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Objective: To evaluate the clinical and economic impact of pharmacist-led anti-infective consultations in a Chinese tertiary hospital
under diagnosis-related group (DRG) payment reforms.

Methods: This retrospective cohort study analyzed inpatients receiving pharmacist-led anti-infective consultations from Tongde
Hospital of Zhejiang Province in 2024. Patients were stratified into adherence and non-adherence groups based on clinicians’
implementation of pharmacist recommendations. Outcomes included clinical response rates, adverse drug reactions (ADRs), 14-day
mortality, total costs of antimicrobial therapy and total hospitalization costs.

Results: In this study, clinical pharmacists conducted 498 anti-infective therapy consultations for 313 patients, with 82.13% (409/498)
of their recommendations being accepted by clinicians. The results demonstrated that adherence to clinical pharmacist recommenda-
tions significantly enhanced the clinical response rate (81.99% vs 38.46%, p < 0.05), decreased the incidence of adverse drug reactions
(4.21% vs 13.46%, p< 0.05), and reduced 14-day mortality (5.75% vs 17.31%, p< 0.05). Furthermore, adherence led to a 69%
reduction in the average cost of antimicrobial therapy ($1830.79 vs $5983.14, p< 0.05) and a 58% decrease in the average total cost of
hospitalization ($15,306.17 vs $36,799.11, p< 0.05).

Conclusion: Pharmacist-led anti-infective consultations demonstrate efficacy in enhancing infection treatment outcomes and curbing
antimicrobial expenditures, providing actionable evidence for scaling antimicrobial stewardship programs in one DRG-based hospital
in China.
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Introduction

As the global burden of antimicrobial resistance (AMR) continues to rise, it not only complicates the treatment of
common infections but also results in prolonged illness, higher mortality rates, and escalating healthcare costs.'*
Consequently, there is an urgent need for innovative strategies to manage antimicrobial resistance effectively.
Pharmacist-led antimicrobial stewardship programs (ASPs) have demonstrated substantial clinical benefits in critically
ill neonates, with a 23% reduction in the overall antibiotic use rate (95% CI: 0.69-0.871) and the overall duration of
antibiotic therapy significantly reduced by 15% (95% CI: 0.78-0.91, p < 0.001).?

In China, healthcare reforms such as the Diagnosis-Related Groups/Diagnosis-Intervention Packet (DRG/DIP)
payment system are promoting a shift toward patient-centered pharmaceutical care.* Concurrently, the 2022 National
Action Plan to Control Antibiotic Resistance underscores the urgency of addressing AMR in the country.
Epidemiologically, the prevalence of ESBLs in Escherichia coli is as high as approximately 50%, and Acinetobacter

baumannii-calcoaceticus complex (ABC) has a high antimicrobial resistance profile, with a carbapenem resistance rate of
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approximately 66%.> However, due to China’s large population and regional disparities in development, the advancement
of clinical pharmacy services remains insufficient and uneven. For instance, many hospitals lack standardized procedures
and implementation guidelines for pharmaceutical consultations. Notably, it is challenging for emergency department
physicians to adhere to the etiological examination protocol due to the rapid patient turnover, resulting in the overuse of
broad-spectrum antibiotics.® While many physicians opt for empirical treatment, pharmacists tend to support a guidance-
driven de-escalation strategy. However, the absence of effective communication channels often leads to conflicting
clinical decisions.” This gap underscores the systemic challenge associated with the implementation of the “multi-
disciplinary collaboration model” in the Guiding Principles for the Clinical Use of Antibiotics in China.

This retrospective study assessed data from pharmacists involved in anti-infective consultations at a 2100-bed tertiary
general hospital. It analyzed the characteristics of consultation cases and evaluated the impact of pharmacist-led anti-
infective pharmaceutical consultations on patient clinical outcomes and antimicrobial treatment costs, providing valuable
insights to promote the safe and rational use of anti-infective drugs.

