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Abstract 
Objective: To develop and evaluate an antimicrobial stewardship program (ASP) led by pharmacists in 

collaboration with a multidisciplinary team at Xieng Khouang Provincial Hospital, Lao People’s Democratic Republic. 
Methods: This study employed a mixed-methods action research design conducted from September to December 2024 
in four inpatient wards of Xieng Khouang Provincial Hospital. The study comprised two phases: (1)  a qualitative phase 
to explore the context and problems through in-depth interviews with nine healthcare personnel, and (2)a quantitative 
phase to develop and evaluate the ASP by comparing the appropriateness of ceftriaxone use among patients diagnosed 
with infectious diseases before implementation of the program (n=78)  and after implementation (n=63) .  Results: The 
developed ASP was a pharmacist- led system in which pharmacists reviewed the appropriateness of ceftriaxone use 
according to criteria established based on the hospital context and provided information and consultation to the treatment 
team to promote rational antibiotic use. After implementation of the ASP, the appropriateness of antibiotic use showed 
an increasing trend. The proportion of appropriate antibiotic selection in definite therapy increased from 62.5% to 80.0%, 
although this increase was not statistically significant (P = 0. 856) .  The appropriateness of dose and dosing frequency 
increased significantly from 93. 6%  to 100. 0% (P =0. 025) .  The rate of intravenous-to-oral conversion increased from 
84.2% to 87.5%, but this was not statistically significant (P = 0.733). The appropriateness of treatment duration increased 
from 87.1% to 95.2%, but this was not statistically significant (P=0.168). In addition, physicians accepted 90.9% of the 
pharmacists’ recommendations, resulting in a reduction in injectable ceftriaxone use from 368. 8 to 181. 4 DDDs per 
1, 000 patient-days, representing a 50. 3%  decrease. Drug expenditure decreased from 96, 161 THB in the pre-
implementation period (August) to 46, 791 THB in the post-implementation period (December), representing a 51.3% 
reduction. The average length of hospital stay also decreased from 6.3 days to 5.3 days. Conclusion: The developed 
pharmacist-led ASP for evaluating and advising on antibiotic use in collaboration with a multidisciplinary team tended to 
improve appropriateness of antibiotic use, reduce antibiotic use and drug costs, and improve clinical outcomes. This 
approach may serve as a model for further ASP development in hospitals in the Lao People’s Democratic Republic. 
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การพฒันาระบบก ากบัดแูลการใช้ยาปฏิชีวนะโดยเภสชักรเป็นแกนน าร่วมกบัทีมสหสาขาวิชาชีพ 

 ในโรงพยาบาลจงัหวดัเชียงขวาง สาธารณรฐัประชาธิปไตยประชาชนลาว 
 

ไพลาวอน ไซตากุลทอง1, สายทพิย ์สุทธริกัษา2, รจเรศ นิธไิพจติร3 

 

1นิสติปรญิญาโท หลกัสตูรเภสชัศาสตรมหาบณัฑติ สาขาเภสชักรรมคลนิิก คณะเภสชัศาสตร ์มหาวทิยาลยัมหาสารคาม 
2หน่วยวจิยัการศกึษาทางคลนิิกและการสงัเคราะหห์ลกัฐานเชงิประจกัษ์ คณะเภสชัศาสตร ์มหาวทิยาลยัมหาสารคาม 

3หน่วยวจิยัระบบบรกิารสุขภาพ เภสชักรรมการปฏบิตัแิละนวตักรรม คณะเภสชัศาสตร ์มหาวทิยาลยัมหาสารคาม 
บทคดัย่อ 

