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Antimicrobial stewardship programs (ASPs) can lower antibiotic use, decrease medical expenses, prevent the emergence of
resistant bacteria, and enhance treatment for infectious diseases. This study summarizes the stepwise implementation and
effects of ASPs in a single university-affiliated tertiary care hospital in Korea; it also presents future directions and challenges
in resource-limited settings. At the study hospital, the core elements of the ASP such as leadership commitment, accountabil-
ity, and operating system were established in 2000, then strengthened by the formation of the Antimicrobial Stewardship
(AMS) Team in 2018. The actions of ASPs entail key components including a computerized restrictive antibiotic prescription
system, prospective audit, post-prescription review through quantitative and qualitative intervention, and pharmacy-based
interventions to optimize antibiotic usage. The AMS Team regularly tracked antibiotic use, the effects of interventions, and
the resistance patterns of pathogens in the hospital. The reporting system was enhanced and standardized by participation
in the Korea National Antimicrobial Use Analysis System, and educational efforts are ongoing. Stepwise implementation of
the ASP and the efforts of the AMS Team have led to a substantial reduction in the overall consumption of antibiotics, par-
ticularly regarding injectables, and optimization of antibiotic use. Our experience highlights the importance of leadership,
accountability, institution-specific interventions, and the AMS Team.
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INTRODUCTION

The inappropriate or unnecessary use of antibiotics consti-
tutes a global threat that has led to increases in Clostridioi-
des difficile infections, antibiotic resistance, and healthcare
costs [1-4]. In an assessment of antibiotic use in U.S. medical
institutions, 55.9% of cases were considered inappropriate,
along with 33% of antibiotic prescriptions in tertiary hospi-
tals [5,6]. In Korea, a nationwide assessment of antibiotic
prescription adequacy, focusing on hospitals with > 500
beds, revealed an inappropriate prescription rate of 27.7%
[7]. Furthermore, an evaluation of antibiotic prescriptions in
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Korean medical institutions with < 400 beds showed that
the rate of inappropriate prescriptions was 30.6% [8]. In
response, the Korean Ministry of Health and Welfare estab-
lished a National Action Plan on Antimicrobial Resistance in
2016. This plan recognized the emergence of antibiotic-re-
sistant bacteria as a threat at the level of emerging infectious
diseases, and it highlighted the importance of antimicrobial
stewardship programs (ASPs) within medical institutions.
An ASP comprises integrative interventions that promote
optimal antibiotic use, including dosages, treatment dura-
tions, and routes of administration [9]. This approach has
reduced antibiotic use, medical costs, and the incidence of
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Table 1. The Catholic University of Korea, Seoul St. Mary’s Hospital activities corresponding to the core elements of the
hospital antimicrobial stewardship program

Core elements Details Summary of Seoul St. Mary’s Hospital activities
Hospital Dedicate necessary human, - Establishment of a rule to implement and operate the AMS committee with the
leadership financial, and information participation of the vice president of medicine
commitment technology resources. - Quarterly committee meetings
- Assignments of budget and personnel required for ASP implementation
Operating Appoint a leader or co-leaders, - AMS committee chairperson (Vice President of Medicine), vice-chairperson (the
system such as a physician and Head of the Infectious Disease Department), and the Head of the AMS team
pharmacist, responsible for (an infectious disease specialist) managed and led the ASP as leaders and were
program management and responsible for the outcomes.
outcomes. - The leader pharmacist of the Department of Pharmacy operated the ASP as a

member of the AMS committee and the AMS team in collaboration with the
chairperson.

Appoint a pharmacist, ideally - The pharmacist dedicated to ASP participates in in-hospital antibiotic usage
as the co-leader of the pattern analysis, establishment of an evaluation plan, evaluation of prescription
stewardship program, to help appropriateness and feedback, and management of antibiotics-related reference

lead implementation efforts to data
improve antibiotic use.

Action Implement interventions, such as - Restrictive measures for antibiotics:
prospective audits and feedback - Antibiotic prescription through the antibiotic clinical decision support system
or preauthorization, to improve - Restricted antibiotics were prescribed after authorization by the infectious
antibiotic use. disease specialist and the pediatrician
- Repeated prescriptions of antibiotics were automatically stopped after a certain
period
- Prospective audit with feedback: real-time evaluation of prescription
appropriateness and feedback
- Retrospective intervention: intervention activities based on the results of
antibiotic prescription monitoring

Tracking Monitor prescription of - Regular monitoring and quality management of antibiotic use in medical
antibiotics, impact of institutions
interventions, and other - Tracking inter- and intra-institutional antibiotic usage in collaboration with the
important outcomes, like participation of the KONAS
Clostridioides difficile infections - Regular tracking of the incidences of multidrug-resistant bacteria linked to
and resistance patterns. healthcare-associated infectious diseases

- Regular monitoring of the restriction and authorization of antibiotics included in
the prescription restriction and authorization program targeting antibiotics

Reporting Regularly report information on - Report on the AMS committee to the hospital leadership and share with relevant
antibiotic use and resistance to staff members
prescribers, pharmacists, nurses, - Share information on antibiotics in the antibiotic prescription restriction and
and hospital leadership. authorization program with prescribing clinicians
- Share compliance information regarding the recommendation from the antibiotic
use monitoring and feedback program with prescribing clinicians
- Reporting on inter- and intra-institutional antibiotic use analysis results by KONAS

Education Educate prescribers, pharmacists, - Bulletin board announcements and mail alerts
nurses, and patients on - Resident education, staff training, and education by AMS committee members
antibiotic-related adverse - Cooperation requests (meetings of clinical managers, council of medical office
reactions, antibiotic resistance, heads, etc.)

and optimal prescribing.

