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Abstract

Background: Pediatric urinary tract infections (UTls) require early diagnosis and appropriate treatment to avoid short- and Iong—teh
morbidity. Baseline data from 13,000 children across a regional health system demonstrated wide variation in UTI management, including
antibiotic choice, duration, and dosing. In 2019, the local antibiotic stewardship team recommended cephalexin as the ideal first-line
UTI treatment due to its effectiveness, narrow spectrum, low cost, and palatability. This project aimed to improve first-line prescription of
cephalexin as an empiric antibiotic treatment for uncomplicated UTls from 34% to 75% in children 60 days to 18 years of age presenting
to any site within the healthcare system within 6 months. Methods: A multidisciplinary team of key stakeholders reviewed baseline data
and developed three key drivers. These included a standardized UTI pathway, electronic health record enhancements, and provider edu-
cation. Interventions were supported by a literature review and implemented via Plan-Do-Study-Act cycles with data monitored bimonthly.
The primary outcome was the percentage of patients prescribed cephalexin for presumed UTI over the total number of presumed UTI
diagnoses treated with empiric antibiotics throughout the healthcare system. The balancing measure included 14-day return visits for a
UTl-related diagnosis across the system. Results: After the release of the updated UTI pathway, first-line cephalexin prescribing for UTI
improved from 34% to 66%. There was no change in 14-day revisits for UTI. Conclusions: Standardizing the diagnosis and management
of UTls across the spectrum of coordinated care led to improved system-wide adherence to local antibiotic stewardship guidelines for
empiric UTI treatment. (Pedliatr Qual Saf 2024;9:e756; doi: 10.1097/pg9.0000000000000756; Published online August 21, 2024.)
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spectrum but effective antibiotics to treat confirmed UTIs
or those with high clinical suspicion.

The American Academy of Pediatrics (AAP) 2011
UTI Guideline highlights the importance of selecting an
antimicrobial agent based on local susceptibilities due
to significant regional variability. Initial broad-spectrum
antibiotic treatment poses the risk of future antibiotic
resistance. Current data suggest that using empiric narrow-
spectrum antibiotics to treat UTIs effectively avoids over-
treatment.* In 2019, our antibiotic stewardship team
updated the local antibiogram to provide urine-specific
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susceptibility rates for common UTI pathogens, demon-
strating high susceptibility (92%) to cephalexin and thus
supporting it as a first-line treatment for uncomplicated
UTI. After this change, however, wide variation in first-
line antimicrobial treatment for UTI persisted across
the emergency department (ED), urgent care (UC), and
primary care domains within the integrated health sys-
tem, highlighting an opportunity to align and improve
care while promoting antimicrobial stewardship. Thus,
we formed a system-wide UTI pathway committee at the
request of the quality leadership team at the institution.

The global aim of this system-wide UTI pathway
committee was to standardize the diagnosis, treatment,
and follow-up care for patients presenting with signs
and symptoms of UTIL The authors theorized that an
evidence-based, system-wide pathway would improve con-
sistency in empiric UTI treatment. The aim was to improve
first-line prescription of cephalexin as an empiric antibiotic
treatment for uncomplicated UTIs from 34% to 75% in
children 3 months to younger than 18 years of age pre-
senting to any site within the healthcare system within 6
months. We selected the target of 75% based on initial per-
formance demonstrated by the ED, where the recommen-
dation for cephalexin as a first-line antibiotic for UTIs was
implemented and sustained at 74% since 2019, as well as
targets reported in published literature on the success of
UTI pathways at other pediatric institutions.’

METHODS

Local Context

Healthcare System

The integrated healthcare system comprises a 296-bed
tertiary care, free-standing children’s hospital and level
1 pediatric trauma center/ED in Milwaukee, Wis., with
seven regional UC and 24 children’s primary care clin-
ics in Southeastern Wisconsin. A single electronic medi-
cal record (EMR) is shared across the healthcare system
(EPIC, Verona, Wis.).

Antibiogram

The institutional antibiogram was reviewed in 2019,
with data demonstrating high rates of susceptibility of
Escherichia coli, Klebsiella pneumoniae, and Proteus
mirabilis to cephalexin for treatment of uncomplicated
UTI wusing adjusted mean inhibitory concentration
breakpoints established by the Clinical and Laboratory
Standards Institute in 2014 for these common uropatho-
gens.® Within this healthcare system, the adjusted urine
breakpoint for cefazolin showed 92% susceptibility to E.
coli, an increase from 77% susceptibility based on serum
breakpoints.

