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SUMMARY Urinary tract infections (UTI) are one of the most common indications
for antibiotic prescriptions in the outpatient setting. Given rising rates of antibiotic
resistance among uropathogens, antibiotic stewardship is critically needed to
improve outpatient antibiotic use, including in outpatient clinics (primary care and
specialty clinics) and emergency departments. Outpatient clinics are in general a
neglected practice area in antibiotic stewardship programs, yet most antibiotic use
in the United States is in the outpatient setting. This article provides a comprehen-
sive review of antibiotic stewardship strategies for outpatient UTI in the adult popu-
lation, with a focus on the “five Ds” of stewardship for UTI, including right diagnosis,
right drug, right dose, right duration, and de-escalation. Stewardship interventions
that have shown success for improving prescribing for outpatient UTI are discussed,
including diagnostic stewardship strategies, such as reflex urine cultures, computer-
ized decision support systems, and modified reporting of urine culture results.
Among the many challenges to achieving stewardship for UTI in the outpatient set-
ting, some of the most important are diagnostic uncertainty, increasing antibiotic re-
sistance, limitations of guidelines, and time constraints of stewardship personnel and
front-line providers. This article presents a stewardship framework, built on current
evidence and expert opinion, that clinicians can use to guide their own outpatient
management of UTI.

KEYWORDS antibiotic stewardship, emergency department, outpatient, primary care,
urinary tract infections

INTRODUCTION
The Need for Antibiotic Stewardship for UTI

he World Health Organization identified antimicrobial resistance as one of the top

10 threats to global health in 2019 (1). In the United States, it is estimated that over
2.8 million antibiotic-resistant infections occur annually, causing more than 35,000
deaths (2). Overuse and misuse of antibiotics contribute to antimicrobial resistance,
high health care expenditures, avoidable adverse drug events, and Clostridioides diffi-
cile (formerly Clostridium difficile) infection (2).

Urinary tract infections (UTI) and urinary pathogens have particular relevance to the
emergence of antimicrobial resistance and the need for antimicrobial stewardship.
Since ampicillin was introduced in 1961, ampicillin resistance in human Escherichia coli
isolates increased significantly, by 0.59% per year, ranging from 0% to 66.7% during
the period from 1950 to 2002 (3) (Fig. 1). By 1999, guidelines recommended against
using B-lactams for cystitis and pyelonephritis due to rising resistance, high recurrence
rates, and lower eradication rates than for trimethoprim-sulfamethoxazole and fluoro-
quinolones (4). Soon after the introduction of second-generation penicillins, quino-
lones (nalidixic acid), cephalosporins, and carbapenems, antibiotic-resistant urinary
pathogens emerged (Fig. 1) (5-7).

Although antibiotics are frequently prescribed in every health care setting, outpa-
tient antibiotic use is substantial and is often unnecessary (8-11). From 2010 to 2015,
$56.0 billion was spent on antibiotics in the United States, of which 59.1% occurred in
the outpatient setting, usually in community pharmacies (12). UTI are one of the most
common indications for antibiotics at outpatient visits to physician offices and emer-
gency departments (EDs) (13, 14). In 2016, there were 3.7 million office visits and 2.6
million ED visits for UTI in the United States, representing 0.4% and 1.8% of all office
visits and ED visits, respectively (13, 14). Among infectious disease-related ED visits,
upper and lower UTI account for 12.6% of visits by persons of all ages (15) and 25.3%
of visits by elderly adults (16). In a database study of antibiotic prescribing behavior in
primary care practices in England, 22.7% of over 3.1 million antibiotic prescriptions
were for UTI (17).

International clinical practice guidelines from the Infectious Diseases Society of
America (IDSA), European Society of Clinical Microbiology and Infectious Diseases
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FIG 1 Timeline of antibiotic development, antimicrobial resistance, and the advent of antibiotic stewardship.

(ESCMID), and the U.S. Preventive Services Task Force (USPSTF) provide recommenda-
tions for the management of UTI and asymptomatic bacteriuria (ASB) (18-22). Despite
widespread dissemination of these guidelines, adherence remains low (19-25).
Numerous studies have outlined the high prevalence of inappropriate antibiotic pre-
scribing in the outpatient setting, particularly for UTI (23-28). Studies based in the
United States, Europe, Asia, the Middle East, and Africa have described guideline-dis-
cordant treatment of outpatient UTI, including unnecessary prescriptions, excessive
duration of therapy, and misuse of broad-spectrum antimicrobials (26-33). Within the
Veterans Affairs (VA) system, a random sample of outpatient antibiotic prescriptions
revealed that primary care providers (PCPs) prescribed 84 antibiotic prescriptions per
1,000 patients per year (34). UTI was the indication for 23% of prescriptions; of these,
30% were not indicated, 28% were for guideline-discordant agents, and 13% were
guideline discordant in duration. Inappropriate therapy for UTI has also been docu-
mented in the home-based (35) and ED (36-40) settings.

The Era of Antibiotic Stewardship

In response to rising rates of resistance, the field of antimicrobial stewardship devel-
oped in the late 1990s as a strategy for slowing and preventing the emergence of re-
sistant bacteria (Fig. 1) (41, 42). Antibiotic stewardship is defined as “coordinated inter-
ventions designed to improve and measure the appropriate use of antimicrobial
agents by promoting the selection of the optimal antimicrobial drug regimen includ-
ing dosing, duration of therapy, and route of administration” (43). In 2014 and 2015,
the Centers for Disease Control and Prevention (CDC) released core elements of antibi-
otic stewardship programs in hospitals (44) and nursing homes (45). Although a signifi-
cant body of literature has focused on antibiotic stewardship in the hospital setting,
the importance of stewardship in primary care clinics, urgent care, and EDs is increas-
ingly recognized (46). Accordingly, the 2016 report “Core Elements of Outpatient
Antibiotic Stewardship” outlines key strategies for improving outpatient antibiotic use,
including commitment, action for policy and practice, tracking and reporting, and edu-
cation and expertise (47). The Joint Commission established new antimicrobial stew-
ardship requirements for hospitals in 2017 and ambulatory health care organizations
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FIG 2 The 5 Ds of antibiotic stewardship for UTI.

in 2020 (48) (Fig. 1). The ambulatory antibiotic stewardship program standards include
identifying an antimicrobial stewardship leader, establishing an annual antimicrobial
stewardship goal, implementing evidence-based guidelines, providing educational
resources, and reporting stewardship data.

The 5-Ds Model of Stewardship for UTI

Given the urgency of implementing antibiotic stewardship programs in ambulatory
care, including both outpatient primary care clinics and EDs, educational resources and
comprehensive reviews are helpful to guide best practices for common infections.
Although much of the stewardship literature in the outpatient setting is focused on re-
spiratory tract infections (46), there is growing evidence for the effectiveness of stew-
ardship programs targeting outpatient UTlI (49-51). This article reviews current
approaches to implementing antibiotic stewardship for UTI in the adult population in
outpatient settings, with an emphasis on successful interventions that have led to
measurable improvements in antibiotic prescribing practices. Our literature review
included interventions from the year 2000 or later, given that the field of antibiotic
stewardship gained momentum after the publication of IDSA guidelines for prevention
of antimicrobial resistance in 1997 (42). The target audience is anyone interested in an-
tibiotic stewardship for UTI, which may include clinicians, nurses, health services
researchers, microbiologists, and clinical laboratory directors, among other stewardship
stakeholders.

Antibiotic stewardship can be framed by the “six Ds of antimicrobial stewardship”: di-
agnosis, drug, dose, duration, de-escalation, and debridement/drainage (52, 53). For out-
patient management of UTI, debridement/drainage is not usually relevant; therefore, we
focus on the first five Ds (Fig. 2). Applying the 5-Ds model of antibiotic stewardship to
outpatient UTI provides a very useful framework for understanding the challenges and
opportunities unique to stewardship for UTl in the outpatient setting. For the purposes
of this review, outpatient settings include outpatient clinics (primary care and specialty
clinics) and EDs. Some of the evidence presented is not specific to ambulatory care, but
the strategies employed are still applicable to primary care and ED settings. There is a
paucity of literature addressing antibiotic stewardship in urgent care, and we do not
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TABLE 1 Strategies to achieve the right diagnosis of urinary tract infection

Clinical Microbiology Reviews

Diagnostic task What works What might work What does not work

Differentiate UTI from Careful history to elicit symptoms of UTI Physical examination Urinalysis and urine culture (both will
asymptomatic bacteriuria be positive in ASB)

Differentiate UTI from Careful history to elicit symptoms of STI Limited pelvic exam (discharge, Urinalysis (pyuria likely) and urine
sexually transmitted (vaginal discharge); test for STI lesions); rapid UTI diagnostics culture (contamination likely)
infection (in development)

Differentiate UTI from Careful history; urine culture (if negative)  Urologic evaluation Urinalysis and urine culture in

overactive bladder

Determine etiology of Explore nonurinary etiologies of acute Observe patient without
delirium in older adults mental status change prescribing antibiotics;
encourage oral fluids
Differentiate UTI from Careful history, explore nonurinary Rapid UTI diagnostics (in
nonurinary conditions etiologies development), particularly

in younger adults

patients with high prevalence of
baseline bacteriuria

Urinalysis and urine culture (both
may be positive in nonurinary

Urinalysis and urine culture in
patients with high prevalence of
baseline bacteriuria

address the unique antibiotic stewardship challenges of urgent care clinics in this review.
The focus is on how to diagnose and treat nonpregnant adults seen as outpatients, so
UTI in pregnant women, children, and residents of long-term-care facilities is not dis-
cussed. Management of recurrent UTl is also outside the scope of this review; recent
guidelines from the American Urologic Association provide detailed recommendations
for the diagnosis and treatment of recurrent UTl in women (54).