AMS, antimicrobial stewardship; ASP, antimicrobial stewardship program; KONAS, Korea National Antimicrobial Use Analysis Sys-
tem.
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C. difficile infection, along with mitigating antibiotic resis-
tance in bacteria and contributing to effective treatment for
infectious diseases [10-12]. There is a clear global emphasis
on the importance of ASPs. A report from 2019 indicated
that 88.9% of medical institutions in the United States had
implemented ASPs [13]. The United Kingdom operates ASPs
as part of its National Antibiotic Resistance Management
Policy; it achieved a 7.3% reduction in the use of major an-
tibiotics in humans from 2014 to 2017 [14]. In accordance
with the National Antimicrobial Resistance Plan, Korean
medical institutions have established ASPs, but the rate of
antimicrobial use in Korea remained third-highest among
Organisation for Economic Co-operation and Development
(OECD) nations in 2020 [15].

The Catholic University of Korea, Seoul St. Mary’s Hospital
(SSMH), is a university-affiliated tertiary hospital with 1,400
beds that performs approximately 500 hematologic stem
cell transplantations annually. The precursor to this institu-
tion, Gangnam St. Mary’s Hospital, established the Antimi-
crobial Stewardship Committee (AMS Committee) in 2000;
the activities of this committee are ongoing. Active ASP ini-
tiatives began in 2018, coinciding with the formation of the
AMS Team under the AMS Committee. Here, we review the
phased implementation of an ASP in a Korean tertiary hos-
pital, highlighting core elements, presenting case studies,
and discussing outcomes. Additionally, we describe future
directions and challenges related to the implementation of
ASPs in Korean medical institutions with limited resources.

Establishment AMS committee Opening of
AMS committee regulations SSMH

KJIM™

STEPWISE IMPLEMENTATION OF CORE
ELEMENTS AND OPTIMIZATION OF
ANTIBIOTIC USE

The core elements of an ASP—leadership commitment, op-
erating system (running a dedicated multidisciplinary team
that involves infectious disease specialists and pharmacists),
action, tracking, reporting, and education—were system-
atically implemented in our hospital [16-18]. The following
section outlines the implementation of these core elements
(Table 1, Fig. 1).

Hospital leadership commitment and operating
system
In 2000, SSMH established the AMS Committee, which is
currently led by the Vice President of Medicine and the Head
of the Infectious Disease Department. The AMS Committee
meets quarterly and comprises specialists in infectious dis-
ease, laboratory medicine, and other relevant disciplines; it
collaborates with the Departments of Pharmacy and Nurs-
ing, as well as the Infection Prevention and Control Team,
to formulate comprehensive ASPs. The AMS establishes pol-
icies and guidelines for proper antibiotic use, approves the
use of restricted antibiotics, offers antibiotic-related consul-
tations to other committees (such as advising the Pharmacy
and Therapeutics Committee on the introduction of new
antibiotics), appoints individuals responsible for antibiotic
management in each department, and promotes ongoing
activities (such as addressing practical challenges and pro-
posing countermeasures).

A dedicated team of working personnel was needed to
implement the antibiotic use policies and activities recom-
mended by the AMS Committee. The AMS Team, estab-

Establishment Elevation in the role and
AMS team status of the AMS committee
2018 2023

@ 2000 2004 2009

2007. Guidelines issued for the
prophylactic use of

2010. Revised guideline for
antibiotic use in SSMH

2018. Enhancing prospective
audit and feedback

2023. Appoint a dedicated
pharmacist to ASP

antibiotics in surgery
2008. CDSS implementation

2015. Reviewing critical pathway
including antibiotics

2016. Establishment of institute-
specific treatment guideline

2018. Introducing a pharmacy-
based intervention
computer program

2022. Participation in KONAS

2023. Vice president of
medicine assigned as a
chairperson of AMS
committee

Figure 1. Stepwise implementation of the antimicrobial stewardship program at The Catholic University of Korea, Seoul St. Mary’s Hospi-
tal. AMS, antimicrobial stewardship; CDSS, Clinical Decision Support System; KONAS, Korea National Antimicrobial Use Analysis System.
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lished in the first quarter of 2018, initially was hindered by
a shortage of dedicated personnel and limited leadership
awareness of ASPs. By 2023, the AMS Team had evolved
to include infectious disease specialists, pediatricians, and
pharmacists, including a dedicated pharmacist (with a work-
load of 1.2 full-time equivalent [FTE], similar to the ASP in-
fection specialist workload of 1.0 FTE) (Fig. 1).