Current State Assessment
Between January 1, 2020, and April 4, 2021, 8,840
children presented to the healthcare system with
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suspected UTI and 2,823 (32%) received empiric treat-
ment. Suspected UTI was defined as the patient having
a urinalysis with leukocyte esterase result (positive or
negative) plus any UTl-related diagnosis (acute cystitis,
cystitis, urinary tract infection, acute pyelonephritis, fever,
dysuria, and abdominal pain). Before 2021, there was no
institutional standardized approach to UTI diagnosis,
empiric antibiotic choice/duration, or treatment failure.
Instead, recommendations for first-line oral antibiot-
ics for UTI varied by site: ED guidelines recommended
cephalexin, UC guidelines recommended trimethoprim-
sulfamethoxazoleand primarycaredidnothaveaguideline.
Additionally, parent experience surveys revealed dissatis-
faction with inconsistent UTI care across the system.

Further review of baseline data demonstrated the great
variability in empiric choice of antibiotics for uncompli-
cated UTIs, as reported in the Results section. Of note,
initial, unfiltered data suggested ED providers prescribed
cephalexin to 75% of suspected UTIs as a result of rec-
ommendations made by the antibiotic stewardship team
in 2019. These recommendations had been incorporated
into an ED-specific treatment guideline algorithm and
disseminated through provider education in a practice
culture that readily uses ED-specific guidelines for deci-
sion support. Further detailed chart review demonstrated
the need to filter out additional diagnoses such as otitis
media, pneumonia, and tonsillitis. New baseline ED data
showed that 64% of providers treated UTIs with cepha-
lexin; however, the team retained the 75% target for the
specific aim.

Background Assessment, Literature Review, and
Development of a Key Driver Diagram

The team mapped the process of UTI management across
the system, reviewed existing local guidelines in each
practice area, and performed a literature review. A litera-
ture review subcommittee, composed of nine physicians,
a medical librarian, and a quality project lead, performed
a comprehensive review of evidence addressing the ques-
tions “how to define UTI, who to test for UTI, how to
test for UTI, choice and duration of antibiotics, failure
of treatment, and when to image.” The literature review
subcommittee systematically collated the literature
review, publicly available pathways from other pediatric
institutions, and local expert consensus. Based on these
findings, the team formed a key driver diagram, which
included a standardized UTI pathway, electronic health
record enhancements, and provider education and feed-

back (Fig. 1).

Interventions

Population

Children between the ages of 60 days and younger than
18 years who were evaluated in the healthcare system and
treated for a UTT were included in the study. UTI treatment
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Fig. 1. Key driver diagram for first-line antibiotic prescription for UTls across an integrated health system.

was defined as having an encounter where the child was
prescribed antibiotics and had a UTI-related diagnosis
(Figure 1, Supplemental Digital Content 1, http://links.
Iww.com/PQ9/A592). Children were excluded if they had
known urologic conditions with a high risk for bacterial
colonization or conditions where management of UTI
would be potentially more complicated (ie, neurogenic
bladder, vesicoureteral reflux, unresolved hydronephro-
sis, and nephrolithiasis), underwent genitourinary surgery
within the last 30 days, had recurrent UTIs (>3 per year),
were on continuous antibiotic prophylaxis, were immu-
nocompromised, or presented with concern for sepsis or
pregnancy (Figure 1, Supplemental Digital Content 1,
http://links.lww.com/PQ9/A592).

Standardized UTI Pathway

Following the assessment of the current state, a Plan-
Do-Study-Act (PDSA) cycle was initiated to develop and
disseminate a standardized system-wide pathway for UTI
management. A multidisciplinary “UTI pathway team”
was formed with 25 members providing representation
from all practice areas within the healthcare system. An
advanced practice nurse who served as the director of clin-
ical pathways at the institution and two physicians with
expertise in quality improvement led the team. Additional
physician representation included providers from pri-
mary care, UC, ED, pediatric hospital medicine, urology,
and infectious disease. Two physicians provided technical
support with EMR provider builder training, a data ana-
lyst, and a librarian. This team created the system-wide
UTI pathway encouraging empiric treatment with ceph-
alexin based on specific UTI diagnosis codes (Figure 2,
Supplemental Digital Content 2, http://links.lww.com/
PQY/A593). To ensure the pathway met the needs of each
site, the team shared the pathway with the larger UTI
pathway team in the spring of 2020 and underwent sev-
eral iterations to ensure usability at all care sites.

