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Introduction

New medical advances broaden the spectre of possible treatments and the patients have higher expectations to the quality of treatment than ever [START_REF] Bacik | Pathfinder-Development of Automated Guided Vehicle for Hospital Logistics[END_REF][START_REF] Oecd | Health at a Glance[END_REF]. The trend of increasing demand in hospitals is accompanied by increasing shortages of doctors, nurses and supporting staff [START_REF] Bendavid | RFID-Enabled Traceability System for Consignment and High Value Products: A Case Study in the[END_REF]. In addition, healthcare expenditures represent an increasing share of the economy in most OECD countries [START_REF] Oecd | Health at a Glance[END_REF]. The cost of supplies and services are starting to outpace hospital budgets. In order to match financial sustainability with the delivery of high-quality healthcare hospitals need to seek efficient ways of managing inventories with a large variety of medical supplies [START_REF] Rosales | The 2Bin system for controlling medical supplies at point-of-use[END_REF][START_REF] Papanicolas | Health System Performance Comparison : An Agenda for Policy, Information and Research[END_REF].

Several challenges are present in the processes of inventory control in hospitals. Hospitals experience unpredictable demand and large varieties in the supply consumption due to varying patient mix. Fluctuating demand is especially present in the emergency department in which patients have not scheduled treatments. Hospitals need to keep an extensive number of stock keeping units (SKUs) to be prepared to treat a variety of illnesses. The variety is even further increased by individual physicians' preferences regarding specific brands of equipment or consumables they prefer using.

Traditionally, there are at least two levels of inventory in the hospital supply chain, a central warehouse and point-of-use (POU) inventories. The POU inventories are generally characterized by lack of space to store the different medical supplies needed at the point-of-care. The space restrictions combined with fluctuating demand and a large amount of different SKUs lead to the need for efficient control of available inventories. Though slightly neglected in the past, inventory management in hospitals has in recent years been recognized as one key lever towards realizing efficiency improvements with regards to cost and waste, while at the same time satisfying service levels [START_REF] Volland | Material logistics in hospitals: A literature review[END_REF]. To find a balance in the trade-off between cost and the service levels that ensures on time and high-quality patient treatment is a challenge. It is especially crucial in the hospital setting, where the consequence of a stock-out can be much more severe than lost revenue [START_REF] Moons | Measuring the logistics performance of internal hospital supply chains -A literature study[END_REF]. The process of ensuring that the required supplies are available at the right time is a particularly important supporting role of hospital logistics.

The study concerns the short-term planning and control area, which focus on coping with the actual demand and making the necessary changes in order to match efficiently to plans [START_REF] Slack | Operations management[END_REF]. The objective of this study is to investigate the challenges of inventory control in hospitals and discuss how technology can support high availability of medical supplies. The inventory control processes in hospitals will also be visualised, showing the interdependencies between the internal and external hospital supply chain.

The rest of this study is organized according to the following structure. Section 2 embodies the literature on inventory control in general, specific inventory control policies and their application in an overall inventory control system. Section 3 describes the inventory control processes of an emergency department at a large hospital in Norway, which serves as input to the following section. Section 4 discusses the different review policies in hospitals and enablers with the use of technology for inventory control. The study is concluded with a summary of major insights and an outline of future research.

Theoretical background

Inventory control is based on answering the questions of what to order, how much to order and when to order [START_REF] Waters | Inventory control and management[END_REF]. It entails both controlling the inventory in form of on-hand physical inventory, as well as record counts and monetary worth [START_REF] Muller | Essentials of Inventory Management[END_REF]. The demand is hard to predict and there is lack of information on the consumption of supplies from the POU inventories [START_REF] Moons | Measuring the logistics performance of internal hospital supply chains -A literature study[END_REF]. Non-availability of supplies may result in postponement of surgeries, and can in the worst case be critical to a patient's life. On the other side, overstocking or hidden stocks lead to supply chain inefficiencies and higher inventory costs [START_REF] De Vries | The shaping of inventory systems in health services: A stakeholder analysis[END_REF]. Demand for items of POU inventories can be characterized as independent. Demand of a product is independent when it is influenced by conditions outside the control of the organization, rather than being dependent on another product [START_REF] Muller | Essentials of Inventory Management[END_REF]. With independent demand, efforts must be made to match the inventory with demand based on historical demand, forecasts and "best guesses", while still be prepared to respond quickly when mismatches occur [START_REF] Slack | Operations management[END_REF]. According to Muller [START_REF] Muller | Essentials of Inventory Management[END_REF], independent demand calls for a replenishment approach to inventory management, where stock is replenished as it is used, in order to have items on hand to fulfill demand.

The decisions on how much to order and when to order are closely linked. How much to order depends on the frequency and time in which orders are placed, in the same way as when to order depends on the volumes ordered. In order to control inventories, a policy that is simple and efficient to use is of importance. The policy needs to be combined with identification technologies to decrease the response time. The choice of suitable inventory (replenishment) policy, is a widely discussed topic within the area of hospital inventory management [START_REF] Volland | Material logistics in hospitals: A literature review[END_REF]. Traditionally, the choice of inventory policy concerns deciding the suitable inventory review cycle and reorder quantity [START_REF] Volland | Material logistics in hospitals: A literature review[END_REF].

