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Abstract 

In healthcare, delivering high quality care to the 

patients typically requires significant investment in 

supply chain management systems. Inventory 

management is an important part of any supply chain 

system. With ever changing needs, product prices 

and policies, managing inventory of products in 

hospitals becomes difficult. As time progresses, the 

inventory policies of products become sub-optimal. 

In this research, we study multiple echelons of a 

hospital supply chain considering the distributors, to 

address the need for an efficient and effective 

hospital inventory management system.  

Keywords: Supply Chain Management, Hospital 

Inventory Management System, Inventory 

Management System,  

Introduction 

Supply chain expenses in hospitals are large and 

growing fast, which makes it a necessary cost to be 

monitored continuously and actively managed 

(Conway, 2011). Studies suggest that optimizing 

demand management, inventory management, and 

order management may facilitate significant supply 

chain cost savings in hospitals. For the healthcare 

sector in general, inventory accumulation and 

obsolescence of products are high, when compared to 

the industrial sector (Ebel, Shah, Larsen, George, & 

Ungerman, 2013).  

 

Inventory accumulation and obsolescence of 

products are partly the reasons for the high expenses 

of hospital supply chains. Since the primary focus in 

any hospital is towards the delivery of patient care, 

streamlining inventory of a diverse set of products is 

rarely prioritized. Hence while maintaining the  

 

quality of care given to patients, exercising control 

over the purchase and monitoring inventory levels of 

each product within a hospital can help in saving 

supply chain related costs. In this thesis, existing 

inventory management systems in a hospital are 

analyzed, and a new systems approach is designed 

and developed to deliver quality patient care in terms 

of inventory service level while attempting to 

minimize system cost over time. 

 

    Figure.1 Healthcare supply chain stakeholders 

A typical healthcare supply chain consists of 

multiple suppliers, manufacturers, distributors, a 

central storage location in the hospital, care units, 

and patients. The diagram in Figure.1, represents an 

overview of a healthcare supply chain. Suppliers of 

raw materials are upstream and form the first 

echelon. Manufacturers are the second and sell their 

products to distributors. Distributors maintain 

inventories of diverse set of products from different 

manufacturers. Distributors have contracts or get 

purchase orders from hospitals where small 

inventories of products are stored for use in multiple 

hospital units. Healthcare supply chain involves a 

continuous flow of information, products, and capital 

between different stakeholders. Co-ordination 

between stakeholders is a critical component in the 
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supply chain, which enables delivery of quality 

patient care. 

  
Figure.2 System components of interest in this 

research with inventory decision flow 

Figure.2, represents the system components of 

interest in this research including distributors, 

hospital central storage, care units and patients. 

Depending upon factors such as patient volumes, 

type of contract with distributors, delivery location 

and hospital size, a hospital may decide whether to 

include a product in a central storage location or not. 

In a hospital where the inventory of products is 

stored in a central storage location, independent 

demands of each hospital care units for different 

products are fulfilled. A hospital is typically 

comprised of care units for patient treatment. Units 

are often designed for grouping patients based on the 

types of treatment, the severity of the treatment, type 

of diagnosis and safety. Each time a unit needs to 

replenish its inventory of a product, central storage 

fills the need. Demand flows upstream, while the 

products flow downstream and are ultimately 

administered to patients. The decision about placing 

an order for a product in the unit is typically made 

based on established criteria or rules such as a re-

order point. This process repeats itself in each 

echelon of the supply chain. 

 

The hospital supply chain should also be one that 

meets the seven principles of the supply  chain by 

delivering “the right product for the right customer, 

in the right quantity and the right condition, at the 

right place, at the right time, at the right cost” 

(Anderson, Britt, & Favre, 2007). An efficient 

healthcare supply chain would be the one in which 

nearly all the patient demand for products will be 

met on time without any delay, by maintaining 

minimum levels of inventory in the system. 

 

Inventory Management System 

The concept of Economic Order Quantity (EOQ) 

explains the quantity to order or produce based on 

the annual demand, holding cost per unit and 

ordering cost per order placed (Harris, 1913). EOQ 

establishes the order quantities to minimize the total 

cost on the system by balancing the holding and 

ordering costs. The EOQ serves the purpose of 

optimality in costs, without any consideration on 

service level when demand rate and lead time for 

delivery of items are constant. However, system 

demands and delivery lead times of products vary 

around an expected value. Figure 3 represents the 

ordering and replenishment cycles of a single 

product under varying demand and delivery lead 

time. 

