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Abstract

Background A pilot program launched in November 2024 to establish and operationalize Antimicrobial Stewardship
Programs (ASPs) in Korean hospitals is expected to accelerate nationwide adoption. However, consensus on indicators
for evaluating ASP performance remains lacking. This study aimed to develop indicators for evaluating the short- and
long-term effectiveness of ASPs.

Methods An expert panel comprised 18 specialists from academic societies and government agencies involved in
infectious diseases and antimicrobial control in South Korea. Candidate indicators for evaluating ASP effectiveness
were identified by five infectious disease specialists through a systematic literature review. The Delphi survey
consisted of an initial open-ended round, followed by two multiple-choice rounds (rounds 2 and 3) with an
intervening online panel meeting. Responses to the multiple-choice questions were rated on a 7-point Likert scale,
and indicators with a content validity ratio of > 0.47 were selected.

Results The systematic literature review yielded 59 candidate indicators of ASP effectiveness, which were classified
into seven primary categories. After the third-round Delphi survey, the final set of indicators included the following.
In the Antibiotic Use Indicators category: (1) days of therapy per 1,000 patient-days, (2) defined daily dose per 1,000
patient-days, (3) reduction rate of broad-spectrum antibiotic use, (4) intravenous-to-oral antibiotic conversion rate, (5)
reduction rate of unnecessary combination therapy, and 6) change in antibiotic prescription ratio according to the
World Health Organization Access, Watch, and Reserve classification. In the Process-Related Indicators category: (1)
appropriate rate of preoperative surgical antibiotic prophylaxis, (2) implementation of therapeutic drug monitoring
with dosage recommendations, and (3) establishment of institutional antibiotic use guidelines. In the Department-
Specific Indicators related to operating rooms and surgery: (1) appropriate rate of preoperative surgical antibiotic

L prophylaxis, (2) appropriateness of postoperative antibiotic discontinuation timing, and (3) appropriateness of
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prophylactic antibiotic selection. Finally, among the Other Indicators, the implementation rate of core ASP elements
was selected as an indicator for evaluating ASP effectiveness.

Conclusions This study established consensus-based indicators and proposed short- and long-term targets for
evaluating the effectiveness of ASPs in Korea. These indicators enable standardized assessment and help inform
evidence-based policies for the sustainable operation of ASPs.

\Keywords Antimicrobial stewardship, Indicators, Republic of Korea, Evaluation, Delphi method

Background

Antimicrobial resistance poses a growing global health
crisis, driving substantial morbidity, mortality, and
healthcare costs [1, 2]. Antimicrobial stewardship pro-
grams (ASPs) have been widely endorsed by major health
organizations as an essential strategy to optimize anti-
biotic use, improve patient outcomes, and mitigate the
emergence of resistance [3, 4]. To ensure that ASP efforts
are effective and sustainable, they must be supported by
robust performance metrics that demonstrate impact,
guide continuous improvement, and enable benchmark-
ing across institutions.

Several countries have adopted indicators to evalu-
ate ASP effectiveness, including days of therapy (DOT),
defined daily dose (DDD), incidence of Clostridioides
difficile infection (CDI), and adherence to prescription
guidelines [5-7]. However, these measures are insuffi-
cient for comprehensive evaluation, as they capture only
a subset of ASP activities. Recent international efforts
have highlighted the importance of structured consen-
sus building to identify relevant and practical indicators,
with methods such as modified Delphi surveys used to
reach agreement among multidisciplinary experts [8, 9].

In Korea, antibiotic consumption remains among the
highest compared with other high-income countries,
while antimicrobial resistance continues to rise [10]. The
Korean National Action Plan on antimicrobial resistance
has prioritised ASP at the policy level [11]; however,
implementation at the hospital level has been heteroge-
neous. Although previous studies have reported favor-
able impacts on antibiotic consumption, resistance trends
[12-14] and have provided valuable insights, they do not
establish a harmonized framework for evaluating ASP
performance at the national level. In November 2024,
the Korean government launched a reimbursement-
based pilot program involving 78 hospitals, represent-
ing a major step toward the formal institutionalization
of ASPs [15]. Early implementation revealed substantial
heterogeneity in infrastructure, staffing, and outcome
measurements across institutions, reinforcing the need
for a unified evaluation framework. As the program tran-
sitions toward broader implementation, a national con-
sensus on evaluation indicators has become increasingly
important to ensure fair performance assessment and
sustainable reimbursement mechanisms. In the absence

of standardized metrics, reliable national benchmarking
and long-term policy evaluation remain challenging.

