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gbstract )
Objective: The effectiveness of clinical pharmacists was explored in regulating the application of antibiotics, promoting
rational drug use and reducing antibiotics use density (AUD) by the refined management strategy of antibiotics.

Methods: We compared and analyzed the improvement of related indexes of antibiotics and the unreasonable application
of antibiotics before and after the implementation of the program, with the help of the refined management mode

Results: From 2018 to 2021, the clinical indicators of antibiotics use at our hospital showed an overall downward trend.
The utilization rate of antibiotics and the AUD in inpatients gradually decreased by 12.88% and 22.44% respectively,
and the rate of microbial examination increased by 39.81%. Compared the changes in indicators, it was found that the
antibiotics cost /total drug cost decreased from 1.79% to 1.02%. PDCA was used to improve the reasonable rate of an-
tibiotics prophylactic use in orthopedic cases from 72.22% to 89.71%.

Conclusion: The participation of clinical pharmacists in the refined management of antibiotics can reduce AUD and the
drug costs of patients, and promote the rational application of antibiotics simultaneously. )

\_

Keywords: Refined Management of Antibiotics, Clinical Pharmacists, Interrupted time Series, Antibiotics Use Density (AUD),
Pharmacy Services

Introduction

At present, antimicrobial resistance (AMR) has become a serious
global public health event [ 1, 2]. Inappropriate antibiotic use is one
of the main reasons for accelerating AMR, which leads to treat-
ment failure and healthcare cost escalation in countries around the
world [3, 4]. It is expected that AMR may cause 10 million deaths
a year by 2050, and meanwhile, economic output will be reduced
by $100 trillion, unless there is a global response to the problem
of AMR [5, 6]. As a result, both the WHO and several countries
have developed strategies to tackle AMR, and the rational use of
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antibiotics has become a research hotspot worldwide2 [7, 8]. In a
university hospital in Taiwan, the inpatient antibiotic consumption
was reduced 13% by an AMS programme that aimed to educate
physicians [9]. A systematic review and meta-analysis of AMS
programmes in Asia also reported reductions in antibiotic usage,
healthcare costs and mortality rates associated with the implemen-
tation of the programmes [10].

Until 2018, the AUD at our hospital had been steadily increasing
every year. In 2018, it was much higher than the target value
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40DDDs stipulated by the state. How to promote rational clin-
ical application of antibiotics and reduce the AUD has become
a critical problem for pharmaceutical management at our hos-
pital. In February 2019, the refined management of antibiotics
was conducted jointly by the Department of Pharmacy and other
departments. Numerous management measures were simultane-
ously undertaken to strengthen the clinical application manage-
ment of antibiotics, with continuous optimization of various in-
dicators and standardization of clinical use. The experience and
shortcomings are summarized below for reference.

Management Measures

The working group on the refined management of antibiotics
was established in our hospital. The Faculty of Pharmacy played
a dominant role in this working group, in collaboration with the
Medical Department, Infection Management Department, Micro-
biology Department, Information Center and other departments,
with a clear division of responsibilities (Figure 1). Relying on the
antibiotics management working group, clinical pharmacists were
assigned to 70 wards of the hospital to participate in the whole
process of clinical antibiotics application, promote the refined

management of antibiotics and ensure rational antibiotics use.

Working
Giroup an the

Pharmacentical department: Special review, pharmacentical

consultation, training presentation, data summary analysis, eie.

Medical department: Organize and coordinate the cooperation of

various departments, implement varfons management systems
and measures.

Clinical department: Participate in the expert consultation of the
drug and provide technical support.

Refined
Management
of Antibiotics

Hospital-Acquired Infection Control Department: Real-time

maonitoring and dissemination of information on hospital-acquired
infections, monthly meetings on muolti-drug resistant bacterin.

