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ABSTRACT 

Urinary tract infections (UTIs) are common infections, however diagnosis 

remains challenging. Asymptomatic bacteriuria (positive urine cultures in the absence of 

true infection) represent a major driver of inappropriate diagnosis and unnecessary 

antimicrobials. Curbing the impact of inappropriate diagnosis of UTIs often falls upon 

antimicrobial stewardship (AMS) programs, however AMS interventions occur after 

diagnosis. In contrast, diagnostic stewardship is an innovative approach that intervenes at 

across the diagnostic pathway (urine culture ordering, processing, and reporting), 

upstream of traditional AMS activities, and has the potential to significantly impact 

diagnosis and management decisions. Best practices and optimal implementation of 

diagnostic stewardship, however, have yet to be fully described.  

Specific Aim 1 evaluated the feasibility and impact of conditional urine testing. 

This study compared three Veterans Affairs (VA) hospitals that had implemented this 

diagnostic stewardship intervention compared to three control sites. Conditional urine 

testing, particularly with more restrictive requirements, was associated with significantly 

fewer urine cultures performed. Importantly, there were no serious unintended 

consequences, such as secondary bacteremia, related to missed diagnosis of UTI at the 

population level.  

Specific Aim 2 sought to comprehensively review available diagnostic 

stewardship interventions and create expert guidance for best practices to improve 

diagnosis of UTI. Traditionally,  guidelines for diagnosis and management of infections 

do not address diagnostic stewardship interventions, particularly those at the institutional 

or health system level. This Aim distilled available literature into best practices for urine 



culture stewardship through expert guidance and will serve as a guide for clinicians in the 

future. 

Specific Aim 3 applied implementation science and user-centered design 

principles to develop urine culture diagnostic stewardship interventions for three 

geographically diverse VA medical centers. This included interventions focused on urine 

culture ordering, processing, and reporting. Prototype intervention tools were refined 

using qualitative methods  to facilitate local implementation at each participating site and 

ensure long-term intervention success.  

Patient-centered diagnostic stewardship can lead to improved patient outcomes 

and less antimicrobial misuse. The results of these three aims will be used to demonstrate 

the impact of urine culture diagnostic stewardship best practices on these outcomes and 

ultimately lead to an implementation toolkit to be used nationwide.  
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CHAPTER 1: INTRODUCTION & BACKGROUND  

Challenges in the Diagnosis of True Urinary Tract Infections 

Urinary tract infections (UTIs) are among the most common bacterial infections 

encountered across all healthcare settings; from the emergency department to acute care 

to long-term care. 1–5 In the United States, UTIs account for approximately 10 million 

outpatient visits, three million emergency department visits, and 500,000 hospitalizations 

with a UTI discharge diagnosis annually.6,7 Additionally, catheter-associated UTIs (CA-

UTIs), that occur in patients with indwelling urinary catheters, are the most common 

cause of hospital-acquired infections.5 Patients with UTIs typically present with non-

specific signs and symptoms of infection, which can include fever and elevated white 

blood cell (WBC) count in combination with more localized symptoms referable to the 

urinary tract, such as suprapubic tenderness, costovertebral angle tenderness, urinary 

frequency, urinary urgency, and dysuria or difficulty urinating. 8,9 In adults without 

cognitive impairment who have normal genitourinary tracts, the diagnosis of 

symptomatic UTI is generally straightforward based on the presence of localized 

genitourinary symptoms, urinary tract inflammation (e.g. pyuria or urine WBC), and 

pathogens in urine cultures.  Many patients with potential UTI, however, do not fit into 

this uncomplicated category and diagnosis becomes more challenging.  

Diagnosis of UTI remains a clinical challenge, with a heavy dependence on 

laboratory results.8,9 Urine cultures are seen as the gold standard for diagnosis of UTIs 

but are not without limitations.10 Challenges to appropriate diagnosis of UTIs include the 

non-specific signs and symptoms among patients and residents of healthcare facilities; 

high incidence of asymptomatic bacteriuria (ASB); high rates of contamination during 
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urine collection; and variable knowledge related to appropriate indications for ordering 

urine cultures. The Infectious Disease Society of America (IDSA) defines ASB as the 

presence of bacteria in the urine in quantities of  ≥105 colony-forming units per milliliter 

(CFU/mL) in the absence of signs and symptoms of UTI.11 The IDSA also states that a 

urine specimen with one bacterial species isolated with a quantitative count of ≥102 

CFU/mL in a patient with a urinary catheter identifies ASB in asymptomatic patients. 

The incidence of ASB varies significantly by patient population. In healthy individuals, 

incidence ranges from  5 to 15%, but in elderly patients residing in long-term care 

facilities, incidence has been reported to range from 30 to 60%. 12–15 In patients with 

urinary catheters, incidence of ASB has been reported to increase 3 – 10% per day 

following catheterization with virtually all chronically catheterized patients developing 

ASB 16–18. Given the high incidence of ASB and difficulty differentiating true infection 

from colonization, ASB is a major driver of inappropriate diagnosis of UTI and 

unnecessary antimicrobial prescribing. The high incidence of ASB across patient 

populations highlights that urine cultures should not be considered the gold standard for 

diagnosis of UTI. 

Urine cultures are frequently ordered in response to non-specific symptoms in the 

absence of a clear indication.19,20 In a prospective audit of urine cultures performed at two 

academic hospitals, Leis and colleagues reported that 68% were ordered without a valid 

clinical indication.21 A cross-sectional survey of physician residents that used clinical 

vignettes to assess their knowledge related to recognition and management of ASB 

reported that only 34% of respondents correctly diagnosed ASB.22 Moreover, when ASB 
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was diagnosed correctly, 47% of respondents indicated they would still prescribe 

antimicrobials. 

 

Antimicrobial Stewardship is Not Enough   

The importance of antimicrobial stewardship (AMS) programs in acute care 

hospitals has been increasingly recognized in the United States, both through national 

accreditation standards, such as those from The Joint Commission, and regulatory 

requirements, such as the Centers for Medicare and Medicaid Services Requirements of 

Participation. While AMS programs aim to improve clinical outcomes through 

optimizing antimicrobials, which includes reducing unnecessary antimicrobial exposure, 

traditional AMS interventions focus on post-prescription review.23 Post-prescription 

review occurs 48 to 72 hours after an initial antimicrobial therapy decisions and days 

after the decision to order the diagnostic test(s). This model centers on the premise that 

testing was both clinically necessary and appropriately interpreted, which may not be the 

case. This is significant, as inappropriate or unnecessary diagnostic testing can lead to 

false positives, misdiagnosis, and unneeded antimicrobials. These all carry serious risks, 

including prolonged hospitalizations, adverse drug events, Clostridioides difficile 

infections, and emergence of antimicrobial resistance.24,25 By contrast, strategies that aim 

to reduce unnecessary testing and inappropriate diagnosis and management can help to 

avoid these negative outcomes. Diagnostic stewardship refers to “modifying the process 

of ordering, performing, and reporting diagnostic tests to improve the treatment of 

infections and other conditions.”26,27 It can also mean, ensuring the right test, for the right 

patient, in order to prompt the right action.28 Diagnostic stewardship, then, works 
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synergistically, and upstream of, AMS interventions by reducing unnecessary testing and 

overdiagnosis (Figure 1).  

 

 

Figure 1: Process of Diagnostic Stewardship and Synergy with Antimicrobial 
Stewardship 

 

Reducing Inappropriate Diagnosis of UTIs through Diagnostic Stewardship  

Diagnostic stewardship can assist in limiting overdiagnosis of UTIs, including 

misdiagnosis of ASB as UTI, and reduce unnecessary antimicrobial exposure. Various 

investigators have described locally implemented diagnostic stewardship interventions 

aimed at optimizing urine culture ordering, processing, and/or test reporting to reduce 

unnecessary urine culturing, improve the appropriateness specimens submitted to 

laboratories, and restrict unnecessary antimicrobial reporting. Implementing some or all 

these interventions has the potential to decrease excessive urine culture ordering and 

antimicrobial prescribing in an additive fashion (Figure 2). However, best practices for 

diagnostic stewardship have not yet been fully defined and implementation of multiple 

interventions at different stages throughout the diagnostic process has not been 
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investigated. Below summarizes available evidence for diagnostic stewardship 

interventions at the stages of urine culture ordering, processing, and reporting.  

 

 

Figure 2: Estimates of intervention effect based on available literature 

 

Urine Culture Ordering  

Urine cultures are often ordered without a compelling indication, leading to false 

positive results and inappropriate diagnosis. Numerous policies and interventions have 

focused on reducing unnecessary urine culture ordering. Directed educational initiatives, 

employed in conjunction with changes to internal guidelines, decrease inappropriate 

treatment of ASB.29–32  The “Kicking CA-UTI” campaign included educational 

initiatives, treatment algorithms, and peer-to-peer feedback resulting in a 43% decrease in 

urine cultures and 75% decrease in treatment of ASB.32 Studies have also leveraged the 

electronic medical record (EMR) to decrease unnecessary urine culture ordering.33–35 A 

built-in comment recommending against urine culturing in the absence of symptoms, 

paired with orders for urinalysis, urine culture, and certain antimicrobials, reduced urine 
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culture and antimicrobial orders.34 Changes in order-sets that removed urine cultures 

when not explicitly necessary, or changed them to conditional urine cultures, have also 

decreased inappropriate testing.36 

 

Urine Culture Processing 

  Cancelling urine cultures in low-risk patients can decrease unnecessary urine 

culturing by over 30%.37 Implementation of a two-step algorithm wherein urinalysis 

(UA) was performed, but urine cultures were withheld until a provider requested 

additional testing, have also reduced unnecessary cultures. 38,39  Conditional urine 

culturing is an approach to reduce unnecessary testing wherein urine cultures are only 

performed based on pre-defined criteria on UA.40,41 Implementation of conditional urine 

culturing policies has been studied mostly in acute care settings. For example, in five 

intensive care units, urine cultures were only performed if there were >10 urine WBC/ 

high power field (hpf) on UA. This led to a significant decrease in urine culture volume 

and diagnosis of CA-UTI.42 Conditional urine culturing has demonstrated the decreased 

number of urine cultures in several additional publications 43–47. 

Although data support conditionally performing urine cultures based on the UA, 

optimal criteria are poorly defined. An early retrospective review of over 1,500 UAs with 

paired cultures determined that positive leukocyte esterase, nitrite, and presence of >10 

WBC/hpf were highly predictive of urine culture positivity.48 Two recent studies, 

however, have supported divergent cutoff values. In a prospective study, > 5 WBC/hpf 

plus positive nitrite was recommended for highest positive predictive value.49 In contrast, 

a studied focused on urology outpatients reported > 50 WBC/hpf had the best negative 



 

7 
 

predictive value.50 Two surveys have assessed UA criteria commonly employed by 

health-systems.51,52 Almost all (86%) used more than one criterion; 75% incorporated a 

WBC cutoff, 75% used leukocyte esterase positivity, and 79% used nitrite positivity. 

Balancing the UA criteria to optimize both positive and negative predictive value remains 

to be fully explored.  

  

Urine Culture Reporting 

Interventions that focus on urine culture reporting do not mitigate unnecessary 

culturing but have the potential to reduce inappropriate initiation of antimicrobials or 

unnecessary use of broad-spectrum agents. Diagnostic stewardship interventions related 

to reporting can largely be thought of as falling into one of three main categories: 

providing comments or “nudges” with culture results, restricting culture results based on 

pre-defined criteria, or cascade or selective reporting of antimicrobial susceptibilities. All 

these interventions heavily rely on integration within the EMR.  

Nudges are derived from behavioral economics and meant to guide decision 

making through select choice architecture.53 The most common type of nudge is framing, 

where choices are presented to highlight the positive and negative aspects of a respective 

decision thus changing their relative attractiveness but without impacting provider 

autonomy. For example, implementation of an EMR-based educational memo/best 

practice alert, added to the charts of patients receiving systemic antimicrobials within 48 

hours of UA and urine culture results, that reminded providers of available evidence 

against treating ASB resulted in a significant decrease in antimicrobial (6.3 vs. 2.2 

DOTs).54 A more restrictive nudge approach involved complete cessation of the routine 
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reporting of urine culture results in non-catheterized patients at an academic hospital. 

Urine cultures were processed as usual in the microbiology laboratory but in lieu of a 

culture result, a message was posted advising the provider that most positive urine 

cultures in non-catheterized patients represent ASB and to call the laboratory for release 

of results.55 The rate of antimicrobial therapy for ASB decreased substantially from 48% 

to 12%. Lastly, a randomized trial intervention that required providers to contact the 

microbiology laboratory to obtain urine culture results demonstrated the proportion of 

appropriately treated UTIs was significantly higher among the intervention arm compared 

to control (80% vs. 53%).56  

Another common form of nudging is the use of selective or cascade reporting, 

where only specific antimicrobial information is released to the provider in order to steer 

decision making. Selective reporting of antimicrobial susceptibilities has  been shown to 

reduce antimicrobial prescriptions for the treatment of ASB. 57–59 In an ecological study 

involving primary care practices, a shift from amoxicillin-clavulanate to cephalosporin 

prescriptions was seen following replacement of amoxicillin-clavulanate susceptibility 

testing on urine culture reports.58 Cascade reporting of antimicrobials is defined as a step-

wise process where the most narrow-spectrum antimicrobial agents are primarily reported 

when possible. If antimicrobial resistance is reported, secondary, more broad-spectrum, 

agents are then released.60,61 This has a direct impact on choice of antimicrobial 

prescribed for UTIs and help guide clinicians to appropriate agents. Two pre-/post 

implementation studies of cascade reporting shifted prescribing patterns towards more 

desirable therapies for infections caused by Escherichia spp. or Klebsiella spp., 
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demonstrating decreased use of unnecessarily broad agents and increased narrow 

spectrum agents.  

 

Drawing on Implementation Science to Facilitate Diagnostic Stewardship 

 Evidence-based best practices are frequently published, however, implementation 

of these best practice is limited, with less than 20% of research being translated to clinical 

practice and adoption lagging years behind dissemination.62,63 Implementation science is 

defined as the systematic study of methods and techniques to promote acceptance of 

evidence-based practices and approaches to improve health outcomes.64,65 Key steps 

include identifying the evidence-based practice gap, choosing a framework to assess or 

facilitate implementation success, identifying and engaging with key stakeholders, 

considering context to identify implementation barriers and facilitators, and finally 

evaluating the implementation process.66 The overall goal of implementation science is to 

take evidence-based practices that are limited in scope (e.g., single-center) and generate 

generalizable knowledge on how they can be applied to different practice locations.  

As seen in other areas of healthcare, including AMS, end-user acceptance of 

policies, protocols, and tools is critical for success and improvement in patient clinical 

outcomes. This is particularly true when the interventions are located within the EMR, as 

the EMR has increasingly become a burden to clinicians instead of a means to improve 

quality of care.67  Clinicians often report frustrations with EMRs, including “alert 

fatigue,” time required for clinical documentation, and lack of system interoperability.68 

User-centered design processes are meant to increase the usability, and thus acceptance, 

of new EMR interventions. This is why usability testing techniques such as "Think 
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Aloud" have been developed to assist in successful implementation of EMR 

interventions.69 A combination of core implementation strategies, derived using 

implementation science frameworks and end-user design processes will promote 

successful implementation of  novel diagnostic stewardship strategies in a timely fashion. 

 
Figure 3: Addressing Gaps in Diagnostic Stewardship to Ensure Widespread Adoption 
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CHAPTER 2: STUDY DESIGN & METHODS  

Specific Aim 1 

Using Veterans Health Administration (VHA) data and interrupted time-series 

analysis, evaluate the impact of conditional urine culturing policies on rates of urine 

culturing at six Veterans Affairs hospitals. 

 

Hypotheses and Rationale 

Hypothesis: Through implementation of conditional urine culturing policies that 

limit urine cultures to those meeting predefined criteria, inappropriate urine culturing will 

decrease within three VA hospitals with these policies. Similar decreases in urine 

culturing will not be seen among the three sites that did not implement such policies 

Rationale: Urine cultures are often ordered without compelling clinical 

indications, resulting in excessive testing, detection of ASB, and over-prescribing of 

antimicrobial therapy. Absence of pyuria, WBCs in the urine) that reflect inflammation 

within the genitourinary tract, has a high negative predictive value for detection of UTIs. 

Therefore, in patients without pyuria the likelihood of true infection is low and urine 

culturing unnecessary. Conditional urine culturing leverages the negative predictive value 

of pyuria to decrease unnecessary culturing without downstream negative clinical impact.  

 

Study Design, Setting, and Patient Population  

This was a retrospective, multicenter, quasi-experimental (non-randomized) study 

examining the effectiveness of conditional urine culturing across acute care hospitals 

within the VA/CDC Collaborative Research to Enhance and Advance Transformation 
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and Excellence (CREATE) Initiative Practice-Based Research Network (PBRN). The 

VA/CDC CREATE PBRN was formed in 2014 through a CDC and VA Health Services 

Research and Development Service grant and contains 15 collaborating hospitals in ten 

geographically diverse sites across the country, each with a research site coordinator and 

central data and implementation core in Iowa City. Six acute care VA sites were included 

in the study; three intervention (Baltimore, Philadelphia, and Greater Los Angeles) and 

three control (Boston, Richmond, and Houston) sites. These sites were geographically 

distinct across urban areas in the northeast, southeast, southwest, and west (Figure 4). 

These facilities also varied in census and specialty services. Data from August 1st, 2013 

to January 31st, 2018 were included in the analysis. 

 

 

Patients included in this study were adults (age > 18 years) admitted to acute care 

beds within one of the six participating VA hospitals during the study period. Patients 

could be included more than once during the study period. Patients who were pregnant 

Figure 4:Participating VA/CDC CREATE PBRN Study Sites 
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within one year of index urine culture order encounter date were excluded as screening 

urine cultures are common practice to prevent fetal complications of UTI or ASB during 

pregnancy.(11) Additionally, those who had undergone urological procedures within the 

prior 90 days of index urine culture encounter were excluded as screening urine cultures 

are common practice to prevent infectious complications of ASB.(71)   

 

Intervention 

Three of the six participating sites implemented conditional urine culturing 

policies between 2014 and 2017. These sites served as intervention sites. Three control 

sites were chosen within the VA/CDC CREATE PBRN with respect to patient census, 

bed size, and geographic location to be comparable to intervention sites (Table 1). 

 
Table 1: Comparison of Urine Culture Policies Across Participating VA Sites 

 Intervention Sites 

Site (Beds) Baltimore 
(105) Philadelphia (145) Greater LA (354) 

Urine Culture 
Policy 

Urinalysis with 
Reflex to 
Culture 

Urinalysis with 
Reflex to Culture 

Urinalysis with 
Reflex to Culture 
OR Culture 

Implementation 
Date 10/2017 2/2016 9/2014 

UA Criteria WBC > 10 WBC > 10 WBC > 5 OR LE+ 
OR Nitrite+ 

Excluded 
Populations 

Pregnant, 
Urological 

Pregnant, 
Urological 

Pregnant, 
Urological, 
Neutropenia 

 Control Sites 

Site (Beds) Boston (222) Richmond (273) Houston (343) 
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The intervention consisted of local conditional urine culturing policies (Figure 5). 

