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Purpose: This study aims to evaluate the factors influencing medical device replacement decisions from a user-centered perspective:
medical technicians, engineers, and healthcare professionals. We seek to prioritize criteria for medical device replacement and develop
feasible strategies applicable to real-world healthcare settings.

Methods: This analysis was conducted by reviewing previous studies to identify the key factors in medical device replacements. The
key variables were selected from the review, and the significant factors for analysis were determined.

Results: An analytic hierarchy process (AHP) analysis was used to compare and analyze the priority of medical device replacement,
which revealed that clinical factors emerged as the crucial in medical device replacement decisions. Additionally, unlike medical
technicians, doctors, nurses, and pharmacists, for whom clinical factors are the primary considerations when replacing medical
devices, safety is the most important factor for medical engineers.

Conclusion: Medical device obsolescence significantly affects patient safety and healthcare operations. Therefore, the maintenance
plans for medical devices should focus on clinical factors. Moreover, a more systematic medical device replacement system must be
established, prioritizing the factors according to the occupations of medical workers.

Keywords: medical devices, replacement evaluation, replacement priority, performance management, decision-making

Introduction

Medical devices based on cutting-edge technologies areas essential for human health and are promising high-value-added
industries with expected continuous growth. East Asia remains one of the technologically most advanced regions in this
sense while Japan and China hosting the second and third largest medical device markets.' * Korea possesses expensive
medical devices, such as Computed Tomography (CT), Positron Emission Tomography (P.E.T)/CT scanner Magnetic
Resonance Imaging (MRI), Surgical Robots, Proton Beam Radiotherapy Systems, INUMAC MRI Scanner etc., most of
them, in density significantly exceeding the average of those that Organization for Economic Co-operation and
Development (OECD) countries have.’ According to OECD Health 2023 report and other sources South Korea surpassed
the OECD average for medical imaging tests, with 229.5 CT scans and 167.8 MRI scans per 1000 people.® Yet,
approximately one in four devices superannuated by more than ten years. This means that replacement does not occur
promptly during medical device evaluation. Accordingly, to manage the lifecycle of medical devices, It is necessary to
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establish a system through which the status of a device can be identified and evaluated periodically to determine its
replacement at an appropriate time.

Preventive inspections must be conducted for medical devices used for patients in hospitals to identify and manage
the risks to patient safety. Risk management during the life cycle is essential for maintaining the quality of medical
devices and managing their performance.”® The major goals of risk management of medical devices are to control,
prevent, or reduce patient illnesses, injuries, loss of life, property damage, indirect losses, and environmental impacts. To
this end, the ISO 14971 standard, an international standard for medical device risk management, was developed, which
covers the overall risk management procedures applied to the life cycles of medical devices.”!® To prevent performance
degradation owing to aging, according to medical device risk management procedures, medical devices require
continuous replacement to ensure operation, maintenance, and stability, and at this time, economic problems occur.'!
The replacement of medical devices is a problem faced by all medical institutions; however, the replacement time and
costs tend to vary depending on the increase in maintenance costs and technological advancements in medical
devices.'>"® Similar challenges were largely observed even among wealthiest South-East Asia ASEAN countries
whose domestic manufacturing processes remain highly dependent of foreign imports.'*

Taylor K. and Jackson (2005) proposed the medical equipment replacement score (MERS) to identify and prioritize
medical devices eligible for replacement.'® Faisal M. and Sharawi (2015) suggested that the priority of medical device
replacement can be determined using a multi-criteria decision-making model (MCDM).'® Seo et al (2022) developed
a life cycle of high-risk medical devices by deriving evaluation criteria and items for medical device replacement from
major medical institutions in Korea, the United States, and others.'® However, existing researches primarily consider only
the performance of the device in determining priorities for its replacement, while the factors, such as cost-benefit to
medical institutions, clinical effectiveness, etc., are ignored. In particular, there is a serious shortage of studies analyzing
the priorities of medical device replacement from the user perspective. Therefore, it is necessary to consider the
limitations to the performance of medical devices, the characteristics of medical institutions, and the priorities of medical
device replacement from the user perspective.