RIGHT DIAGNOSIS

The biggest challenge for antibiotic stewardship in the outpatient setting is diag-
nostic uncertainty, particularly for patients with nonspecific symptoms. Symptomatic
UTI merits immediate treatment with antibiotics to relieve symptoms, shorten duration
of symptoms, and prevent progression to pyelonephritis (55). However, many patients
receive unnecessary treatment for ASB that was incorrectly diagnosed as UTI.
Symptomatic UTI must be distinguished from ASB, sexually transmitted infections (STI),
and overactive bladder, among other conditions (Table 1). Although fever may be a
sign of complicated UTI and pyelonephritis, outpatients presenting with fever, in the
absence of urinary tract symptoms, should be evaluated for other sources of infection
(e.g., upper respiratory infection, cellulitis, and sinusitis). Given that most patients pres-
ent to clinic or the ED due to bothersome symptoms, the art of diagnostic medicine is
to distinguish symptoms of UTI (e.g., dysuria) from those that most likely do not origi-
nate in the urinary tract (e.g., falls and abdominal pain).

Differentiate UTI from Asymptomatic Bacteriuria

IDSA guidelines from 2005 and reinforced in 2019 recommend that ASB should be
screened for and treated only in pregnant women or prior to invasive urologic proce-
dures; treatment of ASB in other adult populations is discouraged (18, 19). The 2019
statement from the USPSTF reaffirms the recommendation against screening for ASB
in nonpregnant adults (D recommendation) (20). Despite the evidence that the risks of
ASB treatment outweigh the benefits for most populations, guideline-discordant treat-
ment remains common. In the outpatient and ED settings, ASB is treated inappropri-
ately in 20 to 52% of cases (56-61).

Careful history taking, physical examination, and clinical judgment all contribute to
making an accurate diagnosis of UTI in the outpatient setting. Table 1 summarizes
common clinical scenarios in which the diagnosis of UTI can be particularly challenging
and offers suggestions for strategies that may guide clinicians in arriving at the right
diagnosis. In a study of the diagnostic accuracy of history taking and physical examina-
tion, four symptoms and one sign significantly increased the posttest probability of
UTI; these were dysuria, frequency, hematuria, back pain, and costovertebral angle ten-
derness (62). Patients with vaginal discharge on examination, history of vaginal
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irritation, and absence of dysuria or back pain had a lower probability of UTI (62).
Misleading signs and symptoms, including foul-smelling urine and cloudy urine, are
not diagnostic of UTI (18). Similarly, laboratory findings, such as pyuria, organism type
and number, and systemic leukocytosis cannot distinguish between ASB and UTI yet
are often interpreted as evidence of UTI (63). Ignoring a positive urinalysis for a patient
with vague symptoms makes many providers uneasy, and this perception that
untreated ASB is dangerous to the patient is a major barrier to antibiotic stewardship
(64).

Utility and Limitations of Urine Cultures

In the outpatient setting, primary care and ED providers typically treat UTI empiri-
cally based on a clinical diagnosis, without sending a urine culture. In general, outpa-
tient urine culture results are not available in time to impact clinical decision making
or to guide antibiotic choice at the point of care. However, urine culture should be per-
formed for patients with suspected pyelonephritis, catheter-associated UTI, relapse or
recurrent infection, complicated UTI, and suspected multidrug-resistant infection (21,
65, 66).

Although urine culture is currently regarded as the gold standard for diagnosis of
UTI (albeit often retrospectively), midstream-voided urine colony counts are an imper-
fect diagnostic criterion for UTI (67-69). Contamination and colony counts below the
laboratory’s threshold for reporting can both lead to a “negative” culture for a patient
who actually has a symptomatic UTI (70). Using catheterized urine as the reference,
growth of Escherichia coli in midstream urine cultures was highly predictive of bladder
bacteriuria in symptomatic women with acute uncomplicated cystitis (67). Even colony
counts as low as 10 to 102 CFU per milliliter in midstream urine were sensitive and spe-
cific for the subsequent recovery of E. coli from a bladder (catheterized) urine sample.
However, for Gram-positive organisms, including enterococci and group B strepto-
cocci, growth in voided midstream urine had low positive predictive values (PPV) for
being recovered from the catheterized urine specimen from the bladder. Among
paired specimens with enterococcus and/or group B streptococci in midstream urine,
E. coli grew in bladder cultures in 25/41 (61%). Therefore, the recovery of these Gram-
positive organisms from a midstream-voided urine culture does not necessarily prove
that the etiologic agent of the UTI has been isolated (67), and the provider may con-
sider choosing an antibiotic that also covers E. coli.

The most important limitation of urine cultures from a stewardship perspective is
that culture results in themselves tell us nothing about whether the patient has urinary
symptoms (and thus true UTI) or symptoms unrelated to the urinary tract (ASB).
Although a positive urine culture is often a trigger to prescribe antibiotics, a positive
culture is not in itself diagnostic of UTI. Given the high prevalence of ASB, and keeping
in mind that the presence of bacteria does not equate with symptomatic UTI, urine cul-
tures should be sent only for patients with symptoms attributable to the urinary tract
(71). The key point is that accurate diagnosis through urine culture requires a high pre-
test probability of UTI. The specificity of urine cultures varies across different patient
populations, depending on the prevalence of chronic bacterial colonization (72). Due
to the high rate of ASB in patients with chronic indwelling catheters, the specificity of
urine cultures is very low for diagnosis of symptomatic UTI in this population (19, 72).
Similarly, the specificity of a positive urine culture for patients with spinal cord injury
with catheter use (intermittent or condom catheter) for symptomatic UTI ranges from
43 10 54% (19, 72). For populations in which positive urine cultures have low specificity
for symptomatic UTI (because the population has high rates of asymptomatic bladder
colonization), urine cultures are more useful for antibiotic selection than for diagnosis
of UTI (72). Diagnosis must rely on the clinician’s assessment of symptoms, and a posi-
tive urine culture can be a misleading finding.

New rapid diagnostic tests have been proposed as a solution to the diagnostic
delays created by the typical 48-h turnaround time for urine culture results. Novel tech-
nologies, including mass spectrometry, biosensor-based platforms, and microfluidics,
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are being developed to rapidly detect pathogens directly from urine samples (73).
Unfortunately, if such rapid diagnostic tools are mainly used to detect the absence or
presence of bacteriuria (also providing identification of the organism), they may do
more harm than good for outpatient stewardship programs. The identification of a
named organism, particularly a uropathogen, through a rapid diagnostic test may en-
courage the provider to prescribe antibiotics, regardless of whether the patient has uri-
nary symptoms. As rapid UTI diagnostics are rolled out into clinical practice, we hope
that well-designed research studies will delineate their role in UTI diagnosis and antibi-
otic stewardship.

Differentiate UTI from STI

UTI should be differentiated from STls such as gonorrhea, chlamydial urethritis and
cervicitis, genital herpes simplex, and trichomoniasis. Evidence-based symptoms of
UTI, including dysuria, urinary frequency, and urinary urgency, may overlap the clinical
presentation of STls. In the ED, adult women are often overdiagnosed with UTI and
underdiagnosed with STI (39, 74, 75). A stewardship study in an academic urban ED
found that 40 to 42% of female patients (aged 18 to 65) diagnosed with UTI by clini-
cians had unlikely or incorrect diagnoses (39). Of 245 female patients incorrectly diag-
nosed with UTI, 20.4% had a definite genital tract infection, and 28.2% had a probable
non-genital tract alternative diagnosis. In an observational cohort study of adult
women (median age 27) presenting to the ED with genitourinary symptoms, 175/264
(66.3%) were diagnosed with UTI; of these, only 84/175 (48.0%) had a positive urine
culture and 91/175 (52.0%) had negative or contaminated cultures (74). Among 22
patients with a missed diagnosis of STI (no treatment for STI within 7 days of ED visit),
63.6% were inappropriately treated for UTI instead of STI (74).

Sterile pyuria is prevalent among women with STI and may lead to an incorrect di-
agnosis of UTI (Table 1) (76). In a retrospective review of women aged 18 to 50 who
had a urinalysis and tested positive for Neisseria gonorrhoeae, Chlamydia trachomatis,
and/or Trichomonas vaginalis, 394/1,052 (37.5%) had pyuria (more than 5 leukocytes
per high-power field [HPF]) on urinalysis (77). Among patients with pyuria, 293/394
(74.4%) had negative urine cultures. Despite having a documented STI, 295/1,052
(28.0%) women were also prescribed antibiotics for suspected UTI, and of these, only
100 (33.9%) had positive urine cultures, defined as growth of >10> CFU/ml of a known
uropathogen. Although pyuria does not distinguish between UTI and STI, other com-
ponents of urinalysis may have diagnostic utility. In a cross-sectional study of sexually
active females with genitourinary symptoms, positive nitrites or protein predicted UTI,
and the presence of urinary leukocytes or blood predicted STI (76). These studies sug-
gest that clinicians should inquire about vaginal discharge (a symptom more consist-
ent with STI) and strongly consider testing for both UTI and STl in sexually active
females presenting with urinary symptoms (39, 74, 76).