Methods
Study Design, Setting

This study was conducted at Tongde Hospital of Zhejiang Province, a public tertiary general hospital located in
Hangzhou, the capital city of Zhejiang Province in southeast China. As a government-funded institution, it plays
a pivotal role in providing accessible and affordable medical services to the public. The hospital is equipped with
2100 beds and serves around 50,000 discharged patients annually. In 2024, the hospital maintained an average bed
occupancy rate of approximately 93.64%. The antimicrobial stewardship team comprises 11 board-certified clinical
pharmacists who completed the 12-month Standardized Training Program of Clinical Pharmacists accredited by the
Chinese Pharmaceutical Association. Two infection disease-specialized pharmacists conducted daily multidisciplinary
ward rounds, implementing precision interventions including pharmacogenomics-guided dosing, therapeutic drug mon-
itoring (TDM), and resistance gene profiling for carbapenemase—producing organisms. At Tongde Hospital of Zhejiang
Province, liquid chromatography—tandem mass spectrometry (LC-MS/MS) is used to monitor plasma concentrations of
22 commonly used antimicrobial agents, with vancomycin and voriconazole serving as key examples. For vancomycin,
clinical pharmacists adhere to AUC-guided TDM principles to perform therapeutic monitoring,® provide individualized
dosing recommendations, and mitigate renal toxicity. For voriconazole, maintaining trough plasma concentrations within
the range of 1-5.5ug/mL is recommended to optimize antifungal efficacy while minimizing hepatotoxicity, in line with
established clinical guidelines.’

We extracted all anti-infective pharmaceutical consultation records between January 1 and December 31, 2024 from
the Hospital Information System (HIS), with patient-level clinical data retrieved via unique anonymized identifiers from
the Electronic Medical Record (EMR). Patients were included if they: (1) had laboratory-confirmed bacterial/fungal
infections requiring systemic antimicrobial therapy; (2) underwent pharmacist-led antimicrobial regimen adjustments
(dose optimization, drug class switching, or combination therapy) based on microbiological evidence or TDM; and (3)
had complete documentation of clinical outcomes. Records were excluded with incomplete critical data (such as the lack
of patient clinical symptom changes, laboratory tests and patient outcome description).

Outcomes and Measurement

This study systematically gathered data on the demographic characteristics of patients (age, gender, underlying diseases),
distribution of infectious lesions, etiological culture results, levels of inflammatory markers (C-reactive protein, procal-
citonin, white blood cell count), trends in temperature changes, and imaging findings (eg, chest CT). Records were
maintained for the purpose of pharmaceutical consultations, details of adjustments to the anti-infective treatment plan
before and after consultation (including drug selection, dosage, and duration), occurrence of adverse drug reactions, and
treatment costs (including antimicrobial expenses and total hospitalization costs). Patients were categorized into the
pharmacist recommendation adherence group and the non-adherence group based on whether they followed the
consultation recommendations. Anti-infective treatment effects (clinical response rate, 14-day mortality), incidence of
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adverse reactions, and differences in treatment costs between the two groups were compared and analyzed. The primary
outcome measure was the clinical response rate, defined as the disappearance of infection-related signs or significant
improvement in biochemical indicators (normalization of body temperature, reduction in inflammatory markers >50%,
and imaging absorption >30%) at the end of treatment.'® Secondary outcomes included the 14-day mortality, the
incidence of adverse reactions during antimicrobial therapy and direct medical costs (calculated based on actual

expenditures recorded in the hospital financial system).

Pharmacy Consultation Workflow

Upon receiving a clinical pharmacist consultation request from a physician, the consulting pharmacist first clarifies the
consultation objectives by reviewing the request form. The pharmacist then systematically evaluates the patient’s medical
records, prioritizing medication-related clinical data. Key data include patient demographics (age, gender, height, weight,
and lifestyle habits), clinical information encompassing current and past medical history, family history, allergies,
comorbidities, complications, and disease progression, as well as medication profile details such as drug history,
therapeutic efficacy, adverse drug reactions, and adherence. Subsequently, the pharmacist conducts a structured patient
or caregiver interview to obtain direct insights aligned with the consultation objectives. Key interview themes include
disease progression, current pharmacotherapy, treatment responses, and adherence barriers. The pharmacist then colla-
borates with the attending medical team (physicians and nurses) to discuss the patient’s treatment plan, implementation
status, and unresolved medication-related issues, enabling a comprehensive assessment of clinical and therapeutic status.
Finally, the pharmacist synthesizes evidence-based recommendations addressing therapeutic safety, efficacy, cost-
effectiveness, appropriateness, accessibility, and adherence, while integrating patient-specific clinical characteristics
and evidence-based guidelines. These recommendations are documented as a consultative reference for therapeutic
decision-making, with final treatment plans determined by the prescribing physician. All consultations must be com-
pleted within 24 hours, and the pharmacist’s documentation is formally integrated into the patient’s institutional medical
records.