Clinical Lab: Regularly publish and analyveze etiological

examination status, test resnlts and drug resistance alerts,

Information Centre: Provide information support for the
specialized file management of antibiotics,

Figure 1:

Management work group division of labor

Develop Antibiotics-related System

The working group on the refined management of antibiotics
formulated and distributed a series of management systems to
all wards providing tools and standards for application of the
refined management of antibiotics. The antibiotics-related sys-
tems involved “Regulations on the Administration of Periop-

erative Prophylactic Application of Antibiotics”, “Implementa-
tion Rules of Clinical Application Management of Antibiotics”,
“Training and Assessment System of Rational Use Knowledge
and Standardized Management of Antibiotics”, “Classification
Management System for Antibiotics”.

Implementation method diagram

| the habiity form

lepnse marageenent

1 Duvelop sntibsotics-related syisem

| Gptimize the antibiotics list |

| Strengthen antibiotics training (—

! Clarity the assessment indicators and sign |

| | Impiement the strategy of antibiotics driving | _[Tre sy

Promate the refined management with | [ ore sevies of sstics

{ Strengthen the special review of antibiotics. |

1 Deepen phamacy services thiough multiple channals

Figure 2: Implementation Method Diagram for the Fined Management of Antibiotics
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Optimize the Antibiotics List

The antibiotics supply list was adjusted every two years. Clinical
pharmacists submitted the adjustment plan to the Pharmacy and
Therapeutics Committee. To ensure the antibiotics varieties rea-
sonable, our adjustment principle referred to disease spectrum,
clinical application requirements, antimicrobial resistance mon-
itoring results, adverse drug reactions, evidence-based medicine,
China's National Essential Medicines List, the National Central-
ized Drug Procurement and so on.

Strengthen Antibiotics Training

Clinical pharmacists use flexible and diverse approaches to
conduct special training on antibiotics. For physicians, rou-
tine training (antibiotics theory training), participatory training
(face-to-face review and communication between physicians
and pharmacists), and targeted training (medication problems
in departments) were adopted. For nurses, targeted training was
conducted on drop speed, drug compatibility and other issues.
For pharmacists, training was performed on pharmacist’s capaci-
ty-building classes which was named "Pharmacists need do some-
thing different" to enhance the ability of pharmacist’s prescription
review. For patients, face-to-face medication education, knowl-
edge of antibiotics, multimedia materials and other ways were
adopted to improve their understanding of antibiotics. For physi-
cians, nurses, pharmacists, and patients, their overall awareness of
antibiotics was improved through standardized, normalized, and
scientific training, which regulated the use of antibiotics.

Clarify the Assessment Indicators and Sign the Liability form

According to the requirements of the national "Measures for
the administration of clinical use of Antibacterial", the AUD
in tertiary general hospitals is less than 40DDDs, and the rate
of antibiotics use in inpatients is less than 60%. Based on the
total control of hospital-wide data, combined with professional
characteristics, disease distribution and other factors, the defined
daily dose method was utilized to establish the target value of
antibiotics use in each ward [11]. According to the target val-
ue, every ward signed the liability form of antibiotics evaluation
index with the hospital, which was incorporated into the de-
partment performance evaluation system to ensure the effective
implementation of antibiotics management measures. With the
help of PDCA, quality control circle and other quality manage-
ment control methods, clinical pharmacists assist each ward to
control their indicators within the target value [12].

Implement the Strategy of Antibiotics Driving License Management
The antibiotics examination was organized every year and only
doctors who passed the examination were authorized to prescribe
antibiotics. Based on the scoring and deduction method of motor
vehicle driving license, clinical pharmacists set reasonable drug
use rules, unified the caliber of deduction points, and conducted
quantitative management on the unreasonable use of antibiotics
by physicians. When a physician's deduction points accumulat-
ed to 12, the physician's antibiotics prescribing authority was
suspended, and the authority could be granted only after passing
another examination.