In brief, urine cultures ordered by providers were no longer listed as stand-alone orders 

(with exception of excluded patient populations) and instead as UA/urine culture panels. 

Urine samples of at least 10 mL were collected in standard collection containers, with 

date and time of collection of specimen written on the label. Two tests then get generated 

from the urine panel: UA and urine culture. In the chemistry department, technicians 

separate the sample from the collection cup to BD Vacutainer® Urinalysis Preservative 

Urine Tubes with boric acid 

preservative to prevent 

contamination. Urinalysis is then 

performed; if criteria were met 

based on the UA results, the 

urine sample in the preservative 

tube is then racked in clinical 

microbiology and labeled to go 

to urine culture. If UA criteria 

were not met, urine samples 

were held for up to 72 hours after 

collection to allow for specific 

provider requests.  

The exact details of which 

criteria on UA were used to 

conditionally urine culture and which patient populations were excluded from this 

Figure 5: Schematic of Conditional Urine 
Culturing Workflow 
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pathway were determined locally at each participating VA hospital since this study was 

undertaken post-implementation of these interventions. In Greater Los Angeles both the 

conditional urine culturing and stand-alone urine culture orders were available for 

providers to order for all patients. Additionally, Greater Los Angeles allowed culturing 

after meeting any of the following UA criteria: positive leukocyte esterase, positive 

nitrite, or urine WBC > 5 cells/hpf. In Baltimore and Philadelphia, the stand-alone urine 

culture was only available for certain patient populations where screening cultures were 

used to prevent complications (such as pregnant patients or those undergoing urological 

procedures). Baltimore and Philadelphia allowed urine culturing only when urine WBC > 

10 cells/hpf, without considering leukocyte esterase or nitrite. In all three intervention 

sites if conditional urine cultures were ordered and UA criteria were not met, providers 

could still request a urine culture be performed.  

Among control sites only stand-alone urine cultures were available to providers. 

Based on the differing practice at Greater Los Angeles versus Baltimore and 

Philadelphia, the decision was made to analyze the intervention across all three sites but 

also complete a post-hoc analysis based on local policies; Greater Los Angeles was 

deemed to have a “permissive” policy since: 1) multiple UA criteria could be used to 

reflex UA to urine culture, 2) urine WBC cutoff was lower, and 3) stand-alone urine 

cultures were not restricted to specific patient populations. Since Baltimore and 

Philadelphia had the same conditional urine culturing policy the decision was made to 

group these two facilities and deem their policies “restrictive.”   
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Outcomes and Definitions  

The primary outcome was the rate of urine cultures performed by each facility’s 

clinical microbiology laboratory standardized to patient census as a rate per 1,000 patient 

days. The denominator of patient days was developed from monthly census data from 

each participating VA. Since the implementation years of the conditional urine culturing 

policies differed substantially between study sites, the number of urine cultures 

performed and the number of patient days per site per month were standardized to be up 

to two years before and two years after the implementation month, truncated to be within 

the study period of August 1st, 2013 to January 31st, 2018. For example, Greater Los 

Angeles pre-implementation period was from August 2013 to September 2014 then post-

implementation to September 2016, while Baltimore pre-implementation was from 

October 2015 to October 2017 and the post-implementation period through January 2018.  

In addition to aggregate analysis, rates of urine cultures performed were additionally 

stratified as permissive (Greater Los Angeles) versus restrictive (Baltimore and 

Richmond) policies.  

One major concern regarding implementation of conditional urine culturing 

policies was that true UTIs could be missed. Given the retrospective nature of the 

population-level data, I could not examine whether urine cultures ordered within a certain 

time period after the index urine culture represented continued suspicion for UTI, ordered 

as part of an order-set without concern for UTI, or a pre-procedural urine culture. As 

such, the next reasonable option was to examine the most severe unintended 

consequences of undetected and untreated UTI, which is the infection seeding to the 

bloodstream, causing a secondary bloodstream infection. To account for this potential 
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unintended consequence, data on the incidence of Gram-negative blood cultures were 

also extracted from the CDW. Gram-negative bloodstream infections within seven days 

of the index urine culture was chosen to better assure causality. Organisms were limited 

to aerobic Gram-negatives as these are the organisms predominately associated with UTI. 

The incidence of Gram-negative bloodstream infection was standardized to 1,000 patient 

days, like the primary outcome described above.  

I developed the primary and secondary outcomes of the study based on review of 

previous literature examining changes in urine culturing policies. I led biweekly meetings 

of my study team in order to determine exact definitions and feasibility of these outcomes 

and definitions. The study team from the CDC/VA CREATE PBRN included PhD 

committee members, members from participating VA sites, and members of the 

implementation core in Iowa City: Dan Morgan, Surbhi Leekha, Min Zahn, Alison 

Lydecker, Barbara Trautner, Darren Linkin, Gosia Clore, Michihiko Goto, Charlesnika 

Evans, Matthew Goetz, and Eli Perencevich.  

 

Data Source  

The VA Corporate Data Warehouse (CDWs), a national repository of VHA 

medical encounter data was queried for variables of interest, including hospital, age, sex, 

urinalysis (UA) characteristics, urine culture results, blood cultures, and relevant 

comorbidities. Data was pulled through the central data and implementation core in Iowa 

City. I worked with our collaborators in Iowa City to develop a data collection dictionary 

to assist with data extraction. I determined if the data was available in the CDW or had to 

be queried from other sources such as local Inpatient Evaluation Center datasets. In the 

data dictionary I also defined each metric, how the metric should be validated in the 
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dataset, and which data tables should include which metrics. To determine the 

appropriate patient cohort for extraction, I also provided necessary ICD-9, ICD-10, and 

CPT codes. Once our cohort was defined and the data was pulled, I validated the data 

through a separate, independent data extraction from the Baltimore VA through VHA 

Informatics and Computing Infrastructure (VINCI). All data was were stored and 

analyzed within VINCI. The study was approved by both the Institutional Review Board 

of University of Maryland (HP-00079734) and VA Central Institutional Review Board. 

 

Statistical Analysis 

Demographic and baseline clinical characteristics of patients were compared 

between study sites in aggregate (intervention versus control) using descriptive statistics 

including means (with standard deviations) or medians (with interquartile ranges) as 

applicable for continuous variables and proportions for nominal variables. The primary 

outcome was rate of urine cultures performed, which was standardized for patient census 

per 1,000 patient days. The safety outcome of Gram-negative bloodstream infection was 

similarly standardized to patient census per 1,000 patient days. Comparisons pre- versus 

post-intervention in aggregate for all intervention sites as well as aggregate within each 

intervention site were completed using either Student T-test or Mann Whitney U, based 

on normality of the underlying data. Simple aggregate comparisons between intervention 

and control sites were standardized to time of implementation as time zero. Control sites 

were matched 1:1 to intervention sites based on patient census and regional proximity. 

Simple comparisons were then made using generalized estimating equations with a 
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normal distribution for continuous variables and binomial distribution and logit link for 

binary variables, as applicable, respectively. 

In addition to aggregate comparisons, interrupted time series with segmented 

regression analysis was used to determine changes in trend and level after intervention 

implementation. Interrupted time series involve studies of changes in trends of an 

outcome pre- versus post-intervention that occur at the population level.70 The time series 

normally contains equally spaced intervals that are interrupted by the intervention of 

interest.71 An interrupted time series design is often used in intervention studies and are 

particularly beneficial when interventions are introduced at a population level over a 

clearly defined period and the outcome is observed over a relatively short time period. 

Other study designs that could be used to evaluate such interventions include randomized 

control trials and cohort studies. The quasi-experimental design with interrupted time 

series, particularly when combined with control groups allow for a pragmatic evaluation 

of an intervention at a population level and can better assist with determining causality 

compared to other traditional observations methods such as cohort studies.7270,73 These 

interventions occurred retrospectively, so conducting a randomized controlled trial, 

generally considered to be the gold standard, would not have be feasible for this aim and 

would have required a significantly more resource intensive design to be conducted using 

this method.72,74 Lastly, using a population level design allows for inclusion of more 

types of patients that would often be excluded from randomized controlled trials. 

Interrupted time series analysis is not without potential limitations and 

methodological issues. First, seasonality and seasonal patterns may cause uneven 

distribution pre- versus post-intervention and introduce bias. Seasonality can be described 



 

20 
 

as a time-varying confounder. It is not known if our outcome of interest was affected by 

seasonality, but by including control groups and multiple baselines (intervention is 

introduced at different locations at different times), I can control for this potential 

methodological limitation. 

Segmented regression was used in conjunction with the interrupted time series 

study design in order to analyze the trends in the outcome of interest before versus after 

the introduction of the intervention.75 Segmented regression models are usually either 

linear (continuous outcome), logistic (binary outcome), or Poisson (count data). Negative 

binomial regression was chosen as this is an extension of Poisson for count data but is 

more robust to the underlying variance assumptions. Autocorrelation may have occurred, 

as typical regression models assume that observations are independent, this is often not 

the case in time series data and this assumption is often violated. In most epidemiological 

data, however, autocorrelation can largely be explained and controlled for through other 

variables such as seasonality, therefore after controlling for seasonality residual 

autocorrelation should not be an issue. 

For a simple interrupted time series, three variables are needed: time elapsed (T) 

in the study, accounting for frequency of observations (in this case monthly), a dummy 

variable (X) indicating the pre-intervention versus post-intervention period, and the 

outcome of interest, the log transformed rate (Y). This is modeled as Y = β0 + β1T + β2X 

+ β3TX where β0  represents the baseline level at time zero. Our analysis will be more 

complex and include non-intervention sites, which must additionally be controlled for. As 

such, the following equation was used to assess the trends in urine culture ordering in 

intervention versus control sites (Figure 6): 
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Figure 6: Equation for Segmented Regression Analysis with Controls 

 

This equation allows for an assessment of change in the monthly trend (slope) and 

immediate pre- versus post-intervention changes (step or level) as well as the differences 

of those changes between intervention and control sites. The site indicator, post-

intervention indicator, and their interactions are included.  Note, in the negative binomial 

regression models, variables represent the standardized time (standardized to time zero 

relative to implementation, as described above). The logarithm of the number of patient-

days per site per month was used as an off-set variable in the models to control for 

different volumes across sites, which is consistent with this distribution.  All statistical 

analysis will be completed using SAS v9.4 (SAS Institute, Carey NC, USA).  

Overall, guidance on a priori sample size and power for interrupted time series is 

scarce.71 Considerations to ensure our study has a sufficient sample size to be 

appropriately powered to detect a true difference pre- versus post-intervention include: 

(1) consideration for the total number of time points in the series, with more time points 

improving power (2) the number of subjects per time point, which will impact the 

accuracy and dispersion of the time series, (3) the nature of the intervention and whether 

it impacts trend, level, or both, (4) the magnitude of intervention impact, also known as 

effect size and typically expressed as a relative percentage change, (5) the pre-

intervention trends or cumulative incidence, with higher incidence making it easier to 

detect change, and (6) the location of the intervention in the time series, in particular the 

balance of pre- versus post-intervention time points. Based on limited guidance, an 
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impact model can be constructed, wherein sample size per time point, expected effect 

size, location of intervention in the time series need to be considered in an impact model 

(Figure 7).  

 

Figure 7: Sample Size Requirements for (A) slope change and (B) level change for 
interrupted time series analysis 

 

We have previously published our single-center experience implementing conditional 

urine cultures within the Baltimore VA.44 Based on this data, we saw an immediate 39% 

decrease, or level change, in urine cultures performed (P < 0.0001) compared to pre-

implementation, followed by a 6% monthly decrease, trend change, through the post-

intervention period (P = 0.0003).  This data served as the basis for our impact model to 

determine projected slope and level changes with intervention implementation across 

three independent VA sites. Our primary hypothesis was that urine culturing would 

decrease within the three VA hospitals with conditional urine culturing policies compared 

to sites that did not have such policies. 
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Our dataset contained 50,900 patient admission and 224,573 urine cultures performed 

during those admissions. The pre-intervention monthly rates of urine culturing were 

found to be 35.8 per 1,000 patient days. Based on an approximate 34% relative reduction 

immediately following implementation (level change), to have power > 80%, we needed 

an approximate sample size of 1,000 encounters at each measured time interval. To 

similarly detect a 15% change in trend, or monthly slope, would be approximately 3,000 

encounters at each measured time interval. For the current study, the three intervention 

sites provided an average of about 9,000 encounters per month. Thus, it was determined 

we had sufficient sample size based on our impact model.  
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Specific Aim 2  

Define best urine culture diagnostic stewardship practices, based on available 

literature and RAND-modified Delphi expert consensus methods, for urine culture 1) 

ordering, 2) processing, and 3) reporting. 

 

Overall RAND/UCLA Modified Delphi Approach  

A modified version of the RAND/UCLA Appropriateness Method was used to 

assess the appropriateness of pre-defined diagnostic stewardship intervention strategies, 

related to the diagnosis and management of suspected UTIs in adult patients. (Figure 8).76 

The RAND/UCLA Appropriateness Method is a systematic process that was chosen as it 

assists in reaching agreement using expert opinion when clinical trial data or other 

available clinical evidence are insufficient to draw strong, evidence-based conclusions. 

Expert panel members review strategies and weigh the relative probability of clinical 

benefit versus clinical harm based on available literature to determine areas of agreement 

versus disagreement or uncertainty. 

Prior work from our team has demonstrated that two rounds of surveys with an 

intervening panel discussion is usually enough to reach agreement. If needed, however, I 

planned to perform additional round(s) of moderated panel discussion in order to reach 

agreement. Additionally, as opposed to the traditional Delphi process, this modified 

RAND/UCLA Appropriates Method does not depend on having consensus for all items, 

instead allowing certain items to remain uncertain or lacking agreement to highlight the 

continued need for evidence.76,77  
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Figure 8: Overview of the RAND/UCLA Modified Delphi Process 

 

Selection of Expert Panel  

An interdisciplinary group of 15 clinicians who specialized in healthcare 

epidemiology and quality improvement, infectious diseases, clinical microbiology, 

antimicrobial stewardship, and urology were invited to participate. These 15 experts were 

drawn from a variety of geographically diverse practice settings, including ambulatory 

care, acute care, emergency medicine, and long-term care. Participants were chosen 

based on expertise in management of UTIs, diagnostic stewardship, clinical 

microbiology, and infection prevention (Table 2). Participation was voluntary and no 

financial compensation was provided. This study aim was reviewed by the VA Central 

Institutional Review Board and determined to be exempt from review as non-human 

subjects’ research. 
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Table 2: Expert Panel, Affiliations, and Specialty Areas 

Name, Credentials  Affiliation  Specialty  
Matt B. Goetz, MD VA Greater Los Angeles 

Healthcare System 
Adult Infectious Diseases 
Hospital Epidemiology 

Dan Diekema, MD, MS University of Iowa 
Health Care 

Adult Infectious Diseases 
Clinical Microbiology 
Hospital Epidemiology 

Emily Spivak, MD, MHS Salt Lake City VA Adult Infectious Diseases 
Inpatient Antimicrobial 
Stewardship 

Katie Suda, PharmD VA Pittsburgh 
Healthcare System 

Pharmacoepidemiology  
Outpatient Antimicrobial 
Stewardship 

Kalpana Gupta, MD, 
MPH 

VA Boston Health Care 
System 

Adult Infectious Diseases 
Hospital Epidemiology 

Chris Crnich, MD, PhD William S. Middleton 
Memorial Veterans 
Hospital, Madison, WI 

Adult Infectious Diseases 
Hospital Epidemiology 
Nursing Home Antibiotic 
Stewardship 

Luci Leykum, MD, MBA South Texas Veterans 
Health Care System  

Adult Internal Medicine  
Ambulatory Care  

Makoto Jones, MD, MS Salt Lake City VA Medical Informatics  
Adult Infectious Diseases  
Hospital Epidemiology 

KC Coffey, MD Baltimore VA Adult Infectious Diseases 
Clinical Microbiology 
Hospital Epidemiology 

Nimalie D. Stone, MD, 
MS 

Centers for Disease 
Control and Prevention 

Infectious Diseases 
Epidemiology 
Nursing Home Antibiotic 
Stewardship 

Jennifer Taylor, MD, 
MPH 

Michael E. DeBakey 
VA Medical Center 

Adult Inpatient Urology 
Adult Outpatient Urology  

Ashley Pleiss, RN Johns Hopkins Hospital Nursing 
Inpatient Antimicrobial 
Stewardship  

Chanu Rhee, MD Harvard Pilgrim Health 
Care Institute 

Adult Intensive Care  
Adult Infectious Diseases 

Steve Liang, MD Washington University  Adult Emergency Medicine  
Adult Infectious Diseases  

Mohamad G Fakih, MD  Ascension Healthcare Adult Infectious Diseases 
Quality Improvement 
Infection Prevention 
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Literature Review and Development of Thematic Areas  

I completed a literature review to identify studies with key words “urine”, “urine 

culture”, “diagnostic stewardship” and reviewed published interventions to improve the 

use of urine cultures and subsequent diagnosis and management of UTIs. Electronic 

databases including PubMed, Cochrane database, and Google Scholar were reviewed for 

English-language articles from 2010 to 2020. All articles that described interventions 

related to the diagnosis and treatment of suspected UTIs in adult patient populations were 

evaluated for inclusion in the literature review and consideration for the RAND/UCLA 

Modified Delphi survey. We excluded from consideration for the development of these 

expert-based best practice guidance patients who were pregnant, had a history of renal 

transplantation, or were severely immunocompromised. These patient populations were 

excluded secondary to their unique management practices.11,78  

The main thematic areas of urine culture ordering, urine culture processing, and 

urine culture reporting were developed by a Steering Committee (Table 3) based on 

previously defined diagnostic stewardship intervention phases.26 I then compiled the 

literature into these three thematic areas to develop a list of clinical questions and 

scenarios to be presented to the expert panel (Table 4). Of note, the thematic areas did not 

focus on stewardship of UA outside of its association to urine culturing, for example 

optimal use of screening UA for non-infectious diagnoses, as this was outside the scope 

of the current project. Through a series of Steering Committee meetings, which I led, a 

list of 165 clinical questions were developed.  
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Table 3: RAND/UCLA Modified Delphi Steering Committee 

Name Title Affiliation 

Kimberly Claeys, 
PharmD 

Antimicrobial 
Stewardship Pharmacists  

University of Maryland 
Medical Center; University of 
Maryland School of Pharmacy  

Daniel Morgan, MD, 
MS 

Chief, Hospital 
Epidemiology 

Baltimore Veterans Affairs 
Medical Center; University of 
Maryland School of Medicine  

Surbhi Leekha, 
MBBS, MPH 

Chief, Infection 
prevention 

University of Maryland 
Medical Center; University of 
Maryland School of Medicine 

Barbara Trautner, 
MD, PhD 

Director, Clinical and 
Health Services 
Research 

Houston Michael E. DeBakey 
Veterans Affairs Medical 
Center; Baylor College of 
Medicine 

 
 
Table 4: Appropriateness of Urine Culture Diagnostic Stewardship Practices 
Literature Review by Thematic Area 

Thematic Area  Thematic Area 
Questions/Concerns  

References  

Urine culture 
ordering and 
indications  

1. Should urine cultures be part of 
order-sets or standard work-up 
procedure? 

2. Should ordering providers be 
required to document UTI 
signs/symptoms to successfully 
order urine cultures? 

3. Should traditional urinalysis 
with culture be de-prioritized or 
replaced with urinalysis with 
reflex to urine culture only 
when certain parameters are 
met? 

