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Abstract

Objective: To describe inpatient clinical pharmacists’ interventions on injectable antibiotics and assess their impact on prospective audit and
feedback (PAF) by the antimicrobial stewardship program (ASP).

Design: Retrospective cohort study.
Setting: Freestanding, quaternary-care, pediatric and obstetric hospital.

Methods: We identified all clinical pharmacist interventions (iVents) documented on injectable antibiotics from November 1, 2020, through
October 31, 2022. PAF performed on injectable antibiotics during the same timeframe was captured. We reported characteristics of clinical
pharmacist iVents on injectable antibiotics. We also compared the incidence of PAF recommendations (PAFR) between PAF cases with prior
iVent documentation for the same patient and antibiotic and those without preceding iVent documentation.

Results: A total of 5,277 iVents were documented on injectable antibiotic orders. Cefazolin had the highest volume of iVents (13%). Antibiotic
dose optimization was the most frequent iVent type (34%). A total of 5,152 PAF were documented by ASP pharmacists on injectable
antibiotics during the study period, with 1,782 (34%) resulting in a PAFR. A total of 999 PAF (19%) had a prior iVent; 4,153 PAF did not.
Comparing the two groups, the incidence of a PAFR was significantly higher in the PAF with prior iVent group compared to the PAF without
prior iVent group (383/999, 38% vs 1,399/ 4,153, 34%; P = 0.006). Antibiotic discontinuation was the most common type of PAFR in both
groups.

Conclusions: Clinical pharmacists serve as ASP ambassadors, intervening on injectable antibiotic orders to improve prescribing. Future efforts
to expand and incorporate clinical pharmacists in ASP initiatives are warranted.

(Received 16 October 2024; accepted 18 March 2025)

Introduction in antibiotic resistance and the incidence of Clostridioides difficile
infection.

There are limited data on the types of interventions identified
by clinical pharmacists at hospitals with an ASP. The primary

Pharmacists’ expertise is recognized as an essential element of
antimicrobial stewardship programs (ASPs).!> While much of

the attention has focused on infectious diseases (ID)-trained o . . . :
. . . ( .) - objective of this study was to characterize the types of interventions
pharmacists, all clinical pharmacists, regardless of their clinical
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setting or title, are capable of contributing to stewardship (1Vents? made 'by.c1n1ca. b arn'laasts 01'1.1njectabe antibiotic
initiatives 45 orders in a pediatric hospital setting. Additionally, we sought to
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evaluation of prescribed antibiotics - is recognized as a core ASP P b &

strategy by the Infectious Diseases Society of America and the pharmacist {Vent.
Society for Healthcare Epidemiology of America.® While the
method and procedures for performing PAF may vary by Methods
institution and range from formal handshake rounds to tele-
stewardship, the overarching goal remains the optimization of
antibiotic prescriptions.7’8 Additional benefits include reductions  Lucile Packard Children’s Hospital Stanford is a university-
affiliated, 413-bed hospital that delivers quaternary-level pediatric
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their training and expertise. All inpatient antibiotic orders are
evaluated by a clinical pharmacist for appropriateness during order
review and verification. During this review, pharmacists may
identify interventions to improve antibiotic prescribing.
Interventions identified during order verification or rounding
are documented as iVents attached to the medication order in the
electronic health record (EHR) (Epic Systems Corporation Verona,
Wisconsin). Content documented within an iVent includes the
intervention type and subtype (Supplemental Table 1).

Our ASP team includes two physicians trained in pediatric ID
and two full-time clinical pharmacy specialists who are board-
certified in ID by the American College of Clinical Pharmacy.” Our
ASP pharmacists perform PAF every weekday, which includes a
review of all inpatient orders for injectable antibiotics that have
been active for at least 48 hours.!® All PAFs performed, regardless
of whether a recommendation is identified or not, are documented
in the EHR through a customized smart form. Recommendations
identified during PAF are communicated to the primary team
through their rounding clinical pharmacist or directly to the team
if no clinical pharmacist is present. This strategy allows for a
collaborative practice and bidirectional education between the
clinical and ASP pharmacists.