In light of these considerations, we conducted a struc-
tured Delphi consensus process to develop a set of per-
formance indicators tailored to the Korean healthcare
system and potentially adaptable to other resource-lim-
ited settings. Drawing on published evidence and expert
consensus from clinicians, pharmacists, microbiolo-
gists, and policymakers—including representatives from
national public health and reimbursement agencies (the
Korea Disease Control and Prevention Agency and the
Health Insurance Review and Assessment Service)— we
propose metrics that are practical within existing data
systems and aligned with international standards. These
indicators aim to provide a coherent framework for mon-
itoring hospital-level ASPs, evaluating national initia-
tives, and informing ASP implementation in comparable
healthcare contexts.

Methods

Overview and assembly of panel

We conducted a systematic literature review to identify
potential key quality indicators (QIs), three sequential
rounds of online surveys, and one online expert panel
meeting. Figure 1 presents an overview of the modified
Delphi method used in this study. The consensus process
synthesized the independent judgments of a multidisci-
plinary expert panel. A total of 18 panelists participated,
representing the Korean Society of Infectious Diseases
(n=4), the Korean Society for Antimicrobial Therapy
(n=4), the Korean Society of Pediatric Infectious Dis-
eases (n=2), the Korea National Antimicrobial Use Anal-
ysis System (n=2), the Korean Society of Health-System
Pharmacists (n=2), the Korea Disease Control and Pre-
vention Agency (n=2), and the Health Insurance Review
and Assessment Service (7 =2).

Search strategy

A systematic literature search was performed to identify
and analyze potential QIs used to evaluate the effective-
ness of ASPs in countries with established stewardship
systems, including the United States, Japan, the United
Kingdom, and Australia. These countries were selected
because they have formally institutionalized ASPs and
have accumulated a relatively large body of research on
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Asystematic literature review of the outcome indicators
related to antimicrobial stewardship programs (n=2,066)

First round: Collecting ideas from expert panels with a
questionnaire consisted of open-ended questions

Second round: Establishing consensus from expert
panels with a questionnaire with potential indicators,
using a 7-point Likert Scale

Expert meeting via virtual platform
fo exchange opinions among
expert panels.

Third round: Establishing consensus from expert
panels with a questionnaire of results of second round,
using a 7-point Likert Scale

Fig. 1 Flowchart of the study procedures

ASP evaluation indicators, making their frameworks par-
ticularly relevant as references for developing a Korean
ASP evaluation system. The review focused on methods
for monitoring ASP implementation and assessing its
short- or long-term effectiveness.

Studies written in English that addressed the devel-
opment or evaluation of ASP-related indicators were
included. The following were excluded: (1) studies not
involving humans; (2) studies primarily focused on
human immunodeficiency virus infection; and (3) edi-
torials, comments, case reports, errata, and conference
abstracts (Additional file 1).

The literature search was conducted on November 22,
2024, and the identified records were reviewed in full
text by four infectious disease specialists and one pedi-
atric infectious disease specialist (C.Y., ].K., M.J.L., R.L,,
and J.Y.P.) between October 28 and December 29, 2024.
Any discrepancies regarding eligibility were resolved
through discussion and consensus among the reviewers.
Following full-text review, all potential QIs proposed or
applied in the literature were extracted to develop a pre-
liminary list of candidate indicators (Additional file 2).
Each QI was categorized into one of seven domains: anti-
biotic use, clinical outcome, microbiological, economic,
process-related, department-specific, or other indica-
tors. Process-related indicators were defined as mea-
sures reflecting hospital-wide ASP monitoring activities,
capturing the overall adequacy of antibiotic management
practices across the institution. Department-specific
indicators, in contrast, were defined as measures target-
ing granular, component-level evaluation of antibiotic
use within high-priority clinical settings, such as the
operating room and surgical ward, and were designed
to provide more operationally targeted feedback at the
point of care. Although certain department-specific indi-
cators share a common focus with process-related indi-
cators, they were retained as distinct categories to enable
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complementary evaluation at different levels of institu-
tional practice. Duplicate items were removed and con-
ceptually overlapping indicators were consolidated into
unified descriptions.