Statistical methods

All statistical analyses were conducted using SPSS statistical software (version 25.0). All data are expressed as number
and percentage, The Mann—Whitney U-test, Chi-square test and Fisher’s exact test were employed for intergroup
comparisons, with a significance level set at p < 0.05.

Results

The Number of Pharmacist-Led Anti-Infective Consultation

In 2024, clinical pharmacists conducted 498 anti-infective therapy consultations for 313 patients (184 males, 58.8%; 129
females, 41.2%), with ages spanning from 1 to 101 years (mean 67.9 £20.5). The detailed flow chart of Pharmacist-Led
consultations screening is shown in Figure 1. Pulmonary infections predominated (61.65%), followed by Bloodstream
infections (19.08%) and Urinary tract infections (14.26%), collectively accounting for 95% of cases. Less common
presentations included abdominal (2.41%) and skin/soft tissue infections (2.01%), as it was shown in Table 1. Pathogenic
microorganisms were identified in patients by culture-based methods and advanced molecular diagnostic techniques, such
as next-generation sequencing (NGS) and polymerase chain reaction (PCR). A total of 293 pathogenic bacteria were
detected, with Gram-negative bacteria being predominant, primarily including Klebsiella pneumoniae, Pseudomonas
aeruginosa, and Escherichia coli. Additionally, Candida albicans and Staphylococcus aureus were also identified, as
detailed in Table 2. Among 66 clinically detected cases of Klebsiella pneumoniae infection, 37 cases (56.06%) exhibited
carbapenem resistance. Concurrently, among 19 detected cases of Acinetobacter baumannii infection, 11 cases (57.89%)
were identified as carbapenem-resistant. This microbiological profile underscores the critical role of rapid diagnostic
technologies in guiding antimicrobial stewardship interventions.
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Figure | The flow chart of Pharmacist-Led consultations screening.

The Purpose of Applying for Pharmacist-Led Anti-Infective Consultations

As shown in Figure 2, which outlines the purpose of applying for pharmaceutical consultation, Therapeutic adjustment
for suboptimal efficacy (47.19%) was the most common reason, followed by Pathogen-Directed Antimicrobial Initiation
(35.94%). Together, these two categories accounted for 83.13% of all pharmacist consultations, underscoring the critical
role of pharmacists in optimizing empirical therapy. Additionally, the need for pharmacokinetics/pharmacodynamics (PK/

Table | Anatomic Distribution of Infection Sites Among Patients

Receiving Pharmacist-Led Anti-Infective Consultations
Anatomic Distribution of Infection Number Percentage
Sites (n) (%)
Pulmonary Infections 307 61.65
Bloodstream Infections 95 19.08
Urinary System Infections 71 14.26
Intra-abdominal Infections 12 241
Skin and Soft Tissue Infections (SSTI) 10 2.0l
Oral Infections 2 0.40
Central Nervous System Infections | 0.20
Total 498 100
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Table 2 Distribution of Pathogens in Patients Receiving Pharmacist-Led Consultations

Types of Pathogenic Bacteria | Bacterial Latin Scientific Names | Number (n) | Percentage (%)
Gram-negative bacteria Klebsiella pneumoniae 66 22.53
Pseudomonas aeruginosa 38 12.97
Escherichia coli 30 10.24
Acinetobacter baumannii 19 6.48
Stenotrophomonas maltophilia 18 6.14
Enterobacter cloacae 12 4.10
Proteus mirabilis 7 2.39
Serratia marcescens 3 1.02
Gram-positive bacteria Staphylococcus aureus 28 9.56
Enterococcus faecium 12 4.10
Staphylococcus haemolyticus 2 0.68
Staphylococcus hominis | 0.34
Fungi Candida albicans 29 9.90
Aspergillus spp. 17 5.80
Mucorales 9 3.07
Candida tropicalis 2 0.68

PD) expertise in complex patient populations was highlighted by the optimization of dosing regimens (9.84%) and
determination of treatment duration (3.41%). Meanwhile, Adverse Drug Reaction (ADR) Assessment and Intervention
and Drug-Drug Interaction (DDI) Identification accounted for 2.21% and 1.41%, respectively.

