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Abstract

Background: Urinary tract infections (UTI) are often over-diagnosed and over-treated, which can induce and select
for resistant pathogens. After observing wide-spread outpatient use of ertapenem, a broad-spectrum antibiotic, a
structured antimicrobial stewardship initiative (ASI) to improve appropriate antimicrobial prescribing was
undertaken. ASI objectives were to achieve a goal of reducing ertapenem utilization for extended spectrum beta
lactamase Enterobacteriaceae (ESBL-EB) UTI by 10% and evaluate the clinical outcomes associated with the ASI.

Methods: A pre-to-post cohort study was conducted at a single-center integrated healthcare system between
November 1, 2014 and February 26, 2017. An intensive, 90-day, pharmacist-driven, structured ASI was implemented
between November 1, 2015 and January 29, 2016. Female patients aged ≥18 years who were treated for an
uncomplicated, ESBL-EB urinary tract infection (UTI) were included. Primary outcome was clinical resolution defined
as cure, persistence, relapse and recurrence. Secondary outcome measured was monthly ertapenem use expressed
as number of days of therapy (DOT)/1000 adjusted patient days (APD). Segmented regression analysis for
interrupted time series was performed to estimate ASI intervention effect.

Results: A total of 184 patients were included in the study. Ertapenem utilization decreased from 0.0145 DOT/1000
APD in Nov. 2014 to 0.0078 DOT/1000 APD Feb. 2017(p < 0.01). The mean ertapenem DOT declined 19% overall
from the pre vs. post intervention periods (32 vs 26, p < 0.01). Frequency of recurrent UTIs between treatments did
not significantly differ and no adverse effects were reported in patients treated with aminoglycosides.

Conclusions: A structured ASI for uncomplicated ESBL-EB UTI was associated with a clinically meaningful decrease
in ertapenem utilization and once-daily, 5-day aminoglycoside treatment was well-tolerated.
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Background
Urinary tract infections (UTI) are often over-diagnosed
and over-treated in a wide range of care settings [1, 2].
Misuse of broad-spectrum antimicrobials has been
shown to select and induce resistant pathogens; as with
the case of high emergence of extended spectrum B-
lactamase Enterobacteriaceae (ESBL-EB) UTIs [3–5].
Therapeutic options for ESBL-producing organisms are
limited because of concomitant resistance to other clas-
ses of antimicrobials. Ertapenem, a once daily broad-
spectrum carbapenem, is often used as first line treat-
ment [6]. Overuse of ertapenem, however, can subse-
quently lead to carbapenem resistance in a seemingly
inescapable cycle [7].
Re-consideration of aminoglycoside therapy as a carba-

penem sparing option for ESBL-EB UTIs is a particularly at-
tractive treatment option due to its ability to achieve high
peak-to-MIC ratio urine concentrations for prolonged pe-
riods, ease of administration, and relatively low toxicity [8, 9].
Furthermore, aminoglycoside therapy does not mediate resist-
ance to other antimicrobial classes and is effective in single
dose therapy and feasible as monotherapy for non-bacteremic
ESBL-EB UTIs [10–12]. While limiting the use of an anti-
microbial class through substitution has been a mainstay of
antimicrobial stewardship efforts, national surveillance pro-
grams have identified that reduction in selective pressure is
the key component of an effective strategy e.g., Delgado and
colleagues’ retrospective study reported substantial reduction
of ertapenem utilization while maintaining susceptibilities of
Pseudomonas aeruginosa and Enterobacteriaceae [13].
Accelerating trends in overall ertapenem use and ini-