4. Should repeat urine cultures be 
automatically cancelled if 
ordered within a certain number 
of days from index culture? 

 

1. Lin G, et al. Am J Infect 
Control. 2019 
Oct;47(10):1277-1279. 

2. Foong KS, et al. J Clin 
Microbiol. 2019 Sep 
24;57(10):e00910-19.  

3. Munigala S, et al. Infect 
Control Hosp Epidemiol. 2019 
Mar;40(3):281-286.  

4. Munigala S, et al. BMJ Qual 
Saf. 2018 Aug;27(8):587-592. 

5. Keller SC, et al. J Hosp Med. 
2018 01;13 (6): 392–5. 

6. Shirley D, et al. Infect Control 
Hosp Epidemiol. 2017 
Apr;38(4):486-488.  

7. Mullin KM, et al. Infection 
Control & Hospital 
Epidemiology. 2017 
Feb;38(2):186–8. 
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Table 4 Continued  

  8. LaRocco MT, et al. Clin 
Microbiol Rev. 2016 
Jan;29(1):105–47. 

9. Irfan N, et al. PLoS 
ONE. 2015;10(7): 
e0132071. 

10. Trautner BW, et al. 
JAMA Intern Med. 2015 
Jul;175(7):1120–7. 

11. Hartley S, et al. Infect 
Control Hosp Epidemiol. 
2015 Apr;36(4):470-3. 

12. Leis JA, et al. Infect 
Control Hosp Epidemiol. 
2013 Oct;34(10):1113–4. 

13. Hartley S, et al. Infect 
Control Hosp Epidemiol. 
2013 Nov;34(11):1204–7. 

Urine culture 
processing  

1. What urinalysis criteria should 
be required to reflex to urine 
culture? 

2. Should urine cultures be held in 
the laboratory and not 
processed if signs and/or 
symptoms are not reported in 
the electronic medical record 
(EMR)? 

3. Should documentation of urine 
culture collection site/method 
and time be required prior to 
processing urine cultures in the 
laboratory? 

 

1. Taylor MT, et al. JAMA 
Netw Open. 2020 Feb 
5;3(2): e1921665.  

2. Redwood R, et al. 
Antimicrob Resist Infect 
Control. 2018 Jan 8; 7:4.  

3. Carlson AL, et al. Infect 
Control Hosp Epidemiol. 
2017 Apr;38(4):455-460.  

4. Sarg M, et al. Infect 
Control Hosp Epidemiol. 
2016 Apr;37(4):448-54.  

5. Howard-Anderson JR, et 
al. Infect Control Hosp 
Epidemiol. 2020 
Mar;41(3):369-371.  

6. Stagg A, et al. BMJ Qual 
Saf. 2018 Feb;27(2):140-
147.  

7. Epstein L, et al. Infect 
Control Hosp Epidemiol. 
2016 May;37(5):606-9.  

8. Jones CW, et al. J Emerg 
Med. 2014 Jan;46(1):71–6. 
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Table 4 Continued 

 2. Should urine culture result 
reports provide "nudges" to 
providers reminding them not to 
treat in the presence of certain 
criteria (i.e. limited colony 
counts). 

3. Should urine culture results 
only be released when specific 
microbiologic criteria are met or 
by provider request (i.e. 
restrictive reporting)? 

4. Should selective or cascade 
reporting of antibiotic 
susceptibilities be implemented 
to guide potential antibiotic 
treatment choices of providers? 

3. Sfeir MM, Hooton TM. Clin 
Microbiol Infect. 2018 
Jun;24(6):669-670.  

4. Coupat C, et al. Eur J Clin 
Microbiol Infect Dis. 2013 
May;32(5):627–36. 

5. Linares LA, et al. Infect 
Control Hosp Epidemiol. 2011 
Jul;32(7):644-8. 

6. McNulty CAM, et al. J 
Antimicrob Chemother. 2011 
Jun;66(6):1396–404. 

7. Langford BJ, et al. J Clin 
Microbiol. 2016;54(9):2343–7 

8. Daley P, et al. Infect Control 
Hosp Epidemiol. 2018 
Jul;39(7):814–9 

Note: Scope of questions will EXCLUDE: pediatric patients, pregnancy, severely immune 
compromised with ANC < 500, patients with history of renal transplant 
 
Survey Development  

Based on the results of the Steering Committee meetings, I developed  

preliminary survey questions in a word document to share with the Steering Committee. 

Through a series of meetings, which I led, the questions and clinical scenarios to be 

included were refined. The final survey was 161 questions. Questions were divided into 

our three thematic areas of urine culture ordering (n = 60), urine culture processing (n = 

33), and urine culture reporting (n = 68). Given the diversity of practitioners and practice 

environments involved in the management of suspected UTIs, questions were repeated 

for each clinical setting of interest: acute care, ambulatory care, long-term care, and 

emergency department. This led to the length of the survey noted above. 

I then transferred and organized these questions into an online survey system, 

REDCap.79 Survey questions were to be ranked on a Likert scale from one (highly 

inappropriate) to nine (highly appropriate), with five denoting neutral. The online survey 
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was alpha tested with the Steering Committee to ensure functionality and went through 

two rounds of editing to improve readability and clarity. The final survey along with 

instructions for completion, the completed literature summary, and all available literature 

used to develop the clinical questions, was distributed to the Expert Panel via an online 

REDCap survey. The survey was distributed electronically, by me, to the expert panel 

and round one survey completion occurred between 02/18/2021 and 04/13/2021. I sent a 

reminder for completion of all survey items to the expert panel on 3/26/2021. 

 

Determining Level of Agreement using the RAND/UCLA Modified-Delphi Process 

To determine agreement, the expert panel was asked to rank the appropriateness 

of each diagnostic stewardship intervention in each clinical setting on a Likert Scale from 

one to nine, as mentioned above. To summarize the results, medians for each question are 

calculated. If medians are between whole values (i.e. 3.5) the value was rounded up to the 

nearest whole value. The medians are then grouped into three-point regions; 1 – 3 

denoting inappropriate, 4 – 6 denoting neutral or uncertain, and 7 – 9 denoting 

appropriate. Agreement, was then defined as < 4 respondents ranking outside of the 

majority three-point region.76  

 

Specific Aim 3 

Through an iterative user-centered design process, develop an electronic medical 

record (EMR) interface and lab protocols with clinicians and other stakeholders (e.g., 

pharmacists, doctors, and IT representatives). 
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Overall Study Design  

Using a user-centered qualitative design, I conducted interviews at three 

participating VA medical centers (VAMCs) to understand and assess perceptions of 

potential interventions related to the diagnostic pathway of UTIs. Interventions were 

selected and developed within each of the three phases of urine culture ordering, urine 

culture processing, and urine culture reporting based on the results of the RAND/UCLA 

modified Delphi described in Specific Aim 2. The urine culture ordering intervention 

consisted of a combination of nudging comments and requirement to document signs and 

symptoms of infection specific to the genitourinary tract as part of the urine culture order. 

The urine culture processing intervention consisted of implementation of a conditional 

urine reflex testing protocol based on pre-defined UA criteria. The urine culture reporting 

intervention also consisted of nudging comments and selective antimicrobial reporting.  

Through a series of interviews with key stakeholders in the UTI diagnosis 

pathway, I obtained feedback on pre-designed prototype tools and protocols meant to 

improve the procedure for urine culture ordering, processing, and reporting. Interviews 

focused on concepts of appropriateness of urine culturing, urine culture diagnostic 

stewardship, and end-user acceptance of the proposed prototypes and protocols. These 

prototype tools provided different formats for urine culture ordering and reporting to be 

presented to end-users to gain feedback about their preferences as well as facilitators and 

barriers to their use at each respective participating VHA site. I also developed a draft 

conditional reflex urine culture processing protocol to gain feedback on the feasibility of 

the intervention at each site and the acceptance of the modified-Delphi established 

criteria to allow processing of the urine culture. This process allowed me to make 
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changes to these tools and will facilitate implementation by accounting for clinician 

preferences and clinical workflow in the pre-implementation period.  

 

Study Sites 

Three geographically diverse VHA sites (Boston VAMC, San Antonio VAMC, 

and Madison VAMC) were recruited to participate in the development and subsequent 

implementation of a series of diagnostic stewardship interventions related to urine culture 

ordering, urine culture processing and urine culture reporting (Figure 9). These three sites 

do not currently have any of these specific interventions in place. Each VHA has a 

participating site Primary Investigator (PI) that I worked with to identify suitable 

individuals at their site to interview. The Site PI also assisted in determining local 

feasibility of the above-mentioned interventions and provided insight on local 

infrastructure and practice environment that will impact the potential for successful 

implementation.    
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Recruitment  

I recruited a mix of stakeholders, based on a list of individuals. Types of 

individuals to be interviewed included those along the continuum of the UTI diagnostic 

pathway, such as frontline healthcare providers in various practice settings (i.e. ED, acute 

care and community living center clinicians),  physicians, nurse practitioners, physician 

assistants, and nurses, involved in urine culture ordering, collection, and/or antimicrobial 

prescribing. I also included other key stakeholders in the pathway, such as clinical 

microbiology personnel, health-system information technologists, and clinical and AMS 

pharmacists. The site PIs were asked to provide specific names and contact information 

for individuals who met the general categories as outlined. To be eligible to participate in 

this study, an individual must have met the following criteria: be employed at one of the 

selected VA study sites and be in a clinical or stakeholder role related to ordering, 

processing or reporting of urine cultures or EMR related tool implementation. 

Figure 9: Veterans Affairs Sites Participating in Intervention Implementation 
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With the assistance of our Project Manager at the Baltimore VHA, using the list 

of potential interviewees from each site, I conducted individual recruitment procedures, 

which includes sending an e-mail to solicit participation and up to three additional 

follow-up emails, if needed. Those who agreed to participate were then scheduled for an 

individual interview with myself and our qualitative analyst. To be eligible to participate, 

an individual must have been employed at one of the selected VA study sites. 

 

Study Prototypes 

Through work with the local Baltimore VA Medical Director of Informatics, I 

created prototypes for urine culture ordering and reporting templates that are compatible 

with the VHA Computerized Patient Record System (CPRS) (Figure 10 and 11).  We 

shared these low-fidelity visual display prototype tools during the interviews and asked 

end-users for their input about using the product/tool at their site, including basic 

functionality from the user’s perspective, what type of prerequisite knowledge a person 

needs to use the product/tool, and whether there are design elements that would improve 

tool usability. Different prototypes were available for comparison. Importantly, using 

low-fidelity visual display prototype that are compatible with the electronic medical 

record where these interventions will be implemented has been shown to engage clinician 

stakeholders and aligns with the iterative end-user design process.80  
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Figure 11: Example Study Prototype Tool for Urine Culture Reporting 

 

 

Figure 10: Example Study Prototype Tool for Urine Culture Ordering 
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Interview Guide & Data Collection 

With the assistance of one of my dissertation mentors and a qualitative analyst, I 

developed a semi-structured interview guide. The guide focused on issues related to 

implementing interventions for ordering, processing, and reporting of urine cultures and 

was developed using part of the Consolidated Framework for Implementation Research 

(CFIR).81 The CFIR is a conceptual framework that was developed to guide the 

systematic assessment of multi-level intervention implementation and identify factors 

that may positively or negatively influence the success of the implementation and its 

downstream effectiveness on clinical outcomes.82 The CFIR contains 39 constructs in 

five major domains that are meant to be reflective of evidence-based factors that are most 

likely to influence implementation of these interventions (Table 5). I identified key 

factors, constructs, and variables of interest that could impact implementation of our 

interventions and potentially avoid barriers to use that have often been described in the 

past that lead to poor uptake and thus limited impact on patient outcomes. I was able to 

ensure that our interviews specifically address the practical needs of each institution by 

systematically examining implementation considerations within the five major domains. 

The interview guide was piloted with the three site-specific leads at each site, with minor 

adaptations made based on their feedback. 
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Table 5: Consolidated Framework for Implementation Research Domains and 
Explanations 

CFIR Major Domains Constructs Explanation  

Intervention 
Characteristics 

Eight  Stakeholders perceptions of the intervention, 
including relative advantages versus 
complexity  

Inner Setting Twelve  Features of the organization that can 
influence implementation (i.e. leadership 
engagement) 

Outer Setting Four  Environment or external context (i.e. social 
and political) 

Characteristics of 
Individuals 

Five The knowledge and beliefs of the individuals 
regarding the interventions  

Implementation 
Process 

Eight Tactics or strategies that might influence 
implementation 

 

Study Interviews   

The ongoing pandemic precluded conducting site visits and completing interviews 

in person. To conduct site visits virtually, we attempted to schedule all interviews for the 

same site within approximately a two-week timeframe and mirror the in-person process 

by completing interviews at one site before moving to the next site. Use of 

Videoconferencing technologies, such as Zoom, have demonstrated to be easy to use, 

cost-effective, secure, and overall highly accepted by those being interviewed.83 

Interviews were done virtually using VA-approved communication technologies (Zoom 

for Government). The goal was to interview 10 to 15 individuals per study site. 

Interviews were audio-recorded and transcribed using the VA Central Transcription 

Service to ensure accuracy and completeness of content from each participant interview. 

Participation was voluntary and the interviewees did not receive any study-related 

payments.  
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Data Analysis 

With the assistance of the qualitative analysis, I led the analysis of interview 

results for all three VA sites, using a rapid structured analysis or templated approach 

focusing first on intervention characteristics, such as relative advantage, adaptability and 

complexity to help guide further refinement of the intervention tools.84 Rapid analysis has 

been demonstrated to be an effective method to disseminate results of qualitative research 

in a timely manner to facility implementation of interventions in a fast-moving   
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CHAPTER 3: EVALUATION OF THE EFFECTIVENESS OF REFLEX URINE 
CULTURING WITHIN THE VETERANS AFFAIRS AND CENTERS FOR 
DISEASE CONTROL AND PREVENTION’S PRACTICE-BASED RESEARCH 
NETWORK43 
 
Abstract 

Objective: In the absence of pyuria, positive urine cultures are unlikely to represent 

infection. Conditional urine reflex culture policies have the potential to limit unnecessary 

urine culturing. The objective of this current study was to evaluate the impact this 

diagnostic stewardship intervention. 

Design: Retrospective, quasi-experimental (non-randomized) study, with interrupted 

time-series, from 8/2013 to 1/2018 examining rates of urine cultures performed pre 

versus post-intervention. Three implementation sites were compared to three control sites 

in aggregated series using segmented negative binomial regression.  

Setting: Six acute care hospitals within the Veterans Health Administration across the  

United States.  

Participants: Adult patients with at least one urinalysis ordered during acute care 

admission, excluding pregnant patients or those undergoing urological procedures.  

Methods: At implementation sites, urine cultures were performed if preceding urinalysis 

met pre-specified criteria. No such restrictions occurred at control sites. The primary 

outcome was rate of urine cultures performed per 1000 patient days. The safety outcome 

was rate of gram-negative bloodstream infection per 1000 patient days.  

Results: We included 224,573 urine cultures from 50,901 admissions in 24,759 unique 

patients. Among implementation sites, the overall average number of urine cultures 

performed did not significantly decrease relative to pre-implementation (5.9% decrease, 

P = 0.8) but did decrease by 21% relative to control sites (P < 0.01). There was no 
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difference in the rates of gram-negative bloodstream infection among implementation or 

control sites (P = 0.49).  

Conclusions: Conditional urine reflex culture policies were associated with a decrease in 

urine culturing without a change in the incidence of gram-negative bloodstream infection. 

 

Introduction 

Urinary tract infections (UTIs) are among the most common bacterial infections 

in the United States. Non-specific signs and symptoms have the potential to make 

diagnosis of true infection challenging, particularly when confounded by multiple 

comorbid conditions.1,4 Positive urine culture results often unduly influence clinical 

decision making, leading to systemic antimicrobial therapy.24,85 Positive urine cultures in 

the absence of signs and symptoms of true UTI, defined as asymptomatic bacteriuria 

(ASB), rarely require antimicrobial management.86 In a prospective study of patients at 

the Minneapolis Veterans Health Administration (VHA), 63% of urine cultures were 

obtained without any documented UTI-specific signs and symptoms.87 Additionally, a 

retrospective analysis within the VHA reported 72% of ASB cases inappropriately 

received antimicrobial therapy.88 As such, ASB has been demonstrated to be a major 

driver of inappropriate antimicrobial prescribing.25,89 

Recognizing the strong impact of positive urine cultures on the likelihood of 

initiating antimicrobial therapy, greater emphasis has been placed on evaluating urine 

culturing practices through diagnostic stewardship.26,90 Various strategies under the 

umbrella of diagnostic stewardship have been implemented to limit false positive urine 

cultures, including provider education, restrictions on culture ordering, and restriction on 

reporting urine culture results.51,91 Several studies have documented the ability to 



 

42 
 

decrease unnecessary urine cultures through reflex or “conditional” urine culturing. 

38,42,46,92,93  Conditional urine reflex culturing relies on policies wherein urine cultures are 

only performed when certain criteria are met on urinalysis (UA) that indicate 

inflammation in the presence of bacteria. For example, conditional urine reflex culture 

policies across intensive care units (ICUs) of University of Maryland Medical Center 

decreased the overall rate of urine cultures performed (139/1000 patient days versus  

93/1000 patient days after) and decreased the number of patients started on new 

antimicrobial therapy (41% versus 23%, P = 0.02). 42,92 These studies, however, are 

primarily single-centered, focused on specialized patient populations such as those in the 

ICU, and do not report safety data or unintended consequences of lack of culturing. There 

is limited data demonstrating the impact of conditional urine reflex culture policies on 

urine culturing rates within the specialized patient populations of the VHA or in large 

multicenter studies. The objective of the current study was to evaluate the impact of 

conditional urine reflex culture policies across acute care sites within the VHA.  