Promote the Refined Management with Informatization

1. With the support of rational medication software, the grad-
ing management of physicians' right to prescribe antibiot-
ics was conducted. When the physician oversteps his or her
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prescribing authority, the system will display a reminder
of "no corresponding prescription right" and will refuse to
perform. For key monitoring drugs such as polymyxin B,
all physicians had no prescription authority. If physicians
want to be granted with the temporary right, they should
first apply for Multi-Disciplinary Treatment and obtain the
approval of the clinical pharmacist.

2. Use the "Filling card for Antibacterial Application”. When
prescribing antibiotics, physicians should select the purpose
of antibiotics, infection-related diagnosis, whether to sub-
mit microorganism’s examination and other items, to stan-
dardize the rational use of antibiotics.

3. Clinical pharmacists optimized prescription rules through
rational drug use intelligent management system to achieve
risk early warning, intelligent reminder, real-time interven-
tion.

4. The close-loop management of special-use-grade antibi-
otics was carried out. Many links (such as etiological ex-
amination before application of antibiotics, consultation
of infectious disease experts and establishment of doctor's
orders) were supervised and traced to ensure the safety of
patients' medication.

5. The BI pharmaceutical information management system
had been improved. Clinical departments could check the
data of antibiotics usage at any time on the mobile phone,
know the current status of the management indicators of an-
tibiotics, and effectively promote the control and continuous
improvement of the indicators.

Strengthen the Special Review of Antibiotics

Clinical pharmacists conducted special reviews of antibiotics,
constantly increased the depth and breadth of the reviews. Ir-
rational drug use problems found in prescription reviews were
discussed with medical department, hospital-acquired infection
control department, microbiology room and other disciplines,
and then gave feedback to physicians. Clinical pharmacists
participated in clinical consultation, difficult and complex case
discussion, and assisted clinical departments to continuously im-
prove the rational use of antibiotics.

Deepen Pharmacy Services Through Multiple Channels

Clinical pharmacists regularly distributed the Pharmacy News-
letter to the whole hospital, and conducted statistics and analyzed
on the use of antibiotics at our hospital. We also developed phar-
macy consultation services online and offline. We used WeChat
official accounts, videos and other new media forms to actively
promote rational drugs use. We carried out thematic publicity
activities on world pharmacist's Day and antibacterial drug pub-
licity week, and put four-way services (popular science lectures
in schools, communities, enterprises and villages) into practice.

The Results of the Refined Management Mode of Antibiotics
at Our Hospital

Sources and Methods

Three indicators including inpatient antibiotics use rate, AUD,
and inpatient microbial examination rate were retrieved from
our hospital information system (HIS) between January 2017
and December 2021. The trend of relevant usage data of the hos-
pital before and after the refined antibiotics management was
studied using interrupted time series (ITS) analysis. Taking June
2019 as the time node, the statistical model of ITS analysis was
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constructed: Yt BO+B1X1+p2X2+pB3X3+e. Yt represented the
data of antibiotics use in month t, and X1 represented the contin-
uous time variable from the observation period. X2 represented
the intervening variable and was assigned 0 before taking man-
agement measures and 1 after taking management measures. X3
represented the count variable after the intervening time and was
assigned 0 before taking management measures, and the value
is 0 before management and counts by time after management.
B0 was the estimated value of the initial level. B1 was the slope
before management. 2 was the level change after management
compared with before management. B3 was the amount of slope
change. € was the error term.

Before ITS analysis, Durbin-Watson test (DW) should be used
to determine whether autocorrelation exists. When DW is 2 or
close to 2, it means that there is no first-order autocorrelation in
the data, and the ITS model level is included for fitting [13]. The

data were entered in computer software MS Excel. Computer
software SPSS, version 27.0 (Microsoft, Redmond, Washington,
United States) was used for the analysis. The data have been
expressed as mean =+ standard deviation (range). For continuous
variables, unpaired Student’s t-test was used. The categorical
variables were compared using Chi-square test. A value of P <
0.05 was considered statistically significant.