EMR Enhancements

Modifications to the EMR included patient care note
templates with clinical decision support, an order set, and
patient discharge instructions. Clinical decision support
included guidance on who to test and how to interpret
urinalysis results. As microscopic urinalysis is not readily
available at each clinical site, the team decided to include
a reference to point-of-care urinalysis results for pathway
decision-making.

The order set, which was created for UC and adapted
for use in primary care, included a preselected prescrip-
tion for cephalexin and a supporting statement to rein-
force cephalexin as the preferred empiric antibiotic choice
unless the patient had a cephalosporin allergy or severe
allergy to penicillin. The antibiotic order automatically
calculated the appropriate dose, frequency, and duration
based on the patient’s weight and diagnosis (cystitis ver-
sus pyelonephritis), including a hard stop at the maxi-
mum recommended dose. The order set also included an
option for trimethoprim-sulfamethoxazole for patients
with drug allergy to cephalexin.

Standardized discharge instructions for all practice
areas were developed. Instructions for empiric treatment
included return precautions and signs of treatment fail-
ure, whereas instructions for watchful waiting described
symptoms that may show the progression of an early UTIL.

Provider Education

Before UTI pathway implementation, the proposed path-
way was presented to providers in each practice area
to facilitate education and solicit feedback. We also
presented the pathway and EMR tools to the pediatric
residents at a house staff meeting. The UTI pathway,
including EMR modifications such as order sets and
discharge instructions, was published internally to the
healthcare system’s intranet and activated as “Go Live”
on April 5,2021, where it was available to all providers
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and nurses. Following “Go Live,” pathway team members
from various sites expressed the need for additional edu-
cation; therefore, a second PDSA cycle focusing on path-
way awareness and order set re-education was performed
in October 2021 via staff and faculty meetings across UC,
ED, and primary care.

Feedback and Data Sharing with Clinicians

We built an automated data report to collect demograph-
ics and study measures throughout the healthcare system
to monitor progress. Monthly emailed newsletters with
control charts showing antibiotic prescription patterns
for presumed UTIs were shared with the UTI pathway
team. The control charts included data at the system level
and data stratified for each practice area. Providers at
all sites received quarterly data on antibiotic prescribing
patterns specific to their site, with further clinic-specific
prescribing shared at the discretion of UC and primary
care representatives. Following monthly meetings during
the first year of postpathway implementation, the UTI
pathway team continued quarterly meetings to share
data, review feedback, and discuss concerns related to the
pathway from May 2021 to the present.

Measures

The primary outcome was the percentage of patients
prescribed cephalexin for presumed UTI over the total
number of presumed UTI diagnoses treated with empiric
antibiotics throughout the healthcare system. The balanc-
ing measure was the percent of return visits to any institu-
tional clinical care site with a UTI-related diagnosis within
14 days of antibiotic prescription (Figure 1, Supplemental
Digital Content 1, http://links.lww.com/PQ9/A592). The
process measure was the EMR order set utilization rate in
the primary care and UC settings.

Analysis

Eligible patients (see Population) were pulled from our
EMR based upon inclusion and exclusion of ICD-10
diagnosis codes, with exclusion diagnoses such as neu-
rogenic bladder and nephrolithiasis filtered out during
the data pull. Figure 1 (Supplemental Digital Content 1,
http://links.lww.com/PQ9/A592) lists the inclusion and
exclusion diagnoses. Descriptive statistics were used to
describe the total pathway-eligible population. We used
statistical process control charts to measure the impact
of the interventions in real time. The centerline and con-
trol limits were revised when a special cause was noted
as defined by eight consecutive points above or below the
mean or a single data point above or below the upper or
lower confidence interval.