Development of survey items and the process of Delphi
method

Each survey was distributed to the expert panel via email,
and the preliminary candidate QIs derived from the lit-
erature review were shared with the panelists in advance.
The first-round survey (February 12-24, 2025) used an
open-ended questionnaire, allowing panel members to
suggest revisions or additions to indicators and provide
free-text comments. The second-round survey (March
11-19, 2025) consisted of a structured, closed-ended
questionnaire containing the same items as those in the
first round. Panelists evaluated each indicator accord-
ing to three criteria: (1) expected outcomes reflecting
appropriate antibiotic use, (2) the degree of improvement
anticipated when ASP activities are led by infectious dis-
ease specialists compared with other clinicians, and (3)
feasibility of assessment within domestic healthcare insti-
tutions (Additional file 3).

After the second-round survey, an online expert meet-
ing was held on March 21, 2025, to review the results
and discuss items requiring further clarification or con-
sensus. The third-round survey (April 1-7, 2025) incor-
porated revisions based on the preceding discussion and
aimed to finalize indicator selection. Evaluation criteria
for this round included: (1) expected outcomes reflecting
appropriate antibiotic use; (2) feasibility of measurement
in domestic institutions; and (3) the need for generating
evidence to support ASP implementation. Items in the
second- and third-round surveys were rated on a 7-point
Likert scale ranging from 1 (“strongly disagree”) to 7
(“strongly agree”), with scores of 6 or 7 defined as essen-
tial responses. In the third-round survey, an additional
question item regarding “an appropriate timeframe for
achieving measurable outcomes” was included, requir-
ing respondents to select one of four options: short-term
(3—4 years), mid-term (5-9 years), long-term (> 10 years),
or not applicable.

Validation of items

Responses from the second and third Delphi survey
rounds were analyzed using the content validity ratio
(CVR). The CVR was calculated using the formula CVR
= (Ne - N/2) / (N/2), where Ne represents the number of
experts who rated an item as “essential,” and N denotes
the total number of experts [16]. Items with a CVR > 0.47
were accepted, whereas those with a CVR > 0.40 were
further reviewed through panel discussion. The threshold
of CVR 2 0.47 was based on the corrected critical value
for a panel of 18 experts at a significance level of p < 0.05,
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as derived by Ayre and Scally [17], who identified a com-
putational error in Lawshe’s original method and pro-
vided revised critical values. The secondary threshold of
CVR = 0.40 corresponds to a significance level of p < 0.10
and was applied to flag borderline items for structured
panel discussion, rather than automatic rejection [16, 17].
Alternatively, items with a lower limit of the 95% confi-
dence interval of > 6.5 were accepted, and those with a
lower limit of > 5.5 were considered for discussion. The
two thresholds were established a priori through deliber-
ation among the research team before data collection, as
no established reference exists for these specific cutoffs.
A lower bound of > 6.5 indicates that the conservative
estimate of the confidence interval falls within the “essen-
tial” range of the 7-point Likert scale (score > 6), reflect-
ing strong consensus with minimal inter-rater variability,
and was therefore adopted as the acceptance criterion. A
lower bound of > 5.5 was set as the threshold for panel
discussion, representing a midpoint between scores of 5
(“somewhat agree”) and 6 (“agree”); when some experts
assigned lower scores, the resulting lower CI bound
tended to fall near 5.5, indicating that the item warranted
structured re-evaluation. Items falling between these two
thresholds were subject to panel discussion rather than
automatic acceptance or rejection.

Results

Literature review and initial identification of candidate
indicators

A total of 2,066 articles were reviewed following the sys-
tematic literature search (Fig. 1), and 161 studies were
selected according to predefined inclusion and exclusion
criteria. Preliminary candidate indicators were extracted
from the included studies. In total, 59 specific indica-
tors were identified across seven domains: antibiotic use
(n=7), clinical outcome (7=8), microbiological (n=7),
economic (n=7), process-related (n=8), department-
specific (n=14), and other indicators (n=8) (Additional
file 2).