The AMS Team actively conducted ASP activities by en-
gaging in real-time communication. An infectious disease
specialist assumed the leadership role in the AMS Team,
chairing regular meetings, formulating improvement strat-
egies based on restriction of antibiotic use, offering con-
sultations to relevant committees and critical pathway (CP)
teams, training clinicians, and proposing appropriate antibi-
otic use policies and guidelines. The ASP-dedicated pharma-
cist reviewed the appropriateness of antibiotic prescriptions,
conducted therapeutic drug monitoring (TDM) of antimicro-
bials and antimicrobial-use-pattern analysis, provided med-
ical information for antimicrobials and report writing for
adverse drug reactions, and managed antimicrobial-related
reference data.

Action

Computerized restrictive antibiotic prescription
system

To ensure the appropriateness of antibiotic prescriptions,
our hospital has implemented an antibiotic Clinical Decision
Support System (CDSS) [19]. The antibiotic CDSS, a form of
prospective antibiotic prescription intervention, provides an-
tibiotic recommendations along with relevant information,
based on the purpose of antibiotic use and the disease. It
empowers physicians to select and prescribe antibiotics from
the recommendations provided. Target drugs include inject-
able and oral antibiotics, antifungals, and antivirals. Among
these, restricted antibiotics can only be prescribed through
the antibiotic CDSS program. Upon identifying the prescrip-
tion’s purpose (prophylaxis, empirical therapy, or targeted
therapy) and selecting the corresponding infectious diseas-
es, the program recommends hospital-owned antibiotics
in line with established guidelines. In addition, the system
imposes restrictions on selection beyond the pre-specified
antibiotics. For targeted therapy, antibiotics are suggested
based on the patient’s microbiological test results. As pro-
phylactics, recommended antibiotics can be used for up to
7 days, compared with 14 days for empirical and targeted
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therapies. Subsequently, automatic cessation of repeated
prescriptions is implemented.

Restricted antibiotics are defined as antibiotics with a high
potential for resistance to develop as a result of widespread
use; antibiotics with a high risk of adverse drug reactions;
and antibiotics expected to require strict control (e.g., ex-
pensive or newly introduced broad-spectrum antibiotics).
The decision to categorize an antibiotic as restricted is made
by the AMS Committee or the Pharmacy and Therapeutics
Committee. The prescription of restricted antibiotics re-
quires prior authorization from an infectious disease special-
ist or a pediatrician. Authorization of the use of a restricted
antibiotic is decided based on the indication, the reason for
the request, the dosage of the antibiotic, and the duration
of the prescription. As of October 2023, our hospital has
listed as restricted 20 injectable antibiotic ingredients and 7
oral antibiotic ingredients (Supplementary Table 1).

Audit and feedback based on individual patients
and overall antibiotic prescription pattern analysis

@ Prescription review and intervention

The AMS Team monitors antibiotic prescriptions on a week-
ly basis, selects interventions at AMS Team meetings, and
provides feedback. In 2018, an analysis of antibiotic use
showed that moxifloxacin was being used as a prophylac-
tic antibiotic during surgeries for chronic sinusitis, such as
polypectomy, septoplasty, and turbinoplasty in otorhinolar-
yngology. Based on the recognition that moxifloxacin was
inappropriate in this context, a targeted post-prescription
review and intervention resulted in a decrease in the num-
ber of inappropriate prescriptions from 29 in June 2018 to 0
in August and September 2018.

@ Continuous monitoring and feedback after quanti-
tative evaluation of broad-spectrum antibiotic use

The AMS Team engaged in continuous monitoring and
provided feedback on a quarterly basis, particularly in de-
partments with a considerable increase in broad-spectrum
antibiotic use. In the third quarter of 2021, an antibiot-
ic-use-pattern analysis showed that the use of levofloxacin,
meropenem, cefditoren, and cefepime had substantially
and simultaneously increased, predominantly within certain
departments. In response, several improvement initiatives
were launched. The infection specialist and pharmacist on
the AMS Team communicated the observed increases to the

https://doi.org/10.3904/kjim.2023.504


www.kjim.org

Lee SJ, et al. Lessons from stepwise implementation of an ASP

relevant departments, seeking explanations and proposing
corrective actions. These actions comprised early cessation
of antibiotic treatment, proactive de-escalation, and close
collaboration with the Department of Infectious Disease.
Consequently, there was a considerable decline in the use
of certain antibiotics during the first quarter of 2022, partic-
ularly regarding meropenem (~45%).

Establishment of a target specific antibiotic
restriction policy

An antibiotic-use-pattern analysis revealed the need to re-
duce the use of broad-spectrum antibiotics such as cefepime
and carbapenem. The AMS Team, led by an infectious dis-
ease specialist, analyzed the hospital’s antibiotic protocol
with a focus on these agents; this analysis identified overuse
in empirical treatments, particularly among patients with
hematologic malignancies [20]. Consequently, the AMS
Team implemented ASP interventions, restricting the empir-
ical use of cefepime to cases of neutropenia and limiting the
empirical use of carbapenem to a third-line option for febrile
neutropenia [21,22].

