JID: OME

[m5G;January 27, 2018;10:54]

Omega 000 (2018) 1-13

Contents lists available at ScienceDirect

Omega

journal homepage: www.elsevier.com/locate/omega ——

Review

Measuring the logistics performance of internal hospital supply
chains - a literature study™

Karen Moons®*, Geert Waeyenbergh?®, Liliane Pintelon®

KU Leuven, Centre of Industrial Management/Traffic & Infrastructure, Celestijnenlaan 300C, 3001 Heverlee, Belgium
b KU Leuven, Group T, Research Group Sustainable Engineering, Andreas Vesaliusstraat 13, 3000 Leuven, Belgium

ARTICLE INFO

ABSTRACT

Article history:

Received 10 March 2017
Accepted 19 January 2018
Available online xxx

Keywords:

Healthcare logistics
Performance measurement
Inventory management
Internal distribution
Multi-criteria decision-making

The patient care processes in hospitals are supported by a range of operational activities including inven-
tory management and distribution of supplies to point-of-care locations. Hospitals carry large amounts
and a great variety of items, and the issues of storing and distributing these items throughout the hos-
pital supply chain are of great importance to providing high-quality patient service. Healthcare logis-
tics encompasses the process of handling physical goods (e.g. pharmaceuticals, surgical medical products,
medical equipment, sterile items, linen, food, etc.) and the associated information flows, from the recep-
tion of the goods within a hospital to their delivery at patient care locations. The medical supply costs
constitute the second largest expenditure in hospitals, after personnel costs. A high-performing supply
chain may realize improved outcomes (e.g. safe and quality patient service) and greater efficiency. Logis-
tics managers need to identify opportunities to improve the logistics processes in order to lower costs
and to improve patient care quality. However, in order to improve the logistics processes, you must un-
derstand how the healthcare supply chain is currently performing. Measuring the performance of the
supply chain is fundamental to identify and address deficiencies in the logistics activities, and it serves
as a good input for managerial decision-making. The purpose of this article is to present existing research
on performance measurement at the internal hospital supply chain (e.g. inventory management, distribu-
tion activities), and more specifically in the operating theatre since it is among the most critical resources
for a hospital. At the operating theatre, the requested items should be available at the right time at the
right place, in the right condition, at the lowest cost possible. Furthermore, we will also discuss literature
on multi-criteria decision-making techniques. It enables researchers to build a performance measurement
framework and to prioritize between multiple performance indicators since a diverse group of stakehold-
ers with conflicting interests is involved in the internal operating room supply chain.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

the cost of logistics operations (e.g. handling, moving and process-
ing of materials) has increased, ranging between 20% up to 45% of

The internal supply chain in hospitals is characterized by its
complexity, uniqueness and operational challenges, such as ex-
tremely expensive products and medical devices used in operat-
ing rooms, difficult inventory tracking due to the urgency of treat-
ments, and unpredictable demand for medical supplies [60]. Many
different types of supplies are stored in multiple storage rooms
within the hospital and many processes (clinical, logistics, admin-
istrative, etc.) interact to contribute to the achievement of high-
quality patient care [82]. Therefore, it is beneficial to have effec-
tive logistics practices in a hospital for controlling and distribut-
ing the supplies to patient care units. In recent years, however,
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the total hospital operating budgets, partly due to the considerable
amount of wastes in healthcare supply chain processes [54,97]. The
operating theatre, in particular, turned into a major cost driver
for a hospital [63,71], with the medical supplies and equipment
used in the operating rooms taking up 40% to 60% of the hospi-
tal supply expenditures. However, effectively managing these sup-
plies have long been a challenge [15]. The healthcare sector ex-
hibits special features that directly affect the quality of patient
care. Non-availability of materials may postpone a surgical proce-
dure and possibly results in planning trouble and/or hazard of pa-
tient’s health, whereas hidden stocks or overstocking of supplies in
patient care locations increase costs and cause supply chain ineffi-
ciencies [26,30].

Healthcare Supply Chain Management (SCM) refers to “the in-
formation, supplies and finances involved with the acquisition and
movement of goods and services from the supplier to the end
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user in order to enhance clinical outcomes while controlling costs”
[27]. The companies that make up the supply chain need to inter-
act and cooperate in order to fulfill the purposes of the logistics
processes (i.e. supply, distribution and warehousing) [8]. Coordina-
tion and integration between the processes positively contributes
to the performance of the healthcare supply chain. The fields of
Industrial Engineering (IE), Operations Research (OR) or Operations
Management (OM) provide (analytical) methodologies to support
the supply chain or logistics operations of hospitals. Chase and
Jacobs [20] define OM in healthcare as “the design, management
and improvement of the systems that create and deliver health-
care services” . It is, however, a major challenge for operational
researchers to ensure high-quality patient care by considering lim-
ited resources (e.g. healthcare professionals, operating rooms, sup-
plies, etc.) and high process variability due to patient characteris-
tics and physician preferences, and to engage multiple stakeholders
with conflicting interests to cooperate. Stakeholders have different
goals for efficiency management because there is no consensus on
what constitutes efficiency and what actions to take to improve it
[62]. The ultimate goal is to achieve “a well-coordinated system
that delivers care with great efficiency and quality, at reasonable
cost, matching the resources for care to where (and when) they
are needed most” [40].

The scope of this article is limited to the internal hospital sup-
ply chain processes, and more specifically medical supply logis-
tics in the operating room environment, with a focus on inventory
control and distribution of medical supplies and equipment to en-
sure availability and cost containment. Rivard-Royer, Landry and
Beaulieu [75] stated the internal supply chain as “the sore spot
or weak link” in process integration and optimization. The inter-
nal supply chain processes are performed within the hospital and
include product and information flows from receiving, replenish-
ing, picking, etc. [80]. The functions of the internal supply chain in-
clude purchasing, inventory, distribution and consumption. In this
article, the focus will be on inventory and distribution manage-
ment in the operating theatre. Volland, Fiigener, Schoenfelder and
Brunner [95] review the relevant literature regarding the logistics
activities of handling physical goods (e.g. pharmaceuticals, medi-
cal consumables, food, sterile items, etc.) in hospitals and inves-
tigate quantitative methods applied to hospital materials manage-
ment (i.e. coordination of all activities related to material ordering,
holding and administrating). The authors distinguish between four
streams of literature across the hospital supply chain: supply and
procurement, inventory management, distribution and scheduling,
and holistic supply chain management to enable patient care. A
streamlined process might lead to reduced costs, increased ef-
ficiency, materials traceability, information sharing, and patient
safety, while simplifying the activities accomplishment by hospital
personnel [82]. The Association for Healthcare Resource and Mate-
rials Management (AHRMM) presents valuable knowledge for ma-
terials management in healthcare as it helps realizing an efficient
and effective functioning of the internal hospital supply chain.

1.1. Hospital supply chain strategy

The internal supply chain links the logistics processes and pa-
tient care services within the hospital. Today’s hospital supply
chains face several issues, including fragmented supplier base, sup-
ply chain inefficiencies, excessive administrative expenses, poor
management, inappropriate care, waste, etc. Hence, an effective
supply chain management can positively impact the hospital’s bot-
tom line [88]. With supply chain operations taking up to 40% of the
hospital’s budget, implementing a successful hospital supply chain
strategy is important. Hospitals that take a holistic view of their
supply chain and focus on strategic issues may realize significant
benefits, such as improved employee satisfaction, patient safety

and outcomes [45]. The key steps to strategic healthcare SCM in-
clude improved collaboration with vendors, align with physicians,
focus on integration, automate the supply chain, adopt more and
better standards and use process improvement methodologies (e.g.
Lean). Dittmann [29] presents guidelines for planning an effective
supply chain strategy by taking into account customer needs, in-
ternal assessment of supply chain capabilities (e.g. benchmarking),
industry trends, evolving technologies, risks and competition. Hos-
pitals can gain competitive advantage by effectively managing their
supply chain and hence, achieve supply chain excellence. Finally,
the right supply chain key performance indicators (KPIs) should be
defined to track performance and evaluate the implementation of
the supply chain strategy.