Results

Antibiotics Use

Through the gradual development of refined management of
antibiotics over the past two years, the clinical use indicators
of antibiotics were improved significantly. The rate of inpatient
antibiotics uses decreased by 12.88%, and AUD decreased by
22.44%. The rate of microbial examination in inpatients was in-
creased by 39.81% (Figure 2).
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Figure 2.a : Trend chart of clinical application indicators management of antibiotics at our hospital from 2017 to 2021.

Results of Interrupted Time Series Analysis of Antibiotics
Management

As shown in Table 1, the monthly data of AUD and use rate of
antibiotics in hospitals showed a linear trend without autocor-
relation, which met the requirements of ITS analysis. As shown
in Figure 3, AUD changed from an upward trend to a downward

trend after management, indicating that the management of an-
tibiotics had achieved positive effects (P<0.05) and had a long-
term trend (P<0.05). As shown in Figure 4, after management,
the use rate of antibiotics showed a downward trend, and the
P value of the trend coefficient after intervention was approxi-
mately equal to 0.05.

Table 1: Results of interrupted time series analysis of antibiotics use before and after management

Variable Antibiotics use density Antibiotics use rate
DW test adjustment value 1.9552 1.7112
0 Pre-intervention level coefficient 41.4643* 0.4176*
B1 Pre-intervention trend coefficient 0.2802 -0.0001
2 Intervention immediate effect coefficient -1.8863 0.0096
B3 Trend difference coefficient before and after the intervention -0.9459* -0.0023
1+B3 Post-intervention trend coefficient -0.6657* -0.0024
www.mKscienceset.com J Clin Nur Rep 2024
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Figure 3: Interrupted time series analysis of antibiotics use density.
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Figure 4: Interrupted time series analysis of antibiotics use rate.

The Proportion of Hospitalization Antibiotics Cost

Through the refined management of antibiotics, the proportion of antibiotics cost after the implementation of measures was signifi-

cantly lower than the data in 2018 (Table 2).

Table 2: Proportion of hospitalization antibiotics cost in 2017-2021

Indicator

2017 2018 2019 2020 2021

Proportion of hospitalization antibiotics cost (%)

9.35 11.17 10.57 10.64 10.19

Statistics of Rational Drug Use in Clinic

Taking orthopedics as an example, PDCA method was applied
to refined management of antibiotics, and the preventive use and
cost of antibiotics in Class I incisions before and after manage-
ment were compared. The results were shown in Table 3. The

Page No: 05 /

www.mKkscienceset.com

reasonable rate of variety selection and administration time of
antibiotics were significantly higher than before management.
The proportion of prophylactic antibiotics decreased. The cost
of antibiotics for inpatients decreased compared with that before
management, as shown in Table 4.
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Table 3: Comparison of application of prophylactic antibiotics before and after intervention

Indicator Before intervention (n=126) | After intervention (n=136)

Number of antibacterial prophylaxis use 99 76**

Number of rational antibacterial prophylaxis use 91 11228
Number of antibiotics use as indicated 79 72*
Number of rational timing of administration 83 75%

Number of rational antibiotics course 69 68**
Number of rational antibiotics dosage 79 72%*
Number of rational antibiotics varieties 90 75

*P<0.05. **P<0.01

Table 4: Comparison of cost indicators before and after intervention

Indicator

Before intervention median (IQR)

After intervention median (IQR)

Hospitalization antibiotics cost

8.15 (2.55-24.65)

4.25 (2.55-16.04)

Antibiotics cost / Total drug cost

0.23% (0.10%-0.68%)

0.19% (0.09%-0.62%)