Provider-based intervention through regular
reviews of prophylactic antibiotics for surgery
Considering that patients who undergo surgeries with ASP
monitoring reportedly have reduced antibiotic use [23], an
evaluation of the surgical CP protocol, including antibiotics,
was conducted between 2018 and 2020; this evaluation led
to 91 interventions. Beginning in 2020, the AMS Team in-
stituted regular reviews when formulating or modifying CPs
that involve antibiotics.

In 2023, the AMS Team expanded antibiotic guidelines
for perioperative prophylaxis, covering surgeries outside of
CPs. The recommendations were limits on third-generation
cephalosporins, discouragement of vancomycin irrigation,
completion of administration within 24 hours after surgery,
and cessation of prescribed antibiotics at discharge. The
AMS Team promoted compliance with the guidelines by en-
gaging with non-compliant departments.

Pharmacy-based interventions through real-time
review of antibiotic prescription appropriateness
and administration

M Pharmacist-initiated interventions
The review of antibiotic prescription appropriateness was
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mainly conducted by the ASP-dedicated pharmacist; it in-
cluded dosage according to indication, appropriateness
of switching to a maintenance dose after a loading dose,
ingredient/efficacy/spectrum overlap, equivalent doses ac-
cording to formulation, drug interactions, and duration of
administration for all inpatients. Relevant variables were
extracted from electronic medical records using computer
software.

The AMS Team also conducted interventions on adminis-
tration by means of interdisciplinary discussions, as demon-
strated by the standardization of administration timing for
injectable antibiotics. Antibiotics with a time-dependent
bactericidal effect require administration at regular inter-
vals. Nevertheless, the actual administration time for in-
jectable antibiotics often varies among patients, hindering
compliance with the recommended administration time and
leading to uncertainties about blood level-based dosing rec-
ommendations. Thus, the AMS Team promulgated recom-
mendations focused on standard antibiotic administration
times.

@ Dose optimization

The AMS Team has engaged in activities designed to max-
imize treatment effects, such as guideline-based dosing,
TDM of antibiotics, and use of dose-optimization software.
Specifically, beginning in August 2020, the Team performed
a pharmacokinetic consultation to change the criteria for
TDM of vancomycin in patients with severe methicillin-resis-
tant Staphylococcus aureus (MRSA) infections. The revision
shifted the focus from the trough level to area under the
curve | minimum inhibitory concentration, in accordance
with the guidelines of the Infectious Diseases Society of
America [24]. Additionally, the AMS Team conducted an
intervention to establish the initial dose of vancomycin by
screening patients with severe MRSA infections. Among
patients with MRSA bacteremia, the intervention showed
positive outcomes with a higher initial blood trough level in
the therapeutic range, fewer days to the therapeutic range,
and fewer days to negative conversion in the group that
began with a loading dose and continued with a mainte-
nance dose, compared with the usual dosing group. Based
on these results, computer software was introduced in Au-
gust 2023 to facilitate the calculation of loading and main-
tenance doses for vancomycin. Additionally, the AMS Team
pharmacist recommended an optimized dose based on each
patient’s renal function, using the pharmacy-based inter-

www.kjim.org 403


www.kjim.org

KJIM™

vention computer software mentioned above.

Tracking

The ASP-dedicated pharmacist regularly conducted antibi-
otic-use-pattern analyses. Prior to 2023, the analyses were
based on defined daily dose (DDD); after the first quarter
of 2023, they were based on days of therapy to enable
more precise evaluation of the duration of antibiotic use.
The pharmacist analyzed the overall use of injectable and
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Figure 2. Annual trends in injectable and oral antibiotic use at
The Catholic University of Korea, Seoul St. Mary's Hospital (2013
to 2022). Arrow, period of organization by the Antimicrobial
Stewardship Team; DDD, defined daily doses.
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oral antibiotics, as well as trends in use according to class
and ingredient, thereby identifying increases and decreases
in antibiotic use. For antibiotics that showed a substantial in-
crease in use compared with the previous quarter, the phar-
macist reviewed prescription appropriateness for each de-
partment. Moreover, restricted antibiotics were monitored
for use trends and for authorization/non-authorization.

The Infection Control Team systematically tracked the
incidences of infectious diseases caused by multidrug-re-
sistant pathogens such as MRSA, vancomycin-resistant
Enterococci, multidrug-resistant Pseudomonas aeruginosa,
multidrug-resistant Acinetobacter baumannii, and carbap-
enem-resistant Enterobacteriaceae. In accordance with es-
tablished guidelines, these incidents were compared with
the nationwide data for Korea. The Vice Chairperson of
the AMS Committee also served as Head of the Infection
Control Team and was continuously briefed on major mat-
ters. Furthermore, infection rates and antibiotic-use patterns
were simultaneously reported and reviewed at meetings of
the AMS Committee [18]. Additionally, the Team monitored
surgical-site infection rates and compliance with prophylac-
tic antibiotic administration, then compared those data with
statistics from the Korean National Healthcare-associated