Unlike other industries, where SCM techniques are already suc-
cessfully applied, the healthcare sector is lagging behind in adopt-
ing the logistics concepts due to several factors, including regu-
latory issues, outdated information technology (IT) systems, poor
inventory and distribution management, lack of executive involve-
ment, no process improvement culture, etc. [14,65]. Researchers
should look beyond the healthcare sector when assessing the in-
ternal hospital supply chain capabilities [29]. They can learn a lot
by looking at best-in-class practices from manufacturing or retail
industry as a way to maintain a high level of efficiency (i.e. con-
trol costs) and effectiveness (i.e. high quality of patient care). For
example, the Wal-Mart retail chain adopts Collaborative Planning,
Forecasting and Replenishment (CPFR) and information is shared
through Enterprise Resource Planning (ERP). Such concepts are key
to get an integrated supply chain [19]. However, the unique char-
acteristics in the healthcare setting, a diverse group of stakehold-
ers, complex technologies and a dynamic internal and external
environment make it difficult to transfer logistics concepts from
the manufacturing or retail sector to the healthcare sector [27].
Toba et al. [88] discuss four areas as potential improvement op-
portunities in the hospital supply chain. A first opportunity for
supply chain savings is in the area of physician preference cards
and physician buy-in. The most cost-effective products are pur-
chased by team consensus between clinical experts and sourcing
staff. A successful partnership with a Group Purchasing Organiza-
tion (GPO) provides another cost saving opportunity because they
have a global network of suppliers and benefit from economies
of scale. Furthermore, hospitals should improve on supply data
management technology (e.g. Global Data Synchronization Network
(GDSN)) and the integration with their purchasing systems in or-
der to have faster and more valuable information in the supply
ordering process. Finally, significant cost savings can be achieved
by effectively managing inventory and distribution, which will be
elaborated in Section 2 and 3.

Coordination and integration between the processes positively
contributes to the performance of the healthcare supply chain [27].
In order to achieve internal coordination, the logistics processes
such as supply, warehousing and distribution must be aligned with
the organization’s business strategy as well as with the supply
chain strategy [21]. Healthcare supply chain management is con-
cerned with five domains in order to get integrated supply chain
processes [19]. First, demand can be managed by using forecast-
ing techniques and by standardizing supplies. Effective order man-
agement practices should be in place by consolidating purchases.
Third, supply chain actors should participate in GPO agreements to
reduce the number of suppliers. A fourth area is related to logis-
tics management by consolidating shipments. Finally, adopting au-
tomated point-of-use distribution, minimizing Stock-Keeping Units
(SKUs), maximizing inventory turnover rates, increasing non-stock
items, etc. all contribute to integrated management savings. Hence,
hospital supply chains can become operationally efficient by adopt-
ing technologies, standards and best practices, and methodologies
applied in other industries for managing supply chains. Balcazar-
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Camacho et al. [8] also suggest a set of guidelines for coordinat-
ing the supply chain planning in a healthcare setting as it posi-
tively impacts some performance indicators, such as delivery times,
production costs and customer service perception [93]. Supply
chain coordination can be achieved by purchasing policies, inven-
tory management, use of information technology (e.g. ERP systems,
Warehouse Management Systems (WMS)), high levels of standard-
ization, joint planning processes, synchronized forecasts, informa-
tion sharing and aligned interests and management styles between
all agents. The tactical and operational planning is facilitated by
using real-time information on inventory levels and resource avail-
ability. A coordinated supply chain planning reduces the overall
supply chain costs and results in an integrated hospital supply
chain management [73].

1.2. Methodology

The methodology used in this study was an extensive search
of the journal articles that describe the internal supply chain of
a hospital. Various English language sources are included in the
search at online databases, such as PubMed, ScienceDirect, Limo
and Google Scholar. The following keywords were used in this
search: “Hospital materials management”, “Hospital supply chain
management”, “Operations research/management healthcare”, “Op-
erating theatre logistics”, “Medical supplies operating theatre”,
“Hospital inventory management”, “Internal distribution hospital”,
“Integrated hospital supply chain”, “MCDM healthcare”, and “Per-
formance indicators hospital supply chain” . The abstract of the
articles were screened to determine (1) if it concerned internal
supply chain management, (2) whether the application or litera-
ture fits in the hospital environment, (3) and if it was related to
performance measurement of the logistics activities in a hospital.
In addition, some best-practice healthcare solutions, such as Cardi-
nal Health, were included. A total of 99 articles were assessed in
this review. The majority of the articles were published after 2000,
with 56 articles being published between 2010 and 2016. Tables 1
and 2 in Section 2.3 and 3.2 respectively, include the articles that
address performance measurement in inventory and distribution
management. The articles are ordered in descending order with re-
spect to the year of publication. The largest number of articles in
the operating theatre context was found in the domain of surgi-
cal planning and scheduling, and operating room utilization. Our
search excluded these papers and focused on inventory and distri-
bution management, and operational performance in the operating
room supply chain.

The objective of this article is to present existing research on
performance measurement in the internal hospital supply chain
(e.g. inventory management, distribution activities), and more
specifically in the operating room since it is critical to the patient
care process and it has become a major cost center of the hospital.
Logistics managers need to identify opportunities to improve the
logistics processes in order to lower costs and to improve patient
care quality. However, in order to improve the logistics processes,
you must understand how the internal supply chain is currently
performing in order to identify and address inefficiencies in the lo-
gistics activities. Performance indicators will help monitor manage-
ment policies such that logistics managers can take evidence-based
decisions that can optimize the inventory and distribution system.
Currently, there is a lack of clear and measurable cost and quality
metrics for measuring hospital logistics performance [66]. The lit-
erature review by Volland et al. [95] points to investigating perfor-
mance metrics in healthcare logistics as an interesting research op-
portunity. Kucukaltan, Irani and Aktas [52] recognize the need for
a performance measurement framework in the logistics industry.
Aronovich, Tien, Collins, Sommerlatte and Alain [4] present a guide
with KPIs for public health managers and they distinguish between

four types of indicators - quality, time, financial and productivity
- for each supply chain function (e.g. product procurement, inven-
tory management, distribution, etc.). Moreover, it is also important
to determine the relationships among performance indicators and
to identify trade-offs required to improve the overall supply chain
performance [4,52,85].

The remainder of this article will focus on performance indi-
cators that are used in internal hospital logistics and operating
room supply chain processes. Section 2 provides an overview of
inventory management models and indicators to measure its per-
formance. Distribution and scheduling activities are addressed in
section 3. Section 4 presents literature on Multi-Criteria Decision-
Making (MCDM) to account for the multitude of involved stake-
holders. Finally, we present a conclusion and opportunities for fur-
ther research in Section 5.

2. Inventory management

Inventory management constitutes the key lever to realize effi-
ciency improvements (e.g. reduce costs, waste and the risk of prod-
uct obsolescence) while satisfying healthcare service levels [95]. It
impacts your bottom line as it ensures cost containment, supply
chain efficiencies and customer satisfaction [16]. However, logistics
managers lack quantifiable data regarding supply consumption, in-
ventory levels, product duplication and procedure costs to notify
the key stakeholders of the financial, clinical and operational im-
pact of supply chain practices [15].