Differentiate UTI from Overactive Bladder and Interstitial Cystitis

Nearly 30 million adults aged =40years in the United States have symptoms of
overactive bladder, including 27% of men and 43% of women (78). This syndrome of
lower urinary tract dysfunction is defined by symptoms, including “urgency, with or
without urge incontinence, usually with frequency and nocturia,” in the absence of
underlying pathology (79). Given the overlap in symptomatology, overactive bladder is
often misdiagnosed as UTI (80). While dysuria is not a symptom of overactive bladder
and may be suggestive of UTI, dysuria may also be seen in patients with other nonin-
fectious conditions, including vaginal atrophy and interstitial cystitis (80). The chronic-
ity of symptoms and limited response to previous courses of antibiotics can be impor-
tant clues in the patient’s history that point away from UTI and toward overactive
bladder or interstitial cystitis. In patients with chronic (>6 weeks) lower urinary tract
symptoms, a negative urine culture can distinguish between interstitial cystitis or over-
active bladder and UTI (80, 81).
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Determine Etiology of Delirium in Older Adults

The diagnosis of UTI is particularly challenging in special populations such as per-
sons with chronic indwelling urinary catheters, dementia, and spinal cord injury.
Among older adults, UTI is often diagnosed based on nonspecific symptoms such as
falls, generalized weakness, and delirium. In a recent systematic review of 22 studies
on the association between confusion and UTI in older adults, no valid conclusions
could be drawn from the evidence (82). The 2019 IDSA guidelines on ASB emphasize
the importance of seeking nonurinary causes of delirium in elderly patients that lack
localizing symptoms of UTI (19). Rather than providing immediate empirical treatment
with antibiotics, stable patients with altered mental status and no systemic signs of
infection should be observed while undergoing evaluation for alternative diagnoses
(19, 83). The aforementioned systematic review and the IDSA guidelines together
emphasize the importance of not relying on UTI as a scapegoat for nonspecific symp-
toms, including delirium, in older adults.

Strategies in Diagnostic Stewardship

A key component of antibiotic stewardship for UTI is diagnostic stewardship, which
involves “modifying the process of ordering, performing, and reporting diagnostic tests
to improve the treatment of infections” (84). Since urinalysis and urine culture can be
misleading, diagnostic stewardship is essential to reduce overdiagnosis of UTI and can
be accomplished in three phases: (i) preanalytical phase (ordering and collection of the
specimen), (ii) analytical phase (specimen processing), and (iii) postanalytical phase
(reporting of the results) (Table 2) (84, 85). When a patient arrives in the clinic or ED
with symptoms, there are multiple steps in the pathway between patient evaluation
and diagnosis of UTI. Diagnostic stewardship strategies can have a positive impact at
each step along this pathway, functioning as road signs that increase the likelihood
that providers reach the correct destination (right diagnosis) (Fig. 3). A stewardship
“stop sign” causes clinicians to pause to rethink a diagnosis of UTI, thus decreasing
unnecessary antibiotics in patients with alternative diagnoses. A stewardship “fork in
the road” helps providers to interpret clinical information and reach the right diagno-
sis. A stewardship “caution sign” improves the collection and interpretation of urine
tests.

Preanalytical Strategies

Strategies to improve diagnostic stewardship in the preanalytical phase include
provider education, delayed urine culture processing, appropriate collection/handling
of urine samples, requiring documentation of evidence-based symptoms, decision
aids, and removing urine cultures from order sets (Table 2; Fig. 3).

Provider education: order urine cultures only for symptomatic patients. Urine
testing is frequently ordered in the outpatient setting for patients who lack symptoms
of UTI (86). Abnormal urinalysis often leads to urine culture collection and initiation of
antibiotics (56, 57). Among patients with ASB, unnecessary urine cultures trigger
unnecessary antibiotics (56, 87, 88). In a retrospective analysis of 676 ED patients with
positive cultures, 27.2% had ASB and 72.8% had symptomatic UTI (56). Among these
ED patients with ASB, 60% had no indication for urine testing, and 20% were treated
with antibiotics. Pyuria (>20 cells/HPF) and positive nitrites were significantly associ-
ated with antibiotic use in multivariate analyses (56). In a prospective observational
study of ED patients with urinalyses, 121/195 (62.1%) had no symptoms or nonspecific
symptoms (88). Positive urinalysis and positive urine culture were associated with new
antibiotic prescriptions, but the presence of signs and symptoms (specific or nonspe-
cific) was not associated with antibiotic use in a multivariable model.

Antibiotic use can be decreased by limiting urinalysis and urine culture to guide-
line-concordant clinical indications, including screening pregnant women, screening
prior to urologic procedures, and testing nonpregnant adults with symptoms of UTI
(18, 19). Although there are few studies evaluating the impact of provider education
on stewardship in the outpatient setting, multifaceted interventions that include an
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FIG 3 Diagnostic stewardship strategies for outpatient UTI. Preanalytical, analytical, and postanalytical
stewardship strategies function as road signs (stop signs, caution signs, and forks in the road) that give
instruction and guidance to health care providers, increasing the likelihood that providers reach the correct
destination (right diagnosis). A stewardship stop sign causes clinicians to pause to rethink a diagnosis of UTI, a
stewardship fork in the road helps providers to interpret clinical information and reach the right diagnosis, and
a stewardship caution sign improves the collection and interpretation of urine tests.

educational component have successfully reduced urine culture ordering and over-
treatment of ASB in the hospital and long-term care settings (89, 90). Drawbacks to
education as a stewardship intervention are that education alone often does not
change provider behavior (91), and providing education in an interactive format (more
effective than passive education) requires a time investment (92).

In the ED, urine cultures are often ordered preemptively (typically as part of an order
set) for nonspecific indications in an effort to increase efficiency and avoid delays in care;
these preemptive culture orders and order sets represent a potential target for steward-
ship interventions (Table 2) (93, 94). Understanding ED staff practice patterns can
uncover other opportunities for diagnostic stewardship (93, 95). For example, a single-
site ED quality improvement study of ED staff workflow found the following factors that
contributed to inappropriate urine culture collection: poor adherence to guidelines, out-
dated nursing policies, and the presence of sterile urine containers in catheterization kits
(93). Collaborative thinking sessions engaging front-line ED staff resulted in behavioral
and cultural changes and a reduction in the rate of urine culture ordering (93). A diag-
nostic stewardship intervention in a large community ED utilized a novel collection sys-
tem containing a preservative that allowed cultures to be held at room temperature for
up to 48 h before processing in the microbiology lab (94). Urine cultures collected in the
ED were processed only if requested by ED physicians following clinical assessment of
signs and symptoms of UTI. Implementation of this two-step model using delayed cul-
ture processing led to reductions in the number of processed urine cultures and antibi-
otic prescriptions for urinary indication among admitted patients.

Clinical decision aids (CDA). Urine cultures often prove to be negative for women
treated empirically for cystitis, thus calling into question the ability to diagnose UTI
based on clinical judgment. In a study of 186 women who were prescribed antibiotics
for suspected cystitis, urine cultures were negative for 39.8% (96). Decision rules and
clinical scoring algorithms may improve diagnostic accuracy (97).

CDA are a recommended component of outpatient antibiotic stewardship pro-
grams (47) and can be utilized as a preanalytical strategy, to guide urine test ordering,
or as a postanalytical strategy, to improve interpretation of culture results. A few UTI-
focused CDA have been developed and validated in the outpatient setting. One acute
cystitis decision aid that was tested in a family practice setting included three diagnos-
tic criteria: dysuria, a positive urine for leukocytes (more than a trace amount), and uri-
nary nitrites (any present) (96, 98, 99). Initial validation of the decision aid showed
that >70% of urine cultures were positive if two or more criteria were present (98). The
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CDA recommended empirical antibiotics if at least two criteria were present, and cul-
ture only (with subsequent antibiotic prescription based on culture results) if one or no
criteria were present. Based on a validation cohort of family physicians, the sensitivity
of the CDA for positive urine cultures was 82.5%, compared to 97.6% for clinical diag-
nosis by physicians (99). Importantly, although the specificity of the CDA was low
(35.5%), it was significantly higher than physician specificity (6.6%). Compared to usual
care by family physicians, using the CDA would result in reductions in urine culture
testing (64.0% total reduction), total antibiotics (20.4% absolute reduction), and
unnecessary antibiotics (11.1% absolute reduction).

Appropriate collection of urine cultures. Once a provider has decided to order a
urine culture, accurate diagnosis of UTI requires appropriate collection and handling of
urine samples (Table 2). The contamination rate of urine culture specimens is high in
the outpatient setting, including the ED and ambulatory clinics (100, 101). The 2008
College of American Pathologists Q-Probes Study was a peer comparison quality assur-
ance program that reviewed results for 14,739 outpatient urine culture specimens
from 127 institutions (100). Overall, 15.0% of cultures were contaminated, defined as
growth of more than 2 isolates at =10,000 CFU/ml, with an average contamination
rate of 41.7% in low-performing laboratories (those in the 10th percentile for highest
contamination rates). The median contamination rates were 17.3% for females and
7.4% for males. Factors associated with lower contamination rates included refrigera-
tion of urine culture specimens after collection (rather than holding specimens at
room temperature) and providing written collection instructions for male and female
ED patients. A recent study in primary care clinics also found a high rate of urine cul-
ture contamination: among 678 urine cultures collected from symptomatic adults (79%
female) presenting to family medicine clinics, 48.7% grew mixed urogenital flora (101).
Contaminated urine cultures are often interpreted as evidence of UTI, triggering pre-
scriptions for unnecessary antibiotics. In a study of 131 patients with contaminated
urine cultures, defined as growth of at least 2 organisms from a single specimen, 44.3%
received antibiotics and may not have had true infection based on urine culture (102).