Ethical Considerations

This study was determined to be a quality improvement
project and thus exempt from local institutional review
board review. The UTI risk stratification was adapted
from the AAP Urinary Tract Infection Guideline (2011,
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2016 revision); however, the UTI pathway team decided
to remove race as a risk factor due to the evolving under-
standing of the role of racial inequality in healthcare and
lack of a clear biological basis for race as a risk factor for

UTL"#

RESULTS

Between January 1, 2020, and June 28, 2022, 19,363
patients presented to the ED, UC, and primary care sites
with suspected UTT and received a urinalysis. Of these,
5,799 (29.9%) received empiric antibiotics for suspected
UTI. The primary diagnoses for those receiving empiric
antibiotics for suspected UTI included dysuria/urinary
frequency, acute cystitis/pyelonephritis, fever, abdom-
inal pain, constipation, vulvovaginitis, and viral illness.
Patient demographics, stratified by presenting site, are
displayed in Table 1. After the system-wide UTI pathway
release on April 5,2021, the first-line prescription of out-
patient cephalexin for UTI across sites improved from
34% to 66% and was maintained for 14 months (Fig. 2).
Cephalexin for empiric treatment of suspected UTI
became the primary antibiotic of choice across the institu-
tion. Figures 3-5 display first-line antibiotic prescriptions
across the study timeframe for each site separately (ie,
ED, UC, and primary care). Prescribing improved from
24% to 60% in primary care and 24 % to 76 % in UC. ED
prescriptions for cephalexin remained relatively stable at
64% versus 63%. Cephalexin prescribing for empiric
treatment of suspected UTIs improved or was stable in
all 19 primary care and all six UC clinics treating at least
10 UTIs during this timeframe. Five primary care clin-
ics treated less than 10 patients for UTI, and only one
improved cephalexin prescribing. Order set uptake was
58% in primary care and 54% in UC sites. There was no
change in 14-day revisits (8%) for those patients treated
with antibiotics for suspected UTI (Figure 3, Supplemental
Digital Content 3, http://links.lww.com/PQ9/A594).

DISCUSSION

Summary

This project highlights how a multidisciplinary collab-
oration of leadership across the healthcare system can
successfully optimize medical management and provide
a consistent and sustainable standard of care across an
integrated healthcare system. An interdisciplinary team
successfully standardized the evaluation and treatment of
children with UTIs throughout a regional healthcare sys-
tem, as evidenced by improved adherence to the locally
recommended first-line antibiotic choice of cephalexin
without harming treatment failures.

Interpretation
Our pathway’s success depended on our ability to incor-
porate local context, collaborate in a multidisciplinary
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Table 1. Demographics of Patients Presenting to our Health System and Treated for a UTI from January 1, 2020, to June

28, 2022
Primary Care uc ED Total
Sex (N, %)
Female 2,088 (92.0) 1,757 (92.8) 1,357 (82.9) 5,202
Male 181 (8.0) 136 (7.2) 280 (17.1) 597
Age (N, %)
Oto<2 162 (7.1) 194 (10.2) 419 (25.6) 775
2to<12 1,460 (64.3) 1,352 (71.4) 793 (48.4) 3,605
12to <18 647 (28.5) 347 (18.3) 425 (26.0) 1,419
Insurance status (N, %)
Commercial 1,574 (69.4) 1,262 (66.7) 478 (29.2) 3,314
Medicaid HMO 5083 (22.2) 489 (25.8) 913 (565.8) 1,905
Medicaid 142 (6.3) 88 (4.6) 204 (12.5) 434
Medicare/other government 32 (1.4) 34 (1.8) 12 (0.7) 78
Unknown 18(0.8) 20 (1.1) 30(1.8) 68
SPS race/ethnicity (N, %)
White 1,514 (66.7) 1,292 (6.8.3) 484 (29.6) 3,290
Black or African American 326 (14.4) 197 (10.4) 562 (34.3) 1,085
Multiracial, Hispanic 224 (9.9) 242 (12.8) 426 (26.0) 892
Unknown 80 (3.5) 69 (3.6) 20 (1.2) 169
Multiracial, Non-Hispanic 50(2.2) 46 (2.4) 46 (2.8) 142
Asian 46 (2.0) 22 (1.2) 57 (3.5) 125
Hispanic or Latino or Latinx 22 (0.9) 20(0.2) 35(0.3) 77
American Indian or Alaska Native 6 (0.0) 3(0.1) 5(0.1) 14
Native Hawaiian or Other Pacific Islander 0(0.0) 2(0.1) 1(0.1) 3
Multiracial, unknown ethnicity 1(0.1) 0(0.0) 1(0.1) 2
CMG, Primary Care Children’s Medical Group; HMO, health maintenance organization.
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Fig. 2. Interrupted time-series analysis of a system-wide pathway to improve cephalexin as a first-line antibiotic choice for UTI.