Figure.3 Inventory control model for a product with 

varying demand and lead-time at care unit 

 

As shown in Figure.3, the inventory of the product 

depletes with respect to varying rate of demand and 

lead time. When the level of inventory reaches the 

reorder level (𝑟), an order (𝑄) is placed to the 

distributor of the product upstream. The reorder level 

(𝑟) of the product is calculated based on the expected 

demand for the product over the time required to 

deliver the products after an order is placed. Order 

quantities (𝑄) are decided based on the demand, 

ordering costs and the holding costs of the product, 
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which minimizes the system costs. Deciding the re-

order level and the order quantities for a product 

with stochastic demand and variable delivery lead 

time is a complex task. The deviations in demand 

and delivery lead time must be taken into 

consideration before deciding the parameters. 

 

The inventory of a product in a care unit depletes 

continuously each day as shown in Figure.3. If the 

inventory level of the same product is monitored at 

the central storage, the inventory level will remain 

constant over a period of time. On filling the orders 

received, the inventory level is reduced by an 

amount equal to the quantity ordered by the units as 

shown in Figure.4. There are situations when 

multiple care units order the same product at the 

same time giving rise to a lumpy demand. The 

central storage might run out of product inventory 

when a lumpy demand occurs. 

 

 
Figure.4 Inventory model for a product with varying 

demand and lead time at central storage 

 

Under stable operating conditions, the inventory 

expenditure for the system would remain at a 

constant expected value; that is, an established 

method is used to design the inventory policies of 

products in the system and if the conditions do not 

change over time, the average system cost would 

remain the same with some variability as shown in 

Figure.5. However, as time evolves factors like 

variations in demand, variations in lead time, 

introduction of new products, inefficiency in the 

inventory policies and operational decisions will 

render the hospital supply chain system inefficient. 

The increases in costs are due to inefficiency where 

the operational decisions create an imbalance 

between ordering costs and carrying costs. 

 
---- Cost under constant conditions 

          Cost under dynamic condition resulting in 

inefficiencies 

Figure.5 A depiction of cost due to inefficiencies in 

the internal supply chain within a hospital  

 

Research has shown that maintaining up to date 

inventory parameters helps to improve performance 

of hospital supply chains (Landry & Philippe, 2004). 

Integration of different logistics activities that are 

internal to the hospital, introduces new avenues of 

efficiencies and impacts the quality of care offered. 

Hence, for maintaining an efficient system over time, 

monitoring and tracking different key performance 

measures for products individually and holistically 

becomes important. The metrics being monitored 

continuously may be used as a reference to make any 

decisions by identifying root cause for the change. 

Forecasting the metrics being monitored facilitates 

starting all the necessary activities that support the 

changes ahead of time. 

Hospital Inventory System 

Efficiently managed inventory in hospitals would 

balance the ordering costs and holding costs. The 

cost of ordering may include a fixed price for placing 

the order, wages of the clerical personnel at the 

hospital, transportation costs, labor costs for 

inspection, labor cost for moving the products to 
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central storage once they have been received at the 

hospital and other costs that vary between different 

distributors. The holding cost includes the 

opportunity cost (money tied up in inventory), the 

cost for storage space (rent, utilities), inventory risk 

cost (insurance, obsolescence, theft) and other 

miscellaneous costs that depend on the amount of 

inventory on hand. Service level in a hospital is the 

proportion of demand met on time. If there is a stock 

out, then usually a penalty cost is associated with the 

unmet demand. Penalty cost represents the cost of 

expedited freight. The stochastic demands and 

variable delivery lead times for diverse set of 

products in healthcare makes inventory management 

a complex task. 

 

A hospital inventory system operates under the 

dynamic and stochastic setting of demand and 

variable delivery lead times. Demand for products in 

the system depends on the number of patients, their 

medical condition over the length of stay and the 

duration they get the necessary treatment. The 

condition of each patient, patient mix in the system 

and their length of stay are highly unpredictable and 

change with the passage of time. In addition to the 

variability in demands, the delay in the delivery of 

products from distributor to central storage and from 

central storage to the care units increases the risk of 

product unavailability. This would require expedited 

delivery from the distributor, which incurs an 

additional cost. So generally, hospitals tend to carry 

higher inventory levels of products to succeed in 

dealing with the demand stochastic city and avoid 

higher system costs. Because of such inventory 

practices, there is a risk of products being wasted 

due to expiration and obsolescence. 