tial cases of carbapenem-resistant Enterobacteriaceae
(CRE) were observed in a community medical center. A
collaborative antimicrobial stewardship initiative (ASI),
thus, was launched to improve antimicrobial utilization
in the outpatient antibiotic parenteral therapy (OPAT)
setting. Specifically, the scope of targeting treatment of
uncomplicated ESBL-EB UTI was identified as a per-
formance improvement opportunity to bridge the gap
for evaluation and monitoring that was overlooked by
inpatient antimicrobial stewardship programs [14]. The
objective of the ASI was to achieve a SMART,
(mnemonic acronym for specific, measurable, attainable,
relevant, and time-bound criteria to guide in the setting
of objectives) goal of reducing ertapenem utilization for
ESBL-EB UTI by 10% in 90 days. Based on distribution
fitting and concept of thresholds, 10% was selected as a
performance goal with the general rule that 80% should
be achievable, a target level should be 50% achievable,
and a stretch goal should be about 20% achievable [15].
This study evaluated that goal and the clinical outcomes
associated with the ASI. Findings from this study can
provide insights on antibiotic prescribing in the OPAT
setting.

Methods
Study Design & Setting
This retrospective, pre-to-post, cohort study evaluated
female patients > 18 years of age with an uncomplicated
ESBL-EB UTI in the OPAT setting who were dispensed
a prescription for ertapenem or aminoglycoside between
November 1, 2015 and February 26, 2017 at one medical
center within Kaiser Permanente Southern California
(KPSC), an integrated healthcare delivery system. The
center includes a 218-bed tertiary hospital and five sur-
rounding medical offices that provide primary and spe-
cialty care to 265,000 patients. Coded and free-text data
on diagnoses, procedures, laboratory tests, medications,
hospitalization, and membership are maintained in
KPSC electronic medical record and pharmacy dispens-
ing systems. All aspects of the study were reviewed and
approved by the KPSC Institutional Review Board. Pa-
tient consent was not required due to the retrospective
nature of the study.
At the time of the study, there were no internal proto-

cols directing the use of aminoglycosides for ESBL-EB
UTI. An ASI was designed to improve antimicrobial
utilization through broad-based, pharmacy driven, and
disease focused interventions. The ASI was led by the
Chief of Infectious Diseases (ID) and an ID-trained out-
patient pharmacist specialist, who collaborated closely
with ordering providers (physicians and mid-level practi-
tioners), laboratory, department administrators, and both
inpatient and outpatient pharmacy. The study encom-
passed an ASI pre-implementation (September 1, 2014 -
August 31, 2015), 90-day implementation period (No-
vember 1, 2015 - February 26, 2016), and bi-phasic post-
implementation period (October 10, 2016 - February 26,
2017). A 2-month “wash-out” window between Septem-
ber 1, 2015 and October 31, 2015 was included to
launch the initiative.
The index date for study inclusion was the date of

UTI diagnosis defined as International Classification of
Disease and Related Health Problems (ICD)-9 diagnosis-
595.5 and updated (ICD)-10) code for urinary tract in-
fection (ICD-10 N30.0, ICD-9599.0) and related cystitis
(ICD-10-N39.0). Patients were recruited via continuous
enrollment in KPSC during the 6 months prior to study
index date (required to collect baseline characteristics
reliably). Each episode was counted as a unique episode
if occurring > 30 days after the index date. Retrospective
electronic chart review of all clinical documentation was
performed to evaluate patient symptomatology, labora-
tory values, and to verify UTI diagnosis and outcomes.
Infectious disease consultation/approval were required
for all ESBL-EB UTI prescriptions. While fosfomycin
and nitrofurantoin are recommended per Infectious Dis-
eases Society of America (IDSA) 2010 guideline in the
treatment of ESBL-EB UTIs, data collection for these
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oral options were excluded from the intervention as
multiple barriers limit implementation in practice [6].
Several mechanisms of resistance resulting in heterore-
sistant subpopulations along with rates of treatment fail-
ure with fosfomycin ranging from 22 to 59% prevent
routine use [16–19]. Additionally, fosfomycin suscepti-
bility is not routinely included in testing for all con-
firmed ESBL-Enterobacteriaceae in most institutions.
Similarly, treatment failure and adverse outcomes limit
use of nitrofurantoin older patients with renal impair-
ment [20]. Data collection focused on measurement of
parenteral ertapenem and aminoglycoside allowed accur-
ate measurement of the intervention’s core strategy.
Confirmation of diagnosis was made with a positive