Efficient management of medical devices is essential to maintain the normal operation of healthcare institutions and
enhance their competitiveness. Repeated overuse of medical devices can place an invisible burden on patients, while
defective devices can cause operational shutdowns, leading to serious injuries or accidents for patients. In healthcare
institutions, there is a tendency for medical device replacement to focus more on fixed maintenance rather than
preventive management, resulting in 5-80% of equipment being nonfunctional. Additionally, it is necessary to implement
appropriate evaluation methods and set priorities for medical device replacement to foster clinical development in
healthcare institutions. If equipment replacement is not carried out in a timely manner or is delayed, it can hinder clinical
progress within the institution and ultimately have a negative impact on patient experience and safety.'”'°

The life cycle of a medical device generally follows the shape of a bathtub curve. Initially, the failure rate increases,
gradually decreases after a stabilization period, and then increases owing to wear. Medical devices directly related to
a patient’s life and with high replacement costs require preventive management. However, currently, medical devices are
replaced primarily when their performance deteriorates, which can be seen as follow-up management.”® Accordingly, in
this study, we present priorities for medical device replacement by evaluating the obsolescence evaluation index of
medical devices and the factors affecting replacement decisions in a user-centered manner. Through this, we can
understand user perspectives on replacing medical devices to enable proactive management and prepare medical device
replacement plans applicable in actual medical institutions. Any such long-term replacement strategies refering to
medical imaging diagnostics devices, oncology radiotherapy cabinets, invasive vascular radiology cabinets and robotics
assisted orthopedic and laparoscopic surgery devices, however have to be included into the national and provincial
equipment acquisition plans.?’ For such a purpose sustainable and reliable long — term budgeting is necessary not only
for the initial acquisition but as well for the purpose of maintenance.”” As already witnessed the quality of such
maintenance largely reflects to the radiation leakage in the radiology imaging cabinets with potentially significant health
consequences for the patients and radiology specialty physicians and radiology technicians alike.”® These facts have
already led to a certain degree of professional medical staff shortages in Korea and wider East Asia.**
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Literature Review

Risk Management of Medical Devices

The risk management of medical devices was mentioned in 1997 when the European Committee for Standardization
(CEN) developed EN 1441 as the “Medical Device-Risk Analysis”. ISO 14971-1, the first standard, was published in
1998 and revised to ISO 14971:2000 (1°' edition) in 2000. In 2007, the second revision of ISO 14971:2007 (2" Edition)
was published.”>® In 2012, CEN released EN ISO 14971:2012, the European version, in harmony with the healthcare
sectors of 93/42/EEC, 98/79/EC, and 90/385/EEC. In 2019, it was revised to ISO 14971:2019 (3rd Edition), the most
recent version.?’ %’

ISO 14971 stipulates the principles and processes for managing risks in medical devices (including software and IVD
(In Vitro Diagnostic) products as medical devices) and is an important standard for manufacturers and suppliers of
medical devices. The risk management process of medical devices defined in ISO 14971 has a total of six steps, including
a risk management plan, risk evaluation, risk control, evaluation of overall residual risk, risk management review, and
production and post-production activities.>® The first phase, the risk management plan, identifies medical device safety-
related properties and hazard sources and predicts the risk for each hazard source. The second phase, the risk evaluation,
determines whether risk reduction is required for the identified situations. The third phase, risk control, involves
performing risk reduction activities at an acceptable level. In the fourth phase, the evaluation of the overall residual
risk must assess whether there is an unacceptable level of residual risk to determine how residual risks will be handled
and disclosed. The fifth phase, risk management review, involves reviewing the risk management process to record and
store the results as a risk management report. Finally, the sixth phase, production and post-production activities,
establishes and maintains a system for collecting information about medical devices (Figure 1). 2°*!