Table 2. Injectable antibiotic use at The Catholic University of Korea, Seoul St. Mary’s Hospital over 10 years (2013 to 2022)

(defined daily dose/1,000 patient-days)

Year

Classes 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 Mean
PC 1.2 0.9 0.6 0.8 0.8 0.6 0.6 0.5 0.7 0.7 0.7
ePC 105.5 88.0 97.6 105.4 102.8 104.7 88.9 93.6 93.7 88.0 96.8
Ceph(1) 22.2 26.6 28.2 26.3 26.2 294 28.2 38.5 47.4 437 31.7
Ceph(2) 53.9 100.8 104.5 105.9 100.5 100.8 99.6 74.0 63.5 59.5 86.3
Ceph(3) 149.0 102.3 99.3 109.7 102.2 117.9 124.9 123.2 121.5 132.8 118.3
Ceph(4) 78.5 91.3 100.2 106 122.0 74.0 41.8 40.0 429 44.0 74.1

MC 1.7 2.2 2.2 1.9 1.4 1.3 0.7 0.4 0.3 0.4 13
QN 63.8 70.8 76.7 74.9 85.4 76.6 62.6 577 51.3 47.4 66.7
CB 85.4 85.0 92.3 93.2 89.6 80.2 60.7 72.1 64.1 54.5 77.7
GL 56.7 58.0 62.3 62.7 74.4 69.9 70.5 74.5 64.1 61.2 65.4
AG 471 419 46.2 38.9 37.6 31.2 25.6 18.5 16.5 11.9 31.5
TC 1.8 1.9 2.6 2.3 3.2 4.4 3.5 4.8 4.2 4.4 33
Others? 1.9 16.7 18.7 15.4 19.2 18.7 11.4 11.9 15.2 10.5 15.0
Total 678.7 686.4 731.4 743.4 765.3 709.7 619.0 609.7 585.4 559.0 668.8

PC, penicillins; ePC, extended-spectrum penicillins; Ceph(1)/(2)/(3)/(4), 1st/2nd/3rd/4th generations cephalosporins; MC, macrolides;
QN, quinolones; CB, carbapenems; GL, glycopeptides; AG, aminoglycosides; TC, tetracyclines.
A0thers included clindamycin, colistin, daptomycin, linezolid, and pentamidine.
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Infections Surveillance System [25,26].

Improvement activities for the above indicators were per-
formed as necessary based on the monitoring results. Sub-
sequently, outcomes before and after improvement activ-
ities were compared to evaluate their effectiveness. After
modification of the vancomycin pharmacokinetic advisory
criteria for patients with severe MRSA infections, the AMS
Team has been monitoring pharmacokinetic advisory out-
comes, along with related indicators such as the number of
days to achieve negative conversion and the total duration
of administration.

Reporting

The details of ASP activities, results from the Korea National
Antimicrobial Use Analysis System (KONAS), and the out-
comes of regularly monitored indicators have been system-
atically recorded in meeting minutes and reported to the
president of the hospital. Furthermore, feedback (such as
changes in antibiotic use and prescription errors) has been
provided to relevant clinicians. To promote appropriate anti-
biotic use, our hospital has participated in the KONAS proj-
ect since 2022, which involves monitoring and reporting of
antibiotic use, trends, and inter- and intra-institutional com-
parisons based on the KONAS results [27].

Education
Education can promote appropriate antibiotic use, including

KJIM™

reductions in prescription rates [28]. Accordingly, our hospi-
tal has conducted educational initiatives and sought coop-
eration from clinicians. Educational sessions covering fun-
damental antibiotic-use guidelines and ASP measures have
been provided to physicians, including rotating residents
and staff members twice annually. In cases where improve-
ments were considered necessary, cooperation was solicited
at meetings involving individuals such as clinical managers
and heads of the council of medical offices. In particular,
physicians of the Catholic Hematology Hospital have been
educated on appropriate antibiotic use during each rotating
resident shift (every 2 months), primarily because of their
higher antibiotic use rates and burden of antibiotic-resistant
bacteria. In contrast, nurses have undergone education re-
lated to antibiotic skin reaction tests and administration as
part of their job training. The Department of Pharmacy has
completed the standardization of guidelines for reviewing
antibiotic prescription appropriateness; these standardized
guidelines are used as educational materials for pharmacists.