ESBL-EB urine culture of > 100,000 colony forming units
(CFU) and were excluded from analysis if the culture
had no/insufficient bacterial growth, normal/mixed flora,
or classified by the microbiology laboratory as contamin-
ation on final report. Prior to 2018, ESBL was confirmed
by disk method. In 2018, confirmation was discontinued
as Clinical & Laboratory Standards Institute (CLSI) no
longer recommends changing the interpretation of the
beta-lactam based on detection of ESBL [21].
Outpatient setting was defined as an infusion center,

urgent care department, emergency department, or
home.
Patients were excluded if they were not eligible for

once daily dosing aminoglycoside therapy: pregnancy (as
there are no data on fetal pharmacokinetics and tox-
icity), ascites (ICD-9- 789.59), endocarditis (ICD-
9424.9X), dialysis, burns > 20% of body surface area,
renal sufficiency (creatinine clearance (CrCl) ≥20ml/
min), bacteremia (determined by positive blood cul-
tures), hemodynamic instability, and immunocomprom-
ised neutropenia (absolute neutrophil count < 1500/μl).
In addition, patients with other urinary tract-related in-
fections, pyelonephritis, or a complicated UTI (defined
as UTI occurring in male or association with a structural
or functional abnormality of the genitourinary tract in-
cluding existing kidney stones or preexisting conditions
involving the urinary tract) were excluded [22].

Intervention
The intervention period (November 1, 2015 - February
26, 2016) was marked by educational presentations in-
cluding formal seminars by the ID chief and Post Gradu-
ate Year (PGY)-1 pharmacy resident to obtain buy-in
from multiple partners. Medical specialties targeted for
education included hospitalist, emergency medicine/ur-
gent care physicians, intensivists, and pharmacists. Using
an inter-disciplinary multi-level approach based on Soci-
ety for Healthcare Epidemiology of America (SHEA)
antimicrobial stewardship guidelines [22], the core strat-
egy was to provide a prospective audit to prescribers and

tighten adherence to formulary restriction and pre-
authorization for ertapenem use for ESBL UTIs. This
was spearheaded by ID physicians and outpatient infu-
sion pharmacists through one-on-one, prescriber-level,
patient-specific antimicrobial “time-outs” to explore the
need for treatment and consideration of once-daily ami-
noglycosides as first-line therapy where appropriate. In
addition, specialty detailing of antimicrobial use was per-
formed in a stepwise transition: first with medical offices
and outlying clinics followed by emergency department
and urgent care sites.
Supplemental strategies to educate providers included

guideline navigation, non-treatment of asymptomatic
bacteriuria, routine restriction of fluoroquinolone and
third generation cephalosporin for cystitis, upstream
limiting of duration of therapy (i.e., from seven to 5
days), approval from regional pharmacy and therapeutics
committees for outpatient collaborative management of
aminoglycoside, and subsequent development of work
flow process for referral to “per pharmacy protocol”
(Table 1) [23, 24]. De-escalation/streamlining was
performed by limiting empiric ertapenem dispensing
supply to < 3 days with pending cultures and without
previous history of ESBL bacteria or significant risk
factors (i.e., previous use of broad-spectrum antibiotics,
hospitalization within 90 days, history of recurrent UTI,
or presence of urological abnormalities) [25, 26]. Retro-
spective audit through weekly ID rounds and monthly
utilization reporting provided feedback on antimicrobial
use and patient outcomes (Fig. 1). The iterative control
cycle Plan-Do-Study-Act performance improvement
method was used to identify threshold drop-off for
sustainability.