For noncatheterized outpatients, a midstream clean-catch specimen is preferred to
a random specimen (103). Laboratory guidelines from the IDSA and the American
Society for Microbiology recommend skin cleansing prior to collection of midstream
urine to reduce the risk of specimen contamination (104). However, whether cleansing
makes a difference is unclear, as a recent meta-analysis found no difference in the
odds of contamination between midstream urine cultures collected with or without
cleansing in women (high strength of evidence) and men (low strength of evidence
due to large imprecision in the data) (68). Using straight catheterization as the refer-
ence standard, there is low evidence strength that midstream clean-catch urine collec-
tion has high diagnostic sensitivity (98 to 100% in women; 82 to 100% in men) and
specificity (95 to 100% in women; 92 to 100% in men) (68). A retrospective study of el-
derly women with ED-diagnosed UTI found that urine procurement by catheterization
yielded a lower proportion of false-positive urinalysis than clean-catch specimens
(105). Although catheterized urine specimens may be more accurate than midstream
clean-catch specimens, catherization is not always practical or desirable (from both the
patient and workload perspective) in the outpatient setting.

For patients with suspected catheter-associated UTI (CAUTI), the indwelling catheter
should be replaced prior to collection of a urine specimen if the catheter has been in
place for >2 weeks (21, 103). Cultures should be collected from the catheter sampling
port, not the drainage port or collection bag, as the flora in the collection bag may not
be representative of the organisms in the bladder.

Few interventional studies to improve urine specimen collection have been suc-
cessful in decreasing rates of contamination in the outpatient and ED settings (106,
107). In a multifaceted nursing intervention that targeted outpatient and inpatient
areas, practice changes included new collection instructions for patients, nursing edu-
cation, and contacting the physician to change chronic indwelling catheters prior to
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urine collection (106). Within a year of implementation, the incidence of coagulase-
negative Staphylococcus (CoNS) in urine cultures decreased, and this reduction in con-
taminated specimens conferred a cost savings of $35,250 per year (106). In an
Australian, pseudorandomized controlled trial in the ED, providing illustrated patient
instructions for urine collection decreased the contamination rate from 40% to 25%
(107). However, many interventions, including novel urine collection devices (108, 109)
and patient education (110, 111), failed to decrease urine contamination. These studies
did not include stakeholder engagement and were not preceded by a feasibility study,
a critical step in the process of intervention development (112). Future efforts to
decrease urine contamination should include stakeholders most central to this process:
nurses, medical assistants, and patients.

Analytical Strategies

Analytical strategies in diagnostic stewardship utilize urinalysis-based criteria to
determine whether to process the urine culture (Table 2; Fig. 3).

Reflex urine cultures. Reflex urine culture testing is a diagnostic stewardship strat-
egy that limits urine culture processing to those urine samples that meet prespecified
laboratory criteria of inflammation or presence of bacteria based on urinalysis, such as
nitrites, white blood cells (WBCs), and leukocyte esterase. In the appropriate clinical
population, the absence of pyuria has a high negative predictive value (NPV) for the di-
agnosis of UTI. Although the degree of pyuria does not differentiate between ASB and
UTI, the absence of pyuria makes UTI very unlikely (19, 21, 113). In a retrospective data-
base study of symptomatic and asymptomatic patients (>90% outpatients) with simul-
taneous orders for urinalysis and urine culture, 758/32,998 (2.3%) urine cultures were
positive, defined as one or two predominant organisms (114). Cultures with growth of
at least three different organisms were considered contaminated and excluded. The
NPV of <5 WBCs per HPF for negative culture was >98% (114). Using a higher cutoff
of >10 WBCs/HPF to define pyuria, the NPV of pyuria was 92.4% in an ED population
with a high prevalence of bacteriuria (20% of cultures were positive) (115).

One example of reflex urine culturing is using pyuria as a screening tool prior to cul-
ture processing in patients with symptoms of UTI. In an intervention at three urban
EDs, electronic medical record (EMR) order options were changed from separate orders
for urinalysis and urine culture to ordering urine culture through reflex from a positive
urinalysis (116). The new orders included urinalysis with reflex culture (UTI symptoms
present) and urinalysis without culture (no UTI symptoms present). Among sympto-
matic patients, reflex urine cultures were performed if any of the following laboratory
criteria was present on urinalysis: positive leukocyte esterase, positive nitrite, =6 WBCs,
few yeasts, or moderate bacteria. Implementation of reflex urine culture ordering
decreased the mean number of urine culture orders by 6.0 per 100 ED visits. Diagnostic
yield improved, with a decrease in negative cultures by 2.4 per 100 ED visits postimple-
mentation and an increase in the positive proportion of cultures from 24% to 33%.

Important caveat: order reflex cultures only for symptomatic patients. It should
be emphasized that reflex urine cultures can be impactful as a stewardship strategy only
when providers order urine testing exclusively for patients with UTI symptoms. Pyuria
alone should not be used to guide whether urine needs to be cultured. Among patients
with ASB, pyuria is present in 32% of young women, 90% of elderly institutionalized
patients, and 50 to 100% of patients with long-term catheters (18). The PPV of urinalysis
for positive urine culture can be low, depending on the patient population (71, 72). In a
recent study of healthy premenopausal women at high risk of recurrent UTI, pyuria was
common in asymptomatic women, but the PPV of pyuria for E. coli ASB was only 4%
(71). In one study of 195 ED patients (70% female; median age, 56 years), the PPV of uri-
nalysis for positive urine culture was 38%, defining urinalysis as positive if it contained
nitrites, leukocyte esterase, bacteria, or >10 white blood cells per high-power field (88).

If urinalysis with reflex culture is ordered inappropriately for asymptomatic patients,
then automatic reflex to culture based on positive urinalysis may paradoxically lead to
increased urine cultures and unnecessary treatment of ASB. Inappropriate urine culture
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testing contributes to laboratory waste and high health care costs (117). In an urban
ED in Illinois, urinalysis with reflex to culture was prechecked in psychiatric and abdom-
inal pain order sets, leading to a high rate of negative urine cultures, with 6,020/8,721
(69.0%) having no growth or nondiagnostic growth (117). Modification of prechecked
order sets (with removal of prechecked urinalysis with reflex culture) and increasing
the reflex to culture thresholds from >3 WBCs to >4 WBCs resulted in a significant
decrease in urinalysis with reflex culture orders, from 92 to 49 orders per day (117). The
rate of negative urine cultures decreased from 13 to 6 cultures per day postinterven-
tion, with an estimated cost savings of $71,350 per year. In one VA system, the antibi-
otic stewardship team observed that automatic reflex culture for all urinalyses with
pyuria (=8 per HPF) led to inappropriate treatment of asymptomatic patients who had
an incidental finding of bacteriuria (118). After eliminating universal reflex cultures and
requiring separate urine culture orders based on patient symptoms, rates of urine cul-
tures per month decreased from 90.1 to 61.3 in the outpatient setting (118). Given that
pyuria is common in patients with ASB and cannot be used to distinguish between
ASB and UTI, urinalysis with reflex to a urine culture should be ordered only for
patients with evidence-based symptoms of UTI.

Require a clinical indication for reflex cultures. A promising strategy to ensure that
reflex urine cultures are not ordered indiscriminately is to require the provider to
choose a clinical indication (from among a menu of evidence-based symptoms) to
complete the reflex order. A recent quasiexperimental before-and-after intervention in
inpatients and EDs illustrated the impact of requiring symptom-based clinical indica-
tions for ordering urine tests (119). Prior to the addition of the indication requirement,
providers could order urinalysis with reflex to urine culture for any patient, regardless
of symptoms. A new order set in the EMR directed providers to select a reason (from
among a menu of evidence-based symptoms) for ordering urinalysis with reflex to cul-
ture in patients with suspected UTI. For patients with “noninfectious indication” for
urine testing, practitioners were directed to order urinalysis alone (no reflex to culture).
During the same intervention period, criteria for reflex urine culture were modified
from any abnormality in the urinalysis to requiring >10 WBCs/high-power field before
reflexing to culture. Implementation of the new order set resulted in a 40.4% decrease
in the number of urine cultures performed. Among patients with a UTI indication, anti-
biotic days of therapy decreased from 102.5 to 86.9 per 1,000 patient days.

These studies demonstrate the importance of incorporating evidence-based symp-
toms into algorithms that utilize reflex urine cultures. Symptom-based reflex urine cul-
ture algorithms may decrease the number of urine specimens that progress to culture.
On the other hand, indiscriminate reflex urine culture ordering (whenever a urinalysis
is desired) may increase the total number of cultures, subsequently leading to
increased antibiotic use. Ultimately, the key to successful diagnostic stewardship for
UTl is reducing the number of unnecessary urine cultures ordered.

Postanalytical Strategies

Once a urine culture has been processed, positive cultures often result in antibiotic
prescriptions. Antibiotic stewardship strategies are needed to improve interpretation
of urine culture results. Computerized decision support systems, text providing inter-
pretation of the results, and selective reporting of antibiotic susceptibilities are posta-
nalytical strategies that may decrease inappropriate treatment once the provider sees
the urine culture result (Table 2; Fig. 3).

CDSS. The 2016 IDSA guidelines for inpatient antibiotic stewardship interventions sug-
gest the incorporation of computerized decision support systems (CDSS) (120). In the inpa-
tient setting, implementation of CDSS has been associated with reduced use of broad-spec-
trum antibiotics and reduced antibiotic costs. Innovative machine learning models that
utilize artificial intelligence may increase diagnostic efficiency and produce cost savings
(121). Studies assessing the implementation of CDSS for management of UTI in the outpa-
tient setting are scarce. A multicenter prospective interventional study in three French EDs
assessed the impact of a clinical algorithm-based CDSS that incorporated diagnostic and
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therapeutic recommendations, individualized using patient-specific data (122). The UTI-
focused CDSS led to modification of the initial diagnosis in 42/182 (23%) of cases. A UTI di-
agnosis was changed to ASB in 20/182 (11%) of cases when the CDSS was used. In multivar-
iate analysis, use of the CDSS was associated with more appropriate antibiotics based on
international UTI guidelines.