Discussion

Antimicrobial resistance has become one of the most serious
public health threats in the twenty-first century, because it re-
duces the efficacy of antibiotics. According to a systematic anal-
ysis, there were an estimated 4.95 million deaths associated with
bacterial AMR in 2019 [14]. Antimicrobial management aims to
optimize programs and interventions for antibiotics use. Antimi-
crobial management programs range from hospitals and com-
munities to veterinary application management, and also to the
WHO global management framework. It is a hotspot worldwide
[15-19]. In order to further strengthen the work of curbing an-
timicrobial resistance, National Health Commission of the Peo-
ple's Republic of China launched the National Action Plan based
on the evaluation and summary of the work effect in the past
few years, initiating the National Action Plan to Curb Antimi-
crobial Resistance (2022-2025) [20]. Antimicrobial stewardship
(AMYS) is an important strategy for the decrease of antimicrobial
resistance and is widely used in antimicrobial management [21].
Clinical pharmacists are identified as key members of the AMS
team [22]. They participate in the whole process of antimicrobial
use and management, and play a more prominent role.

Effect of Refined Management of Antibiotics led by Clinical
Pharmacists

Based on the experience of AMS, clinical pharmacists at our
hospital have been strengthening multi-departmental collabora-
tion and improving the top-level design of cross-departmental
coordination mechanism to fully utilize their professional ad-
vantages. Through the development of appropriate work plans,
pre-training, in-process monitoring, and post-supervision, the
refined management of antibiotics was sufficiently performed
from multiple perspectives. ITS was an analysis of the outcome
variables of time series, which was used to retrospectively ana-
lyze the effect of an intervention. By analyzing the two indicators
of slope change and immediate level change, the actual effect of
the intervention was determined. It was especially important for
evaluating the change in group-level outcomes caused by the in-
tervention over a specific period of time. ITS enriches the tradi-
tional intervention evaluation model and has a wide range of ap-
plications in intervention effectiveness evaluation. The present
study confirmed that the AUD at our hospital showed a down-
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ward trend after management using the ITS method, indicating
that antibiotics management achieved positive effects, reduced
the cost of antibiotics and promoted maximization of the value
of medical services.

Review of Clinical Pharmacists' Participation in the Refined
Management of Antibiotics

Clinical pharmacists play a role in participating in multiple
processes such as antibiotics supply catalog adjustment, pre-
scription pre-review, clinical case consultation, prescription and
medical order review, and monitoring of drug safety [23].

The varieties of antibiotics in medical institutions has an im-
portant impact on the actual selection and application in clinical
practice. Clinical pharmacists should evaluate the rationality of
the antibiotics supply catalog in medical institutions and formu-
late optimization plans. Shaoqgiang Cong et al [24]. confirmed
that pharmacist-led optimization of the antibiotics supply list
was an important measure to reduce the AUD. Fuchang Que
et al [25]. removed four antibiotics with high antimicrobial re-
sistance rate, many adverse drug reactions and insufficient evi-
dence-based medicine from the hospital supply list to ensure that
the varieties of antibiotics were reasonable and consistent with
the latest clinical treatment guidelines.

Clinical pharmacists should implement antimicrobial drug man-
agement under the concept of "patient-centered" rational drug
use. They play an important role in the development of anti-
biotics treatment plans according to the PK/PD theory of an-
timicrobial drugs [26]. Other factors needed to be considered
include the severity of the patient's condition, site of infection,
tissue penetration, antimicrobial drug selection, clinical efficacy,
safety, possible pathogenic bacteria, assessment of antimicrobial
resistance, protein binding rate, and liver and kidney function.
Clinical pharmacist intervention can reduce the rate of unrea-
sonable drug application, shorten the length of hospital stay of
patients, lower the incidence of adverse drug reactions, and im-
prove the effect of anti-infection treatment. Daijing Dong et al
[27-30]. found the rational rate of prophylactic use of antibiotics
in class I incisions was significantly improved, and the course of
medication was obviously reduced before and after the interven-
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tion of clinical pharmacists. Meanwhile, other studies also point-
ed out that the participation of clinical pharmacists in the con-
sultation and individualized adjustment of medication regimens
can ensure that patients receive more economic and effective
treatment, and have a positive impact on reducing the in-hospi-
tal mortality of patients with multi-drug resistant infection. Our
research further affirmed the value of clinical pharmacists in the
rational use of antibiotics [31, 32].