The purpose of applying for pharmaceutical consultation,
Number(n) and Percentage(%)

11;221%- (5 141%
17;3.41%

® Therapeutic Adjustment for Suboptimal
Efficacy

m Pathogen-Directed Antimicrobial Initiation
= optimization of dosing regimens

B determination of treatment duration

® Adverse Drug Reaction (ADR)

Assessment and Intervention
Drug-Drug Interaction (DDI) Identification

Figure 2 Distribution of the purpose of applying for pharmacist-led consultations.
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Distribution of Requesting Pharmacist-Led Anti-Infection Consultations and

Consultation Acceptance Rate

Among the 498 consultations for anti-infection pharmacy services, requests were made by 17 distinct clinical depart-
ments. The department of hematology had the highest number of applications (143, 28.71%), followed by the department
of rehabilitation (73, 14.66%) and the Department of Respiratory (57, 11.45%). Overall, 82.13% (409/498) of consulta-
tions were accepted, with the acceptance rates ranging from 58.33% in the ICU to 100% in Cardiology, Gastroenterology,
and Endocrinology. Non-critical care specialties, including rehabilitation (90.41%), respiratory (89.47%), and geriatrics
(89.09%), exhibited consistently high adherence (>85%), whereas the ICU demonstrated the lowest adoption rate
(58.33%), as it was shown in Table 3.

Clinical and Economic Outcomes of Pharmacist-Led Anti-Infection Consultations

To evaluate the clinical and economic impact of pharmacist-led anti-infection consultations, we stratified patients into
two cohorts based on clinician implementation of consultation recommendations: the pharmacist recommendation
adherence group (n = 261) and the non-adherence group (n = 52). As shown in Table 4, the adherence group
demonstrated superior clinical efficacy, with an 81.99% clinical response rate compared to 38.46% in the non-
adherence group (p< 0.05). Pharmacist-guided interventions significantly reduced adverse drug reactions by 69%

Table 3 Distribution of Requesting Clinical Departments and Acceptance Rate of Pharmacist Recommendations

Department Number of Consultations Percentage The Number of Accepted Acceptance Rate
(n) (%) Consultations (n) (%)
Hematology 143 28.71 107 74.83
Rehabilitation 73 14.66 66 90.41
Respiratory 57 11.45 51 89.47
Geriatrics 55 11.04 49 89.09
Oncology 38 7.63 30 78.95
Nephrology 30 6.02 23 76.67
Cadre Health Care 29 5.82 24 82.76
Neurosurgery 15 3.01 12 80.00
Neurology 13 2.6l I 84.62
Intensive Care Unit 12 241 7 58.33
General Surgery 13 2.6l I 84.62
Cardiology 5 1.00 5 100.00
Gastroenterology 4 0.80 4 100.00
Infectious Diseases 5 1.00 4 80.00
Pediatrics 3 0.60 2 66.67
Endocrinology 2 0.40 2 100.00
Psychiatry | 0.20 | 100.00
Total 498 100 409 82.13

3740 https: Infection and Drug Resistance 2025:18



Xin et al

Table 4 Clinical and Economic Outcomes of Pharmacist-Led Anti-Infection Consultations

Characteristic The Pharmacist Recommendation The Non-Adherence P-value
Adherence Group (n=261) Group (n=52)

Clinical response rate (%) 81.99 38.46 p < 0.05

The incidence of adverse drug reactions (%) 4.21 13.46 p < 0.05

14-day mortality (%) 5.75 17.31 p < 0.05

The average cost of antimicrobial therapy ($) 1830.79 5983.14 p < 0.05

The average total cost of hospitalization ($) 15,306.17 36,799.11 p < 0.05

Note: Italicized values in this column indicate P-values.