Study design

This was a single-center retrospective review of interventions
documented as iVents by clinical pharmacists on inpatient orders
for injectable antibiotics from November 1, 2020, through
October 31, 2022. All iVents documented on an injectable
antibiotic order were included, as long as the iVent type was
unique. PAF and PAFR on injectable antibiotics during this
timeframe were also captured. iVents and PAF were excluded if
data was missing from the documentation record. Given that
obstetric services are excluded from the PAF program, iVents
documented on obstetric antibiotic orders were excluded. Data
captured from the iVent report included patient identifiers,
antibiotic name, intervention date and time, intervention type
and subtype, and, if available, intervention outcome. PAF data
included patient identifiers, antibiotic name, audit date and time,
and, if applicable, recommendation type and recommendation
acceptance. This project was reviewed by Stanford University’s
institutional review board and determined to be local quality
improvement work that did not meet the definition of human
subjects’ research.

Study analysis

Descriptive statistics were used to characterize iVents. We
matched PAF and iVents based on patient identifiers, antibiotic
name, and time between the PAF and iVent. A PAF was classified
as linked to an iVent (ie, PAF with prior iVent group) if they were
documented for the same patient and the same antibiotic and the
PAF was documented within 4 days following the iVent. A 4-day
window was selected to capture iVents documented during
weekends or holidays with subsequent PAF on the next business
day. Due to the difference in documentation terminology for
iVents and PAFR, interventions and recommendations were
translated to a recoded recommendation type based on similar
intent to enable comparisons (Supplemental Tables 1 and 2).
Comparison of the proportion of PAFR between the PAF with
prior iVent group and PAF without prior iVent group was
performed using the y? test in SPSS (2021 IBM SPSS Statistics for
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6,325 iVents on injectable
antibiotic orders

N= 1,048 excluded iVents
683 missing iVent type and sub-type |—
365 obstetrics units iVents

5,277 unique iVents on
injectable antibiotics included

Figure 1. Flowchart of iVent screening.

Windows, Version 28.0. Armonk, New York: IBM Corp) with
alpha set at 0.05.

Results

During the study period, there were 29,753 inpatient orders for an
injectable antibiotic, excluding orders from the obstetric units. A
total of 6,325 iVents were documented on antibiotic orders.
Application of our inclusion/exclusion criteria resulted in a cohort
of 5,277 unique iVents on injectable antibiotics for analysis
(Figure 1). Less than half of iVents included outcome documen-
tation (2,324/5,277, 44%) with 1,731 (74%) iVents documented as
accepted, 29 (1%) as rejected, and 564 (24%) documented as
informational or non-applicable. The majority of iVents were
documented on antibiotic orders from an acute care unit (Table 1).
Cefazolin had the highest volume of iVents (716, 13%). The most
frequent type of iVent was antibiotic dose optimization (1,811,
34%; Table 2).

A total of 5,152 PAF were documented by ASP pharmacists on
injectable antibiotics during the study period, resulting in 1,782
(35%) PAFR. Vancomycin had the highest volume of PAFR (244/
1,782, 14%) and the most common PAFR type was to discontinue
the antibiotic (445/1,782, 25%; Table 2 and Supplemental Table 2).
A total of 999 PAF (19%) had a preceding iVent documented for
the same patient and antibiotic; the remaining 4,153 PAF did not
have a prior iVent identified. Comparing the two groups, the PAF
with prior iVent group had a significantly higher proportion of
PAFR than the PAF without prior iVent group (383/999, 38% vs
1,399/ 4,153, 34%, P = 0.006; Table 3). Antibiotic discontinuation
was the most common type of PAFR, regardless of prior iVent,
accounting for 24% (91/383) of recommendations in the PAF with
prior iVent group and 25% (354/1,399) in the PAF without prior
iVent group (Table 3). Dose optimization was also similar between
groups (16% [63/383] of PAF had a PAFR in the PAF with prior
iVent group vs 14% [192/1,399] in the PAF without prior
iVent group).
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Table 1. Distribution of iVents by unit type

Table 3. Type of prospective audit and feedback recommendation in the
presence and absence of prior iVents