วตัถปุระสงค์: เพื่อพฒันาและประเมนิผลระบบก ากบัดูแลและส่งเสรมิการใชย้าปฏชิวีนะสมเหตุสมผล (Antimicrobial 
Stewardship Program: ASP) โดยมีเภสชักรเป็นแกนน าร่วมกบัทมีสหวชิาชพีในโรงพยาบาลจงัหวดัเชยีงขวาง สาธารณรฐั- 
ประชาธิปไตยประชาชนลาว วิธีการ: การศึกษาครัง้นี้เป็นการวิจยัเชิงปฏิบตัิแบบผสมผสานวิธกีาร (mixed-method action 
research) ที่ด าเนินการระหว่างเดอืนกันยายน–ธนัวาคม พ.ศ. 2567 ในหอผู้ป่วยใน 4 หอของโรงพยาบาลจงัหวดัเชยีงขวาง 
การศกึษาแบ่งเป็น 2 ระยะคอื (1) การศกึษาเชงิคุณภาพเพื่อศกึษาบรบิทและสภาพปัญหาโดยการสมัภาษณ์เชงิลึกบุคลากร
ทางการแพทย์ 9 คน และ (2) การศกึษาเชงิปรมิาณเป็นการพฒันาและประเมนิผลระบบ ASP โดยเปรยีบเทยีบความเหมาะสม
การใชย้า ceftriaxone ในผูป่้วยทีม่กีารวนิิจฉยัโรคตดิเชือ้ก่อนพฒันาระบบ (n = 78) และหลงัพฒันาระบบ (n = 63) ผลการวิจยั: 
ASP ที่พฒันาขึ้นเป็นระบบที่มเีภสชักรท าหน้าที่ทบทวนความเหมาะสมของการใช้ยา ceftriaxone ตามเกณฑ์ที่สร้างขึ้นตาม
บรบิทของโรงพยาบาล พรอ้มทัง้ใหข้อ้มลูและค าปรกึษาแก่ทมีผูร้กัษา เพื่อส่งเสรมิการใชย้าปฏชิวีนะอย่างสมเหตุสมผล หลงัการ
ด าเนินงาน ASP พบว่า ความเหมาะสมในการเลอืกใชย้าปฏชิวีนะมแีนวโน้มเพิม่ขึน้ โดยการเลอืกใช ้ยาหลงัทราบผลเพาะเชื้อ
เพิม่จากรอ้ยละ 62.5 เป็น 80.0 แต่ยงัไม่เพิม่ขึน้จนถงึระดบันัยส าคญัทางสถติ ิ(P = 0.856) ความเหมาะสมของขนาดและความถี่
ของการใช้ยาปฏิชวีนะเพิม่ขึ้นอย่างมนีัยส าคญัทางสถิติจากร้อยละ 93.6 เป็น 100.0 (P = 0.025) การบรหิารยาจากฉีดเป็น
รบัประทานเพิม่จากรอ้ยละ 84.2 เป็น 87.5 แต่ไม่มนีัยส าคญัทางสถติ ิ(P = 0.733) และความเหมาะสมของระยะเวลาการใชย้า
เพิม่ขึน้จากรอ้ยละ 87.1 เป็น 95.2 แต่ไม่มนีัยส าคญัทางสถติ ิ(P = 0.168) นอกจากนี้แพทย์ยอมรบัขอ้เสนอของเภสชักรรอ้ยละ 
90.9 ส่งผลใหป้รมิาณการใชย้าฉีด ceftriaxone (DDD/1,000 วนันอน) ลดลงจาก 368.8 เป็น 181.4 (ลดลงรอ้ยละ 50.3) มูลค่า
การใช้ยาลดลงจาก 96,161 บาทในช่วงก่อนพฒันาระบบ (เดอืนสงิหาคม)  เป็น 46 ,791 บาทในช่วง หลงัพฒันาระบบ (เดอืน
ธนัวาคม) (ลดลงร้อยละ 51.3) และระยะเวลานอนโรงพยาบาลลดลงจาก 6.3 วนั เป็น 5.3 วนั  สรุป: การพฒันาระบบ ASP 
โดยมีเภสัชกรเป็นแกนน าในการประเมินและให้ค าปรึกษาด้านการใช้ยาปฏิชีวนะร่วมกับทีมสหวิชาชีพมีแนวโน้ม
เพิม่ความเหมาะสมในการใชย้าปฏชิวีนะ ลดปรมิาณและค่าใชจ้่ายดา้นยาและส่งผลใหผ้ลลพัธ์ทางคลนิิกดขีึน้ จงึสามารถใชเ้ป็น
แนวทางเพื่อพฒันาระบบ ASP ในโรงพยาบาลของสาธารณรฐัประชาธปิไตยประชาชนลาวต่อไปในอนาคต  
ค าส าคญั: การใชย้าปฏชิวีนะสมเหตุสมผล ระบบก ากบัดแูลการใชย้า เซฟไตรอะโซน สาธารณรฐัประชาธปิไตยประชาชนลาว 
การดือ้ยาตา้นจุลชพี 
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Introduction 
The irrational use of drugs has long been 

recognized as a major global health problem. It is 
estimated that fewer than half of patients are treated 
according to the established standards and more than 
half use medicines inappropriately. This situation 
causes adverse drug events, antimicrobial resistance 
(AMR), and significant waste of health care resources 
and spending (1). In the United Kingdom, the estimated 
cost of irrational medicine use in the National Health 
Service (NHS) is £466 million per year (2). Similarly, US 
hospitals may incur losses up to US$5.6 million per year 
due to drug-related problems (3). 

AMR is among the most serious and rapidly 
growing public health threats, especially for infections 
caused by multidrug resistant organisms. These 
pathogens are resistant to two or more classes of 
antimicrobial agents and in some cases all available 
antibiotics, making infections difficult or impossible to 
treat. Six multidrug-resistant pathogens of global 
concern include Enterococcus faecium, Staphylococcus 
aureus, Klebsiella pneumoniae, Acinetobacter 
baumannii, Pseudomonas aeruginosa, and Entero-
bacter spp. AMR has been identified as a major 
consequence of inappropriate use of antibiotics (4). 

To address this problem, Antimicrobial 
Stewardship Programs (ASPs) have been widely 
adopted to promote the appropriate use of antimicrobial 
agents. ASPs strive to optimize antimicrobial therapy 
regarding indication, dose, route of administration, and 
duration of therapy. Successful ASP implementation 
can improve clinical outcomes, decrease adverse 
events, minimize unnecessary antimicrobial use, reduce 
healthcare costs, and contribute to prevention of 
emergence of AMR (5). The Government of the Lao 
People’s Democratic Republic has developed the 
National Strategic Plan on AMR 2019–2023 in 
collaboration between the Ministry of Health and 
Ministry of Agriculture in response to the growing AMR 
threat. The plan seeks to decrease the morbidity, 

mortality and economic losses due to AMR. The fourth 
Strategy focuses on the optimization of antimicrobial 
use in humans and animals and highlights the 
importance of monitoring of antibiotic utilization at the 
hospital level (6). 

In Lao PDR, a point-prevalence survey in 6,555 
inpatient prescriptions showed that ceftriaxone was the 
most frequently prescribed antimicrobial drug (39.6% of 
all antibiotics used), followed by metronidazole (17.0%) 
and gentamicin (10.0%). Pneumonia was the most 
frequent diagnosis in children ≤5 years treated with 
antimicrobials. Only 26.0% of antimicrobial prescriptions 
were in accordance with national treatment guidelines 
The inappropriate use was especially high in surgical 
prophylaxis (99.0%). These findings highlight the 
importance of systematic interventions to improve 
antimicrobial use (7). 

Xiengkhouang Province has a population of 
287,683 and is served by one provincial hospital with 
100 beds, one military hospital with 150 beds, six district 
hospitals, 56 health centers, 24 village doctors, and 734 
village health volunteers. Hospitals in the province 
participate in AMR surveillance activities supported by 
the Fleming Fund Project. The Microbiology Department 
of Mahosot Hospital serves as the central laboratory for 
collecting microbiological data and antimicrobial 
susceptibility data using the WHONET software. In 
2021–2022, microbiological data collected from 1702 
specimens identified the presence of S aureus, 
Salmonella spp., E. coli and Shigella spp. In addition, 
antimicrobial resistant organisms were detected 
including methicillin resistant Staphylococcus aureus or 
MRSA (18.5%), and extended spectrum beta-lactamase 
producing organisms or ESBLs (47.3%). 

Hospital antibiotic utilization reports from 
Xiengkhouang Provincial Hospital between 2020 and 
2022 demonstrated a continuous increase in ceftriaxone 
consumption, representing 4.36%, 6.66%, and 8.37% of 
total antibiotic use, respectively. These findings indicate 
extensive use of ceftriaxone and suggest that its 
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consumption exceeds that of many other antimicrobial 
agents. However, the hospital has not yet established a 
systematic process for evaluating the appropriateness 
of ceftriaxone prescribing. Existing monitoring activities 
are limited to detecting antibiotic consumption without 
assessing prescribing quality. In addition, increasing 
antimicrobial expenditures with no data on appropriate 
antibiotics use throughout medication-use process pose 
challenges to effective antimicrobial management. 

Therefore, the researchers proposed the 
development of an antimicrobial stewardship-based 
prescribing evaluation system to systematically identify 
problems and implement targeted interventions. 
Ceftriaxone was selected as an initial target of 
antimicrobial because of its high utilization within the 
hospital. Once the ASP model for ceftriaxone had been 
developed and evaluated, it could serve as a framework 
for expanding antimicrobial stewardship activities to 
other antibiotics. The objectives of this study were to 
identify problems related to antimicrobial prescribing 
evaluation in the hospital and to develop an ASP-based 
prescribing evaluation model through multidisciplinary 
team participation. 
 
Methods 
Ethical Approval and Study Setting 

This study was approved by the Human 
Research Ethics Committee of Mahasarakham 
University (Approval No. 385-188/2024). The study was 
conducted between September and December 2024 at 
Xiengkhouang Provincial Hospital, Lao People's 
Democratic Republic. The study was carried out in four 
inpatient wards, including the internal medicine, 
infectious diseases, pediatric, and surgical wards. The 
study consisted of two phases. 
 
Phase 1: Assessment of Context and Problems 

Study Design 
Phase 1 was a qualitative study conducted in 

July 2024 before the implementation of the ASP. The 

objective of this phase was to explore the context, 
current antibiotic utilization practices, problems, 
barriers, and recommendations for ASP development 
within the hospital. 

Key Informants 
Nine health professionals involved in antibiotic 

use evaluation at Xiengkhouang Provincial Hospital. 
These included one hospital administrator, one internist, 
one infectious specialist, one pediatrician, one surgeon, 
three registered nurses, and a member of the Hospital 
Rational Drug Use Committee. Participants were 
selected using purposive sampling from those directly 
involved in antibiotic management. The hospital director 
was selected as the administrative representative to 
provide policy-level perspectives. 

Data Collection 
Data were collected through individual in-depth 

interviews using a semi-structured interview guide. The 
interview topics included understanding of rational 
antibiotic use, current antibiotic utilization practices, 
existing policies and measures, challenges related to 
antibiotic use, and recommendations for ASP imple- 
mentation. Each interview lasted about 15–20 minutes. 

To minimize information bias, interviews were 
conducted individually in a private setting using the 
same interview guide for all participants. Questions 
focused on participants’ experiences and perspectives 
regarding antibiotic use practices within the hospital. 

Data Analysis 
Qualitative data were analyzed using content 

analysis. Audio recordings were transcribed verbatim 
and systematically reviewed. Data were interpreted, 
coded, categorized, and synthesized into key themes 
and patterns. The findings were used as baseline 
information for designing and developing the ASP model 
appropriate to the hospital context. 
 
Phase 2: Development and Evaluation of the ASP 

Phase 2 of the study was a quantitative pre–
post intervention study conducted to evaluate the impact 
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of the ASP on the appropriateness of antibiotic use and 
antibiotic-related outcomes. 

Subjects 
The subjects consisted of hospitalized patients 

admitted to Xiengkhouang Provincial Hospital between 
September and December 2024. Eligible patients were 
those who received ceftriaxone within 24 hours of 
admission and were diagnosed with infectious diseases, 
including pneumonia, urinary tract infection, skin and 
soft tissue infection, bloodstream infection, or intra-
abdominal infection. 

Patients were excluded if ceftriaxone was 
prescribed solely for surgical prophylaxis or if they were 
discharged within 24 hours after receiving ceftriaxone. 
This action research included all eligible patients who 
received ceftriaxone during the specified study periods. 
Data were collected from all eligible patients during the 
one-month pre-intervention period (August 2024) and 
the one-month post-intervention period (December 
2024). A total of 78 patients were included before the 
intervention and 63 patients after the intervention. 

Intervention and Data Collection 
Prior to ASP implementation, the researcher 

provided information regarding the study objectives, 
ASP procedures, and multidisciplinary team roles to 
hospital personnel. Preparations were made regarding 
facilities, equipment, and supporting systems. Following 
ASP implementation, a clinical pharmacist reviewed all 
inpatient ceftriaxone prescriptions on each working day. 
Prescription appropriateness was assessed using 
patient medical records and laboratory data. When an 
inappropriate antibiotic use was identified, recommend- 
dation was given directly to the treating physician 
through face-to-face discussion and/or documents in the 
patient's medical record. Pharmacists also monitored 
antimicrobial susceptibility results and subsequent 
treatment modifications throughout hospital stay. 

The assessment guideline for appropriateness 
of ceftriaxone use was developed by a multidisciplinary 
team based on evidence from IBM Micromedex® Drug 

Reference and the 52nd edition of the Sanford Guide to 
Antimicrobial Therapy (2022). 

The assessment covered both empirical 
therapy (before microbiological results were available) 
and definitive therapy (after susceptibility results 
became available). Evaluation criteria included 1 ) 
appropriate antibiotic selection according to profiles of 
antimicrobial susceptibility, 2) appropriate dosage and 
dosing frequency throughout treatment, 3) timely 
conversion from intravenous to oral therapy when 
clinical improvement was achieved and 4) appropriate 
duration of therapy according to treatment guidelines. 
The assessment guideline was reviewed for content 
validity by three experts, including an infectious disease 
specialist, a pediatrician, and an internist.  

Antibiotic use was classified as appropriate 
when all predefined criteria were met. Any deviation 
from one or more criteria was classified as inappropriate 
use. To minimize assessment variability, all evaluations 
were performed by a single investigator. 

Outcome Indicators 
The primary and secondary outcomes included 

1) appropriateness of ceftriaxone use, 2) clinical 
outcomes, categorized as improved/recovered or 
treatment failure, based on clinical improvement and 
discharge status, 3) monthly ceftriaxone consumption in 
inpatient wards, expressed as Defined Daily Doses 
(DDD) per 1,000 bed-days, calculated using the 
following formula: Total amount of drug used (in grams)

DDD WHO×bed−days
, 4) 

ceftriaxone expenditure during the study period, and 5) 
physician acceptance of pharmacist recommendations 
regarding antibiotic therapy optimization. All outcome 
data were obtained from patients’ medical records. 

Statistical Analysis 
Patient characteristics, antibiotic consumption 

(DDD/1,000 patient-days), antibiotic expenditures, and 
physician acceptance of pharmacist recommendations 
were analyzed using descriptive statistics. Comparisons 
of categorical variables, including appropriateness of 
antibiotic use and clinical outcomes (improved/ 
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recovered versus treatment failure), between the pre- 
and post-intervention periods were performed using the 
Chi-square test or Fisher’s exact test, as appropriate. 
Length of hospital stay, a non-normally distributed 
continuous variable, was compared using the Mann–
Whitney U test. Statistical significance was set at P< 
0.05. Data were analyzed using Stata version 14. 
 
Results 
Phase 1: Context and Problem Assessment 

Interviews were conducted with nine health 
workers from Xiengkhouang Provincial Hospital. The 
mean age of the participants was 42 years (range 34–
50 years) and the mean length of professional 
experience was 16 years. The majority of the 
participants were physicians (n=6) and the rest were 
registered nurses (n=3). Most were medical specialists 
(n = 6). Two participants had bachelor's degrees and 
one a master's degree. Two main themes about 
problems in assessing the appropriateness of antibiotic 
prescribing were found in the interviews. 

Antibiotic Prescribing Situation 
Most participants indicated that the use of 

antibiotics in the hospital had increased over time. 
Inappropriate antibiotic use was contributed by 
antibiotics prescribing without clear clinical indications, 
patient demands of antibiotics especially among those 
presenting with fever or upper respiratory tract infections 
and seasonal infectious diseases. Antibiotic use 
reportedly increases during rainy and cold seasons and 
during outbreaks of infectious diseases in the region. 

Systems for ASP and Policies 
The hospital had a number of policies and 

systems in place to promote rational drug use including: 
1) a policy to encourage microbiological testing prior to 
the initiation of antibiotic therapy; 2) a Rational Drug Use 
(RDU) Committee responsible for monitoring medication 
use across the hospital including antibiotics; and 3) a 
partnership with the Lao-Oxford-Mahosot Hospital-

Wellcome Trust Research Unit (LOMWRU) to promote 
microbiological surveillance and develop antibiograms. 

Several important limitations were identified 
despite these measures. This included inconsistent 
compliance with the policy of obtaining microbiological 
testing before starting antibiotics, the absence of 
interdepartmental information sharing systems, no 
adjustment of antibiotic therapy based on antimicrobial 
susceptibility results, and inappropriate treatment 
duration in many instances. 

In conclusion, the results showed that 
inappropriate antibiotic prescribing was correlated with 
several system-level problems, such as prescribing 
practices that were inconsistent with hospital treatment 
guidelines and international standards, failure to obtain 
microbiological testing before initiating treatment, failure 
to adjust therapy based on microbiological and 
susceptibility results, and inappropriate treatment 
duration throughout the whole therapeutic process. 
These results highlighted the importance of an ASP for 
promoting rational antibiotic use and better treatment 
outcomes. 

 
Phase 2: Development and Implementation of ASP 

The ASP developed in the study was 
implemented via multidisciplinary collaboration at 
Xiengkhouang Provincial Hospital. The program was 
run by the hospital’s Rational Drug Use Committee. This 
Committee existed prior to the study and was made up 
of physicians, pharmacists and nurses. 

The ASP was developed in 3 meetings with 
multidisciplinary teams. The first meeting was held to 
present the results of Phase 1, and identifying existing 
problems. The second meeting was aimed at 
developing guidelines for ceftriaxone prescribing. The 
third meeting defined the roles and responsibilities of 
each professional group and established operational 
procedures for ASP implementation. 

Once in place, pharmacists were tasked with 
reviewing inpatient antibiotic prescriptions daily against 
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patient medical records. They also informed physicians 
when inappropriate use of antibiotics was noted and 
communicated directly with prescribers. Pharmacists 
also reviewed microbiological results, and followed up 
treatment changes to ensure guideline compliance. ASP 
implementation consisted of the following components: 

1) Patient screening: On each working day, 
pharmacists screened antibiotic prescriptions for all 
hospitalized patients with special attention to patients 
who received ceftriaxone within the first 24 hours of 
admission. 

2) Appropriateness assessment: Pharmacists 
evaluated the appropriateness of the ceftriaxone use 
according to the data collected from the medical 
records, which included diagnosis, clinical presentation, 
laboratory results, and microbiological results. The 
evaluation was performed according to the pre-defined 
criteria (Tables 1–4 in appendix), which included 
antibiotic selection, dosage and dosing interval, 
transition from intravenous to oral therapy, and length 
of therapy. 

3) Pharmacist recommendations: When the 
pharmacists identified inappropriate use of antibiotics,

they recommended dose adjustment, antibiotic 
substitution, discontinuation of therapy or modification 
based on microbiological results and susceptibility data 
to the treating physicians. Recommendations were 
verbal and/or documented in the patient's medical 
record. 

4) Follow-up monitoring: Patients were closely 
monitored for treatment response, microbiological 
results, and any necessary treatment modifications to 
ensure compliance with ASP guidelines. 

5) IV to oral conversion: Patients were 
switched from IV to oral therapy when they met the 
predetermined criteria including clinical improvement, 
afebrile status, and ability to tolerate oral medications. 

6) Documentation and evaluation: Pharmacist 
recommendations and physician acceptance were 
documented and later used to evaluate ASP outcomes. 
 
Patient Characteristics 

A total of 78 patients were included during the 
pre-intervention period and 63 patients during the post-
intervention period. The baseline characteristics of the 
patients are presented in Table 1. There were no 

   
  Table 1. Patient characteristics before and after implementation of the Antimicrobial Stewardship Program (ASP) 

characteristics before ASP Implementation 
(August 2024) 

after ASP Implementation 
(December 2024) 

P 

number of patients 78 63  
sex, n (%)   0.9891 

male 48 (61.6) 39 (61.9)  
female 30 (38.4) 24 (38.1)  

age (years), mean ± SD 26.9 ± 25.8 27.35 ± 26.56 0.9202 

underlying diseases, n (%)   0.0973 

none 75 (96.1) 59 (93.7)  
present  3 (3.9) 4 (6.3)  

      hypertension 1 (33.3) 0 (0.0)  
diabetes mellitus 0 (0.0) 4 (100.0)  
other diseases* 2 (66.7) 0 (0.0)  

 Note: *Patients may have had multiple underlying diseases 
1: chi-square test; 2:  independent sample t-test; 3: Fisher's Exact test 



 

  

 

 462   

Table 2. Appropriateness of antibiotic use before and after ASP implementation 
appropriateness measure before ASP implementation1 

(August 2024) 
after ASP implementation1 

(December 2024) 
P2 

number of patients 78 63  
definitive antibiotic selection 5/8 (62.5) 8/10 (80.0) 0.856 

intravenous-to-oral (IV-to-PO) conversion 32/38 (84.2) 21/24 (87.5) 0.733 

dose and dosing frequency 73/78 (93.6) 63/63 (100.0) 0.025 

duration of therapy 68/78 (87.1) 60/63 (95.2) 0.168 

1: Analyses were performed only among patients eligible for each appropriateness measure. For example, definitive 
antibiotic selection was evaluated only in patients with available antimicrobial susceptibility results (pre-intervention, n = 
8; post-intervention, n = 10). Data are presented as n/N (%), where n is the number of patients assessed as appropriate 
and N is the total number of patients evaluated. 2: Fisher’s exact test. 
 
statistically significant differences between the two 
groups regarding sex, age, or underlying diseases (P > 
0.05). Male patients constituted the majority in both 
groups, accounting for 61.6% of patients in the pre-
intervention period and 61.9% in the post-intervention 
period. The mean age was comparable between the two 
groups (26.9 ± 25.8 years and 27.4 ± 26.6 years, 
respectively). Most patients were aged 0–20 years, 
representing 48.7% and 47.6% of the pre- and post-
intervention groups, respectively. The majority of 
patients had no underlying diseases, accounting for 
96.1% of patients before ASP implementation and 
93.7% after implementation. 
 
Appropriateness of Antibiotic Use 

Table 2 presents the results of the assessment 
of antibiotic-use appropriateness before and after 
implementation of the ASP. Appropriateness of 
antibiotic selection following receipt of microbiological 
testing and susceptibility results showed an increasing 
trend after ASP implementation. The proportion of 
appropriate antibiotic selection increased from 62.5% 
during the pre-intervention period to 80.0% during the 
post-intervention period. However, this difference was 
not statistically significant (P = 0.856). 

The appropriateness of intravenous-to-oral 
conversion improved from 84.2% to 87.5% after ASP 

implementation. However, the difference was not 
statistically significant (P = 0.733). The appropriateness 
of dose and dosing frequency improved significantly, 
increasing from 93.6% before implementation to 100.0% 
after implementation (P = 0.025). The appropriateness 
of antibiotic duration also increased from 87.1% to 
95.2% after ASP implementation, although this 
difference was not statistically significant (P = 0.168). 
 
Acceptance of Pharmacists’ Recommendations 

Physician acceptance of pharmacists’ 
recommendations was evaluated during September–
December 2024. During this period, 22 instances of 
antibiotic use inconsistent with the established 
prescribing guidelines were identified. Pharmacists 
provided recommendations to physicians in these 
instances. Physicians accepted 6 recommendations 
regarding antibiotic selection after antimicrobial 
susceptibility results were available, from the total 8 
suggested by pharmacists. Physicians accepted all 
recommendations related to dose and dosing frequency 
(6 cases), intravenous-to-oral conversion (4 cases), and 
inappropriate duration of therapy (4 cases). Overall, 
physicians accepted 20 of 22 recommendations of the 
pharmacists (90.9%), while the remaining 2 
recommendations (9.1%) were not accepted and the 
original therapy was continued. It should be noted that 
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this assessment was conducted only during the 4-month 
intervention period (September–December 2024), and 
therefore the number of inappropriate antibiotic use may 
differ from the overall appropriateness analysis reported 
in other parts of the study. 
 
Clinical Outcomes 

In the pre-intervention group, 76 patients 
(97.4%) showed clinical improvement, while 2 patients 
(2.6%) experienced treatment failure. In the post-
intervention, all patients showed clinical improvement. 
However, the difference between the two periods was 
not statistically significant (P = 0.498). 
 
Antibiotic Consumption and Cost 

The consumption of ceftriaxone before ASP 
implementation (August 2024) was 3,915 vials, whereas 
consumption after the ASP implementation (December 
2024) decreased to 1,905 vials. When expressed as 
DDD per 1,000 patient-days, ceftriaxone use decreased 
from 368.8 to 181.4 DDD/1,000 patient-days, indicating 
a reduction in antibiotic consumption following ASP 
implementation. 

Monthly expenditure on ceftriaxone was 96,161 
THB in August 2024 (before ASP implementation). After 
ASP implementation, the monthly cost decreased to 
46,791 THB in December 2024. 
 
Discussion 

Qualitative findings revealed that most of the 
healthcare professionals had a good understanding of 
the principles of rational antibiotic use. However, 
limitations in the healthcare system persisted, including 
failure to collect microbiological specimens before 
antibiotic therapy, no modification of antibiotics 
according to antimicrobial susceptibility results, and no 
systematic monitoring of antibiotic use. These problems 
were crucial barriers to adherence to standard treatment 
guidelines. 

One of the major problems encountered in the 
qualitative phase before the developed system was 
implemented was the inaccessibility to microbiological 
tests before starting antibiotics. However, results of 
Phase 2 revealed that the developed ASP could not fully 
solve this problem. This could be attributed to laboratory 
capacity limitations, delays in reporting microbiological 
results, and physicians’ prescribing behaviors and 
decision-making practices. These systemic factors 
require long-term and ongoing improvements. 

Appropriate antibiotic prescribing in hospitals 
requires the development of a well-structured ASP, 
integration of multidisciplinary teamwork, use of 
microbiological data and continuous monitoring of 
antibiotic use. These findings are in keeping with 
international evidence that strong implementation of 
ASP can decrease unnecessary use of antibiotics, 
minimize AMR and reduce treatment costs (8, 9). This 
study showed that implementation of the ASP improved 
one aspect of antibiotic appropriateness, dose and 
dosing frequency, which increased from 93.6% to 
100.0%. Improvements were also noted in the 
appropriateness of definitive antibiotic selection, the 
switch from IV to oral therapy and duration of therapy, 
but these changes did not reach statistical significance. 
           ASP Implementation improved appropriateness 
of antibiotics selection based on microbiological and 
susceptibility profiles, from 62.5% before intervention to 
80.0% after intervention, but with no statistical 
significance. These results are in accordance with the 
results from the study of Prakongsai et al. (10), which 
showed that pharmacist intervention improved the 
appropriateness of antibiotic use following availability of 
susceptibility profiles from 57.6% to 74.4% (P=0.16). 
This trend underscores important role that pharmacists 
play in promoting rational antibiotic use. The lack of 
statistical significance in this study may cause by the 
small sample size or the short period of follow-up. 

After implementation of the developed system 
the appropriateness of dose and dosing frequency 
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significantly increased from 93.6% to 100.0%. 
Pharmacists played an important role by reviewing 
prescriptions and making recommendations to 
physicians whenever inappropriate prescribing was 
identified. These findings are consistent with the study 
by Jittawadee Kamonphut (11) that concluded that ward 
pharmacists' concurrent assessment could detect drug 
related problems and improve prescribing patterns, 
especially in patients with impaired renal function. This 
supports effectiveness of multidisciplinary collaboration 
in improving prescribing behaviors. 

The rate of appropriate conversion from IV to 
oral therapy increased from 84.2% to 87.5%. The 
difference was not statistically significant, but the result 
is suggestive of a trend towards more appropriate 
antibiotic use. This finding is consistent with the study 
by Park et al. (12) who found that ASP led to significant 
decreases in hospital length of stay and associated 
costs (P < 0.05). Similarly, the appropriateness of 
treatment duration increased from 87.1% to 95.2%. This 
trend is not statistically significant, but it reflects the 
reduction of unnecessary prolonged antibiotic use. The 
results on improvement of appropriateness of treatment 
duration after pharmacist involvement have been 
reported by Prakongsai et al. (10) and Ananwatthanakit 
(13). Together these findings support the important role 
of pharmacists in antimicrobial stewardship. 

Following the ASP implementation, 90.9% of 
pharmacists’ recommendations were accepted by 
physicians. All pharmacist recommendations on dose 
and dosing frequency were accepted and resulted in a 
prescription change. These results are in line with those 
reported in the studies by Kerdsak (14) and Kamonphut 
regarding of high physicians’ acceptance rate of 
pharmacists’ recommendations (11). However, overall 
appropriateness of antibiotics use did not reach 100%, 
even though the acceptance rate was high. 
Appropriateness assessment reflects the entire 
treatment process, whereas the acceptance rate in the 
study was calculated only in the cases with pharmacist 

intervention. In addition, some patients may have had 
clinical complexity that precluded full adherence with the 
guideline. 

After ASP implementation, the percentage of 
patients with clinical improvement increased from 97.4% 
to 100.0% and no treatment failures occurred. The 
improved clinical outcome suggests beneficial effects of 
multidisciplinary care under the ASP, although the 
difference was not statistically significant. However, 
these results are not consistent with the results of 
Ananwatthanakit (13), who reported a statistically 
significant improvement in favorable clinical outcomes 
from 72.1% to 81.6%. Differences between studies may 
be related to patient populations, disease severity, 
infection types, and ASP implementation models. 

After implementation of the ASP, ceftriaxone 
consumption declined from 368.8 to 181.4 DDD/1,000 
patient-days, reflecting a substantial decrease in 
antibiotic use and better prescribing practices. This 
finding is in line with the result of the study by 
Apisarnthanarak et al. (15) that the implementation of 
antibiotic control measures together with educational 
interventions could reduce antibiotic prescribing from 
640 to 400 prescriptions per 1,000 patient-days. 

Antibiotic expenditure decreased from 96,161 
THB to 46,791 THB which was in accordance with the 
reduction of antibiotic use after ASP implementation. 
These findings are in line with the study of Pimpha (16) 
which compared outcomes and drug costs associated 
with IV-to-oral antibiotic conversion and found 
significantly lower drug costs in the conversion group 
compared to the non-conversion group. This suggests 
that a switch from IV to oral therapy is a good strategy 
to reduce medication costs. 

This study only considered direct drug costs 
excluding indirect costs such as intravenous fluids, 
medical supplies or personnel costs. However, the 
results are still indicative of the potential of ASP to 
reduce drug expenditure. ASP has been shown to 
consistently reduce antibiotic consumption and related 
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costs. Therefore, conversion from IV to oral therapy is 
a cost-effective and safe strategy that does not 
compromise clinical outcomes, but reduces injection-
related complications, and hospital-acquired infections, 
nursing workload, and increases patient comfort. 

There are several limitations in the study. 
Firstly, data collection before and after implementation 
of ASP was conducted in different seasons (rainy and 
winter), which might have influenced infection patterns 
and antibiotic prescribing. Second, the lack of a control 
group in the pre-post study also limits the ability to 
isolate the effect of ASP from confounding factors such 
as pathogen type, disease severity, or changes in 
clinical management. Third, the relatively short duration 
of the study (4 months) and the small sample size 
increased the risk of type II error, i.e., true differences 
may not have been statistically significant. Finally, this 
study may have been affected by the Hawthorne effect, 
in which healthcare personnel being observed may 
temporarily change their prescribing behavior. 
Recommendations 

Hospitals need to develop context-specific 
strategies to promote rational use of antibiotics through 
active, multidisciplinary collaboration. Additional work is 
needed to identify barriers to obtaining microbiological 
and susceptibility testing to inform an appropriate 
treatment. Furthermore, additional studies should 
expand to other settings other than hospital and should 
assess strategies to promote rational use of antibiotics 
among patients who are receiving antibiotics before 
hospital admission. 
 

Conclusion 
Implementation of the ASP at Xiangkhouang 

Provincial Hospital demonstrated that ASP led by a 
pharmacist with the support of a multidisciplinary team 
can improve appropriateness of antibiotic use, decrease 
antibiotic use and costs, and facilitate better clinical 
outcomes. This model can be a practical framework for 
ASP development in hospitals of Lao PDR. Policy 

makers should encourage continuous training of staff, 
formulation of treatment guidelines and expansion of the 
role of clinical pharmacists. 
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Appendix 
Criteria for assessing appropriateness  

of antibiotic use 
The researcher, in collaboration with a 

multidisciplinary team, developed criteria for assessing 
the appropriateness of antibiotic use based on evidence 
from IBM Micromedex® Drug Reference and The 
Sanford Guide to Antimicrobial Therapy 2022 (52nd 
edition). The appropriateness of antibiotic use was 
evaluated based on four main components: 

1. Drug selection: consistency with the 
indication, treatment guidelines, and microbiological and 
susceptibility profiles. 

2. Dosage regimen: appropriateness of dose 
according to body weight and patient clinical condition. 
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3. IV-to-oral switch: consideration for switching 
from intravenous to oral antibiotics when the patient had 
been afebrile for ≥ 24–48 hours, showed clinical 
improvement, and was able to tolerate oral medications. 

4. Duration of therapy: consistency with 
standard treatment guidelines for each disease. 

Antibiotic use not meeting any of these criteria 
was classified as “inappropriate antibiotic use.” 

 
Table 1. Criteria for appropriate antibiotic selection 

infectious disease empiric 
therapy 

common causative pathogens recommendations following 
microbiological findings 

Pneumonia ceftriaxone Streptococcus pneumoniae, 
Haemophilus influenzae, 
Moraxella catarrhalis and atypical 
pathogens 

Adjust antibiotics according to 
susceptibility results; for example, 
use carbapenems for ESBL-
producing organisms and 
vancomycin for MRSA 

Urinary tract infection ceftriaxone Escherichia coli, Klebsiella spp., 
Proteus spp., Enterococcus spp 

Use carbapenems for ESBL-
producing organisms or adjust 
treatment according to 
antimicrobial susceptibility results. 