Refinement of indicators

A total of 17 of 18 (94.4%) panel members responded
to the first survey. Based on the free-text responses,
panelists proposed revisions, additions, and subdivi-
sions of the preliminary candidate indicators. Subindi-
cators within each major category were further refined
and supplemented through this process, and consoli-
dated feedback was shared during an online meeting.
As a result of the first-round survey, the initial set of 59
candidate indicators was expanded to 113 indicators,
reflecting the addition of newly proposed items and the
subdivision of existing indicators into more granular sub-
indicators across all seven domains. All panelists (18/18,
100%) completed the structured questionnaire (second
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Delphi round, Additional file 3), and an online expert
meeting was convened to review and clarify the survey
results, with 13 of the 18 panelists (72.2%) participating.
Through these procedures, several indicators from the
process-related, department-specific, clinical outcome,
microbiological, and economic categories were excluded
because of limited applicability, feasibility, interpretabil-
ity, or measurement challenges, whereas the CDI rate
and implementation of therapeutic drug monitoring were
retained. In contrast, antibiotic consumption indica-
tors and the ASP core element implementation rate were
prioritised for further refinement, and clinician satisfac-
tion was advanced for additional consideration. Conse-
quently, 113 indicators remained, including antibiotic use
(n=23), clinical outcome (n=19), microbiological (n=9),
economic (n=11), process-related (n=21), department-
specific (n=19), and other indicators (n=11) (Additional
file 4).

Final consensus indicator

The third-round Delphi survey included all 18 panelists.
Based on the consensus, a final set of indicators for eval-
uating ASP effectiveness was established (Table 1). The
indicators were organized into four categories: antibiotic
use, process-related, department-specific, or other indi-
cators. Consensus was not achieved for the clinical out-
come, economic, and microbiological domains.

In the antibiotic use category, six indicators were final-
ized: (1) antibiotic consumption measured as DOT per
1,000 patient-days; (2) DDD per 1,000 patient-days; (3)
reduction rate of broad-spectrum antibiotic use (e.g.,
carbapenems); (4) rate of intravenous-to-oral antibi-
otic conversion (e.g., fluoroquinolones); (5) reduction
rate of unnecessary combination therapy (e.g., overlap-
ping anaerobic coverage); and (6) change in antibiotic
prescription ratio according to the World Health Orga-
nization Access, Watch, and Reserve (WHO AWaRe)
classification. All indicators were considered suitable for
short-term evaluation except for DDD per 1,000 patient-
days, which was classified as short- to mid-term. This dis-
tinction reflects the inherent methodological complexity
of DDD as a metric: because DDD is based on the WHO-
defined average adult maintenance dose, institutions with
a higher proportion of pediatric or dialysis patients may
systematically yield lower DDD values, making short-
term cross-institutional comparisons more challenging.
In contrast, DOT counts the number of days a patient
receives any dose of a given antibiotic regardless of the
amount, and is therefore less susceptible to such case-
mix confounding, allowing for more immediate interpre-
tation of changes in antibiotic consumption.

In the process-related category, three indicators were
selected: (1) appropriate rate of preoperative surgical
antibiotic prophylaxis; (2) implementation of therapeutic
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Table 1 Outcome indicators related to antimicrobial stewardship programs in Korea: results of the third Delphi round

Indicator Expected ASP outcome  Feasibility in Korean Need for ASP evidence Timeframe Consensus
hospitals generation
CVR 95%  95% CVR 95%  95% CVR 95%  95%

Cl Cl Cl Cl Cl Cl

Lower Upper Lower Upper Lower Upper
Antibiotic use indicators
Days of therapy (DOT)/patient 0.875 6.17 6.83 0.875 6.17 6.83 0.800  6.07 6.93 Short Accept
days
Defined daily dose (DDD)/pa- 0.714 6.00 6.78 0.500 538 6.50 0714 589 6.78 Short/Mid Accept
tient days
Reduction rate in broad- 0.500 543 6.46 0.800 582 6.63 0714 557 6.76 Short Accept
spectrum antibiotic use (e.g,,
carbapenem)
Restricted antibiotic use 0.000 4.57 6.09 0.500 4.88 6.34 0364 485 6.37 Short Reject
IV-to-oral antibiotic conversion  0.200 531 6.14 —2500 384 5.16 0875 545 6.55 Short Accept
rate (e.g., fluoroquinolones)
Inappropriate antibiotic pre- 0.200 523 6.22 -16.000 263 393 0364 452 6.03 Short Reject

scription rate

(by syndrome or time point)

Appropriateness of antibiotic 0.000 512 6.22 —-4.000 3.12 4.55 0200 454 6.02 Mid Reject
duration

(limited to representative

syndromes)

Unnecessary combination 0.714 552 6.59 -0571 439 5.72 0714 495 6.50 Short Accept
therapy

(e.g., anti-anaerobic duplication)

