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Abstract

Objective: To evaluate efficiency and impact of a novel antimicrobial stewardship program (ASP) prospective-audit-with-feedback (PAF)
review process using the Cerner Multi-Patient Task List (MPTL).

Design: Retrospective cohort study.

Setting: A 367-bed free-standing, pediatric academic medical center.

Methods: The ASP PAF review process expanded to monitor all systemic and inhaled antibiotics through use of the MPTL on July 23, 2020.
Average number of daily ASP reviews, absolute number of monthly interventions, and time to conduct ASP reviews were compared between
the preimplementation period and the postimplementation period following expansion. Antibiotic days of therapy (DOT) per 1,000 patient
days for overall and select antibiotics were compared between periods. ASP intervention characteristics were assessed.

Results: Average daily ASP reviews significantly increased following program expansion (9 vs 14 reviews; P < .0001), and the absolute
number of ASP interventions each month also increased (34 vs 52 interventions; P ≤ .0001). Time to conduct daily ASP reviews increased
in the postimplementation period (1.03 vs 1.32 hours). Overall antibiotic DOT per 1,000 patient days significantly decreased in the
postimplementation period (457.9 vs 427.9; P < .0001) as well as utilization of select, narrow-spectrum antibiotics such as ampicillin and
clindamycin. Intervention type and antibiotics were similar between periods. The ASP documented 128 “nonantibiotic interventions” in
the postimplementation period, including culture and/or susceptibility testing (32.8%), immunizations (25.8%), and additional diagnostic
testing (22.7%).

Conclusions: Implementation of an ASP PAF review process using the MPTL allowed for efficient expansion of a pre-existing ASP and a
decrease in overall antibiotic utilization. ASP documentation was enhanced to fully track the impact of the program.

(Received 26 April 2022; accepted 12 July 2022; electronically published 30 August 2022)

Antimicrobial stewardship programs (ASPs) are an essential part
of reducing inappropriate antibiotic use. In inpatient hospital set-
tings, monitoring of antimicrobial use by ASPs is most often per-
formed using prospective-audit-with-feedback (PAF) stewardship,
which consists of review of currently prescribed antimicrobial
therapy by a clinician with ASP expertise. Feedback is then pro-
vided to the prescriber when opportunities exist for optimizing
antimicrobial use.1 Overall, the PAF stewardship approach has
resulted in a significant decrease in inappropriate antibiotic use
and overall prescribing and is a large component of the CDC
Core Elements of Hospital Antibiotic Stewardship Programs.1,2

Depending on the institution, the number and scope of antimicro-
bials monitored by an ASP varies. For instance, one ASP program

may monitor only a select number of costly or broad-spectrum
antibiotics, and another program may monitor all antimicrobials
including antifungal and antivirals. Programs thatmonitor all anti-
biotics have demonstrated a larger impact on antibiotic utilization
and appropriateness; however, factors including resource availabil-
ity and antimicrobial utilization influence ASP structure.3,4

ASP efforts continue to develop beyond PAF stewardship with
the expansion of ASP services into the outpatient setting as well as
the development of policies and procedures to curb inappropriate
prescribing andmeet regulatory requirements.2,5,6 Resource alloca-
tion and increases in full-time equivalent (FTE) support have been
directly associated with increasing the effectiveness of inpatient
ASPs.7 In addition to increasing resources, ASPs must focus on
methods to optimize efficiency and must determine feasibility
when expanding program reach.

We report our experience with expansion of an existing targeted
PAF stewardship program to include monitoring all systemic
and inhaled antibiotics while focusing on improving program

Author for correspondence: Ann L. Wirtz, PharmD, BCPPS, Email: alwirtz@cmh.edu
Cite this article: Wirtz AL, et al. (2023). Novel expansion of a well-established

antimicrobial stewardship program: Enhancing program efficiency and reach. Infection
Control & Hospital Epidemiology, 44: 869–874, https://doi.org/10.1017/ice.2022.197

© The Author(s), 2022. Published by Cambridge University Press on behalf of The Society for Healthcare Epidemiology of America.