Outcomes
This study described patient demographics, prescription
characteristics, and organisms observed on urine cul-
tures in the 90 days pre and post diagnosis index date.
The primary outcome was clinical resolution defined as
cure (complete resolution of signs and symptoms of in-
fection e.g. dysuria, urinary frequency/urgency, suprapu-
bic pain, and or fever), persistence (same bacteria
cultured in the urine 2 weeks after initiating sensitivity-
adjusted therapy) relapse (recurrence with the same or
different organism > 2 weeks after treatment or a sterile
intervening culture. Recurrent was defined as > 2 UTIs
in the last 6 months or 3 or more UTIs in the last 12
months or readmission for UTI with 90-day re-
treatment [6]. Antibiotic susceptibility was based on
Vitek 2 (bioMerieux, Durham, NC) technology. Inter-
pretive criteria used by the microbiology laboratory was
based on Clinical Laboratory Standards Institute docu-
ment M100. Safety evaluations included documented
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adverse effects and or acute kidney injury (AKI) defined
as > 50% increase in serum creatinine levels within < 7
days.
Secondary outcomes measured were ertapenem

utilization defined as number of days of therapy (DOT)/
1000 adjusted patient days (APD). The use of DOT/1000
APD is currently the most accurate and preferred meas-
ure of antibiotic use and is used by the Centers of Dis-
ease Control and Prevention (CDC) and National

Healthcare Safety Network (NHSN). This metric allows
for comparison of antibiotic utilization both within and
between institutions and services of different sizes when
normalized to patient days. It is unaffected by change in
dosing [27].

Data collection
Baseline information on patient characteristics, facility
level antimicrobial susceptibility patterns, antimicrobial

Table 1 Outpatient Infusion Pharmacy Services Managed Protocol

Referring provider Determine the need for Aminoglycoside therapy, duration of therapy and consult with ID physician if applicable
or required at the local medical center.

Authorized Pharmacist
Functions:

Gather Patient-Specific Information. Order and evaluate appropriate laboratory work, Initiate aminoglycoside
therapy using accepted adult dosing guidelines

Demographics Age, Gender, Height, and Actual Body Weight (ABW)

Labs Serum Creatinine (SCr), Blood Urea Nitrogen (BUN), Complete Blood Count (CBC), Cultures & Sensitivities

History Allergies
Medical and Medication History
Diagnosis/Reason for Vancomycin
Previous aminoglycoside pharmacokinetic data

Order and evaluate appropriate lab
work

Baseline SCr
Routine CBC with differential, SCr +/− BUN, and aminoglycoside trough weekly or more frequently based on
patient’s age, history, concurrent nephrotoxic or ototoxic medications and clinical judgment.
May order peak level per clinical judgment or patient case.
Trough level should be done prior to 3rd to 5th dose after initiation, change in dosage and at least once a
week if creatinine is stable, and more often for changes in creatinine of greater than or equal to 0.5 mg/dL.
If there is a greater than or equal to 0.5 mg/dL change in serum creatinine, a trough and/or repeat random level
should be done with the next feasible dose.

Single Daily Dose
Aminoglycoside (SDDA)
Gentamicin/Tobramycin 5 mg/kg/
dose IV
Amikacin 15 mg/kg/dose IV

Exclusion
i. Pregnant women (no data on fetal pharmacokinetics and toxicity)
ii. Ascites
iii. Endocarditis
iv. Dialysis patients
v. Burn patients
vi. Patients with ESRD or with CrCl < 20 mL/min
vii. Patients who are hemodynamically unstable
viii. Neutropenic or critically ill patients

Fig. 1 Outpatient Infusion Pharmacy Antimicrobial Stewardship Initiative
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utilization, and clinical outcomes were collected from
the OPAT administration database and electronic med-
ical record system. Patients were assessed for comorbidi-
ties, initial symptoms and characteristics of UTIs (upper
or lower, complicated or uncomplicated), and improve-
ment of symptoms. Laboratory data included serum cre-
atinine (as surrogate marker for renal function before
and after therapy), anatomical or functional abnormal-
ities, urine culture positive for ESBL-EB, appropriateness
of treatment based on selection of antimicrobial, dose,
duration, and eligibility for aminoglycoside or oral alter-
native using a validated data collection template [25].
Aminoglycoside dose and dosing interval were deter-

mined by body weight and renal function and adjusted
per collaborative practice agreement. Retrospective elec-
tronic chart reviews were conducted by multiple un-
blinded pharmacist reviewers under the supervision of
site investigators.