In a hospital, the consequence of a stock-out is far more severe
(e.g. endanger patient’s life) compared to other industries where a
stock-out typically results in lost revenue [88]. One of the biggest
challenges in healthcare supply chain management is balancing
costs with the right amount of inventory to sustain quality and
timely patient care [1]. The hospital decision makers must con-
sider many elements such as costs, service levels, storage space,
product availability, product expiration dates, etc. in order to con-
trol stocking levels at all times both in the central warehouse and
at point-of-care locations (e.g. operating rooms, wards, etc.). Cur-
rent practices in healthcare organizations rely on surplus plan-
ning of resources to deal with complex and last-minute changes
in the operating room planning and hence, produce stock wastages
due to poor planning, not understanding appropriate inventory lev-
els and not monitoring budgetary guidelines [1]. Forecasting tech-
niques, inventory management, simulation and optimization algo-
rithms provide solution approaches to control inventory in hospi-
tal warehouses. New technologies and automation (e.g. RFID, bar-
coding) can point to new supply chain capabilities and help health-
care providers overcome the biggest inventory and distribution
management barriers of product variability, charge capture inac-
curacies, complicated workflows, etc. [17]. Furthermore, there is
a growing need for technologies that provide end-to-end supply
chain visibility, resulting in lower inventory and cost, improved pa-
tient service, improved tracking, shorter delivery times, and lean
and proactive supply chain partners [29]. Camp et al. [15] provide
several strategies to improve the healthcare supply chain perfor-
mance, such as the degree of standardization, inventory control,
waste reduction, data analysis and improved physician preference
card management. However, there is a lack of cost and quality met-
rics to measure healthcare logistics performance. “You can’t man-
age what you don’t measure” [66].

2.1. Inventory management in hospitals

High capital is tied up in inventory due to the growing vol-
umes and variety of physical goods carried by hospitals, and thus
an increasing number of SKUs. In particular, in the operating room,
four types of materials are used [53]. The medical consumables
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Table 1
Overview of performance indicators for inventory management.

Quality Time Financial Productivity

Availability Inventory visibility Criticality of Patient safety ~ Replenishment  Clinical staff Inventory Value of Inventory Utilization Standardization
(service level, (on-hand, safety inventory (delays, time involvement cost stock, stock turnover rate
stock-out) stock) items errors) wastage

Fong et al. [36] X
Supeekit et al. [86] X
Carrus et al. [18]
Hoeur et al. [44]
Rosales et al. [78] X X
Supeekit et al. [85]
Abukhousa et al. [1]
Camp et al. [15]
Gebicki et al. [37]
Sarno [82]

Beaulieu et al. [10]
Landry et al. [55]
Bijvank et al. [12]
Kelle et al. [51]
Rossetti et al. [80]
Al-Qatawnez et al. [12]
Baboli et al. [7]

De Vries [26]
Aronovich et al. [4]
Lanckzweirt et al. [53]
Augusto et al. [5]

Di Martinelly [30]
Nachtmann et al. [66]
Park et al. [70]

Little et al. [61]
Lapierre et al. [56] X X X

Danas et al. [24] X X X X
Baboli et al. [6] X X

Epstein et al. [33] X

X X
X X X
X X X
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Table 2
Overview of performance indicators for distribution activities.
Quality Time Financial Productivity
Delivery  Centrali- Disruption of Preparation Responsiveness Workload Distribution  Case cart Delivery Standardi-
accuracy  zation distribution time (on-time distribution  cost capacity/ frequency zation
degree activities delivery) availability
Supeekit et al. [86] X X X
Carrus et al. [18] X X X X X X
Hoeur et al. [44] X X X
Pinna et al. [72] X X X X X
Robinson et al. [76] X X
Supeekit et al. [85] X X X X
lannone et al. [47] X
Sarno [82] X X X X
Landry et al. [55] X X
Rossetti et al. [80] X
Baboli et al. [7] X X
De Vries [26] X X
Aronovich et al. [4] X X X
Bett et al. [11] X X
Lanckzweirt et al. [53] X X X X
Augusto et al. [5] X X X X
Di Martinelly [30] X X X X X X X
Essoussi et al. [34] X
Lebeer et al. [57] X X X X
Miller [63] X X X
Park et al. [70] X
Little et al. [61] X X
Lapierre et al. [56] X X X X
Hassan et al. [42] X X
Baboli et al. [6] X X

or disposables (e.g. surgical drapes, gloves, suture, syringes, ban-
dage, etc.), often combined into custom procedure trays (CPTs),
are the most frequently used items taking up the majority of the
storage space. Second, procedure-specific surgical supplies are of-
ten stored at point-of-care locations (e.g. operating rooms). A third
type of materials are the sterile, reusable supplies which are orga-
nized into surgical instrument trays (e.g. suture tray, hernia tray).
A reverse logistics flow describes the sterilization process, which
can be outsourced or performed in-house depending on the inter-
action between transportation, storage and instrument unit costs
[90]. Finally, the high-cost, slow-moving materials are often held
in consignment with the vendor or supplier (i.e. the supplier is the
owner of the materials until the material is effectively consumed
in a care process). These four types of materials are duplicated
in many storage locations and high availability rates are achieved
through stocking according to a “nice-to-have” rather than “need-
to-have” principle [15]. It is important to identify and consolidate
the locations of the materials in the hospital storage space [16].
The inventory system is characterized by centralized and decen-
tralized storage areas, whereby the hospital central storage room
replenishes the lower-level (decentral) point-of-use locations (e.g.
operating rooms) [12,26]. A general rule of thumb states that max-
imum 20% of the supplies should be stored in the operating room,
with the remaining inventory in the central storage room [70].
The operational efficiency of hospital supply chain processes
can be improved by focusing on replenishment of inventories
based on product consumption and independent of the level of
product variability. However, controlling the materials flow is not
straightforward due to a lack of information (e.g. no registrations
of the consumed materials). Given the number of items and store-
rooms in each facility, it is desirable to adopt replenishment poli-
cies that are both simple and efficient [78]. In order to understand
how to use inventory models, many terms should be understood
such as Periodic Automatic Replenishment (PAR) level, inventory
turnover, Economic Order Quantity (EOQ), safety stock, etc. [3].
Traditional inventory replenishment models at medical units de-
termine when to order (i.e. reorder point) and how much to order

(i.e. reorder quantity). The reorder quantity is determined based
on the state of the inventory system (i.e. inventory on-hand plus
pending orders minus backorders), demand forecasts, internal re-
plenishment lead times, the review period and the safety stock,
which takes into account the drug demand uncertainty [82]. The
review period has to be set based on the demand variability and
the cost of ordering, holding and delivering the supplies. Improv-
ing demand forecasts is beneficial for the logistics operations, as
it lower costs for case preparation, improves fill rates and service
levels and reduces inventory [80].