Modified reporting of urine culture results. In selective or restricted reporting of
urine culture results, susceptibility reports are tailored to display only the antibiotics
recommended by treatment guidelines or those that the local stewardship program
endorses (44). Inappropriate treatment is discouraged by hiding some components of
the full microbiology report, or even limiting availability of urine culture results unless
requested by providers. A randomized, parallel, unblinded trial assessed the impact of
a laboratory reporting intervention on inappropriate treatment of ASB (123). Inpatient
urine cultures were randomized to modified reporting versus standard reporting.
Standard reporting provided bacterial identification and a wide range of antibiotic sus-
ceptibilities. In the modified report, providers were informed that bacterial growth was
detected, but identification and antibiotic susceptibilities were not provided unless
providers called for the full report. For 110 randomized cultures, 44/55 (80.0%) patients
in the modified reporting arm versus 29/55 (52.7%) in the standard reporting arm
received appropriate treatment, defined as no antibiotics for ASB or any antibiotic for
UTI. In another nonrandomized before-after study of noncatheterized inpatients, posi-
tive culture results were not reported unless a request was made by telephone call
(124). Compared to contemporary catheterized patients that served as controls, the
rate of inappropriate treatment of ASB in noncatheterized patients decreased signifi-
cantly, from 15/31 (48.4%) to 4/33 (12.1%) after implementation of modified culture
reporting. Although these proof-of-concept studies did not include outpatients, the
stewardship strategy of modified reporting is very likely applicable to the outpatient
setting.

Interpretative reporting of culture results (text interpreting results). Another strat-
egy for modified reporting of cultures is interpretative reporting, or the inclusion of
text that facilitates correct interpretation of results (125). For example, some laborato-
ries include a note stating that “three or more organisms represent contamination.”
For urine cultures that grow skin flora, a note may be added that “coagulase-negative
staphylococci and diphtheroids are not uropathogens.” Clinical laboratories may also
consider hiding the antibiotic susceptibilities of organisms like coagulase-negative
staphylococci to decrease the clinician’s interest in treating this organism.

RIGHT DRUG

Patients with suspected UTI should be prescribed the right drug at the point of
care, ideally one that will kill the causative pathogen but is not an excessively broad-
spectrum agent. These empirical prescribing decisions can be guided by local resist-
ance patterns, side effects, and patient-specific factors, including drug allergies, renal
function, previous culture susceptibilities (individual antibiogram), and drug-drug
interactions (52). In the 2010 IDSA international clinical practice guidelines, trimetho-
prim-sulfamethoxazole (TMP-SMX), nitrofurantoin, and fosfomycin were recommended
as first-line empirical therapy for acute uncomplicated cystitis in women (22), although
these guidelines are currently undergoing update. TMP-SMX was recommended as em-
pirical therapy if local resistance rates of pathogens causing uncomplicated cystitis do
not exceed 20%. For acute pyelonephritis in patients not requiring hospitalization,
treatment options include oral TMP-SMX for susceptible isolates or oral ciprofloxacin
as empirical therapy if the local prevalence of resistance does not exceed 10%. For em-
pirical treatment of patients in areas with a high prevalence of TMP-SMX or fluoroqui-
nolone resistance, an initial intravenous (i.v.) dose of ceftriaxone or an aminoglycoside
is recommended (22).

Limitations of Treatment Guidelines
Importantly, the current guidelines focus on the treatment of nonpregnant,
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premenopausal women with uncomplicated UTI, in the absence of known urological
abnormalities or comorbidities (22). They do not address clinical management of UTl in
pregnant or postmenopausal women, recurrent cystitis, or UTI in males. Despite the
significant burden of UTl in postmenopausal women, men, and patients with urological
abnormalities, optimal treatment in these groups is not well defined because many
clinical trials have excluded such subjects. The heterogeneity of complicated UTI and
the narrow scope of current guidelines, as dictated by available evidence, create inher-
ent challenges to antibiotic stewardship in the outpatient setting. Treatment options
must be individualized, based on the patient’s comorbidities, age, sex, and local resist-
ance patterns.

Fluoroquinolone Risks and Overuse

Although fluoroquinolones are effective for treatment of infection with susceptible
organisms, fluoroquinolones should be reserved for more invasive infections when al-
ternative therapies are not applicable (22, 65, 126). Boxed warnings from the U.S. Food
and Drug Administration (FDA) highlight serious potential risks associated with fluoro-
quinolones, including tendinitis and tendon rupture, peripheral neuropathy, central
nervous system effects, exacerbation of myasthenia gravis, and possibly aortic aneu-
rysm (126, 127). In addition to the risks outlined by the FDA, fluoroquinolone exposure
significantly increases the risk of community-acquired Clostridioides difficile infection
(128), although this problem is relevant to many other classes of antibiotics as well.
Outpatient fluoroquinolone treatment for UTI also contributes to the emergence and
spread of resistant strains of Enterobacteriaceae, both in treated patients and in their
household contacts (129, 130).

Despite high rates of resistance and the potential for serious and irreversible side
effects, fluoroquinolones remain one of the most frequently prescribed antibiotic classes
for acute uncomplicated cystitis in the outpatient setting (26, 28, 131-134). Between
2006 and 2010, 47.3% of ED visits for UTI and 35.4% of clinic UTI visits included broad-
spectrum fluoroquinolones in the United States (32). More recent ambulatory prescrip-
tion data from 2014 revealed that fluoroquinolones were prescribed for 40.3% of uncom-
plicated UTIl and 74.3% of complicated UTI, accounting for more prescriptions than any
other antibiotic class (132). Of 31.5 million outpatient fluoroquinolone prescriptions dis-
pensed in 2014, 15% were for uncomplicated UTI (132). Retrospective cohort studies
showed that fluoroquinolone prescribing for uncomplicated UTI did not significantly
decrease after the recent 2016 FDA expanded boxed warning (135, 136), demonstrating
the need for active interventions to improve outpatient UTI treatment.

Choosing the Right Drug in the Era of Increasing Antibiotic Resistance

Since the publication of the last IDSA guidelines in 2010, antibiotic resistance
among uropathogens has increased (15, 137-139). In the setting of widespread antibi-
otic misuse and overuse, rising resistance rates are a major threat to successful outpa-
tient treatment of acute uncomplicated cystitis and pyelonephritis. Using data from
The Surveillance Network in the United States, susceptibility patterns were analyzed
for 305,749 urinary isolates from female outpatients in 2012, of which 64.9% were E.
coli (138). Between 2003 and 2012, the prevalence of E. coli TMP-SMX resistance
increased from 17.2% to 22.2% in isolates from adults aged 18 to 64 years and from
18.5% to 26.7% in isolates from older adults (=65 years). E. coli resistance to ciprofloxa-
cin increased from 3.6% in 2003 to 11.8% in 2012 among isolates from adults and from
11.8% to 29.1% among isolates from older adults.

In contrast to rising resistance rates among other treatment options, fosfomycin
and nitrofurantoin remain effective against most uropathogens (139-142). National
data on fosfomycin susceptibilities are limited, as this drug is absent from the standard
susceptibility test panel, so susceptibility tests are rarely performed or reported (138).
Based on surveillance data among urine isolates from U.S. female outpatients in 2012,
E. coli resistance to nitrofurantoin and fosfomycin was low (0.9% and 4.2%, respec-
tively) (138). A recent UTl-focused antibiogram for a diverse urban population revealed
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that 100% of tested Gram-negative isolates were susceptible to fosfomycin, and E. coli
susceptibility to nitrofurantoin was 96.1% (101).

Although fosfomycin is available, FDA approved, and effective, its use in the United
States in outpatient settings is extremely low (27, 28). In a study of national outpatient antibi-
otic prescribing practices for uncomplicated UTI, fosfomycin was prescribed in only 0.01% of
visits, both before and after the release of the 2010 IDSA guidelines (27). Fosfomycin was
not prescribed in any of 1,546 visits for uncomplicated cystitis in 2 private family medicine
clinics in the period from 2011 to 2014 (28). Barriers to fosfomycin use in the United States
include its exclusion from the standard antibiogram, high cost, limited insurance coverage of
costs, and provider unfamiliarity with fosfomycin as a first-line treatment option (64).

Outpatient Treatment of ESBL-Producing Enterobacteriaceae

Multidrug resistance, including production of extended-spectrum beta-lactamases
(ESBLs), is also increasingly prevalent among community-associated Enterobacteriaceae
worldwide (143-148). In a recent national cohort study of 890 U.S. hospitals in the pe-
riod from 2012 to 2017, the incidence of infections decreased for methicillin-resistant
Staphylococcus aureus (MRSA), vancomycin-resistant enterococci (VRE), and multidrug-
resistant (MDR) Pseudomonas aeruginosa (147). However, between 2012 and 2017, the
incidence of infections due to ESBL-producing Enterobacteriaceae increased from 37.6
to 57.1 cases per 10,000 hospitalizations, with a 5-year change of 64.1% in community
onset infection versus 4.1% in hospital-onset infection (147). While antibiotic steward-
ship efforts are making headway, concerted effort is needed to control the spread of
resistance in the organisms most likely to cause UTI.