Antibiotic use by WHO AWaRe ~ 0.200 4.95 6.05 0.200 449 5.96 0500 450 6.05 Short Accept
classification

Clinical outcome indicators

Length of stay —7.000 335 4.65 0.364 5.07 6.26 —-1.600 4.11 533 Long Reject
ICU length of stay —-16.000 274 3.93 0.000 4.87 6.02 —-7.000 348 4.74 N/A Reject
ICU admission rate during —16.000 270 3.97 0.000 4.77 6.01 -7.000 333 467 N/A Reject
hospitalization

C. difficile infection ratet 0.500 533 6.34 -0571 441 5.70 0364 532 6.46 Mid Reject
Infection-related mortality —16.000 359 4.74 —7.000 296 427 -1.600 3.98 536 Short Reject
Length of stay (limited to spe- —-4.000 4.6 5.06 -0571 374 548 —2500 396 527 Long Reject
cific infection syndromes)

Adverse drug reaction rate —16.000 343 4.57 —7.000 3.10 4.56 -1.600 3.68 5.10 N/A Reject
related to antibiotics

Surgical site infection rate —-2500 335 498 —2500 385 5.04 -1600 3.23 4.89 N/A Reject
Acute upper respiratory infec- - - - 0.500 4.96 6.27 —-0.250 432 5.79 Short Reject

tion antibiotic prescription rate
Economic indicators

Annual total antibiotic costs -4000 307 6.26 0.000 4.25 6.98 -1.000 347 6.42 Short/Mid Reject
(excluding antifungals)

Antibiotic cost per patient -2500 3.59 6.52 -0250 399 6.79 -0.571 362 6.49 Mid Reject
Antibiotic cost per hospital day ~ -4.000  3.07 6.26 -0250 392 6.75 -0571 350 6.39 Mid Reject
Cost of operating ASP (limitedto —7.000  1.71 540 0.200 357 6.65 -1.600 202 532 Short Reject
personnel expenses)

Cost savings from IV-to-oral 0.000 4.02 6.87 -2500 292 6.08 -1.000 378 6.66 Short Reject
conversion

Process indicators

Appropriate preoperative pro- 0.800 4.65 7.69 0.364 4.16 7.06 0714 457 7.54 Short Accept
phylactic antibiotic use rate

TDM implementation and dose ~ 0.800 4.67 7.66 0.364 3.98 6.91 0.500 447 7.30 Short Accept
intervention rate

Presence of institutional antibi- ~ 0.500 453 7.36 0.500 453 7.36 0.500 432 7.24 Short Accept

otic use guidelines
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Table 1 (continued)
Indicator Expected ASP outcome  Feasibility in Korean Need for ASP evidence Timeframe Consensus
hospitals generation
CVR 95% 95% CVR 95%  95% CVR 95%  95%
Cl Cl Cl Cl Cl cl
Lower Upper Lower Upper Lower Upper
Intervention rate for prolonged  0.500 4.46 732 -1000 335 6.31 0200 393 6.85 Short Reject
antibiotic prescriptions
Intervention rate for combina- ~ 0.714 433 733 -0571 343 6.35 0364 391 6.86 Short Reject
tion (duplicate) therapy
Concordance of antibiotic use ~ 0.800 4.72 7.73 —7.000 268 6.21 0364 415 7.08 Short Reject
with organism identification
Department-specific indicators
(OR/Surgery appropriate rate of ~ 0.800 5.82 6.63 0.714 547 6.30 0.500 4385 6.37 Short Accept
preoperative surgical antibiotic
prophylaxis
(OR/Surgery) Appropriate tim-  0.800 5.71 6.62 0.615 5.10 6.24 0.500  4.69 6.31 Short Accept
ing of postoperative antibiotic
discontinuation
(OR/Surgery) Appropriateness of  0.800 5.82 6.63 0.714 5.57 6.32 0500 474 6.26 Mid Accept
prophylactic antibiotic selection
(ED) Appropriate empirical -0571 454 5.68 -1.000 327 4.95 -0.250 457 5.76 Mid Reject
antibiotic selection for major
infections
(e.g., UTI, pneumonia)
Other indicators
Number of ASP training sessions  0.200 5.09 6.35 0.800 5.86 6.69 0.200 470 6.19 Short Reject
conducted
Use of ASP education indicators  0.200 4.79 6.32 0.714 5.68 6.65 0200 457 6.09 Short Reject
[e.g, (training hours X
attendance)/staff]
Healthcare provider satisfaction  -1.600  3.96 5.59 -2500 364 502 -1.000 447 5.64 Short Reject
Core elements implementation ~ 0.500 5.28 6.61 0.364 477 6.23 0615 514 6.53 Short Accept

rate

Abbreviations: ASP, Antimicrobial Stewardship program; CVR, Content validity ratio; Cl, Confidence interval; DOT, Days of therapy; DDD, Defined daily dose;
TDM, Therapeutic drug monitoring; ICU, Intensive care unit; ED, Emergency department; OR, Operating room; UTI, Urinary tract infection; WHO, World Health