Data analysis
Summary statistics were described for categorical vari-
ables and continuous variables. The comparison of ami-
noglycoside prescription rates was performed with the
Chi-square test of association. The monthly trend of
aminoglycoside prescription rates after intervention was
evaluated by Cochran-Armitage test. Comparison by t-
test of the mean ertapenem therapy days per total days
of therapy between the pre- and post ASI initiation time
periods was conducted. Segmented regression analysis
for interrupted time series was used to determine the
significance of the differences in levels and slopes of
ertapenem utilization over time after implementation of
the two intervention phases. Estimations were made of
the change in ertapenem utilization, the difference be-
tween the pre- and post-intervention slopes of the out-
come, and the 12-month intervention effect after the
intervention. Significance was defined as p < 0.05. All
statistical analyses were performed with SAS version 9.4
(SAS Institute Inc., Cary, NC).

Results
Patients
A total of 184 patients treated outpatient for ESBL UTI
with either ertapenem or aminoglycosides were evalu-
ated. During the pre-intervention period (September 1,
2014- August 31, 2015), a total of 139 patients were
reviewed and 101 were identified as having been treated
for ESBL-EB UTI with ertapenem who could have been
appropriately treated with once-daily aminoglycoside
treatment (Fig. 2a). Baseline characteristics were similar
between the two groups (Table 2). The mean age was
67 + 17 years and mean renal function as expressed by
Creatinine clearance (mL/min) was 61.7 + 34. The aver-
age temperature and white blood cell counts were within

normal range. Most patients had pyuria and positive
markers of urinary tract inflammation on urinalysis.
Gram negative rods predominated positive urine cul-
tures for Escherichia coli (70%) with 58% of isolates be-
ing ESBL E. coli. Susceptibility to aminoglycoside
accounted for 82% of cultures. Of parenteral prescrip-
tions reviewed, ertapenem had been prescribed 100%.
During the ASI intervention and follow up period (No-

vember 1, 2015- February 28, 2017), a total of 75 pa-
tients were reviewed and 66 were identified as having
been treated for ESBL-EB UTI with ertapenem who also
could have been appropriately treated with once-daily
aminoglycoside (Fig. 2b). Seventeen patients were identi-
fied as having been treated for ESBL UTI with amikacin.
Mean age was 68.86 ± 19.03 years and mean renal func-
tion as expressed by Creatinine clearance (mL/min) was
59.66 ± 27.26. Susceptibility to aminoglycoside accounted
for 85% of cultures taken from the patients treated with
ertapenem.

Primary outcome
Recurrent urinary tract infection did not differ signifi-
cantly (p = 0.57) occurring in 46 patients (28%) treated
with ertapenem and 3 patients (18%) treated with
aminoglycosides (Table 3). Adverse effects reported in 5
patients receiving ertapenem were nausea, vomiting,
bilateral extremity heaviness, facial swelling, cramping,
hallucination, rash/petechiae and intestinal cramping
and loss of appetite. No adverse effects or acute kidney
injury were reported in patients receiving aminoglyco-
sides. There was no significant difference found between
rate of adverse effects found in either treatment group
(p = 0.99) (Table 3).

Assessment of ASI impact
Figure 3 depicts the trend of monthly ertapenem
DOT before and after ASI implementation. The over-
all trend line is statistically significantly reducing over
time (p < 0.01). Linear modeling of the trend lines
pre- and post-ASI initiation (i.e., interrupted time
series) shows the post-period trend is statistically
significantly different than the pre-period trend (p <
0.01) for the interaction between period and month
with a change in trend of < 2%/month).