Infection Control & Hospital Epidemiology (2023), 44, 869–874

doi:10.1017/ice.2022.197

https://doi.org/10.1017/ice.2022.197 Published online by Cambridge University Press

https://orcid.org/0000-0002-7011-4826
https://orcid.org/0000-0002-1337-1105
https://orcid.org/0000-0003-4261-6076
https://orcid.org/0000-0003-1909-3027
https://orcid.org/0000-0001-6628-8949
mailto:alwirtz@cmh.edu
https://doi.org/10.1017/ice.2022.197
https://doi.org/10.1017/ice.2022.197
https://doi.org/10.1017/ice.2022.197


efficiency. The primary objective was to evaluate the efficiency of a
novel, daily ASP PAF review process. The secondary objective was
to assess the impact of program expansion on antibiotic utilization
and ASP intervention type.

Methods

Study setting

Children’s Mercy Kansas City (CMKC) is a 367-bed free-standing,
pediatric academic medical center that provides comprehensive
primary and tertiary care for a 5-state, 100-county region.
Cerner Millennium software (Cerner, Kansas City, MO) is used
for the electronic health record (EHR) with computerized physi-
cian order entry (CPOE) prescribing.

Original program

On March 3, 2008, a hospital-wide, PAF ASP was implemented
with a primary focus of reducing inappropriate broad-spectrum
antibiotic use in hospitalized children.8 Overall, 25 select, broad-
spectrum and/or costly antibiotics were routinely monitored by
the program (Table 1). Narrow-spectrum antibiotics were not
monitored unless a patient was concurrently receiving an
ASP-monitored antibiotic. The ASP team, which consisted of
2 infectious disease (ID) clinical pharmacy specialists, an advanced
practice provider, and ID physicians, performed a daily review of

inpatients receiving an ASP-monitored antibiotic for 2 consecutive
calendar days. The ASP team provided interventions to the pri-
mary medical team when indicated. Initial implementation of
the program resulted in a significant decrease in antibiotic use
as previously described.8

Prior to the study intervention, the ASP team utilized 3 separate
programs to perform daily ASP PAF stewardship (Fig. 1). First, a
report generator provided a daily ASP patient list that was filtered
by date of antibiotic prescribing. Once completed, the ASP team
member exported the report into Microsoft Excel (Microsoft,
Redmond, WA) and reformatted the data prior to adding it to a
pre-existing ASP repository database also within Microsoft
Excel. The ASP repository contained patient and antibiotic infor-
mation. Each patient was assigned a review number by the ASP
team member in Excel, allowing for tracking of interventions
and data analysis. Next, the ASP team member utilized Cerner
PowerChart software to review the patient’s EHR. Interventions
were documented in the patient’s EHR using a standard ASP form
that tracked the following: all the antibiotics the patient was receiv-
ing, the indication, bacterial culture and antibiotic dosing assess-
ment, the type of ASP intervention provided, and agreement
and compliance with interventions.

Program expansion

In preparation for the program to expandmonitoring to include all
systemic and inhaled antibiotics, ASP met with members of medi-
cal informatics to identify opportunities to improve program effi-
ciency. Goals were to streamline daily ASP review processes and
modify the ASP documentation form to better capture interven-
tion data. The team created a novel, daily review and documenta-
tion process utilizing the Cerner PowerChart Multi-Patient Task
List (MPTL). Pharmacists primarily utilize the MPTL to identify
tasks for resulted medication levels, planned teachings, and to
document antibiotic 48-hour timeout reviews, as previously
described.9 To our knowledge, this system has not previously been
used to directly conduct ASP reviews. A new task was set to fire in
theMPTL for each systemic and inhaled antibiotic ordered for>48
hours. Each antibiotic order generated its own task at the point of
CPOE by DISCERN rule. The tasks were viewable to the ASP team
members who could filter by date and remove tasks triggered from
antibiotic orders recently discontinued to provide the daily ASP list
(Supplementary Fig. 1 online). The patient chart could be readily
accessed from the MPTL. Each task was linked to an ASP docu-
mentation form, and completion of the form automatically
removed the task from the MPTL. Tasks were automatically
removed for discharged patients. ASP pharmacists, APP, and ID
physicians were still responsible for performing daily reviews
and interventions as described previously following program
expansion.