Consideration on the Participation of Clinical Pharmacists
in the Refined Management of Antibiotics

Although the health systems of many countries have recognized
the important value of pharmacists in the rational use of antibiot-
ics, the coverage of clinical pharmacists' participation in rational
drug use needs to be strengthened [33-36]. At present, there is
no unified system for clinical pharmacists to participate in con-
sultation, and clear standard for clinical pharmacist consultation.
The most common obstacle to the implementation of clinical
pharmacist consultation, one is the lack of support from hospital
managers and relevant policies of health management depart-
ments; the other is professional ability and clinical thinking abil-
ity of clinical pharmacists needed to be further improved [37].
On the other hand, pharmacists are responsible for prescription
review, so all medical orders are dispensed after pharmacists
reviewed. However, real-time review is unavailable, and post-
event sampling reviews as an alternative supplement, which lead
to a certain lag in the rational use of antibiotics. How to combine
with information management to better achieve the real-time re-
view, is the goal that need to be gradually improved in the future
[38, 39].

Antimicrobial management cannot be achieved instantaneously,
and there is a long way to go for clinical pharmacists in the re-
fined management of antibiotics. As the next step, we will learn
from the management experience of advanced hospitals at home
and abroad, and incorporate antibiotics management into the
clinical pathway of infectious diseases and treatment specifica-
tions. We will strengthen the construction of multidisciplinary
management teams, enhance feedback to clinical departments,
and continue to provide patients with better pharmaceutical ser-
vices.

Funding

This study was supported by the Special Fund Project of
Shandong Province Medical and Health Technology Project
(202313010888).

References

1. De Oliveira DMP, Brian M Forde, Timothy J Kidd, Patrick
N a Harris, Mark A Schembri, et al. (2020) Antimicrobial
Resistance in ESKAPE Pathogens. Clin Microbiol Rev 33:
00181.

2. BenY, Caixia Fu, Min Hu, Lei Liu, Ming Hung Wong, et
al. (2019) Human health risk assessment of antibiotic re-
sistance associated with antibiotic residues in the environ-
ment: A review. Environ. Res 169: 483-493.

3. Westerling R, Daryani A, Gershuni O, Czabanowska K,
Brand H, et al. (2020) Promoting rational antibiotic use in
Turkey and among Turkish migrants in Europe - implica-
tions of a qualitative study in four countries. Global Health
16: 108.

Page No: 07 /

www.mKkscienceset.com

4. Prestinaci F, Pezzotti P, Pantosti A (2015) Antimicrobial re-
sistance: a global multifaceted phenomenon. Pathog Glob
Health 109: 309-318.

5. Kraker ME, Stewardson AJ, Harbarth S (2016) Will 10
million people die a year due to antimicrobial resistance by
2050? PLoS Med 13: 1002184.

6. Wubishet BL, Gregory Merlo, Nazanin Ghahreman-Fal-
coner, Lisa Hall, Tracy Comans, et al. (2022) Economic
evaluation of antimicrobial stewardship in primary care:
a systematic review and quality assessment. J Antimicrob
Chemother 77: 2373-2388.

7. Adeniji F (2018) Global analysis of strategies to tackle anti-
microbial resistance. Int J] Pharm Pract 26: 85-89.

8. Antonelli G, Luigia Cappelli, Paolo Cinelli, Rossella Cuffa-
ro, Benedetta Manca, et al. (2021) Strategies to Tackle Anti-
microbial Resistance: The Example of Escherichia coli and
Pseudomonas aeruginosa. Int J Mol Sci 22: 4943,

9. Brink AJ, Angeliki P Messina, Charles Feldman, Guy A
Richards, Piet J Becker, et al. (2016) Antimicrobial steward-
ship across 47 South African hospitals: an implementation
study. Lancet Infect Dis 16: 1017-1025.