Clinical pharmacist recoded inter- Total Acute Care CEI;IrCeal PAFR with iVent PAFR without iVent
ventions, n (%) n=5277 n=3,252 n=2,025 Recommendation type, n (%) n=383 n=1,399
Optimize dose regimen 1811 (34.3) 1005 (30.9) 806 (39.8) Change antibiotic 58 (15.1) 211 (15.8)
Clarify indication/plan 801 (15.2) 538 (16.5) 263 (13) Clarify 18 (4.7) 73 (5.2)
Drug administration 756 (14.3) 521 (16) 235 (11.6) Consult recommended 26 (6.8) 119 (8.5)
Discontinue the antibiotic 696 (13.2) 430 (13.2) 266 (13.1) Discontinue the antibiotic 91 (23.8) 354 (23.3)
Monitoring 311 (5.7) 168 (5.2) 143 (11.7) Duration modification 75 (19.6) 238 (17.0)
Medication reconciliation 209 (4) 103 (3.2) 106 (5.2) Intravenous to enteral conversion 35 (9.1) 156 (11.2)
Intravenous to enteral conversion 151 (2.9) 114 (3.5) 37 (1.8) Monitoring 14 (3.7) 45 (3.2)
Change antibiotic 123 (2.3) 73 (2.2) 50 (2.5) Optimize dose regimen 63 (16.4) 192 (13.7)
Allergy and adverse drug evaluation 5 (1.8) 97 (3.0) 25 (1.2) Other(s)* 3(0.8) 1(0.8)
Drug-drug interaction 23 (0.4) 14 (0.4) 9 (0.4) * Refer to supplemental table 1 and 2 for breakdown of PAFR type of other.
PAFR, Prospective audit and feedback recommendations.
Other(s)* 274 (5.2) 189 (5.8) 85 (4.2) No statistically significant difference was detected between groups based on

* Refer to Supplemental Table 1 for breakdown of iVent recommendation type of other.

Table 2. Comparison of iVents and antimicrobial stewardship program
pharmacist PAFR, by antibiotic

iVents PAFR
Injectable antibiotic (%) n=>5277 n=1,782
Cefazolin 716 (13.6) 114 (6.4)
Cefepime 708 (13.4) 226 (12.7)
Ceftriaxone 594 (11.3) 155 (8.7)
Piperacillin-tazobactam 548 (10.4) 170 (9.5)
Meropenem 461 (8.7) 224 (12.6)
Vancomycin 407 (7.7) 244 (13.7)
Ampicillin 341 (6.5) 87 (4.9)
Gentamicin 237 (4.5) 8 (3.4)
Metronidazole 227 (4.3) 67 (3.8)
Ampicillin-sulbactam 209 (4) 71 (4)
Ceftazidime 128 (2.4) 4 (3.6)
Nafcillin 101 (1.9) 27 (1.5)
Ciprofloxacin 82 (1.6) 22 (1.2)
Clindamycin 75 (1.4) 40 (2.2)
Sulfamethoxazole-trimethoprim 72 (1.4) 32 (1.8)
Levofloxacin 63 (1.2) 28 (1.6)
Azithromycin 62 (1.2) 46 (2.6)
Cefoxitin 41 (0.8) 9 (0.5)
Penicillin 32 (0.6) 16 (0.9)
Tobramycin 29 (0.5) 6 (0.3)
Linezolid 24 (0.5) 0 (0)
Other* 120 (2.3) 76 (4.3)

* Other antibiotics included for iVents: ceftaroline fosamil (n=18), daptomycin (n=18),
rifampin (n = 18), erythromycin (n = 16), ertapenem (n = 15), amikacin (n =7), ceftolozane-
tazobactam (n = 8), doxycycline (n=7), ceftazidime-avibactam (n = 6), imipenem-cilastatin
(n=2), tedizolid (n =2), aztreonam (n = 1), cefuroxime (n = 1), moxifloxacin (n =1). Other
antibiotics included for PAFR: ceftaroline fosamil (n=11), daptomycin (n =11), rifampin
(n=11), erythromycin (n=9), ertapenem (n = 1), amikacin (n =7), ceftolozane-tazobactam
(n=3), doxycycline (n =4), imipenem-cilastatin (n =3).

PAFR, Prospective audit and feedback recommendations.
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recommendation type per x” test with alpha set at 0.05.