 

Methods 

Study Design and Setting 

This was a retrospective, multicenter, quasi-experimental (non-randomized) 

intervention study examining the effectiveness of conditional urine reflex policies across 

acute care hospitals within the VA-CDC Collaborative Research to Enhance and 

Advance Transformation and Excellence (CREATE) Initiative Practice-Based Research 

Network (PBRN). The VA-CDC CREATE PBRN was formed in 2014 through a CDC 

and VA HSR&D service grant and contains 15 collaborating hospitals in ten 

geographically diverse sites across the country, each with a research site coordinator and 
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central data and implementation core in Iowa City.  Six acute care VHA sites were 

included in the study. These sites were geographically distinct across urban areas in the 

northeast, southeast, south west, as west. These facilities also varied in census and 

specialty services. Data from August 1st, 2013 to January 31st, 2018 were included in the 

analysis. 

 

Intervention 

Three of the six participating VHA sites implemented conditional urine reflex 

testing policies, which serve as intervention sites, and three VHA sites served as control 

sites. Control sites were chosen based on geography and bed size to be like intervention 

sites. Conditional urine reflex testing policies consisted of laboratory guidelines to hold 

urine samples for 48 to 72 hours after collection to allow for testing based only on 

specific criteria met on UA or by explicit provider request. Additionally, the conditional 

reflex order set was placed at the top of the urine test order set options within the 

electronic medical record above separate UA and urine culture orders.  

 

Patient Population 

Patients included in the analysis were adults (age > 18 years) admitted to acute 

care beds, who were not pregnant within one year and/or had not undergone urological 

procedures within 90 days of index urine culture. Patients could be included more than 

once during the study period.  
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Data Source  

The VA Corporate Data Warehouse (CDWs), a national repository of VA medical 

encounter data was queried for variables of interest, including hospital, age, sex, urinalysis 

(UA) characteristics, urine culture results, bloodstream infections and comorbidities. Data 

was stored and analyzed within the VHA Informatics and Computing Infrastructure 

(VINCI). The study was approved by both the Investigational Review Board of University 

of Maryland (HP-00079734) and VA Central Institutional Review Board. 

 

Outcomes and Definitions  

The primary outcome was the rate of urine cultures performed by each facility’s 

clinical microbiology laboratory per 1,000 patient days. The denominator of patient days 

was developed from monthly census data for each participating site. The number of urine 

cultures performed and the number of patient-days per site per month were standardized 

to be within 2 years before and after the implementation month. Rates of urine cultures 

performed were additionally stratified for permissive versus restrictive policies; 

Differences between policies implemented at each site are detailed in Table 1. One site, 

defined as permissive, allowed culturing after meeting any of the following criteria: 

positive leukocyte esterase, positive nitrite, or urine WBC (white blood cell) cutoff of > 5 

cells/hpf. Additionally, this site did not have specific policy exclusions based on specific 

patient populations, such as pregnant patients or those undergoing urological procedures. 

The other two sites allowed urine culturing only when urine WBC were > 10, without 

considering leukocyte esterase or nitrite. These criteria were defined as restrictive. 
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Among all implementation sites providers could still request urine cultures to be 

performed if the UA did not meet the above-specified criteria.  

To account for potential unintended consequences of the conditional urine reflex 

testing policies, we collected data on the rate of gram-negative bloodstream infections 

(BSI) per 1,000 patient-days, as BSI would be the most common severe outcome of 

untreated UTI. Gram-negative BSI was defined as presence of at least one blood culture 

positive for an aerobic gram-negative organism. Positive blood cultures within the first 

seven days after index culture were considered duplicative and removed from the 

numerator.  Gram-negative BSI per site per month were constructed and truncated 

similarly as rates of urine cultures performed. Of note, information on presence of 

indwelling urinary catheter use was not included as documentation of placement was 

inconsistent and underutilized at certain sites during the study period.  

 

Statistical Analysis 

Comparisons between intervention and control sites were made in aggregate and 

standardized to time of implementation as time zero. To standardize times for control 

sites these were matched 1:1 to intervention sites based on patient census and regional 

proximity. Demographics and baseline clinical characteristics of patients were compared 

between study sites in aggregate, intervention versus control, using descriptive statistics 

including means (with standard deviations) or medians (with interquartile ranges) as 

applicable for continuous variables and proportions for nominal variables. Comparisons 

were made using generalized estimating equations with a normal distribution for 
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continuous variables and binomial distribution and logit link for binary variables, as 

applicable, respectively.  

Rates of urine cultures performed and gram-negative BSI, standardized for patient 

census per 1,000 patient days, were compared between control and intervention sites pre- 

versus post-implementation. Overall average rates pre- versus post-implementation were 

compared using the student’s T-test. In addition to aggregate pre- versus post-

implementation statistical testing, interrupted time series with segmented negative 

binomial regression was used in order to determine if there were changes in trends of 

urine culturing from month to month over the study period, both pre-and post-

implementation. Additionally, interrupted time series analysis will determine if there was 

an immediate post-intervention effect on urine culture rates among implementation sites.  

In each negative binomial regression model, variables representing intervention and post-

intervention with interactions with standardized time were included.  The logarithm of 

the number of patient-days per site per month was used as an off-set variable in the 

models to control for different volumes across sites.  We also performed interrupted time 

series with segmented negative binomial regression using combined data from 

intervention sites only, where the models included a centered time variable, a post-

intervention indicator, and an interaction between the centered time variable and the post- 

intervention indicator. Each negative binomial regression model was then used to 

describe differences in monthly trends and pre-post comparisons relative to control sites.  

All statistical analysis was completed using SAS v9.4 (SAS Institute, Carey NC, USA).  
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Results  

A total of 66,982 patient admissions occurred during the study timeframe across 

the six study sites. Duplicate cultures performed (n = 3,150), pregnant patients (n =31), 

those who had undergone a urological procedure (n = 4,493), or those with an admission 

date outside the study period (n = 8,404) were removed. This resulted in a total of 50,901 

patient admissions from 24,759 unique patients. Among these patients 224,573 urine 

cultures were performed. Additionally, 900 cases of BSI caused by aerobic gram-

negative bacteria were documented. Overall, most patients were male (n = 48,791, 

95.8%) with mean age of 68.3 (SD ± 12.6) years. Baseline demographics and clinically 

relevant comorbid conditions were similar between intervention and control sites (Table 

6). The only statistically significant differences between implementation and control site 

were higher proportion of chronic renal failure at intervention sites and higher proportion 

of patients with a history of paraplegia at control sites.  

Table 6: Baseline Demographics by Intervention versus Control Sites 

Variable Intervention 
Sites 

Control 
Sites P-value 

Age, years  (mean, SD) 69.4 ± 12.5 67.9 ± 12.7 NS 

Male 95.6% 95.9% NS 

Diabetes 20.2% 19.6% NS 

Dementia 15.9% 12.6% NS 

Chronic renal failure 41.6% 34.5% 0.002 

Paraplegia 5.3% 18.4% <0.0001 

Elixhauser Score (median, IQR) 8 (5, 11) 7 (5, 11) 0.76 
SD = standard deviation; IQR = interquartile range  

 



 

48 
 

Among control sites, monthly urine culturing rates through the entire pre-

implementation period increased from an average of 40.3/1,000 patient days to an 

average of 44.2/1,000 patient days through the entire post-implementation period, P = 

0.67. Trends in monthly rates of urine culturing among the control sites did not 

significantly change pre- compared to post-implementation. Among the intervention 

sites, average monthly urine culturing rates through the entire pre-implementation period 

were 35.8/1,000 patient days, which decreased to 33.7/1,000 patient days through the 

entire post-implementation period, resulting in a 5.9% decrease, P = 0.29 (Figure 12).  

 

Figure 12: Urine cultures per month, pre- versus post-reflex urine culture intervention 

 

Using negative binomial regression, the implementation of reflex urine culture 

policies at intervention sites resulted in a 21% decrease in rate of urine cultures 
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performed relative to control sites (P < 0.01). When stratified by type of conditional urine 

reflex policy (restrictive versus permissive criteria), the difference post-implementation 

was only present among those sites with more restrictive criteria, compared to the more 

permissive criteria (Figure 13).  Among restrictive sites the monthly average rates of 

urine culture changed from 27.1/1,000 patient days to 13.8/1,00 patient days with 

implementation of conditional urine reflex cultures (P < 0.01). In contrast, permissive 

sites changed from a monthly average of 57.2/1,000 patient days to 48.8/1,000 patient 

days with implementation of conditional urine reflex cultures (P < 0.05 ). 

The primary safety outcome was rate of BSI caused by aerobic gram-negative 

bacterial organisms. Removing duplicate records and cultures that were positive for the 

same organism within seven calendar days of index culture, a total of 900 cases of BSI 

were documented.  Overall incidence of gram-negative BSI was rare, ranging from 0 to 2 

cases per 1000 patient days. With the implementation of conditional urine reflex 

culturing there was no significant difference in the rate of gram-negative BSI compared 

to post at implementation sites, P = 0.49. Prior to implementation, there was no 

significant difference in monthly trend between intervention versus control sites with 

respect to rate of documented gram-negative BSI, P = 0.09. There were similarly no 

significant differences in monthly trends after implementation between intervention 

versus control sites, P = 0.13.  
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Figure 13: Comparison Urine Culturing at Permissive versus Restrictive Urine Culture 
Policy Sites 

Discussion 

 Implementation of conditional urine reflex testing was associated with decreased 

rates of urine cultures performed at intervention sites compared to control sites within the 

VHA. This change was observed immediately following implementation. The 21% 

change, although relative to control sites, is potentially clinically impactful. Previous 

single center studies have reported similar findings. For instance, cancelling urine culture 

orders in patients deemed to be low-risk resulted in an over 30% decrease in number of 

cultures ordered without subsequent negative clinical consequences.37 In a quasi-

experimental study of conditional urine reflex culturing within five adult ICUs, 
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introduction of reflex testing decreased the number of urine cultures (P = 0.0012).42 A 

recent multicenter quasi-experimental study of three hospitals within the same network in 

Kansas City also found a decrease in rate of urine cultures ordered per 1000 patient days 

by 47.2% after implementation of conditional urine reflex policies.46 Results from these 

studies align with our current findings and highlight the immediate positive impact these 

policies can achieve. This is also underscored by the unique aspect of our study having 

control sites that did not implement conditional urine reflex policies where there were no 

significant changes in rates of urine cultures performed over time. The intervention, 

which consisted of changes in policies and EMR order-sets, was largely passive in nature 

however was able to result in significant decreases in urine cultures performed. 

Additionally, we also found no negative consequences in terms of gram-negative BSI, 

which could be related to untreated UTI. 

Criteria for reflex to urine culture are often based on the presence of pyuria as 

defined by a minimum number of WBC per high powered field (i.e. 5 WBC/hpf versus 

10 WBC/hpf). Absence of pyuria has high negative predictive value for true UTI.94,95 The 

optimal cutoff to for reflex urine culturing is unknown and may be different for differing 

patient populations. In this study, sites using more restrictive criteria for pyuria (cutoff of 

> 10 WBC/hpf) observed a larger decrease in rates of urine culturing rates than the site 

with more permissive criteria. However, WBC/hpf cutoffs of >25 or >50 have been 

proposed as more effective but have not been formally evaluated.96 Also unique to the 

current study was the assessment of a potential safety metric, in particular it was 

hypothesized that the incidence of gram-negative bloodstream infection would increase if 

diagnosis of UTI was missed through reflexive testing. It is encouraging to note the lack 
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of change in gram-negative bloodstream infection in implementation sites relative to 

control sites. 

 There are several potential limitations to the current study that must be addressed, 

largely due to the retrospective nature and use of aggregate data. The implementation of 

conditional urine reflex policies occurred at different years. Control sites consisted of 

institutions with variable populations including some with adjacent spinal injury centers 

and higher rates of admissions of these patients with high rates of urine cultures may be 

present, however, these centers tend to primarily focus on outpatient procedures.97  

Although data was standardized based on month of implementation, there is the potential 

for temporal interactions and implementation of antimicrobial or diagnostic stewardship 

interventions that could impact rates of urine culturing. Additionally, the lack of 

significance in the change of average monthly urine culture rates post-implementation 

may have been secondary to the inclusion of different types of policies in one measure.  

Lastly, use of gram-negative bloodstream infections as a quality metric, while unique 

may be limited as these infections can be secondary to multiple sources of infection.   

 

Conclusion  

In conclusion, compared to control sites without conditional urine reflex testing 

policies, implementation of these policies was associated with significantly fewer urine 

cultures performed. Immediately upon implementation urine culture rates decreased in 

intervention sites relative to control sites, with minimal trend changes on a monthly basis. 

Conditional urine reflex testing policies in the acute care setting was associated with 

reduced unnecessary urine culturing without adverse effects.  
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CHAPTER 4: OPTIMAL URINE CULTURE DIAGNOSTIC STEWARDSHIP 

PRACTICE– RESULTS FROM AN EXPERT MODIFIED-DELPHI 

PROCEDURE98 

 

Abstract 

Background: Urine cultures are nonspecific for infection and often lead to misdiagnosis 

of urinary tract infection and unnecessary antimicrobials.  Diagnostic stewardship is a set 

of procedures that modifies test ordering, processing, and reporting in order to optimize 

diagnosis and downstream treatment. This study aimed to develop expert guidance on 

best practices for urine culture diagnostic stewardship.  

Methods: A RAND modified Delphi approach with a multidisciplinary expert panel was 

used to ascertain diagnostic stewardship best practices. Clinical questions to guide 

recommendations were grouped in three thematic areas (ordering, processing, reporting) 

in practice settings of emergency department, inpatient, ambulatory, and long-term care. 

Fifteen experts ranked recommendations on a 9-point Likert scale. Recommendations on 

which the panel did not reach agreement were discussed in a virtual meeting, and a then 

second round of ranking by email was completed. After secondary review of results and 

panel discussion, a series of guidance statements was developed.  

Results: 165 questions were reviewed with the panel reaching agreement on 104, leading 

to 18 overarching guidance statements. The following strategies were recommended to 

optimize ordering urine cultures: requiring documentation of symptoms, alerts to 

discourage ordering in the absence of symptoms, and  cancelling repeat cultures. For 

urine culture processing, conditional reflex urine cultures and urine white blood cell as 

criteria were supported. For urine culture reporting, appropriate practices included nudges 
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to discourage treatment under specific conditions and selective reporting of 

antimicrobials to guide therapy decisions.  

Conclusions: These 18 guidance statements can optimize use of the imperfect urine 

culture for better patient outcomes.  

 

Introduction 

Urinary tract infections (UTIs) affect more than 10 million people annually in the 

United States and are among the most common infections encountered in both outpatient 

and inpatient settings.1–5 Despite being common, appropriate diagnosis and management 

of UTIs remains challenging. Frequently, patients with positive urine cultures but without 

urinary symptoms, known as asymptomatic bacteriuria (ASB), are prescribed 

unnecessary antimicrobial therapy.24 In particular, patients are often started on 

antimicrobials in direct response to results of urine culture. Even in lieu of compelling 

clinical signs and symptoms of infection, clinicians often feel compelled to prescribe 

antimicrobials when urine cultures are positive.22,85,99 This occurs across all patient care 

settings from the emergency department to long-term care.88,90,100 Additionally 

antimicrobials prescribed for UTI are often suboptimal with respect to agent or 

duration.101 Antimicrobial stewardship teams generally perform retrospective review of 

antimicrobials after a diagnosis has been made, which limits their impact on prescribing 

practices and overall antimicrobial use.  

Diagnostic stewardship aims to improve patient outcomes by optimizing the 

ordering, processing, and reporting of diagnostic tests, which can work synergistically 

with, and often upstream of antimicrobial stewardship efforts.26,91 The best practices for 
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diagnostic stewardship have not been defined for the management of UTI. We used a 

RAND modified Delphi approach to develop expert-agreed criteria on the 

appropriateness of diagnostic stewardship interventions for the diagnosis and 

management of UTIs.  

 

Methods 

Overview of Study Design  

We utilized a modified Delphi approach associated with the RAND/UCLA 

Appropriateness Methodology (Figure 14).76 The RAND/UCLA Method assists in 

assessment of expert opinion when clinical trial data are insufficient to draw strong, 

evidence-based conclusions. A modified version of the RAND/UCLA Appropriateness 

Method was used to assess the appropriateness of pre-defined intervention strategies, in 

this case related to the diagnosis and management of suspected UTIs in adult patients. 

We excluded patients who were pregnant, had a history of renal transplantation, or were 

severely immunocompromised. Expert panel members reviewed strategies and weighed 

the relative probability of clinical benefit versus clinical harm based on available 

literature in order to determine areas of agreement versus disagreement or uncertainty. 

This study was reviewed by the VA Central Institutional Review Board and determined 

to be exempt from review as non-human subject’s research.  
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Figure 14: Key Steps in the Modified Delphi RAND/UCLA Appropriateness Method 

 

Literature Review and Development of Thematic Areas  

The main thematic areas of urine culture ordering, processing, and reporting were 

developed by the Steering Committee (KCC, DJM, SL, and BWT) based on previously 

defined diagnostic stewardship intervention phases.26,51,91 A literature review was 

performed to identify studies identified as “diagnostic stewardship” interventions or 

interventions to improve the use of urine cultures and subsequent diagnosis and 

management of UTIs. Electronic databases including PubMed, Cochrane database, and 

Google Scholar were reviewed for English-language articles from 2000 to 2020.  Articles 

described interventions related to the diagnosis and treatment of suspected UTIs in adult 

patient populations. A final list of clinical questions to guide the development of the 

survey questions were based on this review of published evidence, adjudicated, and 

combined with the expert opinion of the Steering Committee. A summary of the included 

available literature and all articles were provided to the expert panel. Of note, the 

thematic areas did not focus on stewardship of urinalysis outside of its association to 

urine culturing, for example optimal use of screening urinalysis.  
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Selection of Expert Panel  

 An interdisciplinary group of 15 clinicians who specialize in healthcare 

epidemiology and quality improvement, infectious diseases, clinical microbiology, 

antimicrobial stewardship, and urology were invited to participate. These 15 experts were 

drawn from a variety of geographically diverse practice settings, including ambulatory 

care, acute care, emergency medicine, and long-term care. Participants were chosen 

based on expertise in management of UTIs, diagnostic stewardship, clinical 

microbiology, and infection prevention. Participation was voluntary and no financial 

compensation was provided.  

 

Delphi Process  

The final survey was composed of 165 questions, grouped into the three thematic 

areas of urine culture ordering, processing, and reporting (Supplementary Appendix 1). 