Secondary outcome
Ertapenem utilization decreased from 0.0145 DOT/1000
APD in Nov. 2014 to 0.0078 Dot/1000 APD Feb. 2017
(p < 0.01). The mean monthly ertapenem DOT declined
19% overall from the pre vs. post intervention periods
(32 vs 26, p < 0.01).
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Discussion
This retrospective assessment of an ASI for antimicro-
bial utilization for UTI in the OPAT setting identified
that the ASI was associated with a sustained ertapenem
utilization decrease from the pre- to post-ASI interven-
tion periods and an overall mean ertapenem DOT de-
cline of 19%. In addition, there was no difference in the
rates of return for additional treatment or recurrent UTI
between the study periods. These findings support that
an ASI that prioritizes use of an aminoglycoside over
ertapenem can be implemented without adverse clinical
consequences.

While our disease-focused ASI succeeded in exceed-
ing the a priori SMART goal of 10% reduction in
ertapenem utilization for ESBL-EB UTI by driving
conversion to non-carbapenem alternatives, its sus-
tainability relied on a multi-faceted strategy. Most
surprising of this intervention was the prolonged ac-
ceptance of recommendations for reduction of dur-
ation of therapy for ESBL-EB UTI from 7 days to 5
days. In addition, while drop-off was anticipated after
the intense ASI initiative, loss of continued active en-
gagement through prospective audits to prescribers
and pre-authorization by OPAT pharmacist and

Fig. 2 a Patient Disposition pre-ASI. b Patient Disposition post-ASI

Wong et al. BMC Infectious Diseases          (2021) 21:823 Page 6 of 10



infectious disease physician champions required sus-
tained efforts. This finding corroborates that exten-
sion of antimicrobial stewardship to the ambulatory
setting can be as effective as other settings of care
[28]. Nevertheless, persistent active efforts through
feedback to clinicians are required in order to sustain
initial improvements in prescribing [29].
One strength of our study is the inclusion of a strict

definition of UTI that included only uncomplicated
ESBL-EB UTIs with negative blood cultures. This
allowed for once daily aminoglycoside monotherapy so it
would be comparable to ertapenem administration.
Zohar and colleagues recently demonstrated the efficacy
and safety of aminoglycosides in treating blood-stream

infections of urinary source caused by ESBL-EB [30].
This carbapenem-sparing approach suggests an oppor-
tunity to expand aminoglycoside monotherapy conver-
sion to complicated ESBL-EB UTIs with the potential
for decreased admissions hospitalization and duration of
hospitalization.
Another strength of this study was its real-world con-

text. While time series analysis ruled out temporal
trends and other confounding factors such as new staff/
emergency department gap in education and prescribing
patterns, deliberate collaborative planning was essential
for identification of barriers and closure of practice gaps.
We identified barriers to implementation including lack
of uniform OPAT collaborative practice agreement for

Table 2 Patient Characteristics by Intervention Status (N = 183)

Characteristic Pre-intervention Group
(9/1/14 to 8/31/15)
n = 101

Post-intervention Groupa

(11/2/15 to 2/28/17)
n = 83

P-value

Mean age (years+/− SD) 67.5 ± 16.9 68.9 ± 19.0 0.45

Mean creatinine clearance (+/− SD) 61.7 ± 34.5 59.7 ± 27.3 0.97

Creatinine clearance, n (%) 0.73

≥ 20mL/min 95 (94) 79 (96)

< 20 mL/min 6 (6) 3 (4)

Positive for UTI symptoms, n (%) 84 (83) 74 (89) 0.25

Positive urine culture, n (%) 91 (90) 72 (87) 0.48

Cultured organism, n (%) 0.08

E.coli 70 (69) 75 (90)

ESBL E.coli 59 (58) 46 (56)

Contamination 6 (6) 1 (1)

Other 15 (15) 11 (13)

None 6 (6) 1 (1)

Prior culture results used for Treatment n (%) 4 (4) 5 (6)

Culture sensitive to aminoglycoside, n (%) 0.46

Amikacin 38 (38) 37 (45)

Gentamicin 45 (44) 36 (43)

Unable to assess 18 (18) 10 (12)

Colony counts > 100 k, n (%) 77 (76) 66 (80) 0.59
a Treated with ertapenem or aminoglycoside