In addition, ISO 14971 is closely related to ISO 13485, an international quality management standard for medical
devices. ISO 13485 was standardized based on ISO 9001 by adding related key factors to suit the characteristics of

Intended use and identification of characteristics related to
the safety of the medical device

Identification of hazards

Estimation of risk for each hazardous situation

Risk assessment

Risk evaluation

Risk control

Risk control option analysis
Implementation of risk control measures
Residual risk evaluation

Risk/benefit analysis

Risks arising from risk control measures
Completeness of risk control

Risk management

Risk management plan

Evaluation of overall residual risk

Risk management review

Production and post-production activities

Figure 1 ISO 14971 risk management process overview.>?
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medical devices. It specifies the requirements for the quality management system of medical devices, including their
installation and sterilization, management review, customer satisfaction, design and development, and manufacturing and
improvement activities for medical devices.>* > This standard defines the requirements that manufacturers must meet,
ranging from the design of medical devices to production and improvement activities. Companies can establish quality
management systems to reduce defects through continuous product improvement activities. ISO 13485 provides the
requirements for quality management systems for organizations to design, develop, manufacture, and provide medical
devices that comply with the regulations and standards specified in ISO 13485.%® Risk analysis and record keeping
specified in ISO 13485 are required for all medical device-related risks. Thus, all processes related to risk identification,
risk evaluation, and risk analysis required by ISO 14971 are provided, and the overall content of risk management is
managed.*>’

Life Cycle of Medical Devices

Durability refers to the life expectancy of a product or as the period during which the product is useful in its original
condition.*® Kotler (1979) viewed the product life cycle as the process in which a product is made, introduced in the
market, increases its sales, and then decreases its demand. Fabiano and McCarthy (1981) defined it as the stage between
the product launch and disappearance.’’*® Every product has a life cycle, and medical devices have unique life cycles.
Medical devices used to diagnose or treat patients directly or indirectly affect human life and health. Therefore, unlike
general industrial products, medical devices are managed by laws and regulations during production, distribution, and
sales processes.*’

In Korea, regulations on medical device durability are under Article 16-2 of the Commodity Management Act and
No. 2018-14 of the Public Procurement Service Notification. The Public Procurement Service determines the funda-
mental matters regarding the acquisition, storage, usage, and disposal of national commodities and stipulates the
durability life to manage national commodities efficiently and appropriately. Durability life is defined for frequently
used items with a large inventory, and the durability life of these commodities is stipulated to be applicable to similar
commodities with an undetermined durability life.*' In the case of medical devices, the requirements for performance,
safety, and inspection cycles are specified only for 16 types of special medical equipment. Apart from this, no specific
durability regulations exist for the replacement times of other medical devices. Medical devices must be replaced
periodically according to established standards and procedures to provide optimal medical services to patients. Since
only some devices have stipulated durability, regulations are required to plan and manage the use, maintenance, and
replacement of medical devices. In recent years, the Green Agenda and Sustainable Development requirements, largely
led by the specialized UN agencies, have led to standardization of potential environmental damage originating from
a disposable medical devices and tests after the expiration of their due date.**** Such requirements are now increasingly
embedded into related medical device legislation, marketing and reimbursement approval pathways and ultimately into
the decision-making process on research and innovation funding across East Asia, Europe and North America.***

In contrast, in the United States, the American Hospital Association (AHA) suggests estimated figures of the durable
life of medical devices for the accounting purposes of medical institutions.*® In addition, the American Society for Health
Care Engineering has developed a calculation method to estimate the durability of medical devices to support replace-
ment plans for medical devices."> In Canada, the Diagnostic Imaging Equipment Replacement and Upgrade has
developed life cycle guidelines for medical imaging equipment to determine the upgradation or replacement time of
existing devices.*” According to these guidelines, radiology devices, including fluoroscopic devices, must be utilized for
5-10 years, angiography devices for 7 years, computed tomographic devices for 7 years, magnetic resonance imaging
devices and ultrasound devices for 7 years, mammography devices for 5-7 years, and single photon computed
tomography devices for 10 years.**