IMPACT ASSESSMENT OF ANTIMICROBIAL
STEWARDSHIP PROGRAMS

Achievements identified with quantitative
evaluation of antibiotics
The hospital leadership’s commitment to ASP responsibil-

Table 3. Oral antibiotic use at The Catholic University of Korea, Seoul St. Mary’s Hospital over 10 years (2013 to 2022) (defined

daily dose/1,000 patient-days)

Classes ear

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 Mean
ePC 58.0 53.3 52.2 56.5 56.8 62.8 40.2 35.2 32.5 33.8 481
Ceph(1) 1.2 1.5 3.0 3.6 35 3.8 2.7 2.7 2.3 2.8 2.7
Ceph(2) 41.6 39.6 40.8 37.1 38.3 39.0 40.8 377 333 34.2 38.2
Ceph(3) 117.2 116.7 110.6 109.2 101.2 92.5 959 70.6 65.9 70.3 95.0
MC 60.7 69.5 75.0 69.9 65.6 57.8 615 62.0 65.4 64.3 65.2
QN 118.6 111.0 110.6 111.0 107.5 94.5 86.2 77.7 76.5 76.4 97.0
GL 0.2 0.1 0.2 0.3 0.3 0.3 0.4 0.8 0.8 1.0 0.4
TC 46.7 442 41.0 43.0 48.7 47.0 58.3 59.8 38.1 60.5 48.7
Others? 1.8 1.6 2.5 2.8 4.4 7.4 95 10.9 13.8 14.0 6.9
Total 446.0 4375 435.9 433.4 426.3 4051 395.5 357.4 328.6 357.3 402.3

ePC, extended-spectrum penicillins; Ceph(1)/(2)/(3)/(4), 1st/2nd/3rd/4th generations cephalosporins; MC, macrolides; QN, quinolo-

nes; GL, glycopeptides; TC, tetracyclines.

A0thers included clindamycin, fosfomycin, fusidate, linezolid, nitrofurantoin, and rifaximin.
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Figure 3. Class-specific antibiotic use at The Catholic University of Korea, Seoul St. Mary's Hospital over 10 years (2013 to 2022) (DDD/1,000
patient-days). (A) Injectable broad-spectrum antibiotics. ABJack arrow, reduction in Ceph(4) use. (B) Injectable antibiotics for multidrug-re-
sistant pathogens. (C) Injectable non-broad-spectrum antibiotics and other antibiotics (clindamycin, colistin, linezolid, pentamidine, and
daptomycin). BBlack arrow, reduction in Ceph(2) use and increase in Ceph(1) use. (D) Injectable non-broad-spectrum antibiotics-ii. (E) Oral
broad-spectrum antibiotics. (F) Oral non-broad-spectrum antibiotics and others (clindamycin, fusidate, linezolid, rifaximin, fosfomycin, and
nitrofurantoin). “Black arrow, reduction in TC use. Ceph(M/A2)/(3)/(4), first/second/third/fourth-generation cephalosporins; ePC, extend-
ed-spectrum penicillins; Q1/3, first/third quarter; DDD, defined daily doses; CB, carbapenems; GL, glycopeptides; AG, aminoglycosides;

TC, tetracyclines; MC, macrolides; PC, penicillins; QN, quinolones.
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ities, along with the appointment of the AMS team, en-
abled both quantitative (e.g., prospective interventions, au-
tomatic alerts on prolonged antibiotic use) and qualitative
(e.g., reviews of broad-spectrum antibiotic appropriateness,
tracking antibiotic usage, providing clinician feedback, and
advanced TDM) evaluations. To assess the concrete accom-
plishments of ASPs at our hospital, we conducted an exam-
ination of the changes in antibiotic usage. The usage trend
was examined by calculating DDD/1,000 patient-days based
on antibiotic usage data by period (by quarter and year),
followed by a comparison before and after the active ASPs
intervention by the AMS team in 2018.

Overall antibiotic use trends over 10 years

Over the past decade, mean injectable antibiotic use was
668.8 DDD/1,000 patient-days. Notably, injectable antibiot-
ic use increased until 2017 and substantially decreased after
2018, coinciding with establishment of the AMS Team and
initiation of ASP activities (Fig. 2, Table 2, 3).

Class-specific antibiotic use over a 10-year period
A class-specific antibiotic-use-pattern analysis enabled as-
sessment of the effects of quantitative and qualitative inter-
ventions by the AMS Team. After the AMS Team limited the
empirical use of broad-spectrum cephalosporins and car-
bapenems, the overall use of cephalosporins and carbapen-
ems substantially decreased (Fig. 3A, B). Indeed, the use of
cefepime decreased from 126.4 DDD/1,000 patient-days in
the fourth quarter of 2017 to 60.2 DDD/1,000 patient-days
in the first quarter of 2018.

The AMS Team reviewed the antibiotic appropriateness
of CP, then restricted the unnecessary preoperative use of
broad-spectrum prophylactic antibiotics and recommend-
ed first-generation cephalosporins in accordance with the
guidelines. As a result, the use of second-generation cepha-
losporins decreased beginning in 2020, whereas the use of
first-generation cephalosporins substantially increased (Fig.
3C). Although the use of flomoxef (frequently utilized as a
preoperative prophylactic antibiotic) continuously decreased
(60.4 DDD/1,000 patient-days in the fourth quarter of 2019
to 29.9 DDD/1,000 patient-days in the fourth quarter of
2020), the use of first-generation cefazolin increased (29.2
DDD/1,000 patient-days in the first quarter of 2020 to 44.9
DDD/1,000 patient-days in the third quarter of 2020).