ESBL production by the organism causing UTI is a risk factor for treatment failure
(143), at least in part because outpatient treatment options for UTI due to ESBL-produc-
ing uropathogens are limited. Outpatient management often requires outpatient paren-
teral antimicrobial therapy (OPAT) with carbapenems such as ertapenem. Risks of OPAT
are well described and include vascular access complications such as phlebitis, infection,
thrombosis, infiltration, and line dislodgement (149, 150). Although data are limited, fos-
fomycin (151-157) and nitrofurantoin (158-160) may be effective oral alternatives for
outpatient treatment of lower UTI due to ESBL-producing uropathogens (161). In the
2020 IDSA treatment guidelines for antimicrobial-resistant Gram-negative bacterial infec-
tions, nitrofurantoin and trimethoprim-sulfamethoxazole are recommended as preferred
treatment for uncomplicated cystitis due to ESBL-producing Enterobacteriaceae, assum-
ing that in vitro susceptibility has been confirmed (162). Amoxicillin-clavulanate, single-
dose aminoglycosides, and oral fosfomycin (for E. coli only) are listed as alternative
agents in the guidelines (162). Fosfomycin was noninferior to intravenous ertapenem for
outpatient UTI due to ESBL-producing organisms in a retrospective cohort study (153).
An important caveat to interpreting the results of that study is that 83.7% of patients
had E. coli UTl and only 14.6% had infection due to Klebsiella spp. The fosA gene, which
confers intrinsic resistance to fosfomycin, is rarely identified in E. coli but is widely distrib-
uted among non-E. coli Gram-negative bacteria, including Klebsiella, Enterobacter, and
Pseudomonas (163). Additionally, nitrofurantoin and oral fosfomycin should not be used
in patients with suspected or confirmed pyelonephritis because these drugs may not
achieve therapeutic tissue levels (162). The bottom line is that when patients have risk
factors for ESBL-producing urinary organisms, a urine culture is essential to guide antibi-
otic choice, both for the immediate need and for future UTI in the same patient (164).

Strategies To Improve Drug Choice

Tools for prediction of antibiotic resistance. Opportunities for stewardship inter-
ventions related to empirical drug choice include resistance prediction scores, local
susceptibility reports, selective and cascade reporting of culture results, and postpre-
scription culture review to target drug-bug mismatch (Table 3). Empirical antibiotic
selection for outpatient UTI may be optimized by clinical tools for prediction of antibi-
otic resistance. In a case-control study of 351 patients with community onset UTI in
South Carolina, 20% of isolates were resistant to TMP-SMX (165). A multivariate model
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identified predictors of TMP-SMX resistance, including prior infection or colonization
with TMP-SMX-resistant Enterobacteriaceae and TMP-SMX use within the past 12 months.
Similarly, a score model for fluoroquinolone resistance accurately predicted the probabil-
ity of fluoroquinolone resistance among outpatients and inpatients diagnosed with com-
plicated UTI (166). In this model, risk factors for fluoroquinolone resistance included
male sex, diabetes mellitus, residence in a skilled nursing facility, and prior fluoroquino-
lone use within the past 12 months. A fluoroquinolone resistance score of =3 had a PPV
of 56% and NPV of 90%. Accurate empirical treatment of MDR UTI can be increased by
selecting an antibiotic based on previous microbiological data within 6 months to 2 years
from the current infection (164). In a VA database study, empirical treatment for MDR
UTl was accurate in 40/52 (76.9%) patient episodes if concordant with the previous
microbiological data, versus 14/43 (32.6%) if empirical therapy was discordant from prior
results (164).

Local susceptibility reports and stratified antibiograms. Given rising rates of resist-
ance, utilization of local susceptibility reports (antibiograms) is increasingly important for
empirical treatment of UTI in the ambulatory setting. When feasible, stratified antibiograms
should be used to tailor appropriate empirical antibiotics (120). If at least 30 isolates are
available for each organism, antibiograms can be stratified by multiple variables, including
patient location (inpatient, outpatient, ED, or ward), gender, age (pediatric or adult), or
infection site (blood, urine, or respiratory) (120). Depending on local resistance patterns,
demographics, and other clinical risk factors, urinary antibiograms may differ significantly
between inpatients and outpatients and between specific patient groups (101, 167). In a
study of urinary pathogen susceptibility patterns at a community ED in California, urinary E.
coli antibiograms were stratified by gender, age, and residence prior to admission (home
versus skilled nursing facility) (168). Among 145 ED isolates, susceptibilities for ciprofloxacin
and TMP-SMX were both under 80% (71% and 66%, respectively), and ESBL was detected
in 11/145 (7.6%). Compared to the hospital-wide antibiogram that excluded outpatients,
the ED-specific E. coli antibiogram showed lower susceptibilities to TMP-SMX (66% in ED
versus 74% hospital-wide) and cefazolin (67% in ED versus 86% hospital-wide). In the ED
antibiogram, fluoroquinolone susceptibility was also lower among urinary isolates from
patients aged =65 years and those residing in skilled nursing facilities.

If available, antibiotic stewardship interventions can use stratified antibiograms to
improve guideline-adherent treatment of UTI (169-171). A stewardship intervention in
a large ED used an ED-specific antibiogram to implement institution-specific guidelines
for cystitis and pyelonephritis (169). After deployment of the antibiograms, antibiotic
prescriptions for recommended first-line agents increased from 44.8% to 83%, largely
through an increase in nitrofurantoin use for cystitis. Similarly, ED physician education
on local urinary pathogen resistance patterns led to changes in their prescribing
behavior (171). In that study, physician education included emails with antibiotic resist-
ance data and recommendations to consider nitrofurantoin for uncomplicated cystitis.
Postintervention, prescriptions for TMP-SMX and ciprofloxacin significantly decreased,
while nitrofurantoin prescriptions increased from 20% to 30% (P = 0.003). Prescriptions
for ineffective antibiotics (bug-drug mismatch) decreased from 7.6% to 4.1% (odds ra-
tio [OR], 0.51; 95% confidence interval [Cl], 0.17 to 1.52).

A clinic-specific antibiogram can also be the foundation of a CDSS tool. Significant
improvements in antibiotic prescribing practices in a family medicine clinic were
observed after implementation of a clinical decision support tool that took into
account a clinic-specific antibiogram (172). When the CDSS was used, empirical use of
nitrofurantoin increased, while ciprofloxacin and TMP-SMX prescriptions decreased.
Although utilization of the tool clinic-wide was only 29%, the overall rate of fluoroqui-
nolone prescribing for uncomplicated UTI decreased from 42% to 15% after implemen-
tation. This study suggests that combining both CDSS and local antibiograms into an
antibiotic stewardship intervention may be impactful.

Despite the utility of stratified antibiograms, at this time resources are inadequate
in most outpatient settings to provide a urinary outpatient-specific antibiogram.
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Antibiograms in the outpatient setting may also be subject to selection bias given that
outpatient urine cultures are typically obtained from patients with complicated UTI,
relapse, or suspected multidrug-resistant infection. This sampling bias may yield an
outpatient antibiogram that demonstrates higher resistance rates than are present in
the general community population with uncomplicated cystitis.

Selective and cascade reporting. Guidelines from the IDSA and CDC recommend
that antibiotic stewardship programs use selective and cascade reporting of antibiotic
susceptibility reports to reduce inappropriate use of broad-spectrum antimicrobials
(44, 120). As a tool for antibiotic stewardship, selective reporting limits the number
and type of antibiotic susceptibility results that are routinely released in culture
reports. In other words, if the laboratory’s automated testing checks 20 antibiotics for
their ability to inhibit a specific organism, only 15 of the antibiotics may be reported,
to nudge providers toward use of these 15 agents (and presumably away from newer,
very-broad-spectrum antibiotics). A cross-sectional survey by ESCMID revealed that
selective reporting was implemented or partially implemented in only 15/36 (41.7%) of
European countries that completed the survey (173). In the inpatient setting, selective
reporting for uropathogens has been shown to decrease targeted antibiotic consump-
tion and improve Gram-negative susceptibility (174).

Selective reporting has been shown in several studies to improve appropriate treat-
ment of UTI in the outpatient setting. A cohort study in the United Kingdom found
that general practitioners were more likely to prescribe nitrofurantoin in areas where
laboratories reported nitrofurantoin susceptibilities versus those that did not include
nitrofurantoin susceptibilities in their reports (175). In a randomized controlled clinical
case vignette study, general practice residents selected intended antibiotic prescrip-
tions based on UTI vignettes with susceptibility results and were randomized to two
groups: a control group evaluated cases with full susceptibility data, and an interven-
tion group received cases with selective reporting of cultures (176). Intended antibiotic
choices were more appropriate in the intervention group with selective reporting of
antibiotic susceptibility data than in the control group (176). Another randomized con-
trolled case vignette study assessed the impact of selective reporting on the intended
treatment of UTI by French general practitioners (177). Based on four case vignettes of
community-acquired UTI, selective reporting of susceptibilities for uropathogens signif-
icantly increased the rate of guideline-adherent treatment while decreasing prescrip-
tions of broad-spectrum antibiotics such as amoxicillin-clavulanate, fluoroquinolones,
and cephalosporins (177). A prospective study also demonstrated that changes in anti-
biotic susceptibility reporting had a direct effect on choice of antibiotic prescribed for
UTI by primary care physicians (178). However, the impact of selective reporting of
antimicrobial susceptibilities of urinary pathogens may be muted in primary care,
where empirical prescriptions are typically given before culture results are available.