Indicators for Evaluating the Life Cycle of Medical Devices

Examining existing studies related on medical device replacement factors, Fennigkoh (1992) developed a simple model
to identify and prioritize the replacement of medical devices.*’ Subsequently, Taylor K. and Jackson (2005) proposed an
automated MERS system that considered technology, safety, and important rules.'” He analyzed the potential risks of
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Figure 2 Hierarchy to determine priorities.

using medical devices in medical institutions and applied a pairwise comparison technique based on six criteria: function,
mission criticality, age, risk, recall and hazard alerts, and maintenance requirements. Figure 2 presents the decision-
making hierarchy for prioritizing medical device replacement using the pairwise comparison method. This hierarchical
framework is structured to define evaluation criteria for replacement prioritization and to systematically allocate them to
appropriate levels within the hierarchy. The evaluation criteria are positioned at the second level, with their respective
weights determined through pairwise comparisons. In this process, the relative importance of each criterion is assessed to
derive the necessary weights for establishing replacement priorities. Specifically, the system assigns weights to each
criterion; thus, devices with higher final scores are prioritized for replacement.*

Rajasekaran (2005) developed a program that could automatically generate relative replacement numbers (RRNs)
according to safety, technical aspects, and financial status for devices requiring replacement.”’ Mummolo et al (2007)
utilized a model to determine medical device replacement priorities based on indicators such as repair rate, failure
rate, durable years, etc.’* Taghipour, Banjevic, and Jardine (2011) emphasized the necessity of replacement prioritiza-
tion to minimize malfunctions and maintain the stable operation of medical devices.’® Faisal M. and Sharawi (2015)
classified support, availability, performance, maintenance cost, age, equipment function, operational impact, and
clinical acceptability as dominant factors in determining replacement priority and proposing decision-making

processes. 16

Materials and Methods
AHP Analysis

In this study, an analytic hierarchy process (AHP) analysis was conducted to determine the importance of replacement
evaluation items in medical devices. The AHP MCDM was developed by Saaty (1977) in 1971. The AHP has been
known as a decision-making technique that systematically combines information about tangible and intangible standards
and alternatives in the decision-making process.”>>* The primary and eminent phase in the AHP involves stratifying the
items related to decision-making, in which key factors are determined through a pairwise comparison between the
elements that compose the decision-making hierarchy.” The hierarchy of AHPs involves structuring the components of
decision-making problems with various elements, and the decision-making analyst stratifies various interrelated decision-
making items.’® At the top of the hierarchy is the purpose of decision-making, and the bottom layer consists of factors
that can influence the decision-making process. These elements become more specific at lower levels, and each element

within a layer must be comparable.
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Research Framework and Indicators Selection
For the analysis, previous studies were reviewed to select the major factors that must be considered in medical device
replacement evaluation. The frequency of each factor is shown in Table 1.

A survey was conducted among 86 medical device-related experts (doctors, nurses, medical technicians, pharmacists,
and medical engineering staff) based on 21 variables derived to select indicators of deterioration. The survey period was
from October 6 to 14, 2020, and 71 survey results were analyzed, excluding 15 inappropriate questionnaires among those
returned via email. Based on the survey results, 16 variables were selected from the 21 variables: discontinuation of parts,
age, number of failures, life-support equipment, potential risk, daily inspection, maintenance cost, device status, call
response, serviceability, device reliability, frequency of use, major devices, model discontinuation, availability of backup
devices, and technological advancements Subsequently, five variables - technology, safety, cost, support, and clinical -
were selected through brainstorming as the final evaluation indicators. The reduction process was conducted through
group discussions involving experts from various clinical and technical fields. This process focused on identifying the
key factors influencing the prioritization of medical device replacement. Experts systematically reviewed the variables
and underwent an iterative classification and factor extraction process to select the most critical and broadly applicable
factors. The reduction process was carried out in a stepwise manner, with the outcomes of each meeting summarized and

re-evaluated in subsequent discussions. The brainstorming and consensus process was conducted in two rounds,