The ASP documentation form was updated to capture addi-
tional details related to ASP interventions, including method of
communication for ASP interventions (Supplementary Fig. 2
online). The form included an area for documenting “nonantibi-
otic interventions”: recommending immunizations, diagnostic
testing, penicillin allergy testing referral, further culture and/or
susceptibility testing, and an additional subspecialty consultation,
which were not previously recorded.

On July 23, 2020, ASP PAF stewardship expanded to include
monitoring of all systemic and inhaled antibiotics prescribed for
2 calendar days in the inpatient setting. This amounted to 57

Table 1. Antibiotics Monitored by the Antimicrobial Stewardship Program in the
Preimplementation Period and the Postimplementation Period

Antibiotics Monitored in
Preimplementation Period

Antibiotics Monitored in the
Postimplementation Period

Amikacina

Amoxicillin/
clavulanate
Ampicillin/
sulbactam
Aztreonam
Cefepime
Cefotaxime
Ceftarolinea

Ceftazidime
Ceftazidime/
avibactama,b

Ceftolozane/
tazobactama,b

Ceftriaxone
Ciprofloxacin
Colistimethatea

Daptomycina

Doripenema,b

Ertapenem
Imipenem/
cilastatina,b

Levofloxacina

Linezolida

Meropenem
Moxifloxacina,b

Piperacillin/
tazobactam
Tigecyclinea,b

Tobramycin
Vancomycin

Amikacina

Amoxicillin
Amoxicillin/
clavulanate
Ampicillin
Ampicillin/
sulbactam
Azithromycin
Aztreonam
Cefazolin
Cefdinir
Cefepime
Cefixime
Cefoxitin
Cefpodoximea,b

Ceftarolinea

Ceftazidime
Ceftazidime/
avibactama

Ceftolozane/
tazobactama

Ceftriaxone
Cefuroxime
Cephalexin
Ciprofloxacin
Clarithromycin
Clindamycin
Colistimethatea

Dapsone
Daptomycina

Delafloxacina,b

Doxycycline
Ertapenem

Erythromycin
Fidaxomicina

Gentamicin
Imipenem/
cilastatina,b

Levofloxacina

Linezolida

Meropenem
Metronidazole
Minocyclinea,b

Moxifloxacina

Nitazoxanide
Nitrofurantoin
Oxacillin
Penicillin
Pentamidine
Piperacillin/
tazobactam
Rifampin
Rifaximin
Sulfamethoxazole/
trimethoprim
Tedizolida,b

Tigecyclinea,b

Tobramycin
Vancomycin
Inhaled aztreonam
Inhaled amikacin
Inhaled
colistimethate
Inhaled tobramycin
Inhaled vancomycin

aRestricted to certain populations or requires approval from antimicrobial stewardship
program or infectious diseases staff.
bNot on formulary.

870 Ann L. Wirtz et al

https://doi.org/10.1017/ice.2022.197 Published online by Cambridge University Press

https://doi.org/10.1017/ice.2022.197
https://doi.org/10.1017/ice.2022.197
https://doi.org/10.1017/ice.2022.197


antibiotics which had order sentences built within the EHR,
including formulary and nonformulary medications.

Study design and end points

The primary objective of evaluating the efficiency of our novel,
daily ASP review process was assessed by comparing the average
number of daily ASP reviews, absolute number of monthly inter-
ventions, intervention acceptance rate, and time required to con-
duct ASP reviews between the preimplementation period (January
1, 2019–June 30, 2020) and postimplementation period (August 1,
2020–January 31, 2022). To collect the time required to conduct
ASP reviews, a single steward recorded time required beginning
at list generation and ending at documentation for 1 week in each
period.