fashion, and leverage an integrated health model. We
learned several key lessons during this process. First,
incorporating local context into planning a multisite
quality improvement effort was vital to understand-
ing the most appropriate UTI testing and treatment
approach. For example, microscopic urinalysis was
unavailable at all primary and UC sites and could add
substantial time to evaluations depending on laboratory

availability. As such, we created diagnostic recommen-
dations that were broad-based and applicable across all
participating sites. Second, although standardization of
pathway recommendations across all sites was vital to
success, the implementation strategies at each site varied
due to site-specific workflows and microcultures, such
as the use of order sets. The relationship between pro-
cess measures, such as order set utilization, and outcome
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Fig. 3. P chart demonstrating the percent of first-line prescriptions for cephalexin for outpatient pediatric UTls within the ED.

measures was strong in UC and primary care sites. Our
experience reflected that of others who have shown effec-
tive change-management strategies for antibiotic choice
in pediatric UTI by leveraging clinical decision support.’
However, as ED workflows did not support order set uti-
lization for any diagnosis at the time of pathway imple-
mentation, we felt that focusing on order set utilization
across all sites (including ED) would have detracted from
the successful goal of antibiotic prescription patterns.
Kline et al'® reported similar success with implementing
evidence-based treatment recommendations for pediatric
UTTI within their ED, primarily leveraging education and
provider feedback. Finally, by incorporating acute and
primary care sites into a single data collection system, the
UTTI team monitored individual site-level progress, pro-
vided site-specific feedback, tracked system-level perfor-
mance, and monitored the balancing measure of 14-day
return visits for UTTs.

Previous UTI-standardized pathways in acute and out-
patient settings have improved prescribing patterns and
sustainably reduced care variation. Adherence to the first-
line antibiotic choice described in our work is comparable
to adherence reported in other experiences.”'' However,
neither of these previously published efforts looked to
standardize efforts across the entire health system as this
project was able to do.

Finally, ED-prescribing patterns of cephalexin for first-
line treatment of uncomplicated UTI did not improve in
the manner seen in primary care and UC. This observation

is likely because the UTI pathway team focused heavily
on interventions in primary care and UC to facilitate a
significant change in practice to offer cephalexin as a
first-line treatment. Additional ED obstacles included
competing priorities due to high patient volumes and crit-
ically ill patients and frequent turnover of ED trainees
from multiple institutions, which introduce challenges to
trainee education. In the future, the team plans to iden-
tify successful interventions applied in UC and primary
care, such as discharge order sets, and determine if similar
interventions could further improve cephalexin prescrib-
ing patterns in the ED.

This project has several limitations worth mentioning.
Other institutions seeking to replicate this project should
base empiric antibiotic recommendations on their local
antibiotic susceptibility patterns. Additionally, despite
team efforts to review the relevant literature, AAP guide-
lines, and national pediatric UTT management pathways,
expert consensus was needed when data were lacking.'>"'*
The impact of a system-wide shift to first-generation
cephalosporins on local antibiotic resistance patterns
has not been well-studied. A longer follow-up is needed
to determine if cephalexin is the best empiric antibiotic
choice based on susceptibility patterns. However, Poole
et al’ found no difference in the proportion of urinary
isolates resistant to the prescription of choice for up to
4 years following the institution of their clinical UTI
pathway. Data presented here may not precisely reflect
the granular and clinician-driven inclusion and exclusion
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Fig. 4. P chart demonstrating the percent of first-line prescriptions for cephalexin for outpatient pediatric UTls within UC.
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Fig. 5. P chart demonstrating the percent of first-line prescriptions for cephalexin for outpatient pediatric UTls within primary care.
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criteria for the pathway since certain criteria may not be
represented in the ICD-10 billing data used to create the
analytic cohort. Additionally, prescriptions for febrile
non-UTI-related diagnoses such as acute otitis media,
pneumonia, or streptococcus pharyngitis may be included
in the dataset, which would be biased against the primary
aim. Nonetheless, our ICD-10 inclusion and exclusion
codes were consistent throughout implementation and
PDSA cycles and likely reflected the most targeted patients
for the system-wide pathway. Additionally, opportuni-
ties exist to investigate antibiotic stewardship with the
expansion of data collection. For instance, the primary
analysis did not include antibiotic dose, frequency, and
duration as data infrastructure did not initially support
their collection.