Although the use of oral antibiotics did not substantially
decrease compared with injectables (Fig. 2), ASP activities
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intended to limit the long-term use of broad-spectrum oral
antibiotics via tracking and feedback resulted in a substan-
tial reduction in the use of broad-spectrum antibiotics (Fig.
3E). The use of oral antibiotics not included in the interven-
tion increased; this was caused by factors such as increased
use of linezolid and fosfomycin (Fig. 3F).

Enhancement of antibiotic use

Continuous education of clinicians and other departments
ensured the rapid adoption and effectiveness of the ASP.
As a result of the intervention, coupled with advanced TDM
for vancomycin, the program utilization rate increased to
> 80% immediately after the introduction of a computer-
ized loading dose.

In response to a suggestion to review patient eligibility
for antibiotic skin testing and antibiotic concentrations for
intradermal skin tests, a Task Force Team (TFT) was estab-
lished. Based on discussions within the AMS Committee,
the TFT comprised representatives from the Departments of
Infectious Disease, Allergy Medicine, Pharmacy, and Nurs-
ing. After a review of the literature (including the guidelines
of the Korean Academy of Asthma, Allergy and Clinical Im-
munology), investigation of status in other hospitals, legal
review, and discussion, eligibility criteria for antibiotic skin
testing were defined; guidelines were revised regarding
drugs used in the skin reaction test (antihistamines, systemic
corticosteroids, and imipramine), the intradermal test con-
centration of each drug, and the period of validity for the
results. The revised guidelines, implemented in March 2022,
have reduced the rate of unnecessary antibiotic skin tests
and improved efficiency by enabling clear communication.

DISCUSSION AND PERSPECTIVES

We have summarized the stepwise adoption of an ASP and
its status in a tertiary hospital in Korea. Increasing support
from hospital leadership led to expanded authority and
responsibilities for the AMS Committee. Consequently, a
multidisciplinary AMS Team, led by an infectious disease
specialist, was established; its members included a pedia-
trician and a dedicated pharmacist. ASP activities have ex-
panded from computer-based interventions to quantitative
and qualitative evaluations. To ensure the safe and effective
use of antibiotics, the ASP-dedicated pharmacist has con-
ducted real-time evaluations and given feedback regarding
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prescription appropriateness, regularly provided physicians
with education, and requested cooperation from several de-
partments.

Because quantitative and qualitative ASP interventions
related to antibiotic prescription could reduce healthcare
costs, hospitalization durations, and the incidences of bac-
terial resistance caused by antibiotics misuse and overuse,
the importance of such interventions has been emphasized
internationally and domestically [29,30]. Although medical
institutions in Korea have made continuous efforts to im-
plement ASPs, many have been hindered by limited medical
resources [31-34]. In this context, we provide a summary of
the accomplishments of and constraints faced by our hos-
pital, which expanded ASP activities by gradually introduc-
ing intervention measures, even under conditions involving
severe shortages of personnel and resources. We present
our perspectives on the implementation of ASP activities in
similar medical institutions worldwide.

ASP implementation requires a dedicated leadership and
team. In our hospital, ASP awareness was cultivated among
the hospital leadership by continuous reporting of ASP
achievements. This elevated the status of the AMS Com-
mittee, the governing body responsible for ASP, thereby
facilitating the expansion of ASP initiatives. The sustained
involvement of hospital leadership laid the foundation for
establishment of the AMS Team. When implementing an
ASP, participation by hospital leadership (via continuous re-
porting and feedback) motivates the allocation of personnel
and budget resources to the ASP; thus, the ASP becomes a
top priority for the hospital [18].

The use of preauthorization in many institutions requires
stepwise multidisciplinary implementation of ASP measures
tailored to institutional needs. Korean medical institutions
must introduce new antibiotics active against multidrug-re-
sistant bacteria [35]. When introducing new antibiotics, the
importance of the traditional antibiotic CDSS for restricted
antibiotics will be further emphasized.

Nonetheless, it is important to tailor ASP interventions
to institutional needs, with a focus on the operating team
[36,37]. While our hospital implemented antibiotic com-
puterized restrictive antibiotic prescription system from its
inception, we observed no significant change in antibiotic
use. In 2018, the AMS Team implemented further interven-
tions, such as the establishment of institution-specific guide-
lines, monitoring, and feedback on antibiotic use for each
department; restriction of unnecessary use of broad-spec-
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trum antibiotics by prophylactic antibiotic interventions; and
broad-spectrum antibiotic prescription intervention. These
new interventions led to a substantial reduction in antibi-
otic use. Additionally, we initiated qualitative evaluations of
long-term prescriptions of oral antibiotics and interventions
to control the duration of injectable antibiotic administration
based on each patient’s condition and indications. More-
over, biomarker-integrated ASP activities are in preparation
in our hospital based on recent reports that a procalcitonin
level-based ASP approach decreased antibiotic use [38-41].

The appointment of an ASP-dedicated pharmacist in 2023
could enhance the efficacies of ASP interventions. The inter-
ventions implemented in our hospital led to a substantial re-
duction in the use of broad-spectrum antibiotics, despite an
increasing burden of resistant bacteria, distinguishing our
hospital from comparable institutions in Korea [42].