 

Hospital Supply Chain System  

The area of interest of the healthcare supply chain in 

this research is comprised of three echelons, namely: 

the distributors, the central storage, all the individual 

hospital care units, and the point-of-use (refer to 

Figure.2). The methodology is developed based on 

the design of the hospital supply chains. Flow of 

diverse set of products from distributor up to the 

patients, order quantities and reorder levels at 

distinct storage locations and all the operational 

aspects in the hospital are considered in the design.  

Supply chain operations in a hospital include 

inventory activities including placing orders for 

product, receiving the orders, replenishing the 

product stock and reconciling the inventory. The 

sequence of activities facilitates the coordination of 

multiple echelons as shown in Figure 6. 

 
Figure.6 Sequence of activities in supply chain 

operations of a hospital 

 

Besides the task of administering the needs of 

patients, nurses / workers in the hospital units also 

reconcile and order products from the central 

storage. Upon receipt of order from unit, if the 

central storage has enough inventory to satisfy the 

order quantity from unit, the order is fulfilled and a 

worker from the unit picks the product. After 

fulfilling the order, the central storage reviews the 

level of inventory. If the number of products in stock 

is less than the re-ordering level for the central 

storage, an order  is placed to the distributor. The 

worker in the unit refills the shelves in the unit once 

the product is received from the central storage. 

Problem Statement 

As discussed in the introduction, supply chain 

optimization has a significant effect on the 

performance and cost of operations in any industry. 

Supply chain optimization in hospital involves 

analyzing the current system conditions when 

establishing an optimized inventory policy. 
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Variations in demand, delivery lead times and 

storage space availability are some of the system 

conditions that are analyzed before establishing the 

inventory policies. However, the system conditions 

are bound to change with time. This research 

investigates the variations in the performance arising 

due to the system dynamics and their impact on 

supply chain optimization decisions. 

 

As time evolves, the policies planned for the supply 

chain system at one point in time do not stay 

optimal, resulting in inefficiencies. Thus, the system 

requires re-evaluation. Evaluating the system 

frequently results in high evaluation cost, while late 

evaluation will give rise to high inefficiency costs. 

Hence, identifying the point in time for optimization 

plays a pivotal role in keeping the costs down. 

Optimization of operations could include changes in 

the schedule of personnel, hiring people to 

accommodate any additional requirements. 

Optimization of inventory policies is a complex task. 

To optimize existing policies, variations in system 

parameters are analyzed, what-if scenarios are 

examined and a plan for implementing changes in 

the storage area are developed. At the same time, the 

policies need not necessarily be changed for the 

entire system, since the sub-optimality might be 

limited to a group of products, a single location, or a 

group of locations. Evaluating the supply chain 

policy for the entire system would incur a higher cost 

than the evaluation of a product, or unit, or group of 

units. Thus, evaluating at the right point, to the right 

extent on time would save time, money and effort. 

 

Findings  

The primary objectives of this research can be 

summarized as follows: 

 

1. Investigate techniques that have the capability to 

monitor and predict system metrics over time for 

effective and efficient system management; 

 

2. Design and develop monitoring system approach 

to identify and decide the extent of evaluation 

required in a hospital supply chain system to 

maintain system efficiency; 

 

3. Re-evaluate the inventory policies to the extent 

identified using established methods; and 

 

4. Conduct a simulation-based experimental 

performance evaluation of the system evaluation 

and prediction methods, to determine their 

capabilities and limitations. 

 

Benefits for Hospital Supply Chain Systems: 

 

1. Maintain desired service levels associated with 

the delivery of patient care; 

 

2. Maintain efficient levels of inventory; 

 

3. Efficiently adapt to changes in supply chain 

including changes to demand, product costs, 

inventory ordering and carrying costs and 

changes in lead-times; 

 

4. Utilize system tracking to identify assignable 

causes of changes in system performance and 

take corrective action as needed; and 

 

5. Reduce the overall cost of inventory and supply 

chain operations versus the traditional 

approaches. 

 

Conclusion 

Through this research, we aim to determine points in 

time at which it would be advantageous to evaluate 

the inventory policies and operational decisions of a 

hospital supply chain system and identify the extent 

to which the evaluation should be made, to facilitate 

effective and efficient supply chain system with 

respect to service level and system costs. The 

evaluation ensures that the supply chain system 

remains near optimal over time and adapts to the 

variations as time progresses. 

Future Work 

We propose a method consisting of two components:  

(1) System design and optimization; and  

(2) System monitoring, evaluation, and forecasting.  
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