Rossetti et al. [80] list a number of periodic and continuous in-
ventory policies, such as reorder point/reorder quantity policy or
two-bin Kanban system, reorder point/order-up-to policy, PAR level
system, etc. PAR-level balancing (i.e. matching stock levels to actual
demand) is commonly used to control inventory [16,87]. However,
PAR levels tend to reflect experience-based inventory levels rather
than data-driven actual inventory levels, which leads to overstock-
ing of some products while others are short in supply [74]. Further-
more, a continuous inventory system may be superior to a periodic
inventory management system as it allows to continually update
the inventory on-hand according to utilization data and to cap-
ture details that can improve patient billing [46,50,70]. Using data
standards (e.g. GS1 product identification standards) in barcodes
allows for automatically updated inventory replenishment systems
upon scanning, increased inventory accuracy and increased visibil-
ity throughout the supply chain, with major cost and inventory
savings [28]. A hybrid inventory policy combines periodic and con-
tinuous replenishments and it will result in a reduction in cost,
inventory and number of replenishments at point-of-use locations
[78]. Another way to control inventory in the operating room is
to apply lean management tools and conduct a waste analysis
[70]. Lean principles can streamline processes, reduce costs, reduce
waste, improve quality and increase satisfaction among patients,
healthcare providers and staff [96].

Information technology and technological innovations enable
decision-making throughout the supply chain, improve productiv-
ity, lower costs and improve patient safety [80]. The Materials
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Management Information System (MMIS) typically supports inven-
tory management (e.g. inventory on hand, order quantity, stor-
age locations, etc.). Automatic identification and data capture tech-
nologies, such as barcoding and RFID, help systems identify prod-
ucts, and capture and store information. The use of barcodes is
widespread among hospitals, but it has limitations since it re-
quires personnel time for scanning with manual cycle counts to
match supply usage and inventory levels, and hence human ac-
curacy. RFID tags and readers can replace barcoding technologies
in order to improve productivity and efficiency, but the current
level of existing technology in healthcare limits the benefits com-
pared with the high cost of adopting and implementing RFID sys-
tems [22]. Data standards (e.g. GS1) ensure interoperability of sys-
tems across the supply chain and it increases internal supply chain
visibility, which streamlines inventory management processes. The
medical supply chain has been slow in adopting these technolo-
gies [80]. Hospitals should evaluate the medical effectiveness of
the new technologies as well as the cost before adoption. In ad-
dition, the logistical performance (e.g. fill rate, supply chain cost)
should be evaluated for various levels of cost in order to take ad-
vantage of technological advances.

2.2. Inventory classification

The function of holding surgical-medical supplies in inventory
is supporting the patient care processes. Different inventory con-
trol and distribution policies may be required depending on the
type of physical goods stored. For frequently used, general sup-
plies a two-bin Kanban system can be implemented, whereas other
types of supplies may require individual tracking with RFID tech-
nology either for cost purposes or due to clinical requirements
[10]. Rosales et al. [78] propose a periodic two-bin inventory sys-
tem and optimize the review cycle length to control point-of-care
locations which contain low-cost, non-critical supplies, whereas a
change to a continuous review two-bin policy with the use of RFID
is recommended for storage rooms with critical supplies. Adopting
RFID technology in a hospital is good solution to reduce supply
costs by tracking supplies as well as monitoring distribution man-
agement and patient billing. The benefits of applying RFID to med-
ical supplies tracking are apparent, including improved efficiency,
productivity, and cost performance, increased inventory visibility
throughout the supply chain, reduced stock-outs, increased patient
safety through error reductions, etc. [22,83]. A hospital, however,
should make a trade-off between the cost of implementing RFID
infrastructure and the potential benefits. Other barriers to adopt
this technology include unclear return on investment, technologi-
cal limitations, lack of standards, privacy concerns and competition
with other strategic imperatives. Furthermore, RFID systems may
be too complex in some healthcare settings because tracking each
SKU could be a challenge [88,98].

Several classification methods exist to control the multitude
of supplies, since these differ strongly in terms of stock-out ef-
fects, item value and demand patterns [64]|. The ABC analysis is
a traditional approach to classify items in a hospital inventory
based on Pareto’s principle of “vital few and trivial many” (i.e.
select items with largest impact), typically based on cost criteria
[39]. However, this method classifies items in terms of one single
criterion and does not consider other attributes of each item, such
as size, consumption, obsolescence characteristics, order frequency,
functionality, etc. As a result, inventory management policies are
adjusted by only taking into account this single criterion [24].
Typically, in hospitals the majority of the items are in the B and
C categories for unit cost and demand, so the hospital inventory
system is challenged with carrying a wide variety of item types.
This SKU proliferation problem is mainly caused by physician
preference items [80]. Another important distinction should be

made between critical and non-critical items in the healthcare
sector. The non-availability of critical items could have dramatic
consequences for a patient’s life. Because the ABC method mainly
focuses on costs, some low-cost critical items may not receive
sufficient management attention. This limitation is overruled by
the VED analysis which classifies items into three categories -
Vital, Essential, and Desirable - based on their criticality for the
operation. Vital items are those items that drastically affect the
operational processes, essential items carry high stock-out costs or
consequences for the process, and items categorized as desirable
cause only a minor disruption to the process [39]. Molenaers et al.
[64] develop a classification scheme based on item criticality to
rationalize the efficiency of the inventory policy of spare parts for
maintenance purposes. They combine a decision diagram and An-
alytical Hierarchy Planning (AHP) to determine the criticality level
of a spare part based on relevant criticality criteria (e.g. equip-
ment criticality, logistics characteristics and probability of failure).
The criticality level can be used as a justified basis for holding
these items in stock and to determine service level requirements.
Nicholson, Vakharia and Erenguc [69] suggest to use the criticality
of items as a starting point to determine the desired service levels
for each item. Danas et al. [24] adopt the multi-attribute spare tree
analysis (MASTA) approach for spare parts inventory for produc-
tion machines from Braglia, Grassi and Montanari [13] and apply
it to a hospital pharmacy environment. They identify four major
categories — patient treatment criticality, supply characteristics,
inventory problems and usage rate - and their corresponding char-
acteristics (e.g. danger of loss of life, lead time, price, frequency of
use, etc.). The drugs are classified into four classes, ranging from
very important drugs to not important drugs, which then deter-
mine the inventory strategy for each drug in order to optimize
hospital pharmacy inventory. Al-Qatawneh and Hafeez [2] develop
a multi-criteria classification system depending on the criticality,
cost and usage value of items to assign different service level per-
centages to items and hence to optimize the overall inventory cost
and to ensure the availability of items that are critical for patient
care. For instance, high-cost orthopedic materials are characterized
by high demand uncertainty and high service requirements, which
will drive a large amount of safety stock for that item [30].

2.3. Performance measurement for inventory systems

Within healthcare organizations, the main goal of inventory
management is to reduce the costs associated with supplies
without sacrificing the quality of patient care [80]. The financial
performance indicators (e.g. inventory holding cost, value of stock,
average response cost, etc.) identify the supply chain cost drivers
and help move toward a more efficiently managed supply chain
[4]. The inventory costs are estimated to be between 10% and 18%
of net revenues [48]. Epstein and Dexter [33] categorize the inven-
tory costs into five types of costs: ordering, shipping, purchasing,
storage and opportunity costs. In addition, one should also con-
sider the cost of not having the items in stock when needed (i.e.
stock-out cost). Stock-out costs are difficult to measure given its
high variability. Therefore prevention of stock-out is handled via
a service level constraint that is dependent on the item criticality,
which is a measure of the consequences of a stock-out [37,38].
The reordering and storage costs as well as the risks of stock-outs
should be taken into account when determining the inventory
turnover rate. In case of a stock-out, more time is spent by the
logistics team who need to make extra visits to care units, and by
the clinical personnel who waste their time making extra calls to
the supply department or chasing the products at other care units
[56].