An effective ASP requires interventions to be implemented
based on qualitative evaluations [37]. Considering that Ko-
rean medical institutions lack medical resources, it is difficult
to simultaneously implement qualitative evaluation-based
ASP interventions. Qualitative evaluations and interventions
based on the recently proposed quality indicators in Ko-
rea may be a sustainable alternative in such circumstances
[36,37]. It is important to apply a stepwise implementation
strategy—which should be led by a dedicated AMS Team—
tailored to the institution. Indeed, quantitative evaluations
should be combined with easy-to-implement interventions
based on qualitative evaluations [43].

Continuous collaboration between clinical departments
and support units, along with ongoing education, is crucial.
ASP activities and interventions cannot be performed by the
AMS Team alone. In our hospital, institution-specific guide-
lines were applied in collaboration with the Department of
Hematology, which had the highest rate of broad-spectrum
antibiotic use; this approach resulted in a substantial reduc-
tion in antibiotic use. Moreover, to enhance administration
appropriateness, we revised guidelines for antibiotic skin
testing and standardized antibiotic administration times in
collaboration with the Pharmacy and Nursing Teams. Con-
tinuous education is also important; education and com-
puterization of antibiotic loading doses resulted in an initial
compliance rate of > 80% [44]. During the stepwise appli-
cation of an ASP, it is important to involve other clinical de-
partments and units as active (rather than passive) recipients
by appointing individuals responsible for antibiotic manage-
ment in each department. This involvement is crucial for ef-
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forts to track and report intervention outcomes, ensuring
successful ASP implementation.

Clinical outcome tracking and reporting must be com-
bined. ASPs are associated with decreases in antibiotic use,
duration of administration, and duration of hospitalization
[45]. However, few studies have focused on the relationship
between an ASP and clinical outcomes, such as the inci-
dence of antibiotic-resistant bacterial strains and changes in
survival rates [46]. Although our hospital monitors the inci-
dence of antibiotic-resistant bacterial strains, there has been
insufficient analysis of its relationship with the ASP. Such
data are also important to demonstrate the clinical need for
the ASP, enhance understanding and interest among the
leadership, and promote collaboration with other units rele-
vant to the ASP. Beginning during the planning stages of the
ASP, efforts should be made to monitor clinical outcomes.

Successful implementation of an ASP requires institution-
al efforts, as well as administrative and financial support.
According to the antimicrobial stewardship staffing survey
results reported by the KONAS in 2022, only four tertiary
hospitals (7.0%) had staff dedicated to antimicrobial stew-
ardship, with less than 1 FTE combined for the ASP infection
specialist (0.69 FTE) and pharmacist (0.35 FTE). In terms of
the ASP status of Korean medical institutions in 2020, the
greatest barrier to ASP implementation and expansion was
a lack of personnel, followed in order by a lack of tools, a
lack of appropriate reward for operating an ASP, and a lack
of education about ASPs [33]. Most medical institutions in
Korea are facing a severe personnel shortage that hinders
ASP implementation, and ASPs need structural and finan-
cial support [47]. However, fees for ASP implementation are
not supported by the medical reimbursement system in Ko-
rea. The authors of a recent study suggested compensation
through antimicrobial management fees to promote antimi-
crobial stewardship in Korean medical institutions [48], and
there has been discussion about insurance coverage of ASPs.
In 2018, the medical reimbursement system in Japan was
revised to include fees for ASP implementation, which may
have supported ASP activities [49]. Thus, it is important to
build on the achievements of ASPs in Korea, which will pro-
mote recruitment of ASP staff and eventual reimbursement.

CONCLUSION

Our hospital has implemented ASP measures in a stepwise
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manner. Over the past decade, the results have included a
considerable decrease in the overall use of injectable and
oral antibiotics, including broad-spectrum antibiotics. To
propagate the successful stepwise implementation model
from SSMH to other institutions, leadership commitment
and government support, including ASP fees will be needed.
This is expected to limit the misuse and overuse of antibiot-
ics, mitigate the emergence of antibiotic-resistant bacterial
strains, reduce healthcare costs, and optimize therapeutic
effects.
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Supplementary Table 1. Restricted antimicrobials at The Catholic University of Korea, Seoul St. Mary's Hospital

Category Class Injectable agents Oral agents

Antibacterial agents 3rd generation Cephalosporins Ceftolozane + Tazobactam -
Carbapenems Ertapenem sodium -

Imipenem/Cilastatin -

Meropenem -
Glycopeptides Teicoplanin -
Vancomycin Vancomycin
Tetracyclines Tigecycline -
Oxazolidinones Linezolid Linezolid
Polypeptides Colistimethate sodium -
Cyclic lipopeptides Daptomycin -

Antifungal agents

Azoles

Echinocandins

Isavuconazole

Voriconazole

Anidulafungin

Isavuconazole
Voriconazole
Posaconazole

Caspofungin -
Micafungin -
Polyenes Liposomal amphotericin B -
Antimetabolites - Flucytosine
Antiviral agents - Cidofovir -
- Foscarnet -
- Ganciclovir -
- Letermovir Letermovir
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