Concluding Summary

This work presents an opportunity to improve the man-
agement of pediatric UTIs by integrating primary and
acute care sites under the guidance of a single pathway. It
has highlighted several strategies for integrated care path-
ways that may be applied to any disease entity. By struc-
turing pathways that utilize standard available resources
(ie, availability of urinalysis tests) and accommodating a
flexible dissemination structure, standardized work in an
integrated health system is impactful and sustainable.

ACKNOWLEDGMENT

This work would not have been possible without the
administrative support and leadership of the following
individuals: Karie Mantey, MD, Sarah Bauer, MD, Ben
Landgraf, MD, Jennifer Miller, PA-C, Jaspreet Samra,
Danielle Smith, MSN, RN, CNL, Katie Ray PharmD, Ian
Reineking, and Robert Rohloff, MD.

Pediatric Quality and Safety

REFERENCES

1. Freedman AL; Urologic Diseases in America Project. Urologic dis-
eases in North America Project: trends in resource utilization for
urinary tract infections in children. | Urol. 2005;173:949-954.

2. Mattoo TK, Shaikh N, Nelson CP. Contemporary management of
urinary tract infection in children. Pediatrics.2021;147:€2020012138.

3. Esposito S, Biasucci G, Pasini A, et al. Antibiotic resistance in
paediatric febrile urinary tract infections. | Glob Antimicrob Resist.
2022;29:499-506.

4. Copp HL, Hanley ], Saigal CS, et al; NIDDK Urologic Diseases
in America Project. Acute health care utilization and outcomes for
outpatient-treated urinary tract infections in children. | Pediatr
Urol. 2016;12:234.e1-234.¢5.

5. Poole NM, Kronman MP, Rutman L, et al. Improving antibiotic
prescribing for children with urinary tract infection in emergency
and urgent care settings. Pediatr Emerg Care. 2020;36:¢332-e339.

6. Clinical and Laboratory Standards Institute (CLSI): Performance
Standards for Antimicrobial Susceptibility Testing: Twenty-first
Informational Supplement. 30th ed. CLSI; 2014:100-122.

7. Kowalsky RH,Rondini AC,Platt SL. The case for removing race
from the American Academy of Pediatrics clinical practice guideline
for urinary tract infection in infants and young children with fever.
JAMA Pediatr. 2020;174:229-230.

8. Vyas DA, Eisenstein LG, Jones DS. Hidden in plain sight—
reconsidering the use of race correction in clinical algorithms. Mass
Medical Soc. 2020;383:874-882.

9. Karas DR, Upadhyayula S, Love A, et al. Utilizing clinical deci-
sion support in the treatment of urinary tract infection across a large
pediatric primary care network. Pediatr Qual Saf. 2023;8:¢655.

10. Kline JN, Powell LN, Albert JD, et al. Improving adherence to
evidence-based practice for uncomplicated UTI in a pediatric emer-
gency department. Pediatr Qual Saf. 2023;8:¢654.

11. Daley MF, Arnold Rehring SM, Glenn KA, et al. Improving anti-
biotic prescribing for pediatric urinary tract infections in outpatient
settings. Pediatrics. 2020;145:€20192503.

12. Roberts KB; Subcommittee on Urinary Tract Infection, Steering
Committee on Quality Improvement and Management. Urinary
tract infection: clinical practice guideline for the diagnosis and man-
agement of the initial UTI in febrile infants and children 2 to 24
months. Pediatrics. 2011;128:595-610.

13. Mori R, Lakhanpaul M, Verrier-Jones K. Diagnosis and man-
agement of urinary tract infection in children: summary of NICE
guidance. BMJ. 2007;335:395-397.

14. Chua M, Ming ], Chang S-J, et al. A critical review of recent
clinical practice guidelines for pediatric urinary tract infection. Can
Urol Assoc J.2018;12:112-118.