To assess program impact on utilization and interventions,
overall antibiotic days of therapy (DOT) per 1,000 patient days
were compared between the preimplementation and postimple-
mentation periods. Additionally, DOT per 1,000 patient days were
compared between periods for ampicillin, clindamycin, and cefa-
zolin, which are commonly prescribed antibiotics but were not
routinely monitored by ASP prior to expansion. ASP intervention
characteristics including frequency of intervention by type and
antibiotic were collected for each period. The number of “nonanti-
biotic” interventions was quantified in the postimplementation
period.

Statistical analysis

A 2-sample t test was utilized to compare the average number of
ASP reviews between the preimplementation and postimplementa-
tion periods. The Pearson χ2 test was used to compare the frequency
of interventions, average number of interventions per month, and
intervention acceptance rate between periods. Unadjusted Poisson
models were used to compare DOT rates per 1,000 patient days.
All analyses were completed using R version 2.4.3 software
(R Foundation for Statistical Computing, Vienna, Austria).
Descriptive statistics were used to quantify intervention character-
istics and “nonantibiotic interventions.” The institutional review
board reviewed and approved this study.

Results

Assessment of program efficiency

During the study period, the ASP completed 4,108 and 6,704
reviews during the preimplementation and postimplementation
periods, respectively (Fig. 2). The average number of daily ASP
reviews significantly increased following program expansion from
9 (SD, 4) to 14 reviews (SD, 6) (P < .0001). The proportion of
reviews requiring ASP interventions was similar between periods
(14.8% vs 13.9%; P = .1968); however, the absolute number of ASP
interventions provided eachmonth significantly increased, with an
average of 34 (SD, 34.5) and 52 (SD, 10) monthly interventions in

Fig. 1. ASP review process. Note. ASP, antimicrobial
stewardship program; MPTL, Cerner Multi-Patient Task
List.

Fig. 2. ASP reviews and interventions in the preimplementation and postimplementation periods. Note. The black solid line indicates intervention rate; red vertical dashed line
indicates date of program expansion.
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the preimplementation and postimplementation periods, respec-
tively (P ≤ .001). On average, 78.3% of interventions in the preim-
plementation period and 70.1% in the postimplementation period
were accepted. The time required to conduct daily ASP reviews
increased following program expansion: 1.03 vs 1.32 hours in
the preimplementation and postimplementation periods,
respectively.

Impact on antibiotic utilization and interventions

Overall antibiotic DOT per 1,000 patient days significantly
decreased between the preimplementation and postimplementa-
tion periods (457.9 vs 427.9; P < .0001). When examining utiliza-
tion of antibiotics not routinely monitored by ASP in the
preimplementation period, a significant decrease in DOT
per 1,000 patient days was observed for ampicillin (33.6 vs 29.3;
P < .0001) and clindamycin (25.6 vs 15.6; P < .0001). Cefazolin
DOT per 1,000 patient days significantly increased in the postim-
plementation period (38.5 vs 52.1; P < .0001).

Interventions related to stopping antibiotics, recommending an
ID consult, or narrowing antibiotics occurredmost frequently both
in the preimplementation and postimplementation periods
(Table 2). The most common antibiotics associated with interven-
tions in both periods included ceftriaxone, vancomycin, and cefe-
pime. ASP documented 128 “nonantibiotic interventions” in the
postimplementation period. Additional culture and/or susceptibil-
ity testing (32.8%), immunizations (25.8%), and additional diag-
nostic testing (22.7%) were the most common (Table 3).

Discussion

We report the successful development of a novel, daily ASP review
process using a preexisting MPTL to improve efficiency and
expand program function during PAF stewardship. Our data
reflect the importance of monitoring all systemic and inhaled anti-
biotics, narrow-spectrum agents.With the expansion of an existing
program, it is important to consider opportunities to increase effi-
ciency given competing priorities. Leveraging existing technology
within the EHR is an effective way to efficiently expand ASPs.

