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Abstract

Today, the healthcare system faces numerous challenges due to lack of visibility of
resources and low utilisation, excessive rental as well as purchase of medical equipment.
The article attempts to identify the possibilities of implementing a system of identification
and location of assets in healthcare system institutions. This research presents market
analysis in the context of available technological solutions. The implementation of the
real-time location system (RTLS) would enable not only tracking of equipment and
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inventory in medical facilities, but also increase visibility of inventory and manage the
entire supply chain. The presentation of the proposed solution made it possible to assess
costs, potential savings, and the implementation process. This article is a starting point
for a discussion on the cost-effectiveness of using the RTLS in the healthcare system.

Keywords: healthcare system, Real-Time Location Systems (RTLS), asset tracking, Bluetooth Low
Energy (BLE), change management
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Introduction

Countless studies assume continuous instability in the healthcare environment,
which is uncertain like never before in history, forced to confront increasing user
demands and limited market resources (Hannagan, 2002; Acemoglu, 2009). Today’s
market is characterised by a high dynamics of change due to growing globalisation,
increased competitive pressure, technological development and demands on the
quality and effectiveness of services provided (Pan et al., 2008; Li et al., 2018).
The dynamically changing market environment and technological development
create new business opportunities, which are more and more often recognised
in the healthcare sector. The need to understand the ongoing digital transition sets
numerous challenges for both today’s and tomorrow’s management of healthcare
institutions (Park & Koh, 2017; Schuelke-Leech, 2018).

One of the challenges of modern institutions of the healthcare system is to
maintain a growing quantity of resources and to estimate their availability. The
increase in the amount of digital information and the need to continuously monitor
processes and track assets results in an increasingly dynamic market for asset
management and monitoring technologies (Technavio, 2017). Facility location systems
for tracking and identifying the whereabouts of facilities are innovative solutions
to support organisations and institutions where numerous assets and a significant
number of employees pose a challenge to day-to-day operations. The precise, real-
time location allows increasing efficiency and improving the functioning of the
entire facility. These solutions help organisations achieve their goals by reducing
inventory costs, managing inventory more efficiently and making more optimal
use of existing equipment (Reyes et al., 2016). There are many systems that allow
tracking company’s resources, although each of them has different functionalities
and uses diverse communication standards. Nevertheless, there is no overview
of the available solutions and their value in the context of the healthcare system
facilities, and no indication of the most optimal solution in a given sector, which
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justifies the topic. The purpose of this study is to identify existing solutions on the
market that ensure comprehensive control of resources and to present their value
in the context of the healthcare system. Another aim of the article is an attempt
to indicate the possibility of implementing a system of identification and location
of assets in medical institutions.

Today’s facilities are often overcrowded with underused medical devices. Hospitals
tend to acquire surplus medical equipment so that it is available to all employees
at all times (Kamel Boulos & Berry, 2012). It is worth noting that unused resources
also generate costs, inter alia, related to depreciation, leasing or maintenance of
equipment. Despite the apparent oversupply of medical equipment in medical
facilities, it is not available at the right time, which creates a kind of dissonance.
Studies conducted by GE indicate that on average nurses spend 21 minutes per shift
looking for equipment they want to use at any given time to provide an appropriate
service to their patients. At a time when limited staff resources in medical institutions
are one of the greatest challenges in this sector, the described time losses have a huge
impact on the quality of services provided (Horblyuk et al., 2012; Augur, 2017). Even
the most innovative facilities face problems related to organisation and monitoring
of resources. The study also suggests actions that healthcare system managers should
undertake to reduce costs. The facilities have an opportunity to save hundreds of
thousands of zlotys and redirect this money towards more basic hospital activities
such as filling vacancies, improving infrastructure or expanding services. While
the main objective of the healthcare system is to provide care to patients, it is also
important to manage resources economically and minimise the costs of providing
this care (Horblyuk et al., 2012).

Object identification and location systems

Object location systems to track and identify the location of items are innovative
solutions to support factories, hospitals, administrative units and all other organisations
where numerous assets and a significant number of employees pose a challenge
to daily operations. Precise location allows increasing efficiency and automation of
complex business processes. Choosing the right solution depends on the industry
and the specific case of use (Dzeng et al., 2014; Huang et al., 2019).

The development of various technologies, initially allowing for object identification
up to solutions offering precise locations in real time, is illustrated in Figure 1.
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Figure 1. Development of object identification and location systems

Barcode 'Passive 1’ _J Active RFID/ Precise
& RFID N Wi-Fi RTLS
Identification] ~ AutoID | Presence m

Source: own study based on Domalewski (2010).