Moving toward product standardization (e.g. reduce the num-
ber of different items that have to be stored, reducing volatility
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of demand) in clinical practices is one way to cut costs and to
reveal opportunities for time savings because standardized instru-
ment trays use the storage space more efficiently and reduce mate-
rial movements to the point-of-care locations [36,41]. In the oper-
ating theatre, however, surgeons have specific preferences for sup-
plies and there exists considerable variability in supplies and pro-
cesses to ensure quality of care [83]. Hence, it is not straightfor-
ward to align the material preferences of surgeons, who want to
use the best materials in order to offer qualitative patient care,
with the logistics management team, whose objective is to reduce
the operational costs and inefficiencies. The physician preference
cards typically contain 20% to 40% more items than what is actu-
ally consumed, which increases costs in terms of waste, returned
supplies and unnecessary labor . The efficiency of the logistics flow
can be increased by updating the physician preference cards to
actual utilization patterns by using automated inventory systems
[10]. Important cost savings could be realized by tagging and track-
ing medical supplies. Leveraging technology (e.g. barcode scanning,
RFID) to automate material management systems enables logistics
managers to monitor performance of operating rooms as it creates
databases with real-time information on consumption of materials,
case costing, etc. rather than having to rely on static inventory data
[53]. These data can support decision-making in supply chain pro-
cesses and may convince a surgeon to engage in effectively man-
aging their supplies [67]. “If you don’t have data, it’s hard to get
physicians on board and aware of the expenses associated with
stocking many similar products” [17]. Potential (financial) benefits
of an efficient supply management include [70]: (a) timely provid-
ing medical supplies reduces delays in the operating room, (b) re-
duced labor cost in picking and restocking unused supplies, (c) au-
tomated information sharing between operating room scheduling,
central sterilization, billing, accounting, materials management and
purchasing departments, and (d) reduced inventory on-hand.

The majority of literature is devoted to inventory management
systems that reduce inventory levels in order to achieve the main
objective of cost reduction. Sole cost cutting objectives, however,
do not suffice since patient’s satisfaction is influenced by the per-
ceived quality of care and prices. Hospital managers need to bal-
ance inventory levels by trading-off between quality metrics (e.g.
service level, timely treatment, meeting professional standards,
etc.) and costs [26]. Nachtmann and Pohl [66], Aronovich et al.
[4] and Hoeur and Kritchanchai [44] develop a set of performance
measures to monitor the quality of its inventory activities, includ-
ing inventory visibility, inventory availability, stock-out rates, in-
ventory accuracy rate, stock wastage due to expiration or dam-
age, etc. Supply availability is a crucial factor in a healthcare lo-
gistics system’s ability to support patient care processes [94]. An
interesting indicator to measure the performance of an operating
room is the percentage of unplanned operating room closures due
to non-availability of supplies [35]. Understanding the relationship
between logistics processes and clinical care processes is important
to manage the utilization of supplies and services. For hospital lo-
gistics managers, knowing what is used in a surgical case and how
often is more effective than knowing the supply cost per case [66].

Supeekit et al. [85] and Supeekit, Somboonwiwat and Kritchan-
chai [86] explore four supply chain performance criteria of cost,
time, reliability and productivity to evaluate internal hospital sup-
ply chain performance. Typical performance criteria to evaluate in-
ventory management include value of buffer stock, inventory days
of supply, stock-out at point of use, preparation time, picking ac-
curacy, etc. Bijvank and Vis [12] list the characteristics of relevant
literature on inventory management for point-of-use locations in
hospitals, such as demand process, lead time, number of items,
capacity restriction, etc. They redirect the focus of controlling in-
ventory from a cost objective function [25,56,69] to a service level
objective [12,61]. The service level is defined as the fraction of de-

mand that can be satisfied directly from inventory on-hand (i.e.
item fill rate) [12]. They introduce a capacity model and a ser-
vice model in order to determine the reorder level that maximizes
the fill rate and minimizes the required capacity, respectively. Lit-
tle and Coughlan [61] propose an optimal inventory policy that
maximizes the average and minimum service level by taking into
account restrictions on space, delivery and criticality of items, in
order to achieve a solution that has many products of high im-
portance at high service level. Gebicki et al. [37] propose medica-
tion inventory policies that combine three drug characteristics -
drug availability (i.e. probability that a drug is available from the
supplier when ordered), criticality (i.e. based on the criticality of
the treatment for which the drugs is used) and expiration dates —
that influence the performance of the system with respect to to-
tal cost and total number of stock-outs with the aim to minimize
the trade-off between costs and patient safety. Kelle, Woosley and
Schneider [51] propose reorder point policies and discuss the key
performance indicators for inventory management in the pharma-
ceutical supply chain, including the expected number of daily re-
fills, the service level and storage space utilization. In the operating
room environment, Beaulieu et al. [10] describes four objectives to
effectively manage supplies: supply availability for scheduled sur-
gical procedures, up-to-date inventory management information,
minimal clinical personnel involvement and automating inventory
management. An optimized inventory management system will re-
sult in an improved workflow of all employees, improved control of
both inventory and waste, significant cost savings, increased trace-
ability, data collection and accurate case costing. Table 1 presents
an overview of the four types of performance indicators - quality,
time, financial and productivity - for inventory management activ-
ities which are retrieved from literature.

3. Distribution and scheduling

Medical supply logistics activities ensure the proper function-
ing of the healthcare system, and the performance of the health-
care delivery system strongly influences the hospital’s service qual-
ity. A mismatch between demand (e.g. the need for care) and sup-
ply (e.g. human resources, materials, equipment, etc.) often results
in hospital waiting times, due to the lack of planning, coordina-
tion and communication in delivering healthcare services. Coordi-
nation of the healthcare resources, effective delivery strategies and
measurement of the delivery services are crucial for creating high-
value outcomes [77]. Therefore, the hospital supply chain manage-
ment is faced with developing distribution strategies (e.g. direct
shipment, cross-docking, etc.) to deal with movements of goods
in the supply chain, while minimizing storage and transportation
costs. Carrus, Marras and Pinna [18] define the quality of the logis-
tics processes as the internal customer satisfaction, since the qual-
ity of the healthcare provider’s internal processes determines how
well the processes meet the needs of the patients, in terms of re-
sponse time, workload distribution, delivery accuracy, etc. The hos-
pital material managers are responsible for having medicines and
other medical supplies available at the health facility, while being
aware of the distribution costs (including the handling and trans-
portation costs, e.g. in terms of frequency of delivery) [61]. The
supply availability depends on the performance of the healthcare
supply chain. Measuring this performance will provide information
on deficiencies in internal distribution operations [4].

3.1. Internal distribution and scheduling activities

The healthcare supply chain is very fragmented with many dif-
ferent parties at various supply chain stages. Three key players are
identified and they typically operate in silos, independently from
one another, resulting in badly coordinated supply chain processes.
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Fig. 1. External and internal hospital supply chain.

Among the supply chain actors, there are producers (e.g. medical
device manufacturers, pharmaceutical companies, etc.), purchasers
(GPOs, medical-surgical distributors, etc.), and healthcare providers
(e.g. hospitals) [14]. Hospital SCM is often faced with selecting
warehouse locations and capacities in order to maximize produc-
tion, transportation and inventory costs. These issues are typically
related to the manufacturers or suppliers in the healthcare sup-
ply chain. The healthcare provider will be setting up supply con-
tracts or relationships with a distributor or directly with the sup-
plier [19]. To limit the scope, this article will focus on the health-
care providers.