The review cycle can be either periodic or continuous. Slack [8 p.707] defines the periodic review as "an approach to making inventory decisions that define points in time for examining inventory levels and making decisions accordingly". Points in time can be e.g. on a daily or weekly basis. Continuous review is defined as "an approach to managing inventory that makes inventory-related decisions when inventory reaches a particular level" [8 p.702]. The review policy requires continuous tracking of inventory levels. The review cycle must be determined based on variability in demand and costs of ordering, holding and delivering supplies [START_REF] Rossetti | Medical Supply Logistics[END_REF].

The periodic review seems to be most commonly used in hospitals today, although some argue that continuous review is superior to periodic review [START_REF] Moons | Measuring the logistics performance of internal hospital supply chains -A literature study[END_REF]. This is due to the ability of continuous review to provide real-time updates on inventory levels by the use of data capturing technologies. Çakıcı et al. [START_REF] Çakıcı | Using RFID for the management of pharmaceutical inventorysystem optimization and shrinkage control[END_REF] argue that in cases where real-time information is made available without large additional cost, the continuous review is superior to periodic review. E.g., the use of RFID allows for a continuous review policy instead of the typically utilized periodic review [START_REF] Paltriccia | Supplying networks in the healthcare sector: A new outsourcing model for materials management[END_REF].

The number of shipments is expected to be higher with a continuous review policy than with a periodic review policy. This results in the continuous review being most convenient when the cost per shipment is low. However, with a period review policy it is easier to incorporate different orders in the same shipment, which will save transportation costs. The traditional periodic review policies applied in hospitals are being replaced with continuous or hybrid review policies (periodic-continuous) enabled by modern point-of-use technology, such as automated dispensing cabinet and two-bin systems in combination with RFID [START_REF] Rosales | Technology Enabled New Inventory Control Policies in Hospitals[END_REF].

Inventory control systems, also called replenishment systems or distribution systems, describe how inventory control policies are applied in practice. It defines how inventories are intentionally organized and combined with enabling identification technologies in order to enable different inventory control policies. Several methods have been applied and discussed in the literature on how to control and distribute supplies from the central warehouse to POU in hospitals [START_REF] Landry | The Challenges of Hospital Supply Chain Management, from Central Stores to Nursing Units[END_REF].

The variation of methods and inventory policies have an impact on the degree of staff involvement. The replenishment responsibility either is centralized to the logistics department or decentralized to the staff at the POU locations. The range of methods applied at POU inventories varies from manual systems like the requisition based system or exchange carts, which are rarely used today, to commonly used systems such as Periodic Automatic Replacement (PAR) or two-bin systems enabled by barcode or RFID technology.
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Case study

Methodology

case study was carried out with a large Norwegian hospital that treats 60'000 inpatients (patients who stay overnight in the hospital during treatment) and 370'000 outpatients (patients who visit the hospital for treatment without staying overnight) yearly. The hospital has 800 beds, 8000 employees and an annual budget of 8.2 billion NOKs [START_REF] Nedland | Avanserte logistikkløsninger på St[END_REF]. The purpose of the case study was to get a holistic view of the logistic processes at a hospital in practise, and more specifically the process of inventory control at the POU inventories in the emergency department subject to fluctuating demand. The advantage of a single case study is to analyse the phenomena in greater depth [START_REF] Voss | Case research in operations management[END_REF].

Empirical data was collected through semi-structured interviews, observations, and information retrieved from field documents. Multiple semi-structured interviews were conducted both on-site and through meetings. The purpose was to interview key personnel able to provide solid descriptions of the processes inside and outside the hospital. Interviews were conducted with both a warehouse manager, purchaser, logistics manager at the hospital and a porter from the emergency & cardiothoracic centre.

A semi-structured interview is a flexible interview technique consisting of a set of predefined questions while allowing for open-ended exploration and deflection from the predefined questions [START_REF] Wilson | Chapter 2 -Semi-Structured Interviews[END_REF]. In preparation of the interviews, a brief interview guide was prepared, consisting of the purpose of the study and topics to be covered in the interview, as well as suggested questions. During the interviews, most of the topics were covered and additional information was collected. Based on notes made during interviews, reports were formulated as documentation.

Materials ordering flow

The case hospital utilizes periodic review and order-up to level as the inventory control policy. The current inventory level is decided by roughly estimating the inventory levels of the different products. However, the input provided to the handheld computer is not a count of the current levels of inventory, but rather a direct input on the quantity wished to be replenished. The disturbances that can occur during the periodic measure and order of inventory level is a combination of human and technological errors. It is up to human accuracy to scan the right barcodes, give the correct input on order quantity and make sure that every room, cabinet, and shelves are checked each round. If the order is not sent according to the schedule provided, it is also a human error. Additionally, the handheld computers are quite old, and the software operates slowly, which sometimes leads to technical errors such as hang-ups or that the computer fails to scan the barcode. The deadline for sending the order is 8:30 AM. Once the orders are sent, there is a leadtime of 2 hours (8:30-10.30AM) on replenishment between the central warehouse and goods reception in the hospital. As all supplies are delivered to the good reception at once, queues in AGV transportation often occurs. Therefore, the supplies are normally not available at the POU before around 12.00 PM. An additional disturbance to the system regarding the replenishment of supplies is observed. Several times a week the hospital get wrong or products delivered. This could be due to technological or human errors in the ordering process at the POU, or by wrongful picking of orders at the central warehouse.