Given the diversity of practitioners and practice environments involved in the 

management of suspected UTIs, the same questions were asked in reference to four 

different care settings (ambulatory, ED, inpatient, and long-term care). These questions 

were shared with the panel via an online REDCap survey.79 The expert panel ranked the 

appropriateness of diagnostic stewardship interventions on a Likert Scale from one 

(highly inappropriate) to nine (highly appropriate), with five denoting neutral. To 

summarize the results, expert panel rankings were first computed to medians for each 

question. If medians were between whole values (i.e. 3.5) the value was rounded up to 

the nearest whole. The medians  were further grouped into 3-point regions; 1 – 3 denoting 

inappropriate, 4 – 6 denoting neutral or uncertain, and 7 – 9 denoting appropriate. 
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Agreement, was then defined < 4 respondents ranking outside of the majority 3-point 

region.76  

 The survey was distributed electronically to the expert panel members and completed 

between 02/18/2021 and 04/13/2021. Results of the first round were reviewed by the 

Steering Committee to determine areas of agreement, as defined above. Items not 

meeting agreement were open for discussion during the expert panel meeting, which was 

held on 4/13/2021. During this meeting, members of the steering committee shared the 

results of the first round and facilitated discussion among experts to clarify questions and 

gain further agreement. Participants in the expert panel were then allowed to re-evaluate 

those questions and alter their ratings based on the meeting, through email follow-up. 

Questions agreed upon by the expert panel were used to form diagnostic stewardship 

recommendations, which then formed the overall final guidance statements.  

 

Results 

All 15 experts participated in round one; 73 (44.2%) of the 165 questions met 

criteria for agreement. During a 3-hour expert panel meeting on 04/13/2021, the 92 

questions that did not reach agreement were further discussed; 30 questions were re-

worded for clarity and four were removed. A second round of surveys were distributed by 

email, all members completed the second round, and an additional 31 questions reached 

agreement. The questions that were agreed to be appropriate or inappropriate were 

condensed to remove redundancy (i.e. removing practice setting if agreement was 

reached across all settings) into final guidance statements and approved by all 

participating members of the Steering Committee and expert panel. 
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Urine Culture Ordering 

Of the 165 survey questions, there were 60 relevant to urine culture ordering 

considered by the expert panel. Forty (66.7%) reached agreement; 28 were deemed 

appropriate and 12 were deemed inappropriate.  These resulted in six guidance statements 

(Table 7).  

 
Table 7: Ordering of Urine Cultures. The best practices for diagnostic stewardship of 
urine culture ordering included the following recommendations.  

Appropriate Practices: 
1. Require documentation of signs or symptoms of UTI to obtain a urine 

culture, which includes dysuria or flank pain 
2. Replace stand-alone urine culture orders with conditional reflex urine 

cultures*+ 
3. Implement best practice alerts to discourage ordering urine cultures in the 

absence of signs or symptoms of UTI* 
4. Automatically cancel repeat urine cultures within 5 days of a positive 

culture (during the same hospital admission and 7 days for long-term care 
residents) 

Inappropriate Practices: 
1. Include urine cultures in standard order sets for: 

• ED evaluation 
• Hospital admission 
• Inpatient pre-op 
• Assessment of altered mental status 
• Assessment of falls in long-term care 

2. Order urine cultures in response to change in urine characteristics 

Guidance is for all healthcare settings unless noted specifically 
Conditional reflex urine cultures are defined as cultures, although ordered by the clinician, that are only 
performed after specific criteria are met on urinalysis (i.e. WBC > 10 per hpf) 
* Except for patients undergoing urological procedures 
+ Disagreement around use in urinary catheters and the ER setting 
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There was agreement to require documentation of signs and symptoms of 

infection to order a culture, which applied to all healthcare settings. There was, however, 

uncertainty regarding which signs and symptoms were sufficient documentation, 

particularly whether documentation of fever or systemic leukocytosis with no known 

cause would qualify (Figure 15). Additionally, which symptoms were appropriate 

differed based on the presence of urinary catheterization. There was widespread support 

for removing urine cultures from most standard clinical order-sets, except for inpatients 

in septic shock. Advising clinicians not to order cultures for absence of symptoms and 

symptoms of UTI and not allowing repeat cultures within 5 days of a positive culture 

among inpatients or long-term care residents were also appropriate.   

Figure 15: Appropriate UTI Signs and Symptoms to document to Order Urine Cultures 
for Patients with and without Urinary Catheters 

 

*Delirium as defined by validated tool such as Confusion Assessment Method (CAM) 102 
Urinary catheter broadly defined to include both internal and external catheter use. 
 

Experts also agreed that it was appropriate to replace stand-alone urine culture 

orders with conditional urine culture orders that would be processed by the laboratory 

only if a urinalysis performed on the same sample yielded abnormal results. Note, this 

differs from ordering a urinalysis that would automatically reflex to performing a urine 
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culture without a separate request for a urine culture. It was noted that stand-alone urine 

cultures should still be available for specialized services such as urology or obstetrics. 

The panel discussion noted that changes in how cultures can be ordered can reduce the 

volume of testing and have a substantial positive impact on laboratory workflow.103 From 

the patient and provider perspective, decreased urine culturing can result in fewer 

inappropriate diagnoses of UTI and unnecessary antimicrobial exposures.  

 

Urine Culture Processing 

Of the 165 survey questions, 33 relevant to urine culture processing were 

considered by the expert panel. Fourteen (42.4%) reached agreement; eight were deemed 

appropriate, five were deemed inappropriate, and one was uncertain. Overall, these 

resulted in three guidance statements (Table 8).  

 
Table 8: Urine Culture Processing. The best practices for diagnostic stewardship of 
urine culture processing included the following recommendations. 

Appropriate Practices: 
 

1. Use elevated urine WBC count as a criterion to reflex to urine culture when a 
clinician orders a urine culture (all settings) 

2. Require documentation of collection site method (i.e. clean catch) prior to 
processing urine cultures  

Inappropriate Practices: 
 

1. Automatically reflex routine urinalyses to urine cultures for abnormal findings 
when a urine culture was not specifically requested by the ordering clinician 

Guidance is for all healthcare settings unless noted specifically 
These recommendations apply to symptomatic patients only. Patients that do not have symptoms of 
urinary tract infection should not be cultured. 
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Replacing stand-alone urine culture orders with conditional reflex urine cultures 

(urine cultures performed only after specific urinalysis criteria are met), was deemed 

appropriate. The counterpart to this, automatically ordering urine cultures based off 

abnormal results of routine urinalysis when urine culture was not specifically ordered by 

the clinician, was deemed highly inappropriate. After two rounds of surveys, there 

remained significant uncertainty and disagreement surrounding appropriate urinalysis 

criteria to reflex to culture. Overall, there was disagreement on the appropriateness of 

using either urine leukocyte esterase or urine nitrate as criteria; only urine WBC was 

agreed upon as appropriate. Based on currently available evidence, there was uncertainty 

regarding the optimal urine WBC cut-off value. All agreed a urinalysis WBC counts of 

10 or higher was appropriate but some experts believed higher levels were better up to 

greater than 50. Likewise, there was discussion around whether WBC cutoff should differ 

in patients with and without urinary catheters.  

 

Urine Culture Reporting 

Of the 165 survey questions, there were 68 relevant to urine reporting considered 

by the expert panel. Fifty (73.5%) reached agreement; 42 were deemed appropriate and 

eight were deemed inappropriate. Overall, these resulted in nine guidance statements 

(Table 9).   
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Table 9: Urine Culture Reporting. The best practices for diagnostic stewardship of urine 
culture reporting included the following recommendations. 

Appropriate Practices: 
 

1. In urine culture reports, to: 
• Inform clinicians that even high colony counts (i.e.> 100,000 CFU) may not 

represent true infection in the absence of symptoms or signs╪ 
• Nudge clinicians to not treat asymptomatic bacteriuria╪ 
• Nudge clinicians to not to treat mixed flora╪ 
• Differentiate typical uropathogens versus contaminants╪ 

2. Withhold urine culture results (including organism identification and antibiotic 
susceptibilities) when there are more than two unique bacterial strains identified 
in culture  

3. Preferentially report only IDSA-recommended antibiotics if organism is 
susceptible  

4. Withhold fluoroquinolone susceptibilities unless there is resistance to preferred 
oral antibiotics 

Inappropriate Practices: 
 

1. Nudge clinicians not to treat if there are less than 100,000 CFU of bacteria  
2. Withhold information about urine culture organism identification or antibiotic 

susceptibilities unless the clinician contacts the clinical microbiology laboratory   

Guidance is for all healthcare settings unless noted specifically 
These recommendations apply to symptomatic patients only. Avoid unnecessary urine culturing in 
patients that do not have symptoms of true urinary tract infection.  
╪Due to expert disagreement, this recommendation does not extend to those undergoing a urological 
procedure 
 

There was agreement regarding the practice of using report nudges or framing, 

which are behavioral interventions to guide decision making through choice architecture 

by highlighting positive or negative aspects of decisions.53 These behavioral economics 

interventions were favored by the panel as they retain provider autonomy. The panel felt 

that urine culture reports should include language to discourage clinicians from treating 

ASB.  On the other hand, the panel recommended against altering reporting to advise 

treatment based on quantitative data from the urine culture (i.e. >100,000 count-forming 

units, or cfus) to de-emphasize cfu as a critical component of UTI diagnosis and instead 
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to shift the focus towards clinical symptoms. Selective or cascade reporting was 

appropriate in terms of the suppression of fluoroquinolones and preferential reporting of 

IDSA-recommended agents. Withholding all urine culture results was deemed 

inappropriate because of potential logistical limitations and provider satisfaction as 

opposed to concerns regarding patient safety.  

 
Discussion 

Using a rigorous RAND-modified Delphi approach with a diverse expert panel, 

we identified the best practices for diagnostic stewardship for urine culturing. These 

included requiring presence and documentation of signs or symptoms of UTI, including 

dysuria or flank pain, when ordering urine cultures. Replacing stand-alone urine culture 

with reflex urine culture was deemed appropriate as was requiring documentation of 

collection method. Appropriate methods to report urine culture results included informing 

clinicians that positive results alone do not indicate UTI and to not treat mixed flora. 

Selective or cascade reporting of antimicrobial susceptibilities, prioritizing IDSA-

recommended agents, and suppressing fluoroquinolone antimicrobials were also 

supported. 

Including urine culture orders in standard clinical order sets was considered 

inappropriate as was ordering order urine cultures in response to a change in urine 

characteristics (i.e. smell or color). Automatically reflexing all abnormal urinalysis to 

urine culture without a specific order for culture was deemed highly inappropriate.  

Suppressing urine culture results without a request from a clinician was considered 

inappropriate by the expert panel.  



 

65 
 

A crucial consideration for expert discussion in all three thematic areas was 

clinician understanding of the pre-test probability of having UTI. It is known that 

clinicians generally over-estimate the probability of disease prior to ordering a test.104 

Although a diagnosis of UTI can and should be based on clinical symptoms, practically 

UTIs are often erroneously diagnosed based on a positive urine culture alone.40,105 Urine 

culture results must always be considered within the clinical context of patient symptoms 

and risk. Diagnostic stewardship can be helpful in reducing some but not all errors of 

clinical probability in diagnosing UTI.  

Experts agreed that ordering urine cultures without consideration of the signs and 

symptoms of UTI leads to excessive culturing that misdiagnoses patients with ASB, 

triggering unnecessary antimicrobials. This happens across all healthcare settings. 19,21,33–

35 There was agreement that symptoms such as dysuria are appropriate to require for 

ordering cultures. Other symptoms, such as fever or systemic leukocytosis, were more 

controversial. Fever or systemic leukocytosis are often present in patients that are 

catheterized, critically ill, who are otherwise not able to reliably report symptoms directly 

related to the urinary tract. Among catheterized patients in the ICU, positive urine 

cultures are rarely the cause of fever or systemic leukocytosis, but can drive inappropriate 

treatment of ASB.33,106,107 Because the extent of the association of these systemic 

symptoms with true UTI, especially across patient populations and practice settings, 

remains poorly defined and the panel could not reach agreement regarding the 

appropriateness or inappropriateness of these symptoms as being sufficient for urine 

culture ordering.  
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 Experts supported replacing stand-alone urine cultures with conditional urine 

reflex cultures. This support was based on studies across patient populations 

demonstrating decrease in inappropriate urine cultures after implementation.38,39,42–

44,46,47,108,109 Conditional urine reflex culturing cannot completely correct for 

inappropriate diagnosis of UTI and must be combined with other efforts. The panel noted 

it was important to differentiate conditional urine reflex cultures from the practice of 

automatically ordering cultures on any urinalysis that shows abnormalities, a process that 

leads to excessive testing.37,48,93,110,111  There are numerous clinical indications for 

urinalysis that do not involve an infectious process, and urinalyses being automatically 

linked to urine cultures can lead to indiscriminate culturing and treatment of UTI without 

consideration of symptoms or probability of infection.40,95,112,113 The additive effect of 

these efforts remains to be thoroughly investigated. 

There remained uncertainty among the experts on which criteria from urinalysis 

are optimal for reflex to culture. 49,114,115  Pyuria is common in many patients populations 

even without UTI however its absence has a strong negative predictive value.103,116 The 

absence of pyuria is an evidence based criterion to cancel an unnecessary urine cultures. 

The exact urine WBC cut-off  for reflexing urinalysis to urine culture was debated as 

currently employed values are not based on strong clinical evidence.48,50 Thresholds for 

the minimum urine WBC cut-off have included > 5 to >50 WBC per hpf.48,50,114 A cut-off 

of > 5 WBC per hpf has a high negative predictive value but can also lead to excessive 

testing.99,103,115 A 1985 cohort study proposed the minimum cut-off of > 10 WBC in 

ambulatory women.117 This has become the most employed cut-off and as such a 

minimum of 10 WBC per hpf was the lowest recommended number by the expert 
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panel.51,52  Additionally, the optimal WBC cut-off value may be different in different 

patient populations.50,118 Future research should focus on the optimal criteria for 

conditional urine reflex cultures in different patient populations.  

 The expert panel agreed that tailoring reports of urine culture results is a common 

and appropriate practice.119 Use of nudges were appropriate diagnostic stewardship 

interventions that decrease unnecessary treatment after culturing has already been 

performed.54,56,120 Our expert group did not, however, support focusing on the 

microbiological cut-off of 100,000 CFUs, as this value could lead to non-treatment of 

symptomatic patients below this value and inappropriate treatment of asymptomatic 

patients above this value. The consideration of 100,000 CFUs as clinically important has 

dated back to the 1950s however, studies since then have demonstrated that an over-

reliance on this laboratory value leads to excessive antimicrobial use.121,122  

The role of selective reporting of antimicrobial susceptibilities was seen as a 

common strategy to steer providers from unnecessarily broad therapy.59,60,123–126 The 

panel agreed that, when feasible, prioritizing preferential agents while suppressing 

potentially harmful ones (i.e. fluoroquinolones) was appropriate. However, evidence for 

the benefit of these strategies across all settings is still needed. For example, the need for 

frequent empiric prescribing in the emergency department and reliance on contract 

laboratories for certain ambulatory or long-term care sites may limit feasibility or benefit 

of this intervention in those areas. Lastly, the panel agreed that suppression of all culture 

results unless the provider specifically called to request them would be impractical and 

impede workflow for both providers and the laboratory.55 It was also mentioned that this 

practice was likely infeasible with contract laboratories.  
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There were several strengths of this research. The clinical thematic areas and 

questions of interest were developed through an extensive review combined with the 

collective expertise of the Steering Committee. The use of a RAND-modified Delphi 

method allowed for a systematic and iterative approach to determining best practices for 

urine culture diagnostic stewardship. Additionally, this method allows experts to clarify 

areas of clinical disagreement or uncertainty. Practices where clinical agreement is 

lacking can be the focus of future research to further advance diagnostic stewardship. 

There are also several limitations. Determining agreement, although providing guidance 

when high-quality data are lacking, is at the strength of expert opinion. Also, several 

potential interventions were not reviewed, such as those focused solely on UA or best 

practices proper urine collection and transportation, as these were beyond the scope of the 

current work or have been addressed previously.127 

 

Conclusion 

 Based on a RAND-modified Delphi approach, 18 statements were developed to 

guide diagnostic stewardship best practices for urine culture ordering, processing, and 

reporting. While guidelines for diagnosis and management of UTI and ASB are available, 

they address when individual clinicians should order diagnostic tests, they do not orient 

on how to best implement these tests within different healthcare settings. Urine cultures 

are widely used, but their limitations as a diagnostic test are not fully understood by all. 

Diagnostic stewardship provides a mechanism to improve care for the goal of the right 

test for the right patient, prompting the right action. There was a high level of agreement 

on appropriateness and feasibility for many diagnostic stewardship interventions across 
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the three thematic areas. Despite this, application of these strategies remains limited. 

Next steps should focus on  implementation of these interventions. Diagnostic 

stewardship is, however, new, and experts were unable to reach agreement in several 

areas, underscoring the importance of continued focused research on this topic. These 

recommendations are the first expert-based guidance to formally examine these 

interventions with the aim of standardizing diagnostic stewardship practices to improve 

testing and treatment of UTIs. These recommendations can optimize use of this non-

specific test for better patient outcomes. 
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CHAPTER 5: KEY CONSIDERATIONS FOR IMPLEMENTING DIAGNOSTIC 
STEWARDSHIP INTERVENTIONS ACROSS THREE HEALTHCARE 
SYSTEMS: A QUALITATIVE ASSESSMENT 
 
Abstract 

Background: A growing body of literature demonstrates that targeted interventions 

decrease unnecessary urine culturing, diagnosis of UTI, and antimicrobial therapy 

exposures. Urine culture diagnostic stewardship, however, remains novel with limited 

widespread implementation. We compared urine culturing and UTI management 

practices across different medical centers to identify barriers and facilitators and inform 

the implementation of three distinct interventions across the UTI diagnostic process. 

Methods: Following a qualitative descriptive design, we conducted semi-structured 

interviews with personnel at three geographically diverse Veterans Administration 

Medical Centers. Interviews were conducted from November 2021 to May 2022 via 

Zoom using an interview guide and low fidelity visual display prototypes. Interview 

participants included a variety of stakeholders (e.g., physicians, laboratory technicians, 

pharmacists) involved in the process for diagnoses and management of UTIs. We used a 

rapid analysis matrix approach to summarize key interview findings and compare 

practices across sites.  

Results: Overall, those interviewed agreed with the potential positive impact of 

documenting signs and symptoms for urine culture ordering, the use of conditional urine 

reflex testing, and altering reporting of final culture results to promote appropriate 

antimicrobial use. Using low fidelity visual display prototypes, we were able to engage 

with end-users to identify refinements to our proposed interventions to better align with 

each medical center’s practices and culture. 
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Conclusions: Practices for diagnosis and management of UTIs varied considerably across 

the three sites. Stakeholders had a generally favorable view of the proposed urine culture 

diagnostic stewardship practices as well as suggestions for how to implement. These 

findings highlight opportunities for quality improvement to reduce variations and 

implement evidence-based interventions to improve care of patients with suspected UTI.  