The healthcare providers divide the supply chain in external, in-
ternal and bedside administration processes [80]. Figure 1 shows
an overview of the external and internal supply chain with the as-
sociated actors [14]. The external supply chain processes include
transactions with distributors, GPOs and manufacturers upstream
in the supply chain in order to save money on procurement (e.g.
reducing lead times, considering logistics when designing packag-
ing, leveraging economies of scale, etc.) [28]. This study focuses on
the internal supply chain processes including product and infor-
mation flows from receiving, replenishing, picking, etc. within the
hospital. The objective is to optimize the service delivery in terms
of costs, quality, time and flexibility to increase patient’s and per-
sonnel’s satisfaction and the economical return [30]. The automa-
tion of the internal processes and the integration with the hos-
pital materials management information system allows for signifi-
cant improvements (e.g. cost savings, eliminate labor-intensive in-
ventory counts, etc.) [80]. One of the most important issues is to
look at the supply chain from an integrated perspective [31,58,80].
In order to achieve a high-performing supply chain, various depart-
ments in the internal supply chain (e.g. central sterilization, phar-
macy, operating room, material management, etc.) must be effi-
cient and integrated which requires a thorough operational plan-
ning and coordination. Integration results in streamlined, cost-
effective processes characterized by optimal usage of space, re-
duced cost, standardization, and fewer cancellations or delayed in-

terventions [53]. Uthayakumar and Priyan [89] optimizes inventory
by modeling the integrated supply chain planning, while consider-
ing the patient service level. The third type of supply chain pro-
cesses are related to the delivery of care to the patient (i.e. bedside
administration). Applying barcode scanning or RFID technologies to
identify the pharmaceuticals or medical supplies allows materials
managers to speed the distribution, to efficiently control recalled
products, notifications to patient billing, clinical record systems,
and to improve the traceability of supplies.

Traditionally, suppliers ship their products to distributors, from
where the products continue to the hospital’s warehouse. This
traditional distribution model holds a large amount of stock and
keeps the number of deliveries relatively low, resulting in low
transportation and ordering costs, but high holding costs and in-
creased material handling. A newer model, used by the Mercy
Health System replaces the distributor by setting up a centralized
warehouse system for direct shipments from suppliers. The central
service center is responsible for shipping to the hospitals. In this
model, the holding costs and material handling costs are greatly
reduced, efficiency increases and fill rates improve [80]. Integra-
tion of the healthcare supply chain can be achieved by centraliza-
tion of medical supplies or by outsourcing to a third party logistics
provider [34]. Operating rooms use different methods for the inter-
nal distribution of medical supplies and equipment. Typically, SCM
distinguishes between a centralized and a non-centralized struc-
ture depending on the degree of control every agent in the sup-
ply chain has [8]. Recently, some hospitals adopt RFID technolo-
gies in their inventory and internal distribution system providing
them with real-time information on inventory levels. RFID stimu-
lates automatic inventory rotation and decreases the inventory on-
hand. However, a balance should be made between inventory costs,
ordering costs, and the costs of implementing the new technol-
ogy. Surgical procedures require a great variety of medical supplies
which are stored in multiple storage areas. Landry and Beaulieu
[55] classify the methods of distributing the materials to the point-
of-care locations by considering two aspects: the reorder quantities
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are set by the centralized materials management department or by
the decentralized nursing units, and the supplies are managed ac-
cording to a continuous or periodic inventory management system.
By creating a centralized material management system, hospitals
can improve efficiency and reduce costs associated with inventory,
storage space, time and labor [63]. Essoussi and Ladet [34] pool
their resources (e.g. medical supplies) in cooperative healthcare
networks and choose the best configuration for the logistic coop-
erative scheme which minimizes the total costs while improving
the responsiveness of the healthcare network. Baboli, Fondrevelle,
Tavakkoli-Moghaddam and Mehrabi [7] find that it is more cost-
effective to use a centralized model, rather than a decentralized
model, to determine the EOQ and the review period for products
replenishment, when jointly optimizing the inventory and trans-
portation costs. lannone, Lambiase, Miranda, Riemma and Sarno
[47] also propose a centralization of the hospitals’ inventory de-
cisions based on real-time patient information sharing among sup-
ply chain actors and they find cost and time savings in compari-
son with the decentralized system. As an alternative, the replen-
ishment activities can be outsourced resulting in direct deliveries
to point-of-use locations by suppliers (e.g. stockless or just-in-time
inventory systems) [12]. Rivard-Royer et al. [75] adopt a hybrid ver-
sion of the stockless system in order to reduce hospital inventory
and hospital resources devoted to inventory management and sup-
ply distribution.

The supply department also has to make scheduling decisions
related to inventory (e.g. how often and when should each medi-
cal care unit be visited). Lapierre and Ruiz [56] develop a schedul-
ing approach, rather than an inventory-oriented approach, for im-
proving hospital logistics by coordinating the distribution activi-
ties while respecting inventory capacities. By adding a secondary
objective of workload balancing to the supply model, they can
produce schedules to decide at what time each care unit will be
visited and which products will be delivered, as well as decide
for employee management (e.g. work shift, task assignment). The
schedules are evaluated on three criteria: the carrying costs, the
uniformness of the workload distribution, and the required amount
of worktime. The hospital logistics team controls the materials flow
(e.g. linen, pharmaceuticals, surgical supplies, medical instruments,
etc.) and performs activities associated with storage, transporta-
tion and disposal of supplies. The delivery frequency is important
to hospital material managers as it influences the effort needed
for material management activities. They should simplify or stan-
dardize the flows of materials, control the inventory and ensure
safety and availability of medical supplies [53,80]. At point-of-care
locations, automated dispensing machines (ADM), based on a hy-
brid inventory system, can be implemented to store and deliver
pharmaceuticals. This system reduces the time spent by nurses
to manage supplies, reduces dispensing errors (e.g. wrong dose,
wrong product, non-dispensing), simplifies the dispensing process,
increases material traceability, increases personnel satisfaction, etc.
([30]; Rosales et al., 2015 [78]).

Healthcare delivery processes often include unnecessary steps
that do not contribute to serve the patient needs and may cause
additional costs and risks of mistakes [68]. Taiichi Ohno identi-
fied seven types of non-value added activities or wastes which
are to be eliminated to help achieve savings in costs and improve
the workflow. One concept of lean management that supports the
goals of high-quality patient care, easy and timely access, lowest
cost, etc. involves level loading the work by redistributing work-
load or by optimizing the work itself. Standardized delivery pro-
cesses will make the system more reliable and offer great oppor-
tunities to reduce waste. In addition, a continuous flow by using a
reliable demand-pull system rather than a supply-push system, op-
timizes the logistics flow as it provides supplies based on customer
demand [76].

Sarno [82] proposes a new holistic approach to the hospital ma-
terial management by integrating the logistical and the clinical per-
spectives. By means of the material requirements planning (MRP)
method, medical information is retrieved to pull medical unit re-
plenishments and pharmacy orders with suppliers. This will re-
sult in a more frequent delivery schedule, exploiting the advan-
tages of a central stock while assuring a high service level to pa-
tients. A streamlined hospital material management process (e.g.
patient management, medical unit inventory management, central-
ized management) might lead to reduced costs (ordering, purchas-
ing, warehousing, handling, transportation, distribution, stock-out
costs), reduced stock points at patient care locations, improved ef-
ficiency, materials traceability, information sharing, and increased
patient safety, while simplifying the activities accomplishment by
hospital personnel. Pinna, Carrus and Marras [72] propose to stan-
dardize the logistics procedures related to supply, storage and dis-
tribution of medical supplies by improving the effectiveness, effi-
ciency and safety through centralization of the common logistics
activities. This centralized supply system will lower costs and in-
ventory due to more frequent deliveries, reduce staff in terms of
amount of work of both hospital pharmacies and patient care staff,
and provide a higher service level.