Barcode systems

In the case of barcoding, object identification is only possible through direct
contact and requires a line of sight to establish communication between the tag and
the reader. It is a relatively old technology with numerous limitations. Unlike more
advanced technologies, barcode scanning requires individual scanning, i.e. operator
intervention is necessary. In addition, despite the lowest manufacturing costs, tags
are not resistant to damage and have limited storage capacity. The drawbacks related
to the use of this solution contributed to the need to develop systems for identifying
and locating objects based on wireless technologies (McCathie, 2004).

RFID systems

Radio-frequency identification (RFID) systems use radio waves to transmit data
wirelessly. On the market there are battery-free location tags, the so-called passive
tags, which establish communication only in the presence of the reader, and tags
equipped with batteries, the so-called active tags (Ni et al., 2004; Grier et al., 2007).
The lack of power supply in passive RFID tags makes them cheap to produce and
eliminates any concerns about battery life or charging. Active tags give their own
signal to transmit the information stored in the tag. The internal power supply
enables a longer communication range, and the readers do not need to transmit
an electromagnetic field to power the markers (Davis, 2004; Roper et al., 2015).
RFID technology has the advantages of durability, low cost and high data capacity.
Systems using both active and passive RFID tags allow an object to be identified by
information about the presence or absence of its tag. The system, therefore, only
tracks the movements of objects or people. However, it does not allow one to locate
the object in real time, which is the main limitation of this technology (Lee, 2014).
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Real-Time Location Systems

The systems enabling to determine the exact geographical location of an object
in real time are the so-called Real Time Location Systems (RTLS). These are precise
location systems that not only identify and track many different types of items,
but also provide this information in real time through continuous communication.

RTLS are often confused with other asset tracking systems whose performance is
relatively limited. The difference between the two is the continuous communication
between the traced objects and the system. In traditional asset tracking systems,
a tag interacts with the system only when it is read in a predetermined position.
This means that object is located based on its last read position, not where it is
currently located. Such a system may, for example, determine that an object islocated
in particular premises if the tag was identified when entering the room. However, it
will not be able to locate precisely the place where a given object is located. Unlike
traditional asset tracking systems, RTLS solutions provide accurate asset localisation
through continuous and automatic communication between the tag and the reader
(Clarinox, 2009).

All identified objects have a tag attached that can be located by RTLS (Wasp
Barcode, 2019). By positioning the readers in fixed locations in a given environment,
the location of tags is determined by analysing various aspects of communication
between the readers and the tags. The most common techniques used in these
calculations are: received signal strength indication (RSSI) or estimating the distance
and angle between the tag and the reader. Complex algorithms allow the position
of each marker to be determined continuously, i.e. in real time. Each RTLS tag has
aunique serial number and is associated with a single object in the system database
(Gaffney, 2008; Liard, 2012).

The information stored in the tags along with the current positioning of the
object is then transferred to a related system for data visualisation and analysis.
These interfaces most often provide real-time planning, execution and reporting
functions, as well as a live view of the object, usually via Graphical User Interface. It
is also possible to integrate data with Enterprise Resource Planning systems, while
providing updates to key business processes such as delivery planning, warehouse
management or order picking and execution.
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EDUCATION OF ECONOMISTS AND MANAGERS ® Volume 58, Issue 4, October—December 2020
Damian Banat ® Conditions of Cost-Effectiveness for the Use of Real-Time Location Systems (RTLS)... ® 21-34

Choice of technology

The location and communication technologies used to operate RTLS are diverse.
Their selection depends largely on the user’s environment, system requirements,
end use, compliance regulations and infrastructure. The choice of technology also
significantly affects the accuracy of location information.

When implementing Wi-Fi based RTLS, it should be considered first and foremost
that the tags are larger than other systems, consume significant amounts of power
and are expensive. In addition, the performance of such a solution decreases in multi-
storey buildings or densely divided indoor environment, as signal reflections and
network conditions can negatively affect transmitter readings (Masiukiewicz, 2014).

Infrared systems have the advantages of low energy consumption, low cost
and compact size. Nevertheless, infrared radiation is sensitive to sunlight, so it is
not suitable for rooms open to daylight. The reflection of light from floors and indoor
monitors can also seem problematic. Once installed, the transmitters need to be
continuously configured and adjusted to optimise performance and ensure certain
accuracy, mainly due to the challenges of the light properties. Moreover, due to the
required extensive infrastructure, infrared RTLS solutions are rarely used to upgrade
existing buildings (Gaffney, 2008; Kamel Boulos & Berry, 2012).

The system using ultra-wideband waves is the most accurate RTLS solution.
Nevertheless, it requires a huge number of expensive readers. In fact, each tag needs
3-5readers to get an exact location. This is the type of technology most commonly
used in warehouses to track each stock within a few centimetres. Nevertheless,
medical facilities do not need such a precise location of resources, which makes the
expense unjustified (Jimenez Ruiz & Seco Granja, 2017).