10. Chang Y'Y, Hsin-Pai Chen, Chia-Wei Lin, Jen-Jen Tang, Ti-
Ying Hsu, et al. (2017) Implementation and outcomes of an
antimicrobial stewardship program: Effectiveness of educa-
tion. J Chin Med Assoc 80: 353-359.

11. Liang XZH (2017) The role of drug limited daily dose
method in the management of clinical use of antibiotics
in hospitals and its related factors analysis. Anti-Infection
Pharmacy 14: 281-284.

12. LiJ, Qiang Xu, Haiyong Chen, Lingling Tang, Kai Yang, et
al. (2021) Pharmacist-led quality control circle in sustained
reduction of carbapenem-resistance at a Chinese tertiary
teaching hospital. Ann Palliat Med 10: 11558-11565.

13. Yu SC, Wang QQ, Mao F, Li Y, Shi JX, et al. (2019) The
design of interrupted time series and its analytic methods.
Zhonghua Yu Fang Yi Xue Za Zhi 53: 858-864.

14. Christopher JLM, Kevin Shunji Ikuta, Fablina Sharara,
Lucien Swetschinski, Gisela Robles Aguilar, et al. (2022)
Global burden of bacterial antimicrobial resistance in 2019:
a systematic analysis. Lancet 399: 629-655.

15. Lanckohr C, Bracht H (2022) Antimicrobial stewardship.
Curr Opin Crit Care 28: 551-556.

16. Dyar OJ, Pagani L, Pulcini C (2015) Strategies and chal-
lenges of antimicrobial stewardship in long-term care facil-
ities. Clin Microbiol Infect 21: 10-19.

17. Bengtsson B, Greko C (2014) Antibiotic resistance--con-
sequences for animal health, welfare, and food production.
Ups J Med Sci 119: 96-102.

18. Guardabassi L, Prescott JF (2015) Antimicrobial steward-
ship in small animal veterinary practice: from theory to
practice. Vet Clin North Am Small Anim Pract 45: 361-376.

19. Dyar OJ, Huttner B, Schouten J, Pulcini C (2017) What is
antimicrobial stewardship? Clin Microbiol Infect 23: 793-
798.

20. (2022) Chinese national action plan for curbing microbial
drug resistance (2022-2025). Chinese Journal of Infection
Control 21: 1264-1266.

21. Jung N, Tometten L, Draenert R (2023) Choosing Wisely
internationally - helpful recommendations for antimicrobial
stewardship! Infection 51: 567-581.

22. Parente DM, Morton J (2018) Role of the Pharmacist in An-

J Clin Nur Rep 2024



23.

24.

25.

26.

27.

28.

29.

30.

31.

unrestrictea

timicrobial Stewardship. Med Clin North Am 102: 929-936.
Wang H, Han Wang, Xiaojia Yu, Hong Zhou, Boyu Li, et
al. (2019) Impact of antimicrobial stewardship managed by
clinical pharmacists on antibiotic use and drug resistance in
a Chinese hospital, 2010-2016: a retrospective observation-
al study. BMJ Open 9: 026072.

Cong SQ (2022) Optimization of Antibacterial Drug Supply
Catalog and Improvement of Antibacterial Drug Rational
Use Level Intervention Research. Anti-Infection Pharmacy
19: 1125-1128.

Kan FCH, Zeng XY, Zhou BJ (2022) Application and effect
analysis of new fine management mode of antibiotics in our
hospital. China Pharmacy 33: 3049-3052.

(2018) Expert Consensus on Clinical Application of An-
tibacterial Pharmacokinetics/Pharmacodynamics Theory.
Chinese Journal of Tuberculosis and Respiratory Diseases
41: 409-446.