Table | Key Factors for Evaluating Medical Device Replacement

Key Factors Total | References
Age 7 [1551,57-61]
Repair Cost 5 [51,57-59,61]
Failure Rate 4 [15,51,57,59]
Parts Factor 3 [51,58,61]
Hazards and Alerts 3 [1551,61]
Risk Factor 3 [15,57,58]
Biomedical Engineering Staff 3 [15,51,60]
Use-Errors, Physical Risk 2 [51,60]
Labor Factor, Repair Compared to Down Time | 2 [58,61]
Advancement in Technology Factor 2 [59,60]
Condition | [58]
Mission-Critical | [15]
Reliability Score | [57]
Utilization Factor | [58]
Availability of Backup | [15]
Standardization | [51]
Discontinuation | [15]

Price Factor I [58]

Fit into Five-Year Plan Factor | [59]

Call Response | [61]

Down Time, Unavailability | [61]
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Figure 3 Research model for selecting replacement priorities.

ultimately leading to the selection of five key evaluation criteria. The selected five factors represent fundamental
considerations that are broadly applicable across diverse medical equipment categories. The weight of each factor can
be adjusted based on specific clinical settings, ensuring flexibility in prioritization without compromising the robustness
of the model.

The study framework was established by applying the MERS system to conduct the AHP analysis. The MERS system
served as the foundation for structuring the decision-making hierarchy and deriving priority weights for medical device
replacement. Through this approach, the study integrated both methodologies to enhance the robustness of the prioritiza-
tion model. Figure 3 presents the research model that determines the priority of medical device replacement by applying
the MERS system. It illustrates the process in which relative importance is assessed through pairwise comparisons, with
the final scores determining the replacement priority. This means that the device with the highest final score is given
priority for replacement by applying weights to five factors: technology, safety, cost, support, and clinical application.

The definitions of the key factors used in this study are listed in Table 2. Technology includes the total period of use
after installation and the number of annual failures, referring to the fact that no repairs were possible because the
necessary parts were discontinued by the manufacturer. Safety includes daily inspections before use and potential risks to
the human body, meaning that the risk to the human body increases in cases of malfunction. Cost, having the same
meaning as maintenance costs, refers to the total cost used to maintain the device. Support includes the overall
deterioration degree of the device, the response time from the request for repair until the repair, etc., referring to the
time to restore the device after breakdown. Clinical refers to the devices that play a key role in a department, including

Table 2 Definition of Evaluation Factors

Factors Definition

Technology | Makes repair is difficult due to discontinued parts

Safety In use-errors, physical risk is high

Cost Total cost spent maintaining the device

Support The duration required to restore the device to normal operation after a malfunction
Clinical Availability of backup devices and performs core functions
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device reliability, frequency of use, model discontinuation, devices with new technology applied, and the availability of
substitute devices that can be used in case of failure.

Analysis Methods

Frequency analysis was conducted using SPSS 22.0 to confirm the general characteristics of the study subjects. In
addition, AHP analysis was conducted to select priorities for each factor by utilizing RStudio’s AHP package. First, for
the pairwise comparison of AHPs, the 9-point scale proposed by Aczél J. and Saaty (1983) was used.®* On this scale, the
respondent’s choice does not significantly affect the matrix calculation in quantitative judgment through pairwise
comparison, and accordingly, respondents can reduce the psychological burden of choosing accurate values, thus leading
to results closest to the actual number.®> The 9-point scale was defined by 1 (similar), 3 (slightly important), 5
(important), 7 (very important), and 9 (extremely important) according to their relative importance. The Consistency
Indicator (C.I) was measured and divided by the Random Index (R.I), obtaining the Consistency Ratio (C.R), calculated
to ensure the consistency of the relative comparison results between components. This was intended to increase the
reliability of the decision-making process. The C.R must have a value less than 0.1 to ensure the consistency of the
pairwise comparison matrix.°* The C.R value in this study was less than 0.1, ensuring consistency. Therefore, the relative
importance was calculated using the geometric mean, obtained by multiplying the relