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Abstract: Background: Traditional procurement and price negotiation methods in public hospitals
in Thailand involve group purchasing agreements and bulk orders, posing challenges to improving
inventory management efficiency. The vendor-managed inventory (VMI) model is a promising
alternative for enhancing hospital performance, especially during crises. This study aimed to assess
the potential cost savings in implementing VMI in a large general hospital in Thailand. Methods: A
simulation modeling approach was used to compare the current inventory system with three VMI
models: VMII, focused on improving inventory turnover rate (ITR); VMI2, emphasized frequent
replenishment with a 1-month supply; and VMI3, eliminated safety stock. Results: The results
demonstrated significant cost savings, with potential reductions in total inventory management
expenses. Specifically, VMI1 improved ITR from 6.31 to 7.76, reducing average inventory by 36% and
cutting management costs by 40%. VMI2, with an ITR of 12.80, reduced inventory by 44% and saved
47% in management costs, while VMI3 achieved a 70% reduction in inventory and a 69% saving in
management costs. Conclusions: This study highlights the VMI'’s transformative potential in hospital
inventory management, demonstrating significant cost savings. However, in the public sector, the
feasibility of procurement regulations requires further exploration.

Keywords: vendor-managed inventory (VMI); hospital inventory management; third party-managed
inventory services (3MIS); inventory turnover rate (ITR)

1. Introduction

Owing to the increasing costs of medicines, pharmacy supplies represent the largest
portion of hospital expenses. This financial burden has led hospitals to seek cost-effective
inventory management systems that balance overstocking and shortages, ensuring suffi-
cient stock levels at minimal costs while maintaining operational efficiency. Purchasing,
inventory management, and waste reduction are key pharmacy activities [1].

A recent study in Australia exemplified the benefits of vendor stock management
(VSM) systems, reporting substantial enhancements in operational efficiencies with a 51%
reduction in stock levels and a 42% decrease in inventory management time. Furthermore,
these systems facilitated an annual labor cost savings of USD 550,000, underscoring the
potential of advanced inventory solutions to alleviate financial pressures on hospitals [2].

To enhance supply chain efficiency, reduce costs, and improve customer satisfaction,
vendor-managed inventory (VMI) systems have been adopted as a solution. VMI operates
on the principle of collaboration, wherein the supplier is responsible for maintaining
appropriate inventory levels in the hospital’s warehouse and autonomously managing
replenishments [3,4]. This approach shifts the burden of inventory management from the
hospital to the supplier, fostering improved coordination and efficiency.

Despite the benefits observed in other regions, the application of VMI models in
Thailand’s healthcare sector remains limited and under-researched [3,5,6]. Thai hospitals
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continue to face significant inventory management challenges, characterized by ineffi-
ciencies and information inaccuracies due largely to a lack of sophisticated management
tools [4,7]. This gap in effective practice often leads to elevated costs and compromised
patient care due to inadequate stock levels [8].

This study aimed to address this gap through evaluating impacts of VMI on cost
savings and operational efficiency within public hospitals in Thailand. This study sought
to provide insights into whether VMI can be a viable solution for improving inventory
management and reducing costs in the healthcare system in Thailand using real-world data.

The literature review focuses on effective drug supply chain performance and VMI
and its application in hospital settings.

1.1. Supply Chain Coordination in Healthcare

The pharmaceutical supply chain system comprises a network of multiple stakeholders
working on a series of processes. It is composed of five core areas including procurement,
storage, distribution, dispensing, and utilization. These components play a vital role in
ensuring that quality medicines are efficiently delivered to patients [9]. Key performance
indicators, including holding cost, stockout rate, and inventory turnover rate (ITR) are
used to assess the efficiency of inventory management practices. Studies have shown
that companies with effective inventory management have lower holding costs, reduced
stockout rates, and better ITRs [10,11].

In healthcare settings, supply chain coordination between hospitals and external
vendors is essential for optimizing performances, reducing costs and waste, as well as
increasing patient satisfaction [12,13]. VMI, by allowing suppliers to monitor and manage
inventory directly at the healthcare facility, has proven to significantly reduce inventory-
related costs and improve distribution efficiency [14,15].

1.2. Benefits and Models of VMI

VMI allows suppliers to access real-time information on inventory levels, sales trends,
and other relevant data, enabling informed decisions about inventory replenishment,
thereby resulting in a more streamlined and effective inventory management that benefits
suppliers and buyers through enhancing accuracy, reducing lead times, and improving
supply chain transparency [16,17].

The following are the five VMI models:

Vendor-Replenished Inventory (VRI);
Vendor-Managed Inventory Services (VMIS);

Third Party-Replenished Inventory (3RI);

Third Party-Managed Inventory Services (3MIS);
Inventory Management Technical Assistance (IMTA).

AR

The first four models involve either true vendors or third parties managing inventory
with varying levels of additional services. The fifth model, IMTA, provides technical
assistance along with inventory services, regardless of whether the service is from a true
vendor or a third party. The 3MIS model is an advanced VMI system where inventory
replenishment and additional management services are assigned to a third party, adding a
layer of intermediation between customers and suppliers. This model offers adaptability
and effectiveness; however, the selection and handling of the third party plays a pivotal
role in its success [17].

While the primary goal of VMI implementation is to cut down the operation costs, it
is important to note that it must not affect the quality of the products [18-20]. To ensure
that quality is not compromised during cost negotiations, hospitals can implement several
strategies [19,20], including:

e  Strict Quality Control Measures: Enforcing strict quality-control standards through
well-defined contractual agreements that specify quality expectations.

e  Supplier Audits and Performance Reviews: Regularly auditing and reviewing sup-
plier performance to ensure compliance with quality standards.
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e Collaborative Relationships: Establishing a collaborative relationship with suppliers,
like the strategies in trade credit models. This ensures that both parties prioritize
quality in addition to cost efficiency. This approach is supported by the findings
of Zavanella and Zanoni [21], which discussed the success of integrating VMI with
consignment agreements to benefit both buyers and vendors through maintaining
high-quality standards while managing costs effectively.

It is important to note that the objective of VMI is not to compel vendors into reducing
drug prices but to minimize excessive or unnecessary operational costs. The focus of this
study’s savings was on reducing capital costs through lower average inventory volumes,
improved inventory turnover rates (ITRs), and reduced holding and procurement expenses.

1.3. Application of VMI in Hospitals

Hospitals experience significant challenges in managing their supply chains and
inventory. To address these issues, researchers have introduced various strategies for
improving inventory management, including the VMI model. VMI empowers suppliers to
take a proactive role in inventory management to make informed decisions about inventory
reinforcement and timing based on real-time data. This model incorporates a third party
that is responsible for replenishment via sharing demand information with the supplier.

The adoption of VMI is underscored by its ability to improve data collection methods
and establish robust electronic communication systems between hospitals and suppliers.
These enhancements are crucial for reducing inventory costs, minimizing administrative
burdens, lowering error rates, and improving the reliability of information [17]. VMI
systems enable vendors to access real-time hospital inventory data, ensuring continuous
medical supply replenishment. This capability allows healthcare organizations to optimize
their stock levels effectively, ensuring they are well-equipped to meet patient needs with-
out surplus. Moreover, VMI contributes to a competitive advantage through enhancing
the efficiency of physical distribution, reducing lead time variability, and lowering trans-
portation costs. It also improves warehouse operations and adds flexibility to purchasing
processes [15]. Despite these benefits, the implementation of VMI is not without challenges.
Issues such as low trust and dependability on suppliers, the significant investment required
for IT infrastructure, lengthy purchasing processes, and the lack of controlling authority
over suppliers can hinder the effectiveness of VMI systems. Additionally, hospitals must
navigate challenges related to accurately forecasting supplier sales, which can impact
the overall success of VMI implementation. By addressing these obstacles, hospitals can
better leverage VMI to streamline their inventory management and enhance overall supply
chain performance.

2. Materials and Methods

This section outlines the study design, details of the case study hospital, and the devel-
opment and validation of the simulation models used to analyze inventory management
costs under different scenarios.

2.1. Study Design

This study used the simulation modeling approach to compare the inventory manage-
ment costs between the current practice and three VMI models in a large general hospital in
Thailand. The hospital had a capacity of 602 inpatient beds, 1750 employees, and 47 phar-
macists. The pharmacy department managed five dispensing units and a procurement
and inventory management unit. The study aimed to evaluate the efficiency and costs of
different inventory management systems within this setting.

Simulation Modeling Approach

Two simulation models were developed, one representing the current inventory man-
agement practice and the other representing the VMI approach. The model for the current
practice was based on actual procurement and inventory data from the hospital, ensuring
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an accurate representation of existing operations. The VMI model was constructed using
expert opinions and hospital inventory statistics to simulate inventory-related parame-
ters. This approach enabled a direct cost comparison between the current practice and the
proposed VMI models.

2.2. Data Collection and Preparation

Data for each medication item were collected from the hospital’s inventory database,
including drug name, beginning-of-year volume, end-of-year volume, unit price, and
annual procurement volume. All data, except for drug names, were quantitative and
related to the hospital’s current inventory.

Data cleaning was conducted to ensure the correct formatting and completeness of the
dataset. Missing inventory turnover rate (ITR) values for each medication were identified.
The average ITR for the entire inventory was calculated and used to impute the missing
ITR values for individual items. Once the ITR was imputed, any missing data for other
variables were subsequently computed based on the imputed ITR, ensuring a consistent
and reliable dataset for further analysis.

2.3. Model Development and Validation

Two additional sets of variables—performance variables and process variables—were
calculated to facilitate the comparison between the current practice and the VMI models.

Performance Variables

These included annual procurement value, actual average inventory volume and
value, annual use rate and value, and ITR. Each variable’s definition and operationalization
were based on established inventory management principles [22].

Process Variables

Variables, including safety stock level, reorder point, minimum /maximum/average
stock levels and estimated procurement, were calculated using specific equations tailored to
the hospital’s context [22]. These helped to maintain adequate inventory levels, minimizing
both stockouts and excess inventory.

The simulation model for the current practice was validated by adjusting process
variables to align simulated results with actual hospital data, specifically total annual
medicine procurement and average inventory values. This validation step ensured the
model’s accuracy in reflecting real-world conditions.

Scenarios of VMI Model Development
Three VMI scenarios were simulated through the following:

1. 'VMI1 Model: This model aimed to enhance efficiency for items with lower turnover
rates by targeting items with below-average ITR, adjusting purchase volumes to
achieve an average ITR while maintaining annual medicine procurement values
consistent with the current model.

2. VMI2 Model: This model aimed to reduce holding costs and ensure timely availability
of medicines through implementing more frequent replenishments to maintain a
1-month supply for each order.

3. 'VMI3 Model: This scenario eliminated safety stock via automatically reordering
once stock levels reached a minimum threshold thus minimizing stockouts and ex-
cess inventory.

2.4. Cost Analysis of Inventory Management

Costs associated with inventory management, including procurement and holding
costs, were calculated using activity-based costing [23,24]. Holding costs were estimated
at approximately 25% of the average inventory values [25] and procurement costs varied
depending on the methods used by the hospital:
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e  The Current Model utilized group purchasing to procure 400 items annually and a spe-
cial procurement method for the remaining 500 items, requiring individual processing.
e The VMI Models employed a fixed procurement cost with automated transaction,

eliminating traditional procurement processes.

The flow chart (Figure 1) and Tables 1 and 2 provide a detailed description of the
simulation model development and the operational definitions for performance and pro-
cess variables.

Define performance variable

Obtain drug - specific data from hospital Calculate inventory indicators

Define process vaiables

|¢

Identify processvarables Determine parameters for current and VMImodels

Validate the model
Adjust processvariableto align model with hospitaldata

|¢

Simulate VMI models
Develop VMI scenarios VMI1, VMI2, VMI3

|¢

|¢

Conduct cost analysis
Apply activity-based costing to procurement and holding costs

Figure 1. Flow chart of simulation model development.

Table 1. Description of the performance variables used in the simulation model.

Performance Variable Definition

Variables acquired from the hospital database

Drug name The name of the medicine listed in the hospital drug inventory
Beginning-of-year volume The quantity of each medicine counted at the start of the fiscal year
End-of-year volume The quantity of each medicine counted at the end of the fiscal year
Unit price The cost of one unit of a medicine
Annual procurement volume The total volume of each medicine in a year

Calculated inventory indicators

The total value of each medicine in a year, calculated from the annual

Annual procurement value I
procurement volume and unit price

The average quantity of each medicine, calculated from the

Actual average inventory volume beginning-of-year volume and end-of-year volume

The average value of each medicine, calculated by multiplying the average

Actual average inventory valu . S
¢ erage mventory ¢ inventory volume by the unit price

The total quantity at which each medicine is dispensed or used within a year,
Annual use rate calculated using the formula (beginning-of-year volume + procurement
volume — end-of-year volume)

The total value of each medicine dispensed or used within a year, calculated

Annual use value by multiplying the annual use rate by the unit price

Inventory turnover rate (ITR) Annual use value/average inventory value
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Table 2. Description of the process variables used in the simulation model.

Variables Equation
Safety stock level =Used rate per day x number of determined days
Reorder point =(Used rate per day x maximum leading time)
Minimum stock level (min) = Safety stock + reorder point
Maximum stock level (MAX) =Safety stock + Estimated procurement volume
Calculated average stock level =MAXtmin
Estimated procurement volume Current model =Used rate per month x 3(months)
The procurement volume
should be rounded VMI model — Actual used volume per year
up to the package moce Adjusted ITR

3. Results
This section details the comparative analysis of the current inventory management

system and the three VMI scenarios. The analysis focuses on key metrics including ITRs,

average inventory values, and overall cost savings.

3.1. Performance of Current Inventory Management System
The current inventory system at the hospital was validated using actual procurement

and inventory data. The simulation reported an ITR of 6.31, closely aligning the hospital’s

current data. The established reorder point was set at 20 days, with a safety stock of 15 days

and a lead time of 5 days. The system maintained an average inventory value of approxi-

mately USD 1.6 million, with total procurement costs amounting to USD 76,921 annually.

3.2. Performance of VMI Scenarios
VMI1 Model:
Objective: Enhance efficiency for items with low ITR.
Results: This model increased the ITR to 7.76, reducing the average inventory value
by 36% from USD 1.6 million to USD 1.01 million. It demonstrated significant im-
provements in managing low turnover items.
VMI2 Model:
Objective: Maintain a 1-month supply with more frequent replenishments.
Results: The ITR further increased to 12.80, reducing the average inventory value by
44% from the current model and 13% from the VMI1 model. This model balanced
inventory reduction with a timely availability of medicines.
VMI3 Model:
Objective: Minimize safety stock with automatic reordering at minimum levels.
Results: The inventory was reduced by 70% compared to the current model and by
over 50% compared to the VMI1 model, maintaining an ITR of 12.80. This model
demonstrated significant cost savings by minimizing safety stock.
The parameters used in the simulation across all models are summarized in Table 3,

outlining adjustments in safety stock, reorder points, and inventory values.

Table 3. Parameters in the current simulation and VMI models.
Hospital’s Actual Data Current Model VMI1 Model VMI2 Model 'VMI3 Model

Safety stock (days) 15.00 15.00 15.00 0
Lead time (days) 5.00 5.00 5.00 5.00
Reorder point = stock required
duri . 20.00 20.00 20.00 5.00
uring lead time (days)

Inventory turnover rate (ITR) 6.52 6.31 7.76 12.80 12.80
Procurement value per round (USD) 2042 K 2042 K 1056 K 635 K 635 K
Procurement value per year (USD) 8168 K 8168 K 8191 K 8122 K 8122 K

Minimum stock value (USD) 795 K 698 K 769 K 342 K

Maximum stock value (USD) 2496 K 1413 K 1062 K 635 K

Average inventory value (USD) 1646 K 1646 K 1056 K 915K 488 K
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3.3. Cost Analysis of Inventory Management

Current Model Costs: Total inventory management cost was USD 488.5 K with pro-
curement activities forming a significant portion due to frequent orders (over 3000), with
individual order costs ranging from USD 4.64 to USD 11.60, depending on the procure-
ment method.

VMI Models Costs:

e  VMI1 reduced total costs by 40% to USD 295.1 K primarily through fixed management
and lower order processing costs.
e  VMI2 further decreased costs by 47%, aligning with the model’s strategy of a 1-month

supply and lower inventory holding.

e  VMI3 achieved a 70% reduction in inventory costs and a 69% reduction in total holding
and capital costs by eliminating safety stock.

Cost comparisons between the current and VMI models are detailed in Tables 4 and 5,

highlighting reductions in procurement, holding, and capital costs.

Table 4. Cost comparison between the current and VMI models.

Variables Volume Frequency Cost/Unit Total (USD)
Current model
Fixed cost of procurement activities 900 1 41.18 57.6 K
Group purchasing method 400 1 11.6 46K
Special selection process 500 6.31 4.64 146 K
Total procurement cost 769K
Inventory holding cost 1 1 411.6 K 4116 K
Total inventory management cost 488.5 K
Capital cost 1 1 1646.2 K 1646.2 K
VMI1 model
Initial investment for the VMI system
Fixed cost of procurement activities 900 1 23.1 20.8 K
VMI provider selection process 1 1 10,440 104 K
Special selection process 0 1 0.00 -
Total procurement cost 31.2K
Inventory holding cost 1 1 263.9 K 2639 K
Total inventory management cost 295.1K
Capital costs 1 1 1055.6 K 1055.6 K
Table 5. Comparison of costs between models with adjusted inventory turnover rate (ITR) and safety
stock levels.
Variables Current VMI1 VMI2 VMI3
Fixed cost of procurement activities 57,642 3445 3445 3445
Group purchasing method 4640 0 0 0
Special selection process 14,639 0 0 0
VMI provider selection process 10,445 10,445 10,445
Total procurement cost (USD) 76,921 31,230 31,230 31,230
Holding cost 411,562 263,902 228,798 122,037
Total inventory management cost 488,483 295,132 o o
(% of current model) ! (60%) 260,028 (53%) 153,267 (31%)
Capital cost of inventory 1,646,246 1,055,606 (64%) 915,193 (56%) 488,147 (30%)

(% of current model)

3.4. Summary of Key Findings

The analyses illustrate that all VMI models yielded substantial cost savings and
efficiency improvements compared to the current inventory management system. VMI1
provided moderate improvements, while VMI2 and VMI3 provided more aggressive
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strategies, leading to significant reductions in costs and more streamlined operations across
the hospital’s supply chain.

4. Discussion

This section addresses the benefits and challenges of implementing VMI models in
hospital inventory management, focusing on financial impact, comparative performance in
different context, demand variability, real-world challenges, impact on patient care, and
data security.

Implementing VMI models in hospital inventory management has shown significant
performance enhancements, marking a novel strategy in the healthcare industry. This study
reveals marked reductions in total procurement, holding, and capital costs. Although VMI
incurs higher order processing costs for supplier selection, these are annual costs, contrast-
ing with the frequent expenditures in the current model. These findings align with previous
studies, such as those by Sharma and Singhi, which reported significant improvements in
ITRs and cost savings in Indian hospitals following VMI implementation [8].

VMI performance can vary based on the specific context. Recent research demonstrated
that integrating VMI with vehicle route planning can optimize distribution networks,
significantly reducing transportation and inventory costs [26]. However, other studies
have shown less pronounced improvement, depending on the different environmental
and operational conditions. For example, Krichanchai and MacCarthy reported that VMI
reduced errors and process inefficiencies without substantial IT investments. Similar
outcomes were observed in studies where VMI, supported by Internet of Things (IoT),
improved time efficiency by over 95% [3]

This study acknowledges high medicine demand variability due to seasonal illnesses
and epidemics. The simulation model incorporates safety stock levels to buffer against
demand fluctuations.

VMI implementation experiences real-world challenges. A case study in a public
hospital in Thailand highlighted the significance of trust, information sharing, and IT
in supplier selection for VMI [6]. Establishing trust between hospitals and vendors is
crucial, as vendor reliability, quality assurance, and timely deliveries impact VMI success.
To address data accuracy, system integration, and initial IT infrastructure investment
challenges, accurate inventory data and robust IT systems are essential [27]. Transitioning
to VMI involves additional management costs and organizational changes, necessitating
effective change management strategies. Furthermore, outsourcing inventory management
increases regulatory and compliance challenges that must be carefully managed.

By streamlining inventory management, VMI reduces the administrative workload on
hospital staff, allowing them to focus more on patient care rather than inventory tasks [28].
Additionally, VMI ensures that high-quality products are available when needed, which
minimizes the risk of product expiration and stockouts [28]. This reliability in inventory
helps prevent interruptions in the availability of essential medications and medical supplies,
thereby supporting timely and effective patient care. Overall, the VMI model contributes
to improved operational efficiency and patient safety by ensuring that critical supplies are
consistently available and reducing the time staff spend on inventory management. These
benefits underscore the broader advantages of VMI in enhancing the quality of patient
care [29].

Data security and privacy are critical in implementing VMI systems, especially in
sensitive settings like healthcare. Effective data sharing between hospitals and vendors
must be balanced with strong security measures. Traditional methods, such as formal
contracts and clearly defined vendor responsibilities, are essential for safeguarding sen-
sitive information [30]. As VMI systems increasingly rely on data sharing, integrating
advanced security technologies, such as privacy-preserving data publishing (PPDP) tech-
niques and blockchain technology, could address data integrity and security of sensitive
information [30,31].
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To ensure successful VMI implementation, it is crucial to balance between benefits with
potential challenges and regulatory considerations. Hospitals should adopt a phased ap-
proach, starting with a pilot project to reduce risks and establish relationships with vendors.
This transition can be supported by policymakers through developing clear regulatory
frameworks that facilitate vendor partnerships. Establishing robust IT infrastructure and
ensuring accurate inventory data are also critical steps for successful VMI implementation.

Contributions of the Study:

This study provides valuable insights into the implementation and impact of VMI
models in hospital settings. Our research evaluates various VMI scenarios, demonstrating
their potential to achieve significant cost savings and improve inventory management
efficiency, especially in resource-constrained environments. Key contributions include:

1.  Empirical Evidence: The study provides empirical evidence of the effectiveness of
VMI models in enhancing inventory turnover rates (ITR) and reducing inventory
holding costs. This evidence supports the practical application of VMI in improving
hospital inventory management.

2. Customized Strategies: The study highlights the importance of tailored inventory
management strategies, such as the elimination of safety stock, which can lead to
greater operational efficiency. The study also emphasizes the need for customized
VMI approaches to address specific challenges and optimize inventory practices.

Study Limitations

This study primarily relied on a single supplier to manage the hospital’s entire inven-
tory for the year. While this approach can streamline operations and reduce complexity,
it also increases the risk of supply chain disruptions in the event of supplier failure or
emergencies. Additionally, unpredictable circumstances, such as geopolitical tensions,
natural disasters, or pandemics, which can significantly affect the efficiency of inventory
management and VMI systems, were not explored.

Future Research

Future research should explore issues such as the following:

The detailed cost structures and categories of medicines and supplies suitable for VMI.
The levels of information sharing and hospital readiness for VMI implementation.
Regulations necessary to support comprehensive VMI implementation, particularly
for public hospitals.

The long-term sustainability of VMI models.

The integration of Al and real-time optimization tools to assess their impact on reduc-
ing stockouts and waste in VMI systems.

5. Conclusions

This study demonstrates that VMI models can effectively reduce total inventory
management and capital inventory costs in a hospital setting while improving inventory
management performance and customer satisfaction. The findings emphasize the impor-
tance of the careful evaluation of procurement regulations and associated costs before
adopting VMI. Hospitals and suppliers must prioritize data security and transparency in
their VMI partnerships. A comprehensive assessment of the existing supply chain systems
is necessary to determine the suitability of the VMI model for specific hospital needs,
ensuring a smooth implementation process and optimal outcomes.
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