3.2. Performance measurement of distribution system

By streamlining the supply chain, the costs of internal distribu-
tion can be reduced. Effective inventory control lowers the cost of
internal distribution by improving inventory turnovers and hence,
it reduces time and labor associated with inventory management
(e.g. ordering, handling stock-outs, etc.) [16]. Little and Coughlan
[61] propose to expand their inventory model to incorporate deliv-
ery resources and routing information to combine logistics and in-
ventory decisions. Furthermore, the hospital delivery systems play
a key role in the outcomes of patient care services [82]. Variables
such as transportation costs, resources, the capacity restriction in
warehouses determining the maximum quantity of supplies stored,
and the lay-out of the hospital which influences the transportation
time to reach the point-of-care locations, are taken into account
when searching for optimized transportation or routing solutions.
Typically, distribution problems aim at determining the routing,
the number and type of carriers, and the working schedules of the
transporters [30].

The performance of the internal hospital distribution activities
can be evaluated on several factors, such as on-time delivery of
supplies, response time to urgent requests, errors, waste, satisfac-
tion of patient and personnel, streamlined organization, etc. [63].
The Supply Chain Operation Reference (SCOR) model addresses,
improves and communicates SCM activities within and between all
involved stakeholders [59]. It can be used to define the current lo-
gistics processes, get benchmarks or best-practices and define per-
formance measures. Di Martinelly [30] apply the Porter-SCOR mod-
eling approach to the hospital supply chain and define reliability,
responsiveness, flexibility, costs and assets as five types of perfor-
mance indicators. Rossetti and Selandari [79] use the AHP model to
formulate the hospital delivery system and select three groups of
performance indicators - technical, economic and qualitative - re-
lated to the distribution process to decide on the replacement of a
human-based delivery system by mobile robots to distribute phar-
maceuticals. Table 2 shows an overview of indicators identified in
literature to measure the performance of distribution activities.

Recently, the pharmaceutical industry is turning their focus to
supply chain optimization in order to deliver added value, rather
than only focusing on drugs development [84]. The hospital phar-
macy activities are highly intertwined with the primary patient
care activity and it is important to have a perfect coordination
between these two flows [30]. Pharmaceutical SCM is faced with
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uncertain demand patterns and short life cycles of drugs. The or-
ganization of the internal transportation for pharmaceuticals in a
hospital is complex, as different types of pharmaceuticals need to
be delivered from different storage areas to various point-of-use
locations, and different actors (e.g. warehouse employees, nurses,
etc.) are involved [57]. The internal transportation system can be
quantified by incorporating the hospital lay-out and correspond-
ing distances, flow dimensions such as time and quantity, and re-
sources (e.g. case carts and personnel along with their associated
costs). Typical problems in the transportation system involve in-
flexibility, communication and time management issues and distri-
bution inefficiencies, such as inefficient routing, long walking dis-
tances, excess transportation movements, elevator problems, etc.
The performance of the distribution activities can be evaluated
based on several criteria, such as cost, ergonomics for personnel,
lead time, reliability of timely and correct deliveries, traceability of
supplies, walking distances, etc. Hassan, Baboli, Guinet, Leboucher
and Brandon [42] aim at high accessibility to the stored products,
improvement of working conditions, reduction in preparation time
and errors, etc. when reorganizing the pharmaceutical supply chain
downstream. They evaluate the performance of the internal flow
of pharmaceuticals products to care units by measuring the de-
livery performance, order fulfillment, lead time, supply chain re-
sponse time, inventory days of supply, storage costs, distance cov-
ered, etc. [6]. An optimized pharmaceutical supply chain will re-
sult in decreased stock-out rates, reduced picking time, reduced
storage costs and traceability of pharmaceuticals. Sarno [82] con-
siders the logistics costs related to pharmacy management poli-
cies in terms of personnel and physical resources (transportation
resources, inventory costs). The number and type of logistics re-
sources depend on the frequency and quantity of transports from
the pharmacy to point-of-use locations, characteristics of mate-
rial handling equipment, etc. Personnel shift scheduling also in-
fluences internal transport frequency. Augusto and Xie [5] develop
a supply and transportation planning in order to balance work-
loads for both pharmacy assistants and transporters, while respect-
ing the availability constraint of having a mobile medicine closet
at each medical unit. The supply planning determines the refilling
of medicine closets at the central pharmacy based on the number
of assistants available and the average time needed for inventory
checking and refill, whereas the transportation planning is simi-
lar to a classical vehicle routing problem in which the number of
pick-up routes for transporters are minimized. Banerjea-Brodeur,
Cordeau, Laporte and Lasry [9] model the linen distribution as a
periodic vehicle routing problem to determine the routing and fre-
quency of linen delivery to care units by respecting the constraints
of carts sizes and linen availability. Augusto and Xie [5] recom-
mend reorganizing the medication classification (e.g. alphabetically
in shelves, by medical family, etc.) in order to reduce the moves by
the assistants during the supply process, and to decrease inventory
checking times by adopting an automated inventory management
system.

Lanckzweirt and Gemmel [53] present some methods to man-
age the materials flow in the operating theatre. As discussed above,
inventory control can reduce inventory costs as well as handling
costs. Second, standardization reduces the movements of materials
to the point-of-care locations, decreases picking time and improves
picking accuracy. Furthermore, CPTs combine procedure-specific,
disposable medical supplies into a single sterile package, which
leads to reduced inventory costs, fewer number of suppliers, im-
proved efficiency of the materials flow and time savings. Finally,
case cart systems are an efficient and organized method of supply
distribution for the operating theatre. The physical constraints of
the health facility determine the routing of the carts, as well as the
type, size and number of carts in order to meet demand at peak
capacity [63]. Benefits of such a case cart system include time sav-

ings, reduced travel distances, improved material flow, more stan-
dardized practices, better tracking of materials, reduced costs, im-
proved care for patients, etc. [11].

4. Multi-criteria decision-making

Transferring knowledge or logistics concepts used in manufac-
turing or retail industry to a healthcare setting is complex be-
cause of the availability constraint of medical supplies, the dif-
ferent stakeholders involved with conflicting objectives, the frag-
mented logistics responsibility among several departments with
coordination and integration problems, etc. [18,26]. Van Houden-
hoven, Wullink, Hans and Kazemier [92] suggest a planning and
control framework for a hospital setting which provides a com-
mon language for all stakeholders. They highlight the interaction
between the different management areas (e.g. medical, resource
capacity, material and financial planning) and the hierarchical lev-
els of control (strategic, tactical, operational offline and opera-
tional online control). Since the hospital can be modeled as a
complex system, policies and decisions at each level are needed
to ensure supply availability while at the same time costs can
be reduced. The four main stakeholders in the healthcare envi-
ronment include medical staff, materials management staff, de-
partment managers and patients [61]. The existence of conflict-
ing interests and power relationships among the stakeholders re-
sult in a multi-dimensional character of the inventory and in-
ternal distribution system in healthcare operations. Although the
medical-oriented objectives (e.g. having medicines stored locally at
care units, fast and reliable delivery, no stock-outs, etc.) seem to
dominate the logistical objectives (e.g. minimize inventory costs,
optimize trade-off between delivery and efficiency, avoid obso-
lete items, etc.), the interrelationship between patient care pro-
cesses and the process of storing and distributing medical supplies
from hospital storerooms to point-of-care locations significantly in-
fluences the outcomes of the inventory and internal distribution
systems [26].