Discussion

We report the first pediatric study describing the types of antibiotic
stewardship interventions identified by clinical pharmacists and
their impact on subsequent ASP PAFR. Our study demonstrated
that clinical pharmacists perform many antibiotic interventions as
ASP ambassadors, with most interventions focused on antibiotic
dose optimization. Such interventions may improve patient safety
by ensuring that patients are receiving the appropriate antibiotic
dose based on their indication, their renal function, and their
clinical status. Our findings align with previous studies that
identified dose adjustment as one of the most frequent pharmacist
interventions on antibiotic orders for adult patients, accounting for
approximately two-thirds of interventions.!!

We discovered that the types of interventions by clinical
pharmacists differed from ASP pharmacist PAFR. The most
common clinical pharmacist interventions were dose optimization,
order clarification, and drug administration. Our ASP pharmacists’
most common recommendations were antibiotic discontinuation,
therapy modification, and duration of therapy suggestions. There
may be multiple reasons why the types of interventions differ
between clinical and ASP pharmacists. A critical determinant of
clinical intervention is the available clinical data, including
microbiologic information. The difference in available information
at the time of order verification vs ASP review may impact the scope
and depth of pharmacist interventions. For example, at the time of
antibiotic order entry, a clinical pharmacist could recommend dose
optimization, and subsequently an ASP pharmacist performing PAF
48-72 hours later could recommend discontinuing the therapy
based on negative culture data.

The difference in intervention types made by clinical and ASP
pharmacists may also be attributable to limitations in clinical
pharmacist training in ID and antibiotic stewardship, which has
been recognized as an important factor in prior studies.'>!?
Clinical pharmacist exposure to and training in ID is highly
variable, particularly for those without post-graduate training or
certification."?

Creation, collaboration, and maintenance of institutional
guidelines, protocols, and policies related to antibiotics are often
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the responsibility of an ASP pharmacist which requires familiarity
with the most recent ID literature. This may not be the same for
clinical pharmacists focused on other areas of practice. Investment
in education for front-line clinical pharmacists through tuition
assistance programs for ASP/ID-specific continuing education
courses can help enrich the ID/ASP educational experience for
clinical pharmacists. Likewise, providing institutional resources
(eg, institutional guidelines for empiric antibiotic selection) could
not only help with an institutional shift to more evidence-based
practice, but strengthen antibiotic interventions made by clinical
pharmacists.

While we observed a higher incidence of PAFR when PAF
followed a clinical pharmacist’s iVent compared to when it did not,
the clinical significance of the small absolute difference is
uncertain. It is possible that the presence of an iVent is a marker
of antibiotic order complexity increasing the likelihood of a
subsequent intervention by the ASP. For example, when a provider
selects an antibiotic from a condition-specific, EHR-embedded
order set, pharmacist-led dose optimization may be needed less
often.!* Additionally, the order is more likely to be appropriate for
the selected condition, reducing the chances of an ASP pharmacist
PAFR. The frequency of PAFR types was consistent whether or not
there was a prior iVent, supporting the idea that intervention
targets and opportunities differ between clinical and ASP
pharmacists.

Our single-center experience might not fully mirror practices at
other institutions. Given our study’s dependence on documentation
of interventions as iVents by clinical pharmacists, it is important to
note that documentation may be absent and not reflective of all
interventions clinical pharmacists are identifying and communicat-
ing. Due to the strict matching procedure requiring that PAF and
iVent interventions be performed on the same antibiotic, if an iVent
led to a change in antibiotic, the new antibiotic would be categorized
as a PAF without a prior iVent. As a result, we may have
underestimated the impact of clinical pharmacists’ iVents on
preventing future PAFR. Of note, the iVent type to change or
discontinue the patient’s antibiotic was uncommon.

Our study highlights the contributions of clinical pharmacists in
optimizing antibiotic therapy. The observed differences in inter-
vention types between ASP and clinical pharmacist cohorts may be
attributable to the difference in timing and data availability upon
antibiotic review. Given their contributions, clinical pharmacists are
important ASP ambassadors. Continued investment in clinical
pharmacist education and development will be essential to support
ongoing antibiotic prescribing improvement efforts.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/ash.2025.69
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