Skin and soft tissue 
infection 

ceftriaxone Staphylococcus aureus, 
Streptococcus spp. 

Use vancomycin or other 
appropriate agents for MRSA 

Bloodstream infection ceftriaxone Extended spectrum beta-
lactamase (ESBL), Methicillin-
resistant Staphylococcus aureus 
(MRSA) 

Adjust treatment according to 
microbiological and susceptibility 
profiles 

Intra-abdominal infection ceftriaxone + 
metronidazole 

Enterobacteriaceae and 
anaerobes 

Use carbapenems in severe cases 
or for ESBL-producing organisms 

Bone and joint infection ceftriaxone Staphylococcus aureus, 
Streptococcus spp. 

Use vancomycin for MRSA and 
adjust treatment according to 
microbiological and susceptibility 
profiles 

Note: The selection of antibiotics was determined based on disease severity, patient risk factors, and antimicrobial 
susceptibility test results. 
 
 
Table 2. Dosage of intravenous antibiotics 

drug name adult dose pediatric dose notes 
ceftriaxone 1–2 g IV every 24 hours 50–75 mg/kg/day IV or IM Adjust according to disease severity 
meropenem 1 g IV every 8 hours 10–15 mg/kg every 8 

hours 
Used for drug-resistant infections (e.g., 
ESBL-producing organisms) 

vancomycin 15–20 mg/kg every 8–12 
hours 

10–15 mg/kg every 6–8 
hours 

Adjust according to renal function and 
serum drug levels 
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Table 3. Intravenous-to-oral antibiotic switch criteria 
infectious disease intravenous antibiotic oral antibiotic 

pneumonia ceftriaxone ciprofloxacin 
Adults: 500-750mg before meals every 12 hours 
Children: 10-20mg/kg divided every 12 hours 
doxycycline 
Adults: 100mg every 12 hours 
Children: 2-4mg/kg divided every 12 hours 
amoxicllin 
Adults: 500-1000 mg every 8 hours 
Children: 90mg/kg/day divided every 12 hours 
amoxicillin/clavulanic acid 
Adults: 875/125 mg every 12 hours 
Children: 20-40mg/kg/day divided every 12 hours 

urinary tract 
infection 

ceftriaxone Norfloxacin adults: 400 mg before meals every 12 hours 
ofloxacin 
adults: 200-400 mg before meals every 12 hours 
children:10-15mg/kg divided every 12 hours 
ciprofloxacin 
adults: 250-500 mg before meals every 12 hours 
children: 10-20mg/kg divided every 12 hours  
cephalexin 
adults: 500 mg every 8-12 hours 
children:50-100mg/kg divided every 6 hours 
amoxicillin 
adults: 500-1000 mg every 8 hours 
children: 90mg/kg/day divided every 8 hours 
sulfamethoxazole/trimethoprim 
adults: SMX800/TMP160 mg twice daily 
children: 8 mg/kg divided every 12 h (calculated based on TMP)  

skin and soft tissue 
infection 

ceftriaxone amoxicillin/ clavulanic acid 
adults: 875/125 mg every 12 hours 
children: 20-40mg/kg/day divided every 12 hours 
ciprofloxacin (for gram-negative bacteria only) 
adults: 500-750 mg before meals every 12 hours 
children: 10-20mg/kg divided every 12 hours  
sulfamethoxazole/ trimethoprim  
adults: SMX800-1600 mg/TMP160-320 mg twice daily 
children: 8mg/kg divided every 12 hours (calculated based on TMP) 
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Table 3. Intravenous-to-Oral Antibiotic Switch (continued) 
infectious disease intravenous 

antibiotic 
oral antibiotic 

bloodstream 
infection 

ceftriaxone consider oral switch only in clinically stable patients 
cephalexin  
adults: 500-1000 mg every 6-8 hours 
chlildren: 25-50 mg/kg/day divided every  8 hours 
amoxicillin  
adults: 500-1000 mg every 8 hours 
children: 90mg/kg/day divided every 8 hours 
amoxicillin/clavulanic acid 
adults: 875/125 mg every 12 hours 
children: 20-40mg/kg/day divided every 12 hours 

intra-abdominal 
infection 

ceftriaxone + 
metronidazole 

amoxicillin/ clavulanic acid 
adults: 875/125 mg every 12 hours 
children: 20-40mg/kg/day divided every 12 hours 
ciprofloxacin (if anaerobic coverage is not required) 
adults: 500 mg before meals every 12 hours 
children: 10-20mg/kg divided every 12 hours 

bone and joint 
infection 

ceftriaxone amoxicillin/ clavulanic acid 
adults: 875/125 mg every 12 hours 
children: 20-40mg/kg/day divided every 12 hours 

Note: Antibiotic selection for IV-to-oral switch should be based on pathogen susceptibility and drug bioavailability. 
 
Table 4. Duration of treatment for infectious diseases 

infectious disease duration of treatment criteria for clinical improvement 
pneumonia 5–7 days afebrile and improvement in respiratory symptoms 
urinary tract infection 3–14 days improvement in urinary symptoms and no fever 
skin and soft tissue infection 3–14 days reduction in swelling, redness, and pain 
bloodstream infection 7–14 days afebrile and stable vital signs 
intra-abdominal infection 4–7 days reduction in abdominal pain after source control 
bone and joint infection at least 4–6 weeks reduction in pain and inflammation 

Note: Duration of treatment should be adjusted based on clinical response and disease severity. 
 