Organization; AWaRe, Access, watch, and reserve.

Timeframe: Short = 3-4 years; Mid = 5-9 years; Long = 210 years; N/A = Not applicable.
1 C. difficile infection rate: Expected ASP Outcome CVR met the threshold (0.500); however, Feasibility CVR did not meet the acceptance criterion (CVR = —0.571).

The Reject judgment was retained.

# (ED) Appropriate empirical antibiotic selection: Not adopted primarily due to concerns regarding operational feasibility (systematic tracking not yet widely
available in Korean hospitals), case heterogeneity, and reliance on microbiological confirmation data unavailable at the time of ED prescription.

drug monitoring and dose adjustment recommenda-
tions; and (3) establishment of institutional antibiotic use
guidelines. All were classified as short-term evaluation
measures.

In the department-specific category, three indicators—
primarily related to surgical and perioperative care—were
finalized: (1) appropriate rate of preoperative surgical
antibiotic prophylaxis; (2) appropriateness of antibiotic
discontinuation timing after surgery; and (3) appropriate-
ness of antibiotic selection for surgical prophylaxis. The
first two were classified as short-term evaluation indica-
tors, whereas the latter was considered mid-term.

Finally, in the other indicators category, the imple-
mentation rate of core ASP elements—defined as a
standardized set of structural and organizational compo-
nents essential for establishing effective ASPs, including

leadership commitment, accountability, drug expertise,
tracking, reporting, and education [7]—was identified
as a comprehensive structural indicator reflecting over-
all ASP performance and was considered appropriate for
short-term assessment.

Discussion

This study represents the first national consensus
in Korea on ASP performance indicators developed
through a rigorous Delphi process in the context of a
newly launched government-led reimbursement pilot.
Through a systematic evidence review and structured
expert consensus, we identified seven major domains and
initially defined 59 indicators encompassing both short-
term measures (antibiotic consumption and adherence
to restricted antibiotic use) and medium-to long-term
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measures (resistance trends and clinical outcomes).
Through the subsequent Delphi process, this list was
iteratively refined to a final set of 13 core indicators com-
prising six antibiotic use metrics, three process-related
indicators, three indicators targeting high-risk clini-
cal settings, and one additional cross-cutting measure.
Rather than replicating earlier single-center or drug-
class—focused analyses, this framework was designed to
enable nationwide benchmarking at a critical juncture
when ASPs are formally integrated into national health
policy.

In Korea, antibiotic consumption remains among the
highest compared with other high-income countries,
and national strategies have increasingly prioritised ASPs
[10]. Although many hospitals have independently imple-
mented ASPs, these efforts have largely remained con-
fined to individual institutions. Previous single-center
studies have demonstrated reductions in antibiotic use
and resistance through infectious disease specialist-led
or stepwise ASP models, confirming the feasibility of
institutional ASP implementation [12-14]. However,
such experiences cannot substitute for a harmonized,
evidence-based national framework. Therefore, the intro-
duction of a reimbursement-based ASP pilot program in
2024 provided a timely opportunity to develop standard-
ized indicators that could ensure consistent evaluation
and support sustainable policy expansion.