It is a difficult task to determine the contribution of supply
chain activities to the cost and performance of the healthcare
delivery system [66]. The different expectations and perceptions
of the stakeholders complicate the performance definition in the
healthcare sector. The performance indicators reflect the conflict-
ing hospital objectives depending on the different stakeholders’
perspectives [30]. This paper addresses the research question of
identifying a list of performance indicators, used in literature, that
can optimize the internal flow of logistics processes in the oper-
ating theatre. Sections 2.3 and 3.2 comprise the elements catego-
rized under four objectives of quality, time, financial and produc-
tivity. In order to achieve consensus on which indicators are most
important for measuring performance, input from all stakeholders
is required to evaluate medical supplies for safety, function, clini-
cal value to patients, cost-effectiveness, ease-of-use, necessity, etc.
[43]. Di Martinelly [30] builds a knowledge model based on the
ASDI - Analyze, Specification, Design, Implementation — methodol-
ogy to assess the hospital supply chain, enriched with value and
performance modeling to account for the different stakeholders’
perspectives. The author proposes to reengineer the hospital sup-
ply chain by using an adapted value modeling and performance
definition based on Porter’s value chain model and the balanced
scorecard (BSC) framework. The BSC model is a performance eval-
uation approach for decision problems which involve multiple cri-
teria. It incorporates both financial and non-financial indicators
from different perspectives (e.g. internal learning and growth, busi-
ness processes, customer satisfaction, etc.) and allows for causal
relationships between the indicators to evaluate and improve the
supply chain performance [23,52]. Multi-criteria decision-making
(MCDM) can be applied as a quantitative approach to assess a
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number of alternatives on multiple criteria in order to find the
best choice. Relative weights are assigned to the criteria in order
to represent their importance as a quantitative measure and to
prioritize the indicators by using the Analytical Hierarchy Process
(AHP) or the extended Analytical Network Process (ANP) method
[49,81,91]. AHP/ANP is a popular method for solving MCDM prob-
lems in various industries, such as maintenance. Transferring this
concept to the healthcare sector may help measuring the perfor-
mance of the internal supply chain processes in a hospital. Rossetti
and Selandari [79] perform a multi-objective analysis to improve
the performance of hospital delivery systems. They use the AHP
model to evaluate the replacement of a human-based delivery sys-
tem by automation alternatives by selecting a set of performance
measures, including the economic, technical and qualitative indi-
cators. Hoeur and Kritchanchai [44] develop a framework to quan-
titatively measure healthcare logistics activities’ effectiveness and
efficiency, and they use the ANP model to determine interrelation-
ships between and to prioritize the performance indicators. They
identify inventory management and information and technology
management to be the most critical components in healthcare lo-
gistics. However, they did not take into account the internal distri-
bution processes within the hospital. Supeekit et al. [86] employ a
combination of DEMATEL (i.e. Decision Making Trial and Evaluation
Laboratory) and ANP to observe interrelationships between perfor-
mance groups (i.e. patient safety, clinical care process efficiency
and supporting process efficiency) by describing the causal rela-
tionships among the criteria and to determine relative weights of
performance aspects. This way, the most important aspects of hos-
pital supply chain performance can be derived in order to enhance
performance improvement. Kucukaltan et al. [52] propose a deci-
sion support model for the identification and prioritization of key
performance indicators in the logistics industry by considering var-
ious stakeholders. They use a combination of stakeholder-informed
BSC and ANP method to identify, categorize into four perspectives
(financial, internal process, stakeholders, learning and growth), and
prioritize the performance indicators.

In the healthcare context, MCDM is a useful approach because
it takes multiple, often conflicting, quantitative and qualitative cri-
teria into account in order to make justifiable decisions [57]. How-
ever, a biased attitude of the decision maker results in subjectiv-
ity when identifying the alternatives, criteria and their weights.
Group decision-making methods like consensus may be used to
avoid this. Moreover, the ANP method allows for an inconsistency
ratio of less than 10% in the pairwise comparisons [44].

5. Conclusion

The literature study above is situated in the domain of supply
chain management in healthcare, and more specifically at the in-
ternal hospital supply chain in the operating room environment.
The internal supply chain is unique and differs from other indus-
tries. Interaction between clinical, material and information flows
is essential for improving operational performance of the logistics
processes and to obtain an integrated supply chain. Although pa-
tient care is the primary concern in hospitals, logistics-related ac-
tivities are critical in ensuring safety, availability and affordability
of supplies. The right supplies should be delivered in the right con-
dition to the right patients at the right time. The operational func-
tioning of the internal supply chain and the integration and coordi-
nation of the processes are vital to support patient care processes.
Hospital materials management impacts clinical, financial and op-
erational outcomes. With the supply costs accounting for as much
as 40% of the average hospital operating budget, a well-defined
supply chain strategy is needed to align the internal logistics pro-
cesses and to efficiently control supply costs. In recent years, the
costs associated with logistics activities, such as handling, storing

and moving materials have increased and hidden stocks are held
by clinical staff to avoid stock-outs [26]. Hospitals are forced to
become operationally efficient in their operations. “Operational ex-
cellence is achieved through the use of best inventory manage-
ment and distribution systems, combined with continuous supply
chain process improvements and better integration with the pa-
tient care process” [55]. Integration and streamlining the supply
chain is required to increase efficiency while guaranteeing high
quality patient care. However, a lack of visibility of end-to-end per-
formances of logistics processes, low product traceability, internal
distribution problems, low ability to manage product utilization
and a lack of data standardization make it challenging for logistics
managers to achieve supply chain excellence [66]. Furthermore, a
lack of coordination between several unit departments and little
expertise in the operations research field complicate the efficient
operation of healthcare logistics processes [62]. Coordination and
integration between processes will positively contribute to the per-
formance of the supply chain. Information technology and techno-
logical advances are essential tools to achieve an integrated supply
chain [32].

This overview focuses on the elements that are determining
an efficient and effective logistics flow within a hospital. It ad-
dresses the performance indicators (e.g. costs, time, inventory
parameters, service level, criticality of items, etc.) identified from
literature that impact the internal logistics flow in a hospital.
Performance measurement is important to address inefficiencies
in the logistics activities and it serves as a good input for decision
makers in the healthcare supply chain. In hospitals, however,
many parameters for inventory management are not up-to-date,
which causes decreased performance of the internal supply chain.
Several performance indicators are of interest to the different
stakeholders when optimizing the inventory management and
distribution activities. Therefore, MCDM techniques are useful to
evaluate and combine these indicators while taking into account
the stakeholders’ preferences.

From the literature, it can be summarized there are several ob-
jectives and criteria for inventory and distribution management in
hospitals. However, a methodological approach is missing for se-
lecting relevant KPIs to measure the performance of the internal
supply chain. Further research in this field will focus on the de-
velopment of a general framework to measure the performance
of the internal logistics flow in hospitals, and more specifically
in the operating theatre, in terms of time and cost savings, etc.
while guaranteeing a high service level to patients. In develop-
ing the framework, the AHP or ANP methodology can be used
to simplify the complex multi-criteria decision problem by deter-
mining the relationship and prioritizing between the logistics per-
formance indicators [44,91]. However, different performance in-
dicators will be important depending on the hospitals’ or stake-
holders’ preferences. The framework serves as a guideline when
selecting relevant performance indicators aligned with the logis-
tics and medical-oriented objectives. A case study in the operating
room will be executed in order to illustrate and validate the per-
formance measurement framework for inventory and distribution
activities.
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