The overall processes of inventory control from the central warehouse to POU in the case hospital are visualised in Fig. 1. The external supply processes are visualised in the top timeline, while the internal inventory control processes are visualised in the bottom timeline. T1, T2, and T3 represent the scheduled transportation of goods deliveries by trucks from the central warehouse to the hospital. 

Discussion

Due to the demand patterns found in the emergency department (especially on a busy night) stock-outs can easily occur in between the periodic reviews of inventory. With the characteristics of demand at emergency departments, literature states that the continuous review policy is a more suitable method. New technologies enabling real-time inventory records, visibility of material flows, as well as automated order generation are already available. RFID is an enabler of continuous review that has been given attention within the field of hospital inventory management. However, hospitals have not adopted the technology as fast as in other industries. Different inventory control policies and technologies are combined with replenishment systems that control the POU inventories. The descriptive control model in Fig. 1 serves to describe the POU inventory system and support to discuss how different technological solutions support the availability of medical supplies. The storage area is very limited in the emergency department at the case hospital, meaning that not all supplies can be stored in the common two-bin systems. With a limited storage capacity, the availability of items becomes more dependent on the responsiveness of the overall supply chain. The study by Little and Coughlan [START_REF] Little | Optimal inventory policy within hospital space constraints[END_REF] shows that optimizing inventory within space constrictions requires more frequent deliveries of supplies to keep high service levels. This implies using continuous review solutions and quick replenishment systems, by either employing extra labour or implementing technological solutions. The inventory control system can support in identifying and mapping the current state of the replenishment and inventory control process. Modelling the process provides a visualization of the different flows, input and output controlling the inventory level. This can support to decide for a suitable technological solution within the internal hospital supply chain.

One of the strengths of the inventory control system at the case hospital is the central warehouse's quick response to signal and demand, and the use of order-up-to levels to decide order quantities. This solution is appropriate and efficient for limited storage space, while still providing high service levels [START_REF] Bijvank | Inventory control for point-of-use locations in hospitals[END_REF]. The responsibility and time consuming task of monitoring inventory and supplies have been outsourced from the nurses to a small group of porters. However, stock-outs and unavailability of medical supplies are unavoidable and occur weekly in the emergency department. Stock-outs can occur especially quickly in situations where several patients are treated at the emergency department due to e.g. a car crash.

With the implementation of technologies for the inventory control processes, it can support the external supply processes by providing better visibility of the inventory. With this information, the supply chain can adjust its efforts towards being more responsive to changing demand. The use of real-time information of inventory levels can be an enabler for increased responsiveness in the overall supply chain, which can result in the possibility of having better availability of a broader range of SKUs, while keeping smaller quantities of the SKUs at POU inventories in the hospital. In an emergency department, this can prove to be especially valuable due to its characteristics of fluctuating and emergent demand.

Conclusion and further research

Most hospitals have limited storage space at the POU and an increasing variety of SKUs. This provides challenges when it comes to the availability of medical supplies. Every hospital has its own individual supply chain capabilities and configurations, and space restrictions when it comes to the storage area. The infrastructure can be new or old, and the degree of technology advancement varies. This has led to a range of different ways to control POU inventories. In the case hospital, the handheld computers used for ordering are old and can cause several types of errors.

The literature has highlighted the use of periodic review in combination with either fixed quantity or order-up-to level as the traditional inventory control policy applied at POU inventories in hospitals. However, this may not be a robust enough control policy if the goal is to assure availability. The policy gives poor stock visibility in between the periodic review and lack of real-time inventory data. The case hospital experience often that the wrong quantity or product is delivered from the central warehouse. By improving stock visibility and using real-time inventory data when ordering it can be assumed that such errors can be reduced or even eliminated.

Different inventory control policies are being applied in combination with various supporting technologies, to form the replenishment systems of the POU-inventories. The inventory control process has been mapped and visualised. In order to improve the visibility of the inventory levels new replenishment systems have been introduced. One can conclude with the fact that ensuring availability of medical supplies needs a joint effort from both the supply chain and the inventory control processes. Identification technology such as RFID has shown great potential to enable continuous real-time tracking of inventory levels and automatic order generation. Several barriers are present for the successful implementation of these solutions in the hospitals. Continuous improvements in both areas, in combination with the possibilities implied by emerging technologies, can change the design of the inventory control process towards a state were better availability of medical applies could be ensured.

Future research should focus on how different technological solution and hospital supply chain configuration have an impact on the response time and inventory efficiency.

Fig. 1 .

 1 Fig. 1. The inventory control process in the case hospital
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