Notably, the indicators that achieved consensus were
overwhelmingly structural and process-oriented, includ-
ing antibiotic consumption metrics (DOT, DDD, and
broad-spectrum reduction), intravenous-to-oral con-
version, appropriateness of surgical prophylaxis, and
implementation of core ASP elements. These domains
are broadly consistent with established ASP indica-
tor frameworks from other countries, which similarly
prioritise antibiotic use monitoring, prescribing pro-
cesses, and stewardship infrastructure [18, 19]. How-
ever, unlike some international frameworks, no clinical
outcome, economic, or microbiological indicators met
the predefined validity thresholds in our study. This dis-
tribution reflects a pattern similar to international expe-
riences in which process measures consistently dominate
ASP evaluation frameworks. For instance, O’Riordan et
al. reported that 75% of 229 indicators across 16 studies
were process-related measures, whereas only 1% were
outcome indicators [18]. Similarly, the ASP indicator
set established by Centers for Disease Control and Pre-
vention is composed almost entirely of structure and
process-related measures, with no routine requirements
for clinical outcomes [19]. These differences likely reflect
practical and contextual challenges in standardising indi-
cators that are highly dependent on institutional and
healthcare system characteristics. Clinical and micro-
biological outcome measurement is often hampered by
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variability in diagnostic criteria, laboratory capacity, sur-
veillance practices, reporting standards, and patient case
mix [20]. Consistent with these challenges, our Delphi
panel found it difficult to reach consensus on CDI inci-
dence as a clinical outcome because of the heterogeneity
in diagnostic methods and surveillance practices across
hospitals in Korea. Panel discussions revealed that many
hospitals remain in the early stages of ASP implemen-
tation, and the wide variability in baseline resistance,
patient populations, and stewardship interventions
makes the derivation of standardized outcome indicators
currently impractical. As ASP infrastructure and data
systems advance, selected outcome measures may be
incorporated, particularly in settings with standardized
diagnostic practices and surveillance systems. However,
as demonstrated in international frameworks, outcome
indicators remain difficult to operationalize and are often
included only conditionally or on a limited basis [21].
Thus, any future expansion of outcome metrics should
be pursued cautiously and only when data comparability
and methodological robustness are ensured.

From a policy perspective, the indicators identified
through the Delphi process—primarily antibiotic-use
metrics, process-related indicators such as intravenous-
to-oral conversion and surgical prophylaxis appropri-
ateness, and structural elements aligned with core ASP
activities—were deliberately selected for feasibility within
existing hospital information systems, enabling near-
term implementation. At the national level, these metrics
can facilitate benchmarking, feedback mechanisms, and
performance-based reimbursement [19, 21, 22]. Impor-
tantly, health authorities can use the indicator set to sys-
tematically identify areas requiring improvement, inform
priority setting, and support evidence-based policy for-
mulation, as ASP implementation expands nationwide.
Although the framework was developed specifically for
the Korean healthcare system, some of the principles
identified through this consensus process may be infor-
mative for other settings facing similar implementation
and resource challenges. Furthermore, defining a concise
core indicator set for smaller communities or long-term
care hospitals is essential to ensure equitable participa-
tion in future national programs. Successful implementa-
tion will require further operational refinement of several
indicators that have reached consensus but lacked stan-
dardized definitions [21, 22]. In particular, metrics such
as broad-spectrum antibiotic reduction and intravenous-
to-oral conversion, require clearer specification of target
drug classes and eligibility criteria to ensure consistent
measurement across hospitals. Early assessments may
focus on overall changes in antibiotic use; however, long-
term approaches should stratify indicators by disease
category, clinical department, or patient risk group to
enhance interpretability and actionability.
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This study had two main limitations. First, although
our consensus was grounded in systematic evidence and
expert opinion, empirical validation of indicator reli-
ability and responsiveness remains necessary [9, 18].
Second, although we conducted a structured literature
review to identify candidate indicators, some relevant
indicators may not have been captured because of limita-
tions in search strategy, database coverage, or reporting
in the published literature. In addition, the final indica-
tor set may have been influenced by the composition of
the expert panel and the operational context of Korean
hospitals. The limited inclusion of clinical outcome indi-
cators likely reflects both the early stage of ASP imple-
mentation in Korea and the methodological challenges
of standardizing outcome attribution across heteroge-
neous settings. Future research should incorporate these
dimensions to assess the long-term impact of ASP per-
formance and establish the association between process
measures and patient outcomes.

Conclusions

This study provides Korea’s first national consensus on
ASP performance metrics at a critical policy juncture.
As the first nationally scaled effort to standardize ASP
evaluation, the proposed framework addresses the urgent
needs identified by the 2024 government-led reimburse-
ment pilot program. Although tailored to the Korean
healthcare system, these indicators may serve as valu-
able references for comparable healthcare environments
with limited resources. Adoption of these standardized
metrics can enhance ASP accountability, guide equitable
reimbursement, support the maturation of institutional
ASPs, and foster international collaboration in evaluating
ASP effectiveness.
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