Interventions targeting fluoroquinolone usage. Multiple stewardship interven-
tions, including education, stratified antibiograms, and selective reporting, have been
successful in decreasing outpatient fluoroquinolone usage (170, 179-181). An ED-
based intervention used pharmacist-led provider education and an ED-specific antibio-
gram to decrease fluoroquinolone use for the treatment of acute uncomplicated cysti-
tis (182). Another stewardship intervention utilized local susceptibility data to create a
best-practice algorithm for treatment of uncomplicated UTI in outpatients seen in the
ED (170). After education of emergency physicians, ciprofloxacin use decreased from
32% to 11% and nitrofurantoin use increased from 30% to 50% of UTI cases. A region-
wide stewardship intervention in France implemented prescription guidelines and
used education of general practitioners to restrict fluoroquinolone prescribing for UTI
(181). Through this multimodal approach, nitrofurantoin and fosfomycin prescriptions
increased, while norfloxacin prescriptions decreased by 9.1%.

Postprescription culture review to select the right drug. Postprescription culture
review has a role in addressing drug-bug mismatch and in achieving de-escalation
(addressed below). ED pharmacists play an important role in optimizing treatment of
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outpatient UTI in the ED population, particularly through follow-up of cultures after
patients are discharged from the ED (183-187). A retrospective review of ED urine cul-
tures revealed that 42/180 (23.3%) of empirical discharge antibiotics were inappropri-
ate; cultures from 31 patients grew organisms that were resistant to the prescribed em-
pirical antibiotic (drug-bug mismatch) (184). After review of cultures and clinical data
by the ED pharmacist, 83% of inappropriate treatment plans were corrected through
intervention by the ED pharmacist, which meant that the ED pharmacist had to notify
the ED physician, create a modified treatment plan, prescribe a new antibiotic, and
notify the patient.

Outpatient culture review and intervention may also be performed by infectious
diseases pharmacists. In a prospective study of ID pharmacist-led review of outpatient
cultures, 194/965 (20.1%) of antibiotic prescriptions required intervention, of which
42.3% were from the ED and 38.7% were from primary care (186). Drug-bug mismatch
was more common among Gram-negative and mixed cultures. Of 194 interventions,
138 (71.1%) were for UTI, and the treating provider accepted the recommended
changes in 76.8% of UTI encounters. Overall, when interventions were accepted, phar-
macist intervention was associated with decreased rates of 30-day treatment failure
and admission. Although these are effective interventions, the downside to postpre-
scription culture review and subsequent intervention is that such activities require sub-
stantial time from the stewardship team.

Multifaceted outpatient interventions. Multifaceted interventions have been suc-
cessful in the ED setting (39, 188). A collaborative ED stewardship intervention used a
multidisciplinary working group of pharmacists and physicians to develop an ED UTI
treatment algorithm based on national guidelines and local resistance rates (188).
Implementation of the algorithm was multifaceted, including dissemination through a
pocket card, an educational campaign, and case-based audit and feedback. After
implementation, empirical nitrofurantoin use increased and was associated with
reduced 30-day return visits; bug-drug mismatches remained stable. In another ED-
focused stewardship intervention, fluoroquinolone prescriptions for uncomplicated
cystitis decreased from 44% (n =200) to 13% (n =200) after implementation of an elec-
tronic UTI order set followed by a 2-month period of audit and feedback (39). In a fam-
ily medicine setting, a multifaceted intervention including case-based audit and feed-
back and a clinical decision aid increased the adherence to guidelines for antibiotic
choice and duration for uncomplicated cystitis (189). The audit and feedback interven-
tion incorporated individualized, active education of primary care providers to improve
prescriptions for the right drug with right duration (189).

RIGHT DOSE AND DURATION

Appropriate dosing and duration are key targets of antibiotic stewardship for UTI.
Importantly, recommendations for dose, dose interval, and antibiotic duration vary
between national UTI guidelines in Europe and the United States (21, 22, 190). Both
underdosing and excessive duration of therapy may contribute to the emergence of
resistance, although the evidence base to support this concern is limited (191-193).
Longer durations of therapy increase the risk for adverse side effects and Clostridioides
difficile infection (194, 195).

Compared to longer duration of therapy, shorter courses of antibiotics have clinical
efficacy for treatment of acute cystitis in women (66, 196), including older women
(195). In a meta-analysis of 32 trials for uncomplicated cystitis in adult nonpregnant
women, symptomatic failure rates were similar between 3 days and =5 days of therapy
for fluoroquinolones, beta-lactams, and TMP-SMX (194). Although prolonged therapy
was associated with lower risk of long-term bacteriological failure, patients who
received prolonged therapy had more adverse effects overall. Among elderly women
with uncomplicated symptomatic lower UTI, a Cochrane database systematic review
showed no difference in efficacy between short-course (3 to 6 days) and long-course (7
to 14 days) therapy (197). Although the optimal duration of therapy for men with UTl is
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less clear, there are limited data to support shorter courses for male UTI (198, 199). In a
recently published randomized controlled trial, afebrile men with UTI were randomized
to 7 versus 14 days of TMP-SMX or ciprofloxacin (200). Symptom resolution occurred in
122/131 (93.1%) who received 7 days versus 111/123 (90.2%) who received 14 days of
therapy (difference, 2.9% [1-sided 97.5% Cl, —5.2 to o0]), confirming noninferiority
(200). Notably, most European guidelines still recommend a longer duration of 7 to
14 days for male UTI (190).

Duration Errors

Multiple studies have demonstrated that PCPs and ED physicians prescribe longer dura-
tions of antibiotics than recommended for uncomplicated cystitis (27, 28, 201-203). In a
retrospective cohort study of outpatient and ED encounters for UTI in 654,432 younger non-
pregnant women, more than 75% of antibiotic prescriptions were written for guideline-dis-
cordant treatment durations (longer courses) (27). Fluoroquinolones were prescribed in
284,744/665,120 (43%) of cases; of these, 35% received 7 days of antibiotics. Similarly, 31% of
TMP-SMX prescriptions and 66% of nitrofurantoin prescriptions were written for 7 days, de-
spite guideline-recommended durations of 3 days and 5 days, respectively. In an outpatient
cohort of 1,845 women with acute cystitis, diabetics received longer treatment courses, with
duration of >5 days in 119/150 (79.3%) of postmenopausal diabetic women versus 370/571
(64.8%) of those without diabetes (201). In that study, treatment duration of >5 days was in-
dependently associated with higher risk of early UTI recurrence, but not late recurrence, in
multivariate analyses.

Dosing Errors

Dose errors have been described for fluoroquinolones, nitrofurantoin, and trimethoprim-
sulfamethoxazole used to treat outpatient UTI (204). Inappropriate dosing includes incorrect
adjustment for renal function and guideline-discordant doses (both higher and lower than
recommended). A prospective observational cohort of outpatient VA patients showed that
among 193 UTI cases, the correct dose was prescribed in 70.5%, with the correct duration of
antibiotics selected in only 52.9% (205). In that study, among 138 ciprofloxacin prescriptions
for any type of infection (mostly UTI and prostatitis), the dose was incorrect in 24% of cases.
In a prospective study of antibiotic prescriptions for UTI in France, 16/185 (8.6%) of patients
were prescribed antibiotics with guideline-discordant dosage and/or duration (204).
Underdosing of ciprofloxacin and nitrofurantoin was also observed, including dosages at
half the recommended dose.

Strategies To Improve Dose and Duration

Provider education with feedback. Antibiotic stewardship strategies that target
dosing and duration include CDSS tools, electronic order sets, and education with
audit and feedback (Table 4). The European Drug Education Project randomized gen-
eral practitioner peer groups in the Netherlands to an educational program for asthma
or UTI (206). The educational intervention included self-learning and case-based feed-
back, with a focus on prescribing short courses of antibiotics in the UTI program. Based
on prescribing data before and after the intervention, the average duration of treat-
ment decreased from 6.07 days to 4.29 days per prescription postintervention. A similar
randomized controlled trial in Norway found a significant reduction in duration of UTI
treatment after the feedback intervention (207).

Computerized decision support systems to improve antibiotic dose and duration.
Well-designed EMR-based CDSS is an excellent option to improve antibiotic dose and du-
ration for UTI. A multicenter, pre-/postintervention assessed the impact of an EMR-based
CDSS that utilized defaulted dose and dispense quantities for common infections (includ-
ing UTI) in the ED (208). Among 10,921 patients, UTI was the most common indication for
antibiotics (60% preintervention and 56.9% postintervention). Utilizing the CDSS, guide-
line-concordant antibiotic dosage improved from 79.3% to 92.7% (P < 0.001), and correct
duration increased from 38.5% to 71.1% (P < 0.001). In another quasiexperimental study
that targeted treatment of women with uncomplicated cystitis in primary care, the
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TABLE 4 Strategies to prescribe the right dose and duration of therapy for urinary tract infection

Clinical Microbiology Reviews

References describing
successful outpatient

Strategy Description Advantage(s) Disadvantage(s) interventions
Provider education Self-guided learning, case- Essential foundation Education alone may not 39, 189, 206, 207

based audit with feedback change behavior; can be

time-consuming
Computerized decision Embeds defaulted dose and Provides point-of-care Providers may find work 39, 208, 209
support duration in electronic guidance; once in place, arounds to poorly
medical record; electronic less effort needed to designed CDSS; requires
order sets maintain and update upfront time investment

addition of prefilled default prescribing instructions in the EMR resulted in increased ad-
herence to recommended durations from 231/787 (29.4%) to 658/862 (76.3%), and the av-
erage duration of therapy decreased by 1.5 days (209). Multifaceted stewardship interven-
tions can further boost the impact of the CDSS. For example, ED physicians’ adherence to
the recommended duration of treatment for uncomplicated UTI increased from 62% to
75% after implementation of an electronic order set, and adherence increased further
from 75% to 88% after audit and feedback (39). One advantage of CDSS is that after the
initial time investment for CDSS design, the strategy does not require considerable effort
to maintain. If designed well, the CDSS can streamline clinician workload while also pro-
moting guideline-concordant prescribing.