ASPs are effective in reducing antibiotic utilization in free-
standing pediatric hospitals.8,10 Specifically, evidence suggests that
PAF stewardship, often coupled with a “handshake stewardship”
approach, is effective in reducing inappropriate antibiotic

prescribing.2 There are limited data to determine whether moni-
toring all antibiotics versus a specific list of high-use or broad-spec-
trum antibiotics are comparative in outcomes. Shifting from
performing a “low-intensity” approach for PAF stewardship
including monitoring of only targeted antibiotic classes to a
“high-intensity” approach including “handshake stewardship”
and monitoring of all antimicrobials significantly reduced antimi-
crobial utilization at a community hospital.3 A recent point-preva-
lence study examining inpatient antibiotic prescribing in 32
pediatric institutions suggests opportunity for expanded monitor-
ing of antibiotics by ASP. Within this study ∼25% of patients
received suboptimal antibiotic therapy, and of the patients with
suboptimal antibiotic therapy, ASPs would have reviewed only
46.1% with current program structure.11 Recent data describe
opportunities for optimization in antibiotic duration by ASP for
community acquired pneumonia, acute otitis media, or surgical
prophylaxis, all of which commonly utilize narrow-spectrum anti-
biotics.12–14 Additionally, adverse drug reactions due to antibiotics
occur commonly in hospitalized children, further highlighting the
importance of judicious use of antibiotics.15 Overall, the clearly
defined benefits of PAF stewardship coupled with remaining
opportunities for antibiotic optimization justified the expansion
of our established ASP to include monitoring of all systemic and
inhaled antibiotics.

With this expansion, we were able to ensure that all patients
with an antibiotic ordered for 2 consecutive calendar days were
reviewed by ASP. We significantly reduced overall antibiotic use
within the hospital and identified increased opportunities for
optimization, which was demonstrated by an increase in ASP
interventions. Intervention acceptance rates were lower in the
postimplementation period; however, the sheer volume of inter-
ventions increased significantly. It is possible that providers were
more inclined to accept interventions for broad-spectrum antibi-
otics rather than narrow-spectrum antibiotics. Additionally with
this expansion, ASP also began interacting more frequently with
other medical services who utilize primarily narrow-spectrum
antibiotics (eg, surgery) and were not as familiar with ASP
processes.

Broad-spectrum antibiotics were associated with most inter-
ventions in both periods, indicating the importance of continuing
to monitor these antibiotics; however, opportunities existed for
interventions relating to narrow-spectrum antibiotics at our insti-
tution. For example, we observed an increase in cefazolin use and
decrease in clindamycin use in the post implementation period.
At our institution, infections due to methicillin-susceptible
Staphylococcus aureus (MSSA) occur more frequently than infec-
tions due to methicillin-resistant S. aureus (MRSA). Cefazolin is a
more narrow and appropriate choice for MSSA infections than

Table 2. Top Intervention Characteristics

Characteristics of Top
Interventions

Interventions

Preimplementation
Period (n= 635),

No. (%)

Postimplementation
Period (n= 1,117),

No. (%)

Type

Stop antibiotics 177 (27.9) 267 (23.9)

Infectious diseases
consultation

132 (20.8) 214 (19.2)

Narrow antibiotics 123 (19.4) 197 (17.6)

Antibiotic

Ceftriaxone 244 (38.4) 168 (15)

Vancomycin 153 (24.1) 114 (10.2)

Cefepime 135 (21.3) 116 (10.4)

Table 3. “Non-antibiotic interventions” provided by ASP team

Nonantibiotic Intervention No. (%)

Additional culture/susceptibility testing 42 (32.8)

Immunizations 33 (25.8)

Additional diagnostic testing 29 (22.7)

Penicillin allergy testing referral 13 (10.2)

Other 8 (6.3)

Consult another sub-specialty 3 (2.3)
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clindamycin; therefore, the increase in cefazolin use and decrease
in clindamycin use demonstrates optimization of antibiotics at our
institution.