Wang Y, Chongchong Zhou, Chengying Liu, Shuanghai
Liu, Xiaoliang Liu, et al. (2022) The impact of pharma-
cist-led antimicrobial stewardship program on antibiotic
use in a county-level tertiary general hospital in China: A
retrospective study using difference-in-differences design.
Front Public Health 10: 1012690.

28. Jantarathaneewat K, Camins B, Apisarnthanarak A
(2022) The role of the clinical pharmacist in antimicrobial
stewardship in Asia: A review. Antimicrob Steward Healthc
Epidemiol 2: 176.

Xue ZM, Yang G, Guo ZX, Gao ME, Qin QQ, et al. (2022)
Investigation on knowledge level about rational use of anti-
microbial drugs among pharmacists in medical institutions
in Shanxi province, China. Public Health 209: 67-72.

Zhou H, Lihong Liu, Xiao Sun, Huaguang Wang, Xiaojia
Yu, et al. (2021) The impact of pharmacist intervention on
prophylactic antibiotics use in orthopedic surgery at a hos-
pital in China. Medicine (Baltimore) 100: 28458.
Gebretekle GB, Damen Haile Mariam, Workeabeba Abebe
Taye, Atalay Mulu Fentie, Wondwossen Amogne Degu, et
al. (2020) Half of Prescribed Antibiotics Are Not Needed:

32.

33.

34.

35.

36.

37.

38.

39.

A Pharmacist-Led Antimicrobial Stewardship Intervention
and Clinical Outcomes in a Referral Hospital in Ethiopia.
Front Public Health 8: 109.

Du Q, Xin Xi, Jie Dong, Tongyan Zhang, Dongxuan Li, et
al. (2023) The impact of pharmacist early active consulta-
tion (PEAC) on multidrug resistance organism treatment
outcomes: A prospective historically controlled study. Front
Pharmacol 14: 1128219.

Northey A, McGuren T, Stupans I (2015) Patients’ antibiot-
ic knowledge: a trial assessing the impact of verbal educa-
tion. Int J Pharm Pract 23: 158-160.

Brink AJ, Angeliki P Messina, Charles Feldman, Guy A
Richards, Piet J Becker, et al. (2016) Antimicrobial steward-
ship across 47 South African hospitals: an implementation
study. Lancet Infect Dis 16: 1017-1025.

Ellis K, Georgina Rubal-Peace, Victoria Chang, Eva Liang,
Nicolas Wong, et al. (2016) Antimicrobial Stewardship for a
Geriatric Behavioral Health Population. Antibiotics (Basel)
5:8.

Okada N, Shuji Fushitani, Momoyo Azuma, Shingen Na-
kamura, Toshimi Nakamura, et al. (2016) Clinical Evalu-
ation of Pharmacist Interventions in Patients Treated with
Anti-Methicillin-Resistant Staphylococcus aureus Agents
in a Hematological Ward. Biol Pharm Bull 39: 295-300.
ZHang JX, ZHANG Rui, XIE Juan, CHEN Qi, XIONG
Shi-juan, et al. (2022) The Effectiveness of Clinical Phar-
macist-Led Consultation Intervention in the Treatment of
Infectious Diseases: Individual Participant Data Meta-Anal-
ysis. Chinese Pharmaceutical Journal 57: 578-584.

Jin J (2016) Application Practice of Antibiotics by Clinical
Pharmacists in Obstetrics and Gynecology Hospital. Eval-
uation and Analysis of Drug-Use in Hospitals of China 16:
836-840.

Li F, GAN Meng-yue, WANG Wei, ZHOU Xi, MA Ying-
xin, et al. (2022) Influence of clinical pharmacist-led anti-
microbial management model on the rational use of periop-
erative prophylactic antibiotics in gynecological ward.
Clinical Medication Journal 20: 85-88.

24 Yue Li, Yue Liu, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits

use, distribution, and reproduction in any medium, provided the original author and source are credited.

Page No: 08 /

www.mkscienceset.com

J Clin Nur Rep 2024