The system using Bluetooth technology, based on the energy-saving communication
standard BLE (Bluetooth Low Energy), is becoming increasingly important on the
market. The advantages of this solution include relatively low costs, easy installation
and precise location with an accuracy of 1 meter. The following benefit is that the
solution can be supported by multiple operating systems and devices, including
popular smartphones. The only problem with using systems based on the Bluetooth
communication standard is maintenance. The battery located in the tag allows the
system to function for 1 to 3 years. There are also industrial tags on the market,
equipped with batteries, which ensure an extended period of operation up to 10
years (Bisio et al., 2016; Danis & Cemgil, 2017).

Finally, solutions based on the Bluetooth communication standard are selected
for further analysis. The systems operate in real time and allow one not only to
identify an object but also to locate it precisely.
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Conditions for profitability

The profitability analysis of investment in the implementation of the system
includes the evaluation of costs, benefits, potential savings and ways to effectively
implement the solution.

Costs

The system using Bluetooth technology has been selected from among the RTLS
solutions available on the market as the most accurate in the context of healthcare
facilities. The costs of the system are estimated for the needs of a hospital, where
the purpose of the implemented system is to provide location of facilities on 2 floors
of the hospital, including 40 independent rooms and 200 mobile devices. For the
system to function properly, it is necessary to locate a signal receiver in each room
and attach a marker that emits a Bluetooth signal to each localised object.

In the case of systems using older technologies, investment estimates could be
based both on data from reports describing specific implementations and information
presented by solution providers. For example, the investment cost of implementing
a system based on RFID communication for a medium-sized hospital may range
from PLN 760,000 to PLN 2,200,000, and in the case of smaller implementations, the
system costs start from PLN 76,000 (Davis, 2004; Roper et al., 2015). Solutions based
on Bluetooth technology are relatively new and a limited number of implementations
on the market is an obstacle to making an accurate analysis of investment costs.
The financial outlays that should be incurred in order to cover the investment costs
were estimated on the basis of data presented by the solution providers. These are
listed in Table 1.

Table 1. Estimated costs of the Bluetooth-enabled system - own study based

on confidential data from one of the solution providers

Calculation item Amount Unit cost [PLN] Total cost [PLN]
Bluetooth marker 200 80 16,000
Bluetooth receivers 40 800 32,000
Monthly maintenance cost of equipment 1 5 1,200
Annual maintenance cost of equipment 12 60 14,400
TOTAL - - 62,400

Source: own study.
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A fully functional system based on Bluetooth technology requires the purchase of
tags (the so-called Beacons) and readers that act as network gateways. As previously
described, smartphones and other Bluetooth-enabled devices can also be used as
part of the system infrastructure. The cost of maintenance includes equipment
maintenance, including periodic battery replacement. The cost of middleware was
deliberately omitted, as free tools and applications are available on the market
(Pazowski, 2014; Wielki, 2016; Guth et al., 2018).

Estimated costs of the system ensuring location of facilities on 2 hospital floors,
comprising 40 rooms and 200 mobile devices, estimate to PLN 62,400.

Benefits of the system implementation

First of all, it should be noted that hospitals tend to buy surplus medical devices
because they have problems locating devices when they are needed. One of the
sources says that the facilities purchase 10% to 20% of additional equipment (Kamel
Boulos & Berry, 2012). Another report shows that an average hospital cannot locate
between 15% and 20% of its assets at any given time, thus, it purchases additional
20%-30% of its equipment (Roper et al., 2015). Nevertheless, the savings resulting
from the limitation of the purchase of additional equipment are only one of the
many identified advantages of implementing this solution in the context of medical
institutions. The use of a system allowing for identification and location of facilities
and personnel within the hospitals is also associated with the following benefits:

+ limiting the time spent on finding the desired equipment, the use of which is
required at a given time. Report prepared by GE (Horblyuk et al., 2012) indicates
that the average time a nurse is looking for equipment is 21 minutes per shift.
According to another report, this is 10%-30% of their total working time, which
means that nurses spend even more of their time looking for tools and other
medical supplies (Watfa, 2012). A study at the Bon Secours Health System
in Richmond, Virginia, showed that staff spent 25% to 33% of their time looking
for equipment (Glabman, 2004);

+ limiting the rental of additional equipment to meet the total demand (Kamel
Boulos & Berry, 2012; Leantegra, 2017). Research carried out by Davis shows
that American hospitals waste as much as USD 50,000 a month on unnecessary
equipment rentals due to the lack of information about its availability (Davis, 2004);

+ limiting the use of hazardous substances by unauthorised persons;

+ preventing the theft or disappearance of expensive medical devices (Lee, 2014);

+ minimising the time of searching for a lost patient in the hospital in order
to conduct an examination, treatment or provide some information. In addition,
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during visits, visitors can use their own phones or tablets to locate the patient

without interrupting the doctors or nurses to obtain this information (Yao

et al., 2010).