In addition to a need for increased monitoring through PAF
stewardship, ASPs are being tasked with integrating multiple proc-
esses to meet regulatory requirements produced by the Centers for
Disease Control and Prevention, Joint Commission and Centers
for Medicare and Medicaid Services.2,5,6 Additionally, ASPs are
heavily involved in development of policies and procedures related
to antibiotics, tracking and reporting of antibiotic utilization data,
implementation of therapies for COVID-19, as well as many other
nonclinical tasks. Despite limited resources, many programs are
also expanding ASPs to the outpatient setting.16 Physician and
pharmacist support for ASP overall has increased, but the majority
of ASPs still report lack of time as a barrier to implementation of a
successful ASP.7 Our ASP consists of a largemultidisciplinary team
with organized efforts for project sharing and time management,
yet team members still report challenges due to time constraints
and competing priorities.17 Improving efficiency and addressing
challenges with our current PAF stewardship program was vital
with program expansion.

Leverage of the EHR is a useful strategy to improve efficiency
within ASPs. A recent survey of ASP leadership at 4 institutions
reported that interventions including software alerts for positive
blood cultures or ineffective therapy and improved access to anti-
biotic prescribing resources in the EHRwere beneficial strategies to
augment ASPs.18 As previously described, our institution imple-
mented EHR-driven mandatory indications and/or durations
and a pharmacist-driven 48-hour timeout that resulted in a signifi-
cant decrease in antibiotic use.9 A common barrier faced by insti-
tutions is lack of integration of the EHR and ASP software, which
was experienced by our ASP.18 To perform daily PAF stewardship
prior to expansion, we utilized 3 separate programs. The MPTL
was a pre-existing tool within the EHR effectively utilized by phar-
macists to perform daily tasks, and its structure was similar to the
tool needed for daily PAF stewardship. Integration of the MPTL
allowed use of only 1 program to perform PAF stewardship, which
greatly improved program efficiency.

Finally, it was important for our ASP group to fully track of all
ASP interventions by integrating a “nonantibiotic” intervention
section into our ASP documentation. Although these interventions
were likely occurring prior to program expansion, we were able to
identify 128 interventions in the postimplementation period
within this category, which enhanced documentation of our
ASP’s impact on patient care. The literature identifies opportuni-
ties for positive collaboration between ASPs and microbiology.
Incorporation of an ASP pharmacist into daily microbiology
rounds resulted in ∼4.5 interventions per day, which included
requesting additional susceptibilities or microbiological tests and
often avoided delays in time to optimal therapy.19

Approximately one-fourth of the “nonantibiotic” interventions
involved additional culture and/or susceptibility tests from the
microbiology laboratory. Our ASP has a partnership with the
microbiology laboratory and tracking microbiology-related “non-
antibiotic” interventions may serve to quantify collaborative
efforts. The “nonantibiotic” interventions can also inform future
program efforts, such as increasing penicillin allergy testing refer-
rals and improving immunization efforts in high-risk patients
(eg, asplenia).

This study had several limitations. The preimplementation
period and the postimplementation period included different sea-
sons, which may have affected the patient census, antibiotic use,

and number of ASP reviews. Additionally, the number of ASP
reviews in the postimplementation period may have been reduced
due to a low patient census during this portion of the COVID-19
pandemic, which may have caused us to underestimate the impact
of program expansion. Reduction of antibiotic utilizationmay have
occurred due to additional efforts being conducted in the hospital
(eg, order sentence modification, etc). Multiple team members
conduct daily PAF stewardship, but time to conduct daily ASP
reviews was only measured by the steward who conducted reviews
most frequently during a limited period. Finally, in the postimple-
mentation period, the number of “nonantibiotic” interventions
may have been less than the true frequency because stewards
became accustomed to tracking these interventions throughout
the postimplementation period.

We report the implementation of a novel, daily ASP PAF review
process aimed at improving efficiency with expansion to include
monitoring of all systemic and inhaled antibiotics. The number
of daily antibiotic reviews and interventions increased with pro-
gram expansion, but the time required to conduct daily PAF stew-
ardship did not significantly increase. Antibiotic utilization
decreased, and our ASP was able to enhance documentation of
interventions (ie, “nonantibiotic” interventions) to fully track
the impact of the program.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/ice.2022.197
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