Table 3 Efficacy and Safety

Efficacy and Safety Ertapenem
N = 167

Aminoglycoside
N = 17

P-value

Efficacy

Return to hospital or clinic
within 90 days for UTI, n (%)

46 (28) 3 (18) 0.57

Safety

Any Adverse effect 5 (3)
Nausea/vomiting, bilateral extremity heaviness, facial swelling, cramping,
hallucination, rash/petechiae and intestinal cramping and loss of appetite

0 (0)
No incidence of
ototoxicity or
nephrotoxicity

0.99
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aminoglycoside management, preliminary weak align-
ment of hospital pharmacy and OPAT treatment of
ESBL-EB UTIs, and lack of point of ordering clinical de-
cision support. Pre-identified leadership support expe-
dited consensus for regional approval of OPAT
collaborative practice for aminoglycoside management.
Formal education, peer to peer communication, and peer
benchmarking by ASI champions provided performance
incentivization. Of note, while the 2020 IDSA Focus on
Extended Spectrum B-Lactamase Producing Enterobac-
terales Guideline was released after our pilot, our prac-
tice is consistent with those guidelines. Options such as
amoxicillin-clavulanate, single intravenous dose amino-
glycoside, and oral fosfomycin were considered. They
did not comprise the backbone of the ASI because of as-
sociation of higher rates of clinical failure or lower level
of evidence supporting use [24]. Lastly, findings from
this study provided proof of concept to advance the case
for innovation of outpatient electronic referral work-
flow processes.
Future application of the ASI would be to integrate a

model of care that optimizes OPAT pharmacist work-
flow to jointly provide prospective clinical decision sup-
port with infectious disease physicians for ordering
providers. It could mirror established hospital antimicro-
bial stewardship programs to reduce overall antimicro-
bial usage to even include evaluation of oral high-risk
broad-spectrum antimicrobials [31]. Another next step
for aligning system level performance improvement
would be to enhance electronic technology capabilities
to incorporate bundled electronic smart order sets, allow
for same time feedback, and automate reporting
functions.

Our study had several limitations. We were unable to
measure patient satisfaction with care. Since aminoglycosides
require routine monitoring, patients had to return to the la-
boratory or receive a phlebotomist visit for a blood draw. In-
stitutional costs and patient burden associated with blood
draws were not measured. In evaluating the local medical
center antibiogram data from 2014 to 2020, susceptibility to
trimethoprim-sulfamethoxazole was 74% for urinary isolates
of E. coli and data was not available for susceptibility to
Amoxicillin-clavulanate for urinary isolates. Susceptibility of
E.coli from blood and other sources to Ampicillin/sulbactam
ranged from 51 to 56%. Escherichia coli susceptibility, includ-
ing that of ESBL-producing isolates, remained relatively con-
sistent and no increase in aminoglycoside-resistant
Pseudomonas aeruginosa was seen. Additionally, we were un-
able to assess rates of Clostridium difficile due to the unavail-
ability of local data. These data were only available at the
KPSC regional antibiogram level. Thus, the full consequence
of antimicrobial pressure on clinical cultures of these resist-
ant organisms could not be determined. Lastly, we did not
perform medication cost analyses. It is estimated that amino-
glycosides were far less expensive than ertapenem.

Conclusions
Once-daily aminoglycosides with 5-day duration of ther-
apy conversion from ertapenem combined in a collab-
orative inter-disciplinary multi-faceted ASI to include
reduction of duration of therapy and active interventions
appears to be a safe and effective route for treatment of
uncomplicated ESBL UTI. This benchmark ASI pro-
actively recognized the need for outpatient antimicrobial
stewardship by developing a framework to address the
Joint Commission’s expanded requirement for outpatient

Fig. 3 Ertapenem Use Over Time
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facilities to have antimicrobial stewardship programs to
maintain accreditation effective January 2020 [31]. Fu-
ture studies should evaluate the ASI in a prospective
manner.
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