The implementation of a system that allows the location of objects and personnel
provides numerous financial and non-financial benefits. The implementation of the
solution undoubtedly increases safety and quality of provided services, as well as
improves the functioning of the entire medical facility.

Savings

Potential savings will be presented on the basis of available information on
existing implementations of location systems in global markets and the savings
achieved in the healthcare system. For approximately two years, the University
of California Medical Center in San Diego has been using an RFID-based location
system to track various assets on the Thornton campus in California. The hospital
estimates that it has saved about USD 70,000 a year merely on identifying the
location of intravenous pumps. The ability to easily locate the device has eliminated
the need to hire additional pumps to meet the total needs of the facility (Lee, 2013).
Another research report highlights that RFID technology is fully functional in the
context of medical institutions, and for a hospital with 500 beds and 3000 mobile
devices, savings in the first year after system implementation are on average over
USD 1 million (Glabman, 2004; Efe & Raghavan, 2009).

Implementation process

The implementation of a system based on the Bluetooth communication standard
allowing for the identification and location of objects is not a complicated and costly
operation at the time of effectively conducted gradual adaptation process. Hospitals
should consider integrating the solution as along-term process, rather than a single
action to implement the system. Initial activities should be focused on solving one
or two less complex problems, while retaining visions for further development of
the system in order to use the solution in other areas of the facility. A systematic
sequence of actions aimed at using functionality of the solution throughout the
value chain allows for identification of sources of costs, profits and potential benefits
(Roper et al., 2015).

Gradual implementation of the system has a number of advantages for the
hospital, including lower risk of unsuccessful implementation and lower investment
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costs. Moreover, the value of the knowledge gained during the implementation of
a single solution is invaluable. Hospitals are, to a greater or lesser extent, learning
organisations, i.e. proficient in creating, acquiring and transferring knowledge and
in modifying their activities in response to new knowledge and experience. The
increased level of knowledge, based on own experience, significantly simplifies the
justification of further investments in the discussed solution and ensures proper
selection of the RTLS solution provider. Finally, the pilot system implementation
facilitates scalability and further integration within the entire facility (Hitt et al.,
2007; Radomska, 2014; Zeps & Ribickis, 2015; Rey & Bastons, 2017).

Conclusion

The healthcare system today faces numerous challenges due to the lack of
resources visibility, as well as low utilisation and excessive rent and purchase of
medical equipment, along with inefficient use of staff time. The current market
requirements and limited resources of medical institutions make it necessary to
consider implementing a system for identifying and locating assets.

The article is of a theoretical nature, the aim of which is to try to indicate
the possibility of implementing a system of identification and location of objects
in medical facilities. The study provides an overview of location systems using various
barcode technologies, Wi-Fi, infrared, ultrasound, RFID and Bluetooth. Finally, based
on the analysis of available solutions and the defined problem in the healthcare
sector, a system based on the Bluetooth communication standard was selected as
the optimal solution within the medical facility. The presented study also identified
benefits related to the implementation of solutions ensuring comprehensive control
of resources in the context of healthcare system institutions.

In addition to the theoretical contribution mentioned above, some practical
managerial implications were found. On the basis of the analysis of available systems
and indication of the most optimal solution in a given sector, the study should be
used by healthcare system managers as a starting point for a discussion on the
profitability of using RTLS in a given facility.

The implementation of an appropriate system in healthcare institutions is crucial
to ensure that patients receive quality and timely treatment. The implementation of
an object identification and location system may enable not only to track equipment in
medical facilities, but also to increase inventory visibility, supply chain management,
patient monitoring or document flow in a given facility. It also allows for planning
equipment maintenance, creating inventory reports, reducing asset theft and
detecting any shortage of stored funds in relation to real demand. Ultimately, the
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solutions presented enable to increase safety and reduce costs at the same time,
without compromising the quality of patient care.

As technology development progresses, these solutions are becoming increasingly
available and allow for their fully functional application in the healthcare sector.
Sometimes even the slightest improvement in the way a given hospital operates can
bring significant financial and non-financial benefits. Healthcare is a huge sector,
so making general institutional changes is a long-term process (Heckmann et al.,
2016). Nevertheless, it is precisely the developing technologies that are becoming
more and more popular solution to the problems of medical facilities, as they enable
to automate time-consuming processes and increase their efficiency.

Further research directions

It was concluded that, in the context of the presented potential implementation of
the system in medical facilities, future research in areas related to cost-effectiveness
is needed in order to estimate the period of return on investment. An important
complementary element to the cost-effectiveness analysis would be to present the
financial savings following the identified benefits. In addition, a comparative analysis
of the costs of the systems offered by the different solution providers should also be
presented before the start of a proper system implementation process. Ultimately,
an assessment of costs, benefits and cost-effectiveness should be carried out for
the specific use.
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