 

Introduction 

Urinary tract infections (UTIs) are challenging to diagnose as they represent a 

continuum of infectious processes that cannot be diagnosed based solely on results of 

urine cultures.128 Overreliance on urine culture results in the absence of clinical signs and 

symptoms of infection has led to an epidemic of unnecessary antimicrobial use for 

asymptomatic bacteriuria (ASB).88,129 With the exception of select populations, we have 

come to recognize that ASB does not need to be treated and treatment can lead to 

substantial harms, such as C. difficile infection, adverse drug events, and selective 

pressure leading to antimicrobial resistance.25,89,130,131 Urine culture diagnostic 

stewardship is a novel method to improve diagnosis of UTIs.26,132 

Several studies have implemented diagnostic stewardship interventions to limit 

the overdiagnosis and over-treatment of UTIs by targeting various stages of the 

diagnostic process.91,132,133 These interventions, which include altering the ordering, 

processing and reporting of urine cultures, have led to significant decreases in 

unnecessary culturing as well as antimicrobial use. These studies, however, tend to be 

small and varied in terms of criteria and approach, thus  limiting their generalizability. 

Given these limitations, we conducted a modified Delphi Expert Panel to identify best 
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practices for urine culture diagnostic stewardship.98 Through this validated approach, a 

diverse group of experts selected interventions most likely to positively impact the 

diagnosis and management of UTIs, considering both benefits and harms, across acute-

care, long-term care, and ambulatory care. 

The aim of this study was to assess current practices and stakeholder perceptions 

as part of a user-centered design process to develop and implement a select group of 

diagnostic stewardship interventions at each stage of the UTI diagnostic process. 

Interventions were chosen based on the results of the modified Delphi Expert Panel. This 

study focused on refining a set of intervention tools to promote uptake and usability in 

real life clinical settings - three geographically diverse Veterans Administration Medical 

Centers (VAMCs) for testing in a subsequent implementation phase. 

 
Methods 

Overall Study Design and Sample 

We used a qualitative descriptive design to better understand local practices and 

assess perceptions of potential interventions related to the diagnostic pathway for UTIs at 

participating VAMC.134 Interventions and, associated intervention prototype tools to 

discuss with interviewees, were selected and developed within each of the three phases of 

urine culture ordering, urine culture processing, and urine culture reporting based the 

previously published modified Delphi Expert Guidance.98 The urine culture ordering 

intervention consisted of a combination of informational nudge comments and required 

identifying signs and symptoms of infection related to the genitourinary tract. An 

informational nudge is a tool used across many disciplines and originally found in 

behavioral economics.53 Nudges are meant to guide decision making while maintaining 
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autonomy and often includes framing the choice in a manner that highlights positive and 

negatives aspects of a decision.135 The urine culture processing intervention focused on 

implementing a conditional urine reflex testing protocol based on pre-defined UA criteria 

(e.g. urine WBC cut-off).43 Based on the results of the expert panel, a UA cut-off of > 10 

urine WBC per hpf was selected for the conditional urine reflex culturing protocol.98 And 

the urine culture reporting intervention consisted of an additional nudge comment and 

selective antimicrobial reporting.  

 
Study Sites 

Three geographically diverse VHA medical centers were chosen to implement 

this series of diagnostic stewardship interventions. These three sites did not have these 

interventions in place at the time of the study. A site-specific project lead who specialized 

in Infectious Diseases, Infection Prevention, and/or Antimicrobial Stewardship (AMS) 

was identified at each site prior to study initiation. In addition to serving as a key 

informant, each site-specific project lead helped to identify other individuals to interview; 

primarily those involved in the UTI diagnostic process and key decision makers and 

stakeholders.  

 
Recruitment  
 

Using the list of names provided by each site-specific lead, we recruited a mix of 

UTI diagnosis stakeholders. Types of individuals to be interviewed included frontline 

healthcare providers in various practice settings (i.e., emergency department, acute care, 

home-based primary care,  long-term care, and surgery), such as physicians, nurse 

practitioners, and physician assistants who were involved in urine culture ordering, 
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processing, and/or antimicrobial prescribing. Other key stakeholders included clinical 

microbiology personnel, health-system information technologists, and clinical and AMS 

pharmacists. To be eligible to participate, an individual must have been employed at one 

of the selected VHA study sites. Our recruitment procedures included sending e-mails to 

solicit participation and up to three additional follow-up emails, if needed. 

 
Intervention Tool Prototypes 

Through work with the local Baltimore VA Medical Director of Informatics, we 

created prototype intervention tools for urine culture ordering and reporting compatible 

with the VHA Computerized Patient Record System (CPRS). We shared these low-

fidelity visual display prototypes during each interview and encouraged end-users to 

think aloud about using the tool in daily practice, including basic functionality from the 

user’s perspective, what type of prerequisite knowledge would be needed to use the tool, 

and whether there were design elements that would improve tool usability.69,80 Feedback 

about specific intervention components, such as nudge comments and selective 

antimicrobial reporting, was also elicited during the interview. Three different prototypes 

for both ordering and reporting were available for comparison (Figure 16, 17). For the 

processing phase, a prototype conditional urine culturing workflow algorithm and criteria 

for a conditional reflex culture were also presented in visual form (Figure 18). The 

interviewees were asked for their opinion about the proposed process, terminology to 

describe the process, and the specified criteria.  
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Figure 16: Prototype Urine Culture Ordering Tool (Options 1 to 3) 

 

Option 1: Information comment advising against ordering urine cultures in the absence 
of signs and symptoms of infection, documentation of presence of urinary catheterization, 
appropriate order indications 

 
Option 2: Information comment advising against ordering urine cultures in the absence 
of signs and symptoms of infection (less verbiage), documentation of presence of urinary 
catheterization, appropriate order indications 
 



 

76 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Option 3: Information comment advising against ordering urine cultures in the absence 
of signs and symptoms of infection, appropriate order indications 
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Figure 17: Prototype Urine Culture Reporting Tool (Options 1 to 3) 

Option 1: Informational nudge to not prescribe antimicrobials in the absence of 
signs/symptoms of infection, cascade reporting of antimicrobials, note to call clinical 
microbiology laboratory for more information   
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Option 2: Informational nudge to not prescribe antimicrobials in the absence of 
signs/symptoms of infection, reporting of antimicrobials on top, note to call clinical 
microbiology laboratory for more information   
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Option 3: Informational nudge to not prescribe antimicrobials in the absence of 
signs/symptoms of infection, call-out to preferred antimicrobial agent based on local 
and/or international guidelines  
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Figure 18: Prototype conditional urine culturing workflow algorithm with terminology 
and threshold 

 

 

 

Data Collection 

The multidisciplinary research team, which included antimicrobial stewardship, 

infectious diseases, epidemiology, and qualitative research, developed a semi-structured 

interview guide (Supplementary Appendix 2). The guide focused on determining current 

urine culturing and treatment decision practices, and perceptions of the proposed 

interventions and prototype intervention tools for ordering, processing, and reporting, of 

urine cultures. Concepts from the Consolidated Framework for Implementation (CFIR), 

primarily those related to the inner setting (e.g., structural characteristics, networks & 

communication, compatibility), intervention characteristics (e.g., adaptability, 

complexity) and process (e.g., engaging, opinion leaders), were used to inform the 

interview guide. This structured interview guide, informed by CFIR, allowed us to better 
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understand current practices and inform interventions and prototype tool modifications, 

by identifying local barriers and facilitators, prior to implementation at each site.82,136 The 

interview guide was piloted with the three site-specific leads at each site, with minor 

adaptations made based on their feedback.  

Those who agreed to participate were scheduled for an individual interview with 

at least two study team members (SLK, LW, KCC) with one team member taking 

detailed notes. Although interviews were initially planned to be conducted in person as 

part of site visits at each participating medical center, interviews were completed 

virtually using VA-approved communication technologies (Zoom.gov) given COVID-19 

travel and site visit limitations.83 All interviews were audio recorded and transcribed 

using the VA Central Transcription Service, to ensure accuracy and completeness, with 

the consent of the interviewee. The goal was to interview ten to fifteen individuals per 

study site. Participation was voluntary and the interviewees did not receive study-related 

payments. 

 
Data Analysis 

We used a rapid structured analysis or templated approach help guide further 

refinement and implementation of the intervention tools.84 Rapid analysis has been 

demonstrated to be an effective method to disseminate results of qualitative research in a 

timely manner and to facilitate further development and implementation of interventions 

in a fast-moving healthcare environment.137–139 Specifically, we developed a summary 

template using key domains represented in the interview guide, which included current 

practices with subdomains for culture ordering, processing, and result reporting; 

intervention tools with subdomains for potential usability and suggested improvements 
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for each tool; and implementation with subdomains for barriers and facilitators. We used 

data from interview notes and transcripts to create a detailed summary for each individual 

interview according to these domains. Next, individual summaries were compiled and 

summarized to create a detailed synthesis for each site incorporating perspectives from 

each interview participant, representing multiple professional roles. Finally, site 

summaries were used to construct a matrix to facilitate comparison across sites.  

The interview and site summaries were primarily prepared by one analyst (LW) 

but included frequent review and discussion with other study team members (KC, SLK). 

Findings were developed through review of the site summaries and cross-site matrix 

during meetings with the full study team. Rigor in data collection and analysis was 

established by working as an interdisciplinary study team with varied backgrounds 

(antimicrobial stewardship, infectious diseases, epidemiology, nursing, qualitative 

research). This allowed us to discuss our own perceptions and potential biases based on 

professional experience. In addition to the range of expertise in the study team, we 

captured different perspectives and experiences with current practices and potential 

intervention usability and implementation by interviewing participants from various 

medical centers and relevant professional roles therein. 

 

Results 

Interviews were conducted between 11/04/2021 and 5/23/2022. Of the 77 

healthcare personnel contacted, 31 were consented and interviewed. Interviews ranged 

from nine to 14 per site and were 29 to 63 minutes in length. The characteristics of the 

three hospitals are shown in Table 10 with a detailed description of interviewees 

available in Table 11. 
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Table 10: VA Medical Center Site Characteristics 

 Site 1 Site 2 Site 3 
Interviews 
Completed 9 14 11 

Site Structure 

One main campus 
acute care 

hospital,1 long-
term care, and 15 
clinics. Academic 

affiliated. 

Three main 
campuses each 
with acute care 
hospitals, long-

term care, home-
based primary care, 

and 5 clinics. 
Academic 
affiliated. 

One main campus 
that has an acute 

care hospital, long-
term care, and 6 

clinics. Academic 
affiliated. 

Facility 
Complexity Level 1A 1A 1B 

ICU/Surgical 
Centers 

Level 1 ICU, SCI, 
VA Transplant, 

Polytrauma 
Centers 

Level 1 ICU, SCI, 
Polytrauma 

Centers 

Level 1 ICU, VA 
Transplant Center 

Average 
Inpatient Census 152 227 80 

Average Daily 
Census CLC* 128 103 21 

Outpatient visits 106,201 56,047 38,797 
Census Division South Northeast Midwest 

ICU = intensive care unit; SCI = Spinal Cord Injuries and Disorders; VA = Veterans Affairs 
VA Complexity Level is determined through a model that includes information about patient 
population, clinical services, and teaching and research programs140  
*2019 data, prior to COVID-19 pandemic 
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Table 11: Recruitment Characteristics of Individuals by Specialty/Title 

    Consented 
& 

Interviewed 

No Show/ 
Unable to 
Schedule 

Refused Unable 
to 

Contact 

Total 

Site Leads  AMS/ID 3 
   

3 
Medicine 
Providers 

Service 
Chief  

5 1 
 

4 9 

Ambulatory 
Care 

1 
  

2 3 

Emergency 
Medicine 

1 
  

1 2 

Hospitalist 2 1 
 

1 4 
Residents  2 1 

 
5 8 

Other MD* 2 
  

2 4 
Non-

physician 
practitioners  

AMS/ID 2 
  

1 3 
ID Fellow 1 

  
1 2 

Urology 
   

1 1 
General 
Surgery  

1 
  

1 2 

SCI 
Physician  

1 1 
 

2 4 

Pharmacists AMS/ID 2 
   

2 
Other  1 

  
5 6 

Microbiology Director   1 
 

1 2 4 
Lead 
Technician  

3 
   

3 

Non-
Physician 

Practitioners 

Ambulatory 
NP 

 
1 

 
2 3 

Other NP 1 
  

2 3 
PA 

   
2 2 

Other CAC 1 
 

1 
 

2 
Other** 3 

   
4 

Total  
 

31 5 3 33 77 
*Other MD = CLC MD, Home-base Care MD, Primary Care MD, Internal Medicine MD 
**Other = Medical Lab Supervisor, Pathology and Laboratory Medicine Service Chief, Health 
Informatics Officer, Infection Prevention BSN 
 

All three sites, though geographically diverse, consisted of at least one acute care 

hospital with one or more long-term care units, and ambulatory outpatient clinics. 

Average census varied, but all sites were classified as high complexity facilities and had 

level 1 intensive care units. Two sites contained spinal cord injury centers (SCIs) and two 

contained immunocompromised patients treated within transplant centers. Aligned with 
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joint commission requirements, all three sites had a physician led AMS program, though 

the structure, AMS activities, and UTI  diagnosis and treatment interventions varied 

substantially across the sites (Table 12).  

Our main findings within each domain of urine culture ordering, processing, and 

reporting of urine cultures are discussed in further detail below, with an emphasis on 

notable differences and common challenges across sites, as well as preferences and 

suggestions related to the interventions and prototype intervention tools.  

 

Table 12: Antimicrobial Stewardship Program Characteristics by Site 
 

Site 1 Site 2 Site 3 

Does your facility 
have an active 

AMS program? 

Yes; with one 
identified 

physician lead 
and one identified 
pharmacist lead 

Yes; with one 
identified physician 

lead and one 
identified pharmacist 

lead 

Yes; with one 
identified 

physician lead 
and one 

identified 
pharmacist lead 

What are 
common AMS 

activities? 

Prospective audit 
& feedback 

Clinical decision 
support in EMR 

Targeted 
educational 
initiatives 

Prior authorization of 
broad-spectrum 

antibiotics 
Fluoroquinolone 

reduction initiatives 
Targeted educational 

initiatives 

Prospective audit 
& feedback 
Antibiotic 

allergy reviews 
Clinical decision 
support in EMR 
Fluoroquinolone 

reduction 
initiatives 

Does your AMS 
program have 
interventions 

geared towards 
UTIs? 

Clinical decision 
support for 

antibiotic choice, 
no global 

initiatives for 
appropriate UTI 

diagnosis 

Education to reduce 
unnecessary culturing, 

treatment of 
asymptomatic patients 

Clinical decision 
support for 

antibiotic choice, 
educational 
initiatives to 

decrease 
inappropriate 

testing 
AMS = antimicrobial stewardship; EMR = electronic medical record; UTI = urinary tract infection 
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Urine Culture Ordering  

 Across all three sites, urine culture ordering was primarily physician-driven, but 

nurse-driven protocols also influenced how and when urine cultures were ordered (Table 

13). Sites 1 and 2 did not have aids for assisting in urine culture ordering, while site 3 had 

EMR-integrated clinical decision support to assist providers in differentiating whether 

patients potentially had ASB versus true infection. Decisions surrounding appropriate 

indications for when to order urine cultures were consistent among the three sites, except 

sites 1 and 2 had annual screening cultures for SCI patients.  

Overall, interviewees at all sites agreed that requiring the identification and 

documentation of UTI related clinical signs and symptoms would help improve culture 

ordering practices and UTI diagnosis and were supportive of the proposed intervention. 

The preferred CPRS-integrated urine culture ordering template had less verbiage for the 

informational nudge and as few “clicks” as possible were deemed essential to successful 

integration of this tool. Most participants at all three sites supported documentation of 

catheterization for both front-line provider awareness and decision-making at point of 

care, as well as  later data collection for quality improvement projects, as catheterization 

can be a dynamic process that is not always accurately documented in the EMR.  
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Table 13: Current Urine Culture Ordering Practices by Site 
 

Site 1 Site 2 Site 3 

Who decides if a 
patient needs a 
urine culture?  

Nursing and 
physician-driven 

Nursing and 
physician-driven 

Physician-driven 
(inpatient) 

Nursing-driven with 
physician approval 

(outpatient) 

How are UAs and 
urine cultures 
ordered? 

UA and urine 
culture are ordered 

separately; no 
restrictions 

UA and urine 
culture are ordered 

separately; no 
restrictions 

UA only, UA with 
reflex culture, urine 

culture alone 

Are there clinical 
decision aids for 
ordering urine 
cultures? 

None identified None identified 
Decision trees for 
ASB vs UTI vs 

complicated UTI 

Is there required 
clinical criteria 
prior to ordering 
urine cultures ?  

None identified None identified None identified 

Are there health 
center guidelines 
for ordering urine 
cultures?  

Service-specific 
protocols/guidelines None identified None identified 

What are common 
indications for 
ordering a urine 
culture? 

Dysuria, pelvic or 
flank pain, urinary 
frequency, elevated 

systemic WBC, 
altered mental status 

Urology pre-
operatively 

SCI annually 

Hematuria, dysuria; 
suprapubic 

tenderness, fever, 
geriatric fatigue, 

behavior change in 
dementia 

SCI annually 

Dysuria, pelvic or 
flank pain, delirium, 

altered mental 
status, malaise, 

weakness, change in 
urine characteristics 
with fever, elevated 

systemic WBC 

ASB = asymptomatic bacteriuria; SCI = Spinal Cord Injuries and Disorders; UA = urinalysis; UTI = 
urinary tract infection  
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Urine Culture Processing  

 Processing of urine cultures and perceptions of the proposed intervention of 

conditional urine reflex culturing varied substantially across the three sites. While site 1 

was eager to implement conditional urine reflex testing, a key stakeholder at site 2 did not 

want any form of conditional linkage of UA and urine culture implemented. Additionally, 

site 3 had previously implemented a different restrictive culture practice in collaboration 

with urology. At site 3, urine cultures were conditionally cancelled if they met the 

following criteria: UA nitrite was negative and urine WBC <= 5 and negative microscopy 

was negative for both bacteria and yeast. All three sites, however, had similar processes 

for how UA and urine cultures were initially processed. Additionally, many respondents 

at all three sites agreed upon the utility of conditional urine reflex testing and the Delphi-

agreed upon urine WBC threshold of > 10 cells per hpf to proceed with urine culturing.  

 

Urine Culture Reporting  

 All three sites had similar mechanisms to report culture results with respect to 

what was provided to the end-user (Table 14). For urine cultures, this included organism 

identification, quantification, and antimicrobial susceptibilities. Which antimicrobials 

were reported varied based on the automated susceptibility testing panel used on-site as 

well as the local antimicrobial formulary. Site 2 already implemented some form of 

selective reporting by restricting fluoroquinolone susceptibility information. For sites 1 

and 2, all aspects of urine culture reporting were completed on site. Since site 2 had three 

acute care hospitals, the processing was centralized to one Clinical Microbiology 

Laboratory. For site 3, after initially processing urine cultures, they were sent to a nearby 
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affiliated VAMC for automated antimicrobial susceptibility testing. It was noted that this 

limits site 3’s autonomy with respect to interventions related to urine culture reporting, 

but interviewees agreed that collaboration with the external site was possible.  