(4.21% vs 13.46%, p< 0.05) and lowered 14-day mortality by 67% (5.75% vs 17.31%; p< 0.05). Economically, the
average cost of antimicrobial therapy was reduced by 69% ($1830.79vs. $5, 983.14, p< 0.05), while the average total cost
of hospitalization decreased by 58% ($15,306.17 vs. $36,799.11, p< 0.05) in the adherence cohort. These findings
robustly validate the clinical and economic value of integrating pharmacists into antimicrobial stewardship programs.

Discussion

Since initiating clinical pharmacy services in 2007 and establishing a dedicated antimicrobial stewardship consultation
system from 2020 in our hospital, a total of 498 anti-infection pharmacy consultations for 313 people were completed in
2024, covering 17 clinical departments. This evolution reflects both the escalating complexity of anti-infective ther-
apeutic demands and the growing recognition of clinical pharmacists’ expertise by physicians.

Pharmacist-led anti-infective consultations were primarily driven by therapeutic regimen optimization, with 47.19%
for therapeutic adjustment for suboptimal efficacy and 35.94% for Pathogen-Directed antimicrobial initiation. The high
frequency of therapeutic adjustments reflects challenges in empirical therapy selection, particularly in settings with rising
carbapenem-resistant Enterobacteriaceae (CRE) and extended-spectrum B-lactamase (ESBL)-producing pathogens.'!
Pharmacists’ roles in de-escalating broad-spectrum regimens or escalating therapy for culture-negative bloodstream
infections are consistent with studies demonstrating reduced mortality and hospital stays when stewardship programs are
implemented. The 9.84% consultations for dose optimization highlight the necessity of PK/PD expertise, especially in
critically ill or renally impaired patients. For instance, vancomycin requires individualized dosing to avoid toxicity.'> On
the other hand, there were also a certain proportion of consultations on ADR and DDI. According to a report from
Hughes JE et al,'* DDI exposure has been associated with increased adverse drug events and decreased health-related
quality of life. Implementing CYP,C,o-guided voriconazole dosing,'* as demonstrated in hematopoietic stem cell
transplant cohorts, could preemptively address metabolic interactions exacerbated by polypharmacy.

The elevated consultation frequency observed in hematology (28.71%), rehabilitation medicine (14.66%), and
respiratory departments (11.45%) correlated strongly with patient complexity: hematology consultations primarily
addressed chemotherapy-induced febrile neutropenia necessitating tailored empirical coverage for multidrug-resistant
(MDR) pathogens, while rehabilitation medicine cases predominantly involved polymedicated elderly patients with
multimorbidity, presenting high risks of drug-drug interactions and atypical infection manifestations. In the department
of respiratory, frequent invasive interventions such as prolonged mechanical ventilation (>48 hours) elevated suscept-
ibility to ventilator-associated pneumonia (VAP) and biofilm-related infections.'> These patterns align with evidence
demonstrating that pharmacist-led antimicrobial stewardship reduces inappropriate antibiotic use in high-risk popula-
tions, underscoring the critical role of interdisciplinary collaboration in managing complex infections.’

The microbiological analysis of infections requiring pharmacist consultation revealed a predominance of Gram-
negative bacteria, with Klebsiella pneumoniae (22.53%), Pseudomonas aeruginosa (12.97%), and Escherichia coli
(10.24%) as the most frequent isolates. These findings align with global trends of escalating Gram-negative infections
in hospitalized populations, particularly in critical care settings where MDR pathogens such as carbapenem-resistant
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K. pneumoniae (CRKP) and Acinetobacter baumannii pose significant therapeutic challenges.'®'” Non-fermentative
Gram-negative bacteria, including 4. baumannii (6.48%) and Stenotrophomonas maltophilia (6.14%), further emphasize
the need for enhanced infection control measures to mitigate colonization risks associated with medical devices. Fungal
infections accounted for 19.45% of cases, predominantly Candida albicans (9.90%) and Aspergillus spp. (5.80%),
reflecting the vulnerability of immunocompromised populations to invasive fungal diseases. Furthermore, Mucorales
(3.07%) infections underscore the necessity for antifungal stewardship in patients receiving immunosuppressive thera-
pies, particularly those with hematological malignancies or prolonged corticosteroid use.'® These findings necessitate
targeted interventions, including rapid molecular diagnostics and antimicrobial stewardship programs to optimize
empirical therapy and reduce resistance propagation.

