NR
[27] rate absolute)

Eudaley, 2019 [28] Fluoroquinolone use 42% 15% —64.3 (=27 absolute)  <.001

Lee, 2021 [35] Antimicrobial prescription per normal urinalysis 48.7% 43.4% -10.8 (-5.3 <.001
rate absolute)

Lynch, 2020 [36]° Antimicrobial prescription per normal urinalysis 35.9% 31.0% -13.6 (-4.9 NR
rate absolute)

Ourani, 2021 [32] Antimicrobial prescription per normal urine culture 45.1% 9.0% —-80.0 (-36.1 <.001
rate absolute)

Sarg, 2016 [38] Antimicrobial DOT 449/1000 PD 425/1000 PD -5.3 NR

Watson, 2020 [33] Antimicrobial DOT 102.5/1000 PD 86.9/1000 PD -156.2 <.01

Abbreviations: CAUTI, catheter-associated urinary tract infection; DOT, days of therapy; ED, emergency department; NR, not reported; PD, patient days.

#Acute care results only.

events, healthcare utilization, mortality, and patient satisfaction.
Only 2 studies [35, 38] evaluated such outcomes, including Lee
et al [35] who considered C. difficile infection rate, emergence
of multidrug resistance, and mortality, and Sarg [38] et al who
considered C. difficile rate only. Neither study noted a meaning-
ful difference in these outcomes between before and after the in-
tervention. Future prospective studies should consider the
impact of urine culture CDS on prescription of nonfirst-line or
broad-spectrum agents and duration of antimicrobial therapy.

Another outcome of interest is CAUTI rate, which was ex-
amined in 4 of the included studies. Although the findings gen-
erally pointed toward a decrease in diagnosis rate, only Epstein
et al [34] reported a statistically detectable difference. These re-
sults are likely limited by small sample size, because the prein-
tervention rate of CAUTI was generally low. Interventions
targeting urinalysis may also not be optimal for patients with
catheters who are highly likely to have abnormal laboratory pa-
rameters regardless of presence of true infection. If the ineffec-
tiveness of CDS for CAUTI reduction is replicated in future
studies, this could suggest that inadequate attempts to enhance
preventative measures such as reduction in catheter days and
aseptic technique are greater contributors to CAUTI rate
than misdiagnoses. Alternatively, it could suggest that CDS
can be overridden or ignored more facilely in patients with
catheter use.

Several key outcomes were insufficiently studied, the most
important of which being unintended adverse events related
to missed diagnoses. Two studies examined bloodstream infec-
tions, whereas Munigala et al [37] evaluated subsequent inpa-
tient urine cultures, and 2 of these 3 studies found a small,

nonstatistically significant increase in rates postintervention.
This renders the decreased costs identified by several studies
difficult to interpret.

Clinical decision support related to any quality measure has
several factors that must be considered. “Alert fatigue,” or a fail-
ure to accept CDS guidance due to an excessively high volume
or frequency of alerts, is a common concern with CDS imple-
mentation [40, 41]. Moreover, providers may experience frus-
tration with CDS due to perception of increased workload or
hindrance to patient care, risking increased provider burnout.
Each of the interventions discussed here included various fac-
tors that could impact CDS acceptance, such as ability to over-
ride guidance and exceptions for special populations. However,
only 2 studies evaluated CDS utilization rate, despite that pro-
vider override was an option for at least half of the interven-
tions. Furthermore, provider satisfaction when override was
not an option was not studied. The importance of these out-
comes is considerable, because the effectiveness of CDS relies
upon finding the correct balance between improving the de-
sired outcome and limiting negative impact on provider work-
load and patient care. With the amount of resources that must
be devoted to CDS development, achieving this balance is
critical.

Our study has several potential limitations. Our search strat-
egy was limited to full manuscripts; abstracts or posters without
an accompanying manuscript were excluded. In addition, the
potential exists for data describing no difference in outcomes
or other undesirable findings to have been left unpublished.
Of the studies that were identified, the total number was small,
and although quantitative analysis was performed, only
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4 studies had a consistent approach and complete data that al-
lowed for their inclusion into the meta-analysis. It should be
noted as well that these 4 studies had slight variations in their
urinalysis criteria, although this was thought to be unlikely to
have a significant impact on the results. Other factors that
may have contributed to the heterogeneity between these stud-
ies include differences in hospital setting, number of facilities,
inclusion or exclusion of patients seen in the emergency depart-
ment, and geographical location. Finally, the quality of the data
was limited given that none of the studies were randomized
controlled trials, although study quality was graded as fair or
good in most cases.

CONCLUSIONS

The results of this systematic review and meta-analysis suggest
that CDS appears to be an effective means of reducing urine
culture rate for adults in a wide variety of settings. However,
the impact of urine culture CDS on additional outcomes such
as CAUTI rate, antimicrobial use, C. difficile infection rate, de-
velopment of antimicrobial resistance, and mortality has not
been established. Moreover, important negative outcomes in-
cluding effects of delayed UTI diagnosis and provider dissatis-
faction are largely unstudied in this context. Regardless, the
magnitude of the reduction in urine culture rate identified in
our study combined with the known association between
ASB treatment and negative outcomes provide a basis for fu-
ture clinical trials evaluating CDS in the context of urine cul-
ture diagnostic stewardship.
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