DE-ESCALATION

De-escalation of antibiotics is a pillar of inpatient antibiotic stewardship. Antibiotics may
be stopped or narrowed in response to culture results, susceptibility testing, and clinical
response (44, 120). Hospital-based interventions targeting antibiotic de-escalation were suc-
cessful in decreasing median hospital stay (210) and the use of total and broad-spectrum
antibiotics (211). In the outpatient setting, de-escalation is more challenging given that acute
uncomplicated cystitis is often treated empirically without urine culture testing. For patients
in whom pretreatment urine culture is indicated (pyelonephritis, complicated UTI, CAUTI, or
suspected resistant organism), empirical therapy should be de-escalated to pathogen-
directed therapy based on culture results and susceptibilities (212). In the setting of negative
culture growth, the diagnosis of UTI should be re-evaluated. A retrospective review of 153 el-
derly women with ED-diagnosed UTI found that only 87 (57%) had UTI confirmed by cul-
tures (105). Of 66 patients with negative cultures, 95% received antibiotics, meaning that
these women'’s ED visits represented opportunities for de-escalation.

Strategies To Improve De-escalation

Overtreatment of presumed UTI may be corrected through postprescription review
of cultures (Table 5). In a prospective study of outpatient (primary care and ED) antibi-
otic utilization, pharmacist-led culture review identified 194 encounters (the majority
of which were UTI) that required intervention for inappropriate initial antibiotic choice
(186). Based on culture results, pharmacists recommended discontinuation of therapy
in 65/194 (33.5%) of encounters that required intervention. Notably, recommended
interventions were accepted by providers more often when the pharmacist's recom-
mendation was to change to a different antibiotic or modify dose/duration, rather than
stopping antibiotics altogether. Cultures were negative in 23/148 (15.5%) of encoun-
ters with accepted interventions versus 13/46 (28.3%) of those with rejected interven-
tions. A major limitation of de-escalation as a stewardship strategy for outpatient UTl is
that by the time culture results are available and the patient can be contacted, the
patient often has already completed the course of antibiotics. The time commitment
required from pharmacists to achieve de-escalation is also substantial. Given these limi-
tations, UTl-focused stewardship interventions may derive more benefit through
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TABLE 5 Strategies to de-escalate antibiotics for urinary tract infection

Clinical Microbiology Reviews

Reference describing
successful outpatient

Strategy Description Advantage Disadvantages interventions
Postprescription culture Narrow antibiotics based on May decrease unnecessary Labor-intensive; results may 186
review culture results; stop antibiotics not be available until after
antibiotics if results of completion of antibiotic
urinalysis or urine culture is course; providers may not
negative accept stewardship team

recommendations

prioritizing upfront interventions, such as CDSS, rather than backwards-looking strat-
egies, such as de-escalation.

NUDGING IN ANTIBIOTIC STEWARDSHIP

Several antibiotic stewardship interventions discussed in this review take advantage of
the concepts of behavioral nudging and human factors engineering (213-215). As a theory
in behavioral economics, a nudge is “when the choice architecture is designed to influence
behavior in a predictable way but without restricting choice” (215). The principles of behav-
ioral economics and nudging have been applied in diverse industries, including marketing
and government. By guiding decision making while maintaining prescriber autonomy,
nudging can be used to improve health care delivery, quality, and efficiency (213). In antibi-
otic stewardship, nudging can be utilized by clinical microbiology laboratories and embed-
ded in the design of EMRs. For example, providers can be “nudged” to select guideline-con-
cordant antibiotics by presenting recommended options at the top of the order options or
by hiding options that are less desirable from a stewardship point of view (213).
Interpretative reporting, selective or cascade reporting, and CDSS are all examples of nudg-
ing strategies that may be used to improve guideline-concordant treatment of outpatient
UTI (213, 214). Other nudging approaches focus on counteracting risk perceptions and erro-
neous prescribing norms through peer comparison, in which providers are informed of their
performance in antibiotic prescribing compared to their peers (216). In primary care settings,
several randomized trials showed significant improvement in appropriate antibiotic prescrib-
ing through nudging, but all were focused on respiratory infections (217-219). Although
observational studies have demonstrated successful outcomes through nudging approaches
for outpatient UTI (123-125, 175, 178), prospective, randomized trials are needed to under-
stand the impact of nudging strategies in stewardship for outpatient UTI.

CONCLUSIONS, CHALLENGES, AND FUTURE DIRECTIONS

In this review, we have focused on opportunities and strategies to achieve antibi-
otic stewardship for UTI in outpatient settings, chiefly primary care practices and EDs.
While much of the literature on antibiotic stewardship is focused on the inpatient set-
ting, rising antimicrobial resistance in the community has driven the need to develop
robust outpatient stewardship programs. In the last 5 years, CDC guidelines and ac-
creditation requirements marked the advent of the era of outpatient antimicrobial
stewardship (47, 48). In this new era, the 5-Ds model provides a framework for target-
ing key outcomes in antibiotic stewardship for UTI (Fig. 2).

To summarize our key recommendation, arriving at the right diagnosis is the step
that offers potentially the greatest benefit in terms of antibiotic stewardship.
Unfortunately for both clinicians and patients, accurately diagnosing “simple” UTI in
the outpatient clinic or ED is anything but simple. UTI must be differentiated from ASB,
STI, and other noninfectious conditions in a short time span using diagnostic tools that
are either nonspecific (urinalysis) or not timely (urine culture). Rapid diagnostic tests
on the horizon offer the promise of being able to rule out UTI (no bacteriuria) or help
narrow antibiotic choice (providing rapid data on susceptibilities), but they will not be
able to substitute for clinician judgment on whether the patient’s presentation is
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consistent with UTI. Clinician awareness that all genitourinary complaints are not UTl is
essential to prevent overdiagnosis and overtreatment of UTI.

Numerous programs have developed innovative tools and interventions that successfully
improved antibiotic use for UTI in one or more of the 5Ds of antibiotic stewardship. Many of
these interventions relied on action and effort from dedicated health care professionals, par-
ticularly pharmacists. One reason that a personalized, in-person approach is so vital to suc-
cessful antibiotic stewardship in outpatient settings is the providers’ pervasive fear of sending
their patients out with inadequate treatment for UTI (64). Person-to-person communication
from a trusted colleague is one means to overcome this fear of withholding antibiotics or of
choosing a drug perceived as “weaker” (such as nitrofurantoin). Unfortunately, sustainability
becomes a challenge with any labor-intensive intervention that requires extra, often unpaid,
effort from health care professionals.

Many aspects of the 5 Ds of antibiotic stewardship for UTI can and should be supported
by information technology. CDSS can improve diagnostic accuracy, reduce unnecessary
urine culture orders, and support choice of the optimal drug and duration. Information tech-
nology can be used to create clinic- or ED-specific antibiograms for local urinary pathogens,
thus reducing drug-bug mismatch. Upfront investment in the software and information
technology needed to support antibiotic stewardship seems well justified by the potential
benefits, particularly as automation can reduce the burden on the antibiotic stewards.

Future research should address some of the key gaps in knowledge uncovered by this
review. Studies of the comparative effectiveness of in-person approaches versus automation
via the EMR and CDSS would be welcome, particularly as randomized controlled trials. Rapid
diagnostics for UTI have great potential to improve drug choice but could also lead to over-
diagnosis and overtreatment of UTI in patients who actually have ASB. Clinical studies of the
sensitivity and specificity of rapid diagnostics for clinically diagnosed UTI in various outpa-
tient populations (young women, older women, older men, patients with dementia, etc.) will
be essential to determine their role as diagnostic tools. EMR-based nudges and CDSS are
helpful only if they are intuitive to use and perceived positively by the end user. How to opti-
mize and customize EMR-based approaches to support antibiotic stewardship for outpatient
UTI will be a fruitful area for research discovery for years to come. Other areas for future
research include the effectiveness and safety of selective reporting and de-escalation of anti-
biotics for outpatient UTI.

Another important gap that undermines outpatient antibiotic stewardship for UTl is the
lack of specific or validated performance measures relevant to this clinical issue. The Joint
Commission antibiotic stewardship standards for ambulatory care include a requirement
that the organization “sets at least one annual antimicrobial stewardship goal” (48).
However, specific performance metrics to target for improvement might help organizations
focus their stewardship efforts, and allotment of resources to support stewardship might
become a higher priority. Ideally, performance metrics would address multiple clinical sce-
narios in which antibiotics are typically overused, as well as drill down on specific misused
antibiotics (e.g., unnecessary antibiotics for ASB, inappropriate fluoroquinolone use, and
excess duration of therapy) (220). For example, a recent multihospital cohort study devel-
oped a multifaceted metric for antibiotic overuse after discharge in patients treated for
pneumonia or UTI (220). In that model, unnecessary antibiotics and excess duration contrib-
uted to over half of fluoroquinolone overuse. Additional research is needed to develop and
validate comprehensive performance metrics for outpatient antibiotic stewardship.

We hope that this comprehensive summary of the successes and challenges in anti-
biotic stewardship for outpatient UTI will guide providers in their clinical practice, moti-
vate researchers in their investigations, and inspire all stakeholders toward future inno-
vation in the quest to improve antibiotic use.
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