 
Table 14: Current Urine Culture Processing & Reporting Practices by Site 
 

Site 1 Site 2 Site 3 

Where are the UA 
and Urine culture 
processed  

UA: Core 
Laboratory 

Urine Culture: 
Clinical 

Microbiology 
Laboratory 

UA: On-site 
Hematology 
Laboratory 

Urine Culture: 
Centralized 

Clinical 
Microbiology 

Laboratory 

UA: On-site 
Chemistry 
Laboratory 

Urine Culture: 
Off-site affiliated 

hospital 

Any current 
conditional urine 
culturing  

UA and urine 
culture are 
processed 
completely 
separately 

UA and urine 
culture are 
processed 
completely 
separately 

Conditional 
cancellation of 
urine cultures 
based on UA 

results 

What is reported 
on a typical 
positive urine 
culture? 

Organism 
identification, 
quantification, 

antibiotic 
susceptibilities 

Organism 
identification, 
quantification, 

antibiotic 
susceptibilities 

Organism 
identification, 
quantification, 

antibiotic 
susceptibilities 

Are there any 
nudges or 
comments on 
urine culture 
reports? 

None noted None noted None noted 

Is there selective 
reporting of 
antibiotic 
susceptibilities  

None noted 
Restriction of 

some 
antimicrobials  

Potential limited 
cascade reporting 
of antimicrobials 

UA = urinalysis; UTI = urinary tract infection  
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When presented with different CPRS-compatible urine culture report prototypes, 

there was considerable favor for either use of cascade reporting or a report that highlights 

IDSA and/or local guideline recommended agents. All three reports also consisted of a 

nudge comment that not all positive urine cultures represent true infection. Cascade 

reporting would first report IDSA-recommended narrow-spectrum agents, with secondary 

more broad-spectrum agents reported based on resistance patterns.61 Across all sites, 

many liked the idea of cascade reporting but were unsure of the ability to be practically 

implemented. Stakeholders working in Clinical Microbiology Laboratories strongly 

disagreed with inclusion of a statement to call the lab to request further susceptibilities, 

stating this would negatively impact workflow. If cascade reporting was deemed not 

feasible, a report which included a note regarding the preferred antimicrobial agents 

while maintaining a comprehensive list of antimicrobial susceptibilities was deemed 

desirable. Although there was positive discussion on re-arranging the antimicrobial 

agents on the report (e.g., preferred agents listed on top) there remained uncertainty of the 

feasibility of this formatting using CPRS and Laboratory Information Systems.  

 

Implementation Considerations  

 All three sites stressed the importance of providing clinicians with education on 

what changes were occurring at their respective health-systems, the clinical reasoning 

behind these changes and what to expect in terms of timeline and impact on daily 

workflow. Involvement of AMS programs was determined to be essential for 

implementation success. Overall, site 1 was eager to begin implementing all changes and 

suggested collaboration with AMS to ensure that education on these changes made it 
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through all groups of nurses, advanced practice providers, trainees, hospitalists, and 

specialty care providers. Site 2 was more hesitant about the proposed implementation 

interventions, especially those impacting the Clinical Microbiology Laboratory. It was 

noted that buy-in from service and section chiefs would be needed to ensure successful 

implementation. Site 3 was amenable to the proposed changes, however, was concerned 

about some potential barriers to implementation. First was the transition from CPRS to 

CERNER, which is to occur across the VHA, and second collaborations with other local 

medical centers that could make implementation more challenging as providers and 

trainees are often shared with local non-VA sites.  

 

Discussion  

This study sought to understand current urine culturing and UTI diagnostic 

practices and identify barriers and facilitators to implementation of urine culture 

diagnostic stewardship interventions across three VHA medical centers. Through semi-

structured interviews with key stakeholders, we identified a diverse set of practices across 

sites as well as  preferences for interventions and tools related to urine culture ordering, 

processing, and reporting for UTI diagnosis. Our findings also revealed opportunities for 

implementation of multiple urine culture diagnostic stewardship best  practices98 to 

decrease unnecessary antimicrobial therapy for ASB.  

 The diagnostic process for UTI begins with clinical suspicion based on signs and 

symptoms of infection related to the urinary tract. Often, however, urine cultures are 

ordered in the absence of high pre-test probability of UTI.104 This results in numerous 

false positives that lead to inappropriate antimicrobial sfor ASB. Several interventions 
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have been proposed at the phase of ordering urine cultures to decrease testing and limit 

the downstream impact of unnecessary diagnosis and antimicrobial exposure. Improved 

provider education, peer-to-peer feedback, and availability of well-defined diagnostic 

algorithms have been shown to improve UTI diagnostic accuracy and decrease ordering 

of urine cultures by upwards of 43%.29–32 These interventions, however, tend to be very 

labor-intensive. Consequently, many have chosen to leverage the electronic medical 

record to aid in decreasing urine culturing.33–35 Nudges recommending against culturing 

in the absence of symptoms demonstrate small but significant reductions in urine culture  

and antimicrobial orders.34 Indication-based prescribing, and associated patient safety 

benefits, have become largely accepted practice.141 This is not the case for ordering 

cultures. A modified Delphi expert panel agreed that requiring documentation of 

symptoms of UTI can be an important cognitive double check before ordering urine 

cultures that may be unnecessary. This was also reflected in our interviews, where most 

indicated that requiring clinical indications for ordering urine cultures would assist in 

decreasing unnecessary testing.   

 Processing of the UA and urine culture generally happen separately in two 

different laboratories. Results from the UA, however, are often used to guide decision-

making for urine culturing. Numerous studies have demonstrated that limiting urine 

culturing based on UA results can assist in decreasing unnecessary work-up of urinary 

specimens for culture.42,43,46,142,143 By conditionally cancelling urine cultures if specific 

criteria are not met on UA (i.e. urine WBC), clinical microbiology laboratories can 

improve workflow and decrease test volume. Two of the three sites interviewed were 

supportive of conditional urine reflex testing, with one implementing a highly modified 
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version of this practice. The expert consensus modified Delphi panel also recommended 

using a urine WBC of 10 WBC/hpf as the cutoff for testing and interviewees were 

supportive of this cut-off point.98   

Urine culture reporting tended to be the most diverse and divisive stage among all 

three sites. Forms of cascade reporting have been both proposed by Clinical Laboratory 

Standards Institute (CLSI) as well as studied at VHA and non-VHA medical 

centers.60,61,144 Those who supported cascade reported and limiting susceptibility 

information were unsure of local feasibility. Those against cascade reporting did not like 

that it limited provider autonomy and worried it would lead to more calls to the 

microbiology laboratory. Most respondents were supportive of providing informational 

nudges to decrease unnecessary testing and direct providers to guideline (national and/or 

institutional) therapy recommendations.  

Our study has several notable limitations. The interviews were conducted at three 

purposely selected VHA medical centers; the sample, even though geographically 

diverse, cannot be completely generalizable to all VHAs or health-systems outside the 

VHA. There is also a risk of response bias among those interviewed. To help minimize 

this bias, we interviewed individuals from diverse professional backgrounds and 

organizational roles, including both clinical and non-clinical perspectives at each 

respective facility. This analysis is also largely descriptive in nature and does not provide 

an in-depth analysis of underlying factors that contribute to the organizational culture of 

UTI diagnosis and management at each participating facility. Interpretation bias is also 

possible based on the study teams’ perspectives and professional experiences. This was 
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mitigated by ensuring a diverse interdisciplinary study team, which met regularly to 

discuss and interpret data collection and results analysis.  

 

Conclusion 

The over-diagnosis of UTI and inappropriate treatment of ASB has been well 

established in medical literature. Additionally, systematic application of diagnostic 

stewardship interventions has been shown to limit culturing and, thereby, reduce 

unnecessary use of antimicrobial s at a minimal cost and without adverse consequences. 

Widespread implementation of these diagnostic stewardship interventions, however, has 

been limited. This is especially true when considering the implementation of multiple 

interventions that target different stages of the UTI diagnostic pathway. This study, 

through the  positive response and support of those interviewed, highlights the 

opportunities for implementation of three novel urine culture diagnostic stewardship 

interventions.  
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CHAPTER 6: CLOSING REMARKS  
 

Principles of Diagnostic Stewardship and Gaps in Knowledge  

The modern use of the term diagnostic stewardship arose in 2017, referring to the 

process of modifying the ordering, processing, and/or reporting of a diagnostic test to 

improve not only diagnosis but downstream patient management.26,145 This was meant to 

be novel and complementary to traditional laboratory stewardship, which has been taking 

place in clinical microbiology laboratories for years. Traditional laboratory stewardship 

focuses on optimizing specimen collection, processing, and reporting to ensure accurate 

results interpretation.146,147 Diagnostic stewardship works to intervene at multiple stages 

throughout the diagnostic process, including traditional laboratory stewardship 

interventions, but also extends to the first steps of clinical decision-making for ordering a 

test through the final steps of test result interpretation and clinical action. Many of the 

proposed diagnostic stewardship interventions, however, happen out of sight from the 

clinician/patient interaction and instead occur at the institution or system level (Figure 

19).135  
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Figure 19: Conceptual Model of Diagnostic Stewardship 

 

The primary goal of diagnostic stewardship is to improve patient outcomes while 

avoiding patient harm. This encompasses ensuring accurate and timely diagnoses, 

limiting unnecessary testing, but also appropriate use of antimicrobial agents. While 

appropriate antimicrobial use has been the focus of AMS for many years, this process 

works downstream of diagnostic stewardship. Consequently, over-testing leads not only 

to over-diagnosis but unnecessary antimicrobial exposure and increased costs to both 

patients and health systems.  Diagnostic stewardship in its current form has its roots in 

infection prevention, which includes a focus on decreasing reporting of falsely elevated 

rates of healthcare-associated infections (HAIs) due to overdiagnosis, and the associated 

penalties for healthcare systems. As such, most of the current literature on diagnostic 

stewardship interventions has focused on the Centers for Disease Control and Prevention 
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(CDC) reportable HAIs, which includes central line-associated blood stream infection, 

catheter-associated urinary tract infection (CA-UTI), Clostridioides difficile infection. 

Diagnostic stewardship also targets high volume testing, as such urine culturing, 

extending beyond CA-UTI to all UTIs tends to be a common area of focus.   

Since modern diagnostic stewardship is still in its infancy, there are many 

questions yet to be answered and avenues that need to be explored. As addressed by 

Specific Aim 2, although there are numerous national and international professional 

guidelines for diagnosis and management of infectious diseases, including UTIs, 

recommendations specifically targeting inappropriate testing and diagnostic stewardship 

are lacking.9,98 Related to this, there are no defined metrics to benchmark the success of 

institutional diagnostic stewardship interventions. Benchmarking metrics are commonly 

employed in AMS and infection prevention to improve patient safety and as diagnostic 

stewardship becomes more common, metrics related to test utilization and patient 

outcomes will need to be further explored.135,148–150 Lastly, dedicated diagnostic 

stewardship teams need to exist to implement these initiatives, especially outside of large 

academic medical centers. Currently, multidisciplinary diagnostic stewardship teams 

have been used for anticoagulation, but are often ad hoc in infectious diseases.151,152 The 

CDC recommends incorporating AMS into diagnostic stewardship activities as part of 

their Core Elements for Hospital Antibiotic Stewardship Programs, but did not provide 

further guidance as part of this recommendation.   

In a 2021 white paper, CDC’s Division of Healthcare Quality Promotion detailed 

key features necessary for successfully implementing diagnostic stewardship within a 

healthcare system.27 This paper stressed that in order to advance the goals and principles 
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of diagnostic stewardship, synergy between the electronic medical record (EMR) and the 

clinical microbiology laboratory is essential. The results of Aim 2 and Aim 3 underscore 

the importance of considering the EMR and necessary infrastructure when preparing to 

implement diagnostic stewardship interventions. The findings of the modified Delphi 

expert panel recommended interventions at each stage of ordering, processing, and 

reporting, all of which would not be possible without health information technology that 

can support these endeavors. For instance, evidence-based test ordering options, such as 

those examined in Aim 3, to make the optimal diagnostic or treatment choice the easiest 

choice for the ordering provider rely extensively on the structure of the EMR. Contextual 

reporting of diagnostic test results is also a recommended best practice. Such reporting 

can occur through clinical microbiology laboratory information systems but are best 

optimized with additional health IT support.153  

In addition to this synergy, the CDC white paper recommends a user-centered 

design process to ensure implementation of diagnostic stewardship interventions are not 

only successful but have a lasting impact.27 Specific Aim 3 of this project focused on 

engaging end users as part of intervention development and identifying potential barriers 

and facilitators to successful implementation at three diverse VHA medical centers across 

the country. Although these three sites are part of the same national healthcare system, 

there were very few similarities across the sites. While one site had some familiarity with 

the proposed diagnostic stewardship interventions and even implemented several tools to 

improve diagnosis of UTIs locally, another had very little interest in specific aspects of 

our proposed interventions. Understanding not only the local environment in terms of 

what health IT and clinical microbiology are capable of, but also the perceptions of the 
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individuals working and practicing at these sites is crucial for implementation of these 

interventions.  

 

Research Implications and Future Directions 

Cancelling urine cultures that do not meet pre-specified criteria by UA results is 

both an intervention with supporting literature but also one with confusing terminology. 

In Specific Aim 1 of this research we coined the term “conditional urine reflex testing” to 

avoid confusion with previous literature on the contradictory intervention of 

automatically ordering urine cultures based on UA results.48,93,110,154 Previous studies of 

conditional urine reflex culturing demonstrated the ability to decrease the volume of urine 

cultures performed post-implementation.42,50,109 This study was one of the first to 

examine the role of this intervention in the specialized patient populations served by the 

VHA.44 Also, my study examined the potential unintended consequences of missed 

diagnosis through incidence of gram-negative bacteremia, which had not been reported 

previously (we found none). Importantly, the exact criteria to optimize conditional urine 

reflex testing remains unexplored, but my study was able to demonstrate the differences 

of permissive versus restrictive criteria and the need to evaluate more restrictive policies. 

Since its publication, a recent study examined the impact of moving from a permissive 

policy (urine WBC ≥5 cells/hpf or positive nitrite or positive leukocyte esterase) to a 

more restrictive policy (urine WBC > 15 cells/hpf).155 Similar to the findings from 

Specific Aim 1, the more restrictive policy resulted in more cancelled urine cultures 

(32.5/1,000 patient days to 8.7/1,000 patient days, P < .001) and improved culture 
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positivity (34.8% to 62.1%). Further prospective research is needed to fully determine 

UA criteria to optimize diagnostic accuracy of conditional urine reflex testing.  

A limitation of my study was that we were unable to obtain antimicrobial use data 

for our patient population. Few studies have been able to evaluate antimicrobial use pre- 

versus post-intervention as prescriptions are often multifactorial and demonstrating intent 

to treat UTI is difficult to determine retrospectively, especially without an EMR 

review.49,142 Sarg and colleagues were able to demonstrate significant decreases in urine 

culturing post-implementation of conditional culturing, but overall utilization of 

antimicrobials did not change.109 Once they completed a patient-level analysis (250 pre- 

versus 250 post-implementation), they found significantly fewer patients were started on 

new antimicrobials because of urine culture results (41% versus 23%, P = 0.002). A 

recent single-center study at a VA Emergency Department was able to prospectively 

collect data to determine inappropriate treatment of ASB pre- versus post-implementation 

of conditional urine reflex culturing.156 In a sample of 262 patients, inappropriate 

treatment of ASB decreased from 10.2% to 1.9%, P = 0.01. Overall, larger studies are 

needed to determine the downstream impact of conditional urine reflex culturing on 

antimicrobial prescribing patterns and support of AMS goals.  

Over-diagnosis of UTI and misdiagnosis of ASB leading to unnecessary 

antimicrobial therapy is exceedingly common. Many proposed diagnostic stewardship 

interventions have targeted the UTI diagnostic process with the aims of decreasing 

unnecessary testing, improving laboratory workflow, and increasing appropriateness of 

antimicrobial use. Since beginning this research, there has been surge of research around 

diagnostic stewardship. Despite this, limited guidance exists to distill these often single-
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center experiences into more generalizable best practice guidance. Through Specific Aim 

2, I worked with a group of nationally renowned experts in infectious diseases, urology, 

antimicrobial stewardship, and quality improvement to develop the first diagnostic 

stewardship best practice guidance directed towards the UTI diagnostic pathway.98 This 

guidance was used to develop the interventions for Specific Aim 3, and were also 

disseminated internationally through peer-reviewed publication. As detailed below, the 

next immediate steps are to implement these best practices for UTI diagnosis across 

multiple VA facilities and demonstrate their ability to improve patient outcomes, improve 

healthcare efficiency, and decrease unnecessary antimicrobials. This guidance will also 

serve as a guidepost for non-VA clinicians seeking to implement UTI diagnostic 

stewardship strategies locally. 