The overall acceptance rate of 82.13% suggesting institutional success in fostering pharmacist-clinician collabora-
tion. The observed disparity in acceptance rate between departments likely reflects differences in clinical urgency,
patient complexity, and interdisciplinary workflows. The high adherence in rehabilitation (90.41%) and geriatrics
(89.09%) aligns with studies demonstrating pharmacist effectiveness in optimizing long-term medication regimens for
chronic conditions, where therapeutic adjustments are less time-sensitive and allow for collaborative decision-
making.'” Conversely, the ICU’s low acceptance rate (58.33%) may stem from the dynamic nature of critical care,
where rapid clinical deterioration often necessitates immediate empirical interventions, leaving limited time for
pharmacist input. This aligns with prior research showing that ICU physicians may prioritize bedside experience
over external recommendations during emergent scenarios.”’ To address this, optimal ICU outcomes likely require
collaboration between two key stakeholders: pharmacists and clinicians. For example, pharmacists’ real-time expertise
can refine empirical regimens while incorporating clinicians’ contextual insights. This collaborative approach empha-
sizes integrating evidence-based guidelines with patient-specific dynamics to facilitate personalized antimicrobial
therapy management.

Based on the comparative analysis of clinical and economic outcomes between the pharmacist recommendation
adherence group and the non-adherence group, the data robustly demonstrate that adherence to pharmacist-led anti-
microbial stewardship interventions significantly improved clinical efficacy and reduced healthcare costs. Pharmacist-
guided optimization resulted in a higher clinical response rate (81.99% vs 38.46%), a 69% reduction in adverse drug
reactions (4.21% vs 13.46%), and a 67% lower 14-day mortality (5.75% vs 17.31%). Economically, the average cost of
antimicrobial therapy decreased by 69% ($1830.79vs. $5983.14; p< 0.05), while the average total cost of hospitalization
was 58% lower ($15,306.17 vs. $36,799.11; p< 0.05) in the adherence group, validating the clinical-economic value of
Pharmacist-Led Anti-infective Consultations. These findings are consistent with prior studies demonstrating that phar-

macist-led aminoglycoside stewardship resulted in a 56% cost reduction.”!

Additionally, the clinical pharmacist-
supplemented medication reconciliation service for patients with chronic kidney disease (CKD) was estimated to have
a cost of $714 per patient.*?

This study has several limitations. First, its single-center retrospective design may limit generalizability, as pharmacist
consultation efficacy can vary across institutions due to differences in service models (eg, proactive vs reactive
consultations) and antimicrobial stewardship protocols. Second, the study did not formally match the intervention and
control groups for baseline clinical characteristics, which may introduce confounding variables that impact the results.
Third, due to the relatively limited sample size, the statistical power of subgroup analysis is reduced, so the long-term
effects of pharmacist consultation on patients need to be further studied. Future prospective multicenters are needed to
validate these findings in different hospital, particularly in low-and middle-income countries where the burden of

antibiotic resistance is higher.

Conclusion

In conclusion, this retrospective study demonstrated that adherence to clinical pharmacist recommendations significantly
improved the clinical response rate (81.99% vs 38.46%), reduced the incidence of adverse drug reactions (4.21% vs
13.46%), and decreased healthcare expenditures (with a 69% reduction in the average cost of antimicrobial therapy and
a 58% decrease in the average total cost of hospitalization), highlighting the critical value of multidisciplinary
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collaboration in infectious disease management. Prospective studies are warranted to further validate the specific
contributions of pharmacist-led consultations strategies.

Ethics Approval and Consent to Participate

Ethical approval was obtained from the Tongde Hospital of Zhejiang Province (Approval No: 2025-161-JY), with waived
informed consent due to the retrospective nature of the study. All patient data involved in the research were handled with
strict confidentiality to protect participants’ privacy. The study was conducted in compliance with the principles of the
Declaration of Helsinki.
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