In Specific Aim 3, through our interviews with providers and other health system 

personnel at each site we not only gained an understanding of the culture at each site, but 

how much individuals at those sites were aware of policies and procedures for diagnosis 

and management of UTIs. This can help tailor interventions and educational activities for 

each site. Additionally, based on the results of the interviews and qualitative analysis we 

can strategically stage the interventions at each site. Since there is scarce data to 

demonstrate the additive benefits of multiple diagnostic stewardship interventions 

targeting different stages of the diagnostic process, intervention implementation at each 

site will occur in a staggered approach (using a non-randomized stepped-wedge 

approach) based on institutional readiness (Figure 20), as determined by our qualitative 

assessment.  
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Figure 20: Proposed Implementation Timeline at Three Participating VAMCs 
 

Conclusions 

This work provides a model for both best practices for urine culture diagnostic 

stewardship and identifying implementation strategies for dissemination of these best 

practices. This work also addressed major gaps with respect to implementation of 

diagnostic stewardship for urine cultures. In Specific Aim 1, we demonstrated the impact 

of conditional urine culturing, particularly more restrictive policies, to decrease 

unnecessary urine culturing without unintended clinical consequences in the specialized 

patient population of the VA. Specific Aim 2 provides clinicians with expert guidance on 

best practices for urine culture diagnostic stewardship to improve diagnosis and 

management of UTIs. This aim also informed tools for implementation in Specific Aim 3 

and beyond. Through the qualitative aspect of this research, in Specific Aim 3, I 

demonstrated the importance of user-centered design and implementation science 

principles to identify strategies to assist facilities in taking the expert guidance from Aim 

2 and implementing it locally. After completion of Aim 3, these tools will be 

implemented at the three participating VAs and their real-word impact on urine culturing 

rates and antimicrobial prescribing will be evaluated. The end goal will be to demonstrate 
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that the tools created through this proposal can be implemented at all VAMCs through 

the development of a VA-endorsed urine culture diagnostic stewardship toolkit.  
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Appendices  
 

Specific Aim 2: Appropriateness of Urine Culture Diagnostic Stewardship Practices 
Survey 
 
Chapter 1: Urine Culture Ordering 

 
 

 
        

In the setting of the Emergency Department, how appropriate is it to include urine 
cultures as part of the below standard order-sets? 
Number Stem       
2 Fever work-up       
3 Sepsis work-up       
4 Altered mental status       
5 ED evaluation       
           
In the setting of the inpatient setting, how appropriate is it to include urine cultures 
as part of the below standard order-sets? 
Number Stem       
6 Fever work-up       
7 Sepsis work-up       
8 Hospital admission       
9 Surgical pre-op       
           
In the long-term care setting, how appropriate is it to include urine cultures as part 
of the below standard order-sets? 
Number Stem       
10 Fever work-up       
11 Sepsis work-up       
12 Altered mental status       
13 Fall work-up       
           
How appropriate is it to require providers in the below settings to document UTI 
signs/symptoms in order to obtain urine cultures? 
Number Stem       
14 Ambulatory setting       
15 Emergency Department      
16 Inpatient setting       
17 Long-term care setting      
           
Among patients WITHOUT urinary catheters, which of the below UTI 
signs/symptoms would be appropriate documentation to order urine cultures? 
Number Stem       
18 Dysuria, suprapubic tenderness      
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19 Flank pain, CVA tenderness      
20 Fever        

21 Delirium, change in mental 
status 

    

22 Change in urine character-color, sediment, 
or smell 

  

23 Systemic leukocytosis, no other 
known cause 

    

 Question Added after round 2: Sepsis/septic shock     
           
Among patients WITH urinary catheters, which of the below UTI signs/symptoms 
would be appropriate sufficient documentation to order urine cultures? 
Number Stem       
24 Dysuria, suprapubic tenderness      
25 Flank pain, CVA tenderness      
26 Fever        

27 Delirium, change in mental 
status 

    

28 Change in urine character-color, sediment, or 
smell 

 

29 Systemic leukocytosis, no other 
known cause 

    

30 Septic shock of unknown source      
           
Based on the below settings/patient populations, how appropriate to replace 
standalone urine culture orders with orders with requirements for abnormal 
urinalysis results for urine culture (reflex  culture)? 
Number Stem       
31 Ambulatory setting       

32 Ambulatory, urological procedures or past 
urological history 

 

33 Emergency Department      

34 
Emergency Department,  
urological procedures or  past 
urological history 

   

35 Inpatient setting, no urinary 
catheter 

   

36 Inpatient setting, urinary catheter    

37 Inpatient setting,  urological procedures or past 
urological history 

 

38 Long-term care setting, no urinary 
catheter 

   

39 Long-term care setting, urinary 
catheter 

   

40  
Long-term care setting,  urological procedures or past 
urological history 
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Based on the below settings/ patient, how appropriate is it to place a best practice 
alert/memo reminding providers not to order urine cultures in the absence of UTI 
signs and symptoms? 
Number Stem       
41 Ambulatory setting       

42 Ambulatory, urological procedures or past 
urological history 

 

43 Emergency Department      

44 Inpatient setting, no urinary 
catheter 

    

45 Inpatient setting, urinary 
catheter 

    

46 Inpatient setting,  urological procedures or past 
urological history 

47 Long-term care setting, no 
urinary catheter 

    

48 Long-term care setting, urinary 
catheter 

    

49 Long-term care setting,  urological procedures or past 
urological history 

            
For inpatients with a previous positive urine culture during the same admission/stay, 
how appropriate is it to automatically cancel repeat urine cultures ? 
Number Stem       

50 Within 3 days of index culture, no 
urinary catheter 

   

51 Within 5 days of index culture, no 
urinary catheter 

   

52 Within 7 days of index culture, no 
urinary catheter 

   

53 Within 3 days of index culture, 
urinary catheter 

   

54 Within 5 days of index culture, 
urinary catheter 

   

55 Within 7 days of index culture, 
urinary catheter 

   

           
For long-term care residents with a previous positive urine culture during the same 
admission/stay, how appropriate is it to automatically cancel repeat urine cultures ? 
Number Stem         

56 Within 3 days, no urinary 
catheter present 

    

57 Within 5 days, no urinary 
catheter present 
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58 Within 7 days, no urinary 
catheter present 

    

59 Within 3 days, urinary catheter 
present 

    

60 Within 5 days, urinary catheter 
present 

    

61 Within 7 days, urinary catheter 
present 

    

 
Chapter 2: Urine Culture Processing 
           
In the ambulatory setting, should the below abnormal urinalysis results be used as a 
requirement to reflex to urine culture? 
Number Stem       

62 Elevated urine white 
blood cell (WBC) count 

    

63 Positive urine 
nitrite 

      

64 Positive urine 
leukocyte esterase 

     

65 No requirements 
needed  

     
           
In the ED, should the below abnormal urinalysis results be used as a requirement to 
reflex to urine culture? 
Number Stem       

66 Elevated urine white 
blood cell (WBC) count 

    

67 Positive urine 
nitrite 

      

68 Positive urine 
leukocyte esterase 

     

69 No requirements 
needed 

     

           
In the inpatient setting, should the below abnormal urinalysis results be used as a 
requirement to reflex to urine culture? 
Number Stem       

70 Elevated urine white 
blood cell (WBC) count 

    

71 Positive urine 
nitrite 

      

72 Positive urine 
leukocyte esterase 

     

73 No requirements 
needed 
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In the long-term care setting, should the below abnormal urinalysis results be used as a 
requirement to reflex to urine culture? 
Number Stem       

74 Elevated urine white 
blood cell (WBC) count 

    

75 Positive urine 
nitrite 

      

76 Positive urine 
leukocyte esterase 

     

77 No requirements 
needed 

     

  
  

         

UA criteria should be used in addition to urine WBC count as criteria for conditional 
reflex to urine culture? (for example, WBC>10 + other U/A criteria)  
Number Stem       
78 Ambulatory       

79 Emergency 
Department 

     

80 Inpatient        
81 Long-term care       

 (*in situations with delays in sample processing, WBC may be 
unreliable and LE is an appropriate surrogate)  

 

If urine WBC count is a requirement for urine culture, what urine WBC cut-off value 
from urinalysis results is the most appropriate to allow reflex to urine culture in 
patients WITHOUT urinary catheters? 
Number Stem       
82 Urine WBC > 10       
83 Urine WBC > 25       
84 Urine WBC > 50       
           
How appropriate is it to have different urinalysis urine WBC cut-off values for urine 
reflex cultures in patients WITH urinary catheters versus WITHOUT urinary 
catheters? 
Number Stem       

85 
Urine WBC cut-off 
should be HIGHER with 
urinary catheter present 

   

86 
Urine WBC cut-off 
should be LOWER with 
urinary catheter present 

   

87 

Urine WBC cut-off 
should be the same with 
or without urinary 
catheter present 
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If urine WBC count is a requirement for urine culture, what urine WBC cut-off value 
from urinalysis results is the most appropriate to allow reflex to urine culture in 
patients WITH urinary catheters? 
Number Stem       
88 Urine WBC > 10       
89 Urine WBC > 25       
90 Urine WBC > 50       
           
In the below settings, how appropriate is it to require documentation of urine culture 
collection method or site (i.e. clean catch, nephrostomy tube) prior to processing urine 
cultures in the laboratory? 
Number Stem       
91 Ambulatory       

92 Emergency 
Department 

     

93 Inpatient        
94 Long-term care       

 
 
Chapter 3: Urine Culture Reporting 
           
How appropriate is it for urine culture result reports to have "nudges" to discourage 
treatment of asymptomatic bacteriuria? 
Number Stem       

95 Ambulatory 
setting 

      

96 

Ambulatory setting, 
urological procedures 
or past urological 
history 

   

97 Emergency 
Department 

     

98 Inpatient setting, no 
urinary catheter 

    

99 Inpatient setting, 
urinary catheter 

    

100 Inpatient setting, urological procedures or 
past urological history 

 

101 Long-term care setting, no urinary catheter  

102 
Long-term care 
setting, urinary 
catheter 

    

103 Long-term care setting, urological procedures or 
past urological history 
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How appropriate is it for urine culture result reports to have "nudges" reminding 
providers not to treat as UTI in the presence of mixed flora? 
Number Stem       

104 Ambulatory 
setting 

      

105 Ambulatory setting, urological procedures 
or past urological history 

 

106 Emergency 
Department 

     

107 Inpatient setting, no 
urinary catheter 

    

108 Inpatient setting, 
urinary catheter 

    

109 Inpatient setting, urological procedures or 
past urological history 

 

110 Long-term care setting, no urinary catheter 

111 
Long-term care 
setting, urinary 
catheter 

    

112 Long-term care setting, urological procedures or 
past urological history 

           
How appropriate is it for urine culture result reports to have "nudges" to providers 
reminding them that < 100K count-forming units may not represent true infection? 
Number Stem       

113 Ambulatory 
setting 

      

114 Ambulatory setting, urological procedures 
or past urological history 

 

115 Emergency 
Department 

     

116 Inpatient setting, no 
urinary catheter 

    

117 Inpatient setting, 
urinary catheter 

    

118 Inpatient setting, urological procedures or 
past urological history 

 

119 Long-term setting, 
no urinary catheter 

    

120 Long-term setting, 
urinary catheter 

    

121 Long-term care setting, urological procedures or 
past urological history 
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How appropriate is it for urine culture result reports to have "nudges" to providers 
reminding them which organisms are typical uropathogens versus potential 
contaminants? 
Number Stem       

122 Ambulatory 
setting 

      

123 Ambulatory setting, urological procedures 
or past urological history 

 

124 Emergency 
Department 

     

125 Inpatient setting, no 
urinary catheter 

    

126 Inpatient setting, 
urinary catheter 

    

127 Inpatient setting, urological procedures or 
past urological history 

 

128 Long-term setting, 
no urinary catheter 

    

129 
Long-term care 
setting, urinary 
catheter 

    

130 Long-term care setting, urological procedures or 
past urological history 

           
In the ambulatory care setting, how appropriate is it to withhold organisms 
identification and susceptibility results in the following situations? 
Number Stem       

131 Less than or equal 
to 100,000 cfu/ml 

    

132 > 2 organism morphotypes identified 
(potential contamination) 

 

133  Removed               

134 Only yeast 
identified 

      

135 Results only if the provider 
specifically requests  

  

           

In the ED, how appropriate is it to withhold organism’s identification and 
susceptibility results in the following situations? 
Number Stem       

136 Less than or equal 
to 100,000 cfu/ml 

    

137 > 2 organism morphotypes identified 
(potential contamination) 

 

138 Removed               
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139 Only yeast 
identified 

      

140 Results only if the provider specifically 
requests  

 

         
In the inpatient setting, how appropriate is it to withhold organism’s identification 
and susceptibility results in the following situations? 
Number Stem       

141 Less than or equal 
to 100,000 cfu/ml 

    

142 > 2 organism morphotypes identified 
(potential contamination) 

 

143 Removed                

144 Only yeast 
identified 

      

145 Results only if the provider 
specifically requests  

  

           
In the long-term care setting, how appropriate is it to withhold organism’s 
identification and susceptibility results in the following situations? 
Number Stem       

146 Less than or equal 
to 100,000 cfu/ml 

    

147 > 2 organism morphotypes identified 
(potential contamination) 

 

148 Removed               

149 Only yeast 
identified 

      

150 Results only if the provider 
specifically requests  

  

    
In the ambulatory care setting, how appropriate is it to report urine culture antibiotic 
susceptibility results in a selective manner (i.e. cascade reporting) in order to guide 
antibiotic therapy decision 
Number Stem       

151 Only report IDSA guideline recommended 
antibiotics unless organism resistant 

152 
Do not report fluoroquinolone susceptibilities 
unless there is resistance to preferred antibiotic 
classes 

153 Do not report susceptibilities to broad spectrum 
agents 

154 Do not report any susceptibilities unless 
requested by provider 
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In the ED, how appropriate is it to report urine culture antibiotic susceptibility results 
in a selective manner (i.e. cascade reporting) in order to guide antibiotic therapy 
decisions? 
Number Stem       

155 Only report IDSA guideline recommended 
antibiotics unless organism resistant 

156 
Do not report fluoroquinolone susceptibilities 
unless there is resistance to preferred antibiotic 
classes 

157 Do not report susceptibilities to broad spectrum 
agents 

158 Do not report any susceptibilities unless 
requested by provider 

           
In the inpatient setting, how appropriate is it to report urine culture antibiotic 
susceptibility results in a selective manner (i.e. cascade reporting) in order to guide 
antibiotic therapy decisions? 
Number Stem       

159 Only report IDSA guideline recommended 
antibiotics unless organism resistant 

160 
Do not report fluoroquinolone susceptibilities 
unless there is resistance to preferred antibiotic 
classes 

161 Do not report susceptibilities to broad spectrum 
agents 

162 Do not report any susceptibilities unless 
requested by provider 

           
In the long-term care setting, how appropriate is it to report urine culture antibiotic 
susceptibility results in a selective manner (i.e. cascade reporting) in order to guide 
antibiotic therapy decisions? 
Number Stem       

163 Only report IDSA guideline recommended 
antibiotics unless organism resistant 

164 
Do not report fluoroquinolone susceptibilities 
unless there is resistance to preferred antibiotic 
classes 

165 Do not report susceptibilities to broad spectrum 
agents 

166 Do not report any susceptibilities unless 
requested by provider 
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Specific Aim 3: Semi-Structured Interview Guide  
 
INTRO 
Introduce team 
 
The purpose of this study is to improve the safety and value of Veteran care through 
appropriate urine culturing and by reducing unnecessary antibiotic use. We are 
particularly interested in understanding the urinary tract infection diagnosis pathway at 
your facility. This includes urine culture ordering, urine culture sample collection and 
processing, and urine culture reporting. We will then be asking for your feedback and 
input on some new strategies and tools for ordering and reporting urine cultures. There 
are no right or wrong answers. The information you provide will be used to further assess 
and refine these tools as well as mitigate barriers to use by clinicians. 
 
Everything you say will remain confidential. Your participation is completely voluntary, 
and you may refrain from answering any questions or end the interview at any time.  
 
We will be audio recording this interview/focus group to ensure that we capture 
everything you have to say accurately. The audio will be transcribed by the VA Central 
Transcription Service. Before we begin recording, do you have any questions for us? 
(Turn recorder on). 
 
Before we begin, do we have your permission to conduct, and audio record this 
interview? 
 
To begin, could you  please tell us about: 

• Current position 
• Approximate length of time you’ve worked at facility by categories of 5 years, 

e.g. 1-5, 6-10, 11-15, 16-20, over 20.  
• Approximate length of time you’ve worked on unit here by categories of 5 years, 

e.g. 1-5, 6-10, 11-15, 16-20, over 20.  
 
< For Clinicians Only > 
Next, we would like to better understand current processes for urine culture ordering, 
urine culture sample collection and processing, and urine culture reporting 

1. In general, who decides if a patient needs a urine culture?  
• What criteria are used to determine if a patient needs a urine 

culture? 
• Are any decision aids used in this process? Please describe.  
• Are other colleagues consulted? If so, when/who? 

 
2. What are some of the common clinical indications for which a urine culture might 

be ordered? 
 

3. Can you walk me through the process once the decision is made to obtain a urine 
culture? 
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• What is the process for ordering the culture? 
• How is the sample collected? 
• Are there specific lab protocols for processing the sample? 
• What information do you receive related to the culture? In what format or 

how is it reported? 
 

4. To the best of your knowledge does your facility have an active Antimicrobial 
stewardship program? 

• What have been your interactions with the antimicrobial stewardship 
program? 

• Does your program have interventions geared towards the appropriate 
treatment of UTIs? 

• Has the program ever reached out to you about appropriate treatment of 
UTIs 

 
Now we are going switch gears and we would like to get your feedback and input on 
some strategies and tools to facilitate test ordering and provide results that help clinicians 
distinguish between contamination/ colonization and true infection (a process broadly 
known as UTI diagnostic stewardship).  
 
We are going to share some prototype documents on the screen, starting with test 
ordering followed by test processing and reporting. 
 
First, we are going to show you 3 template options related to ordering with slightly 
different features, which will be highlighted as we move from one option to the next.  
 

5. Would requiring documentation of symptoms to order urine cultures improve 
diagnosis? Why or why not? 

 
Then for options 1, 2, & 3 

6. Will this order template facilitate ordering of a urine culture? Why or Why not? 
 

7. What changes are needed to make this tool work effectively in your setting? 
[adaptability] 

 
8. Are there aspects of the tool that should or should not be altered? [adaptability]  

• What do you find useful or not useful? 
Would you prefer option 1, 2 or 3? (show slide with all 3 order templates) 
 
Next, we want to talk about urine culture processing.  I am going to give you a few 
seconds to review the diagram.  We would then like your feedback on 2 specific areas: 
conditional urine testing terminology; consensus guidance of 10 WBC for threshold (no 
LE (leukocyte esterase), nitrate). 
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9. From your perspective, what terminology best reflects the process depicted in the 
diagram? Why? 

 
10. How similar or different is this terminology compared to what you currently use 

in practice? [compatibility] 
 

11. What kinds of information and materials would be helpful to you to make this 
terminology part of your regular clinical practice? [access to knowledge & 
information]  

 
12. Would you agree with these thresholds? Why or why not? 

 
13. How similar or different are these thresholds compared to what you currently use 

in practice? [compatibility] 
 

14. How complicated would these thresholds be for you to use? [complexity] 
 

15. What kinds of information and materials would be helpful to you to make these 
thresholds part of your regular clinical practice? [access to knowledge & 
information] 

 
Finally, we are going to show you 3 template options related to urine culture reporting 
with slightly different features, which will be highlighted as we move from one option to 
the next.  
 

16. Would the reported information be adequate for normal clinical decisions? Why 
or why not? 

 
17. What changes are needed to make this tool work effectively in your setting? 

[adaptability] 
 

18. Are there aspects of the tool that should or should not be altered? [adaptability]  
• What do you find useful or not useful? 

 
19. How similar or different is the reported information compared to what you 

currently use in practice? [compatibility] 
 

20. How complicated would this information be for you to use? [complexity] 
 

21. What kinds of information and materials would be helpful to you to make this 
type of reporting part of your regular clinical practice? [access to knowledge & 
information] 

 
Now that we have talked about the components and tools for UTI diagnostic stewardship 
we have some final questions to help us understand what would be needed to make this 
part of regular clinical practice at your facility. 
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22. Can you walk us through what you would see as the process for implementing 

these new criteria and tools at your facility? [structural characteristics] 
 
23. How do you typically find out about new clinical initiatives? [network & 

communications] 
 
24. How involved is leadership at your organization in promoting new clinical 

initiatives? And, are there certain types of leaders who you feel would be 
important for implementing the UTI diagnostic stewardship intervention? 
[leadership engagement] 

Is there anything we haven’t discussed that you think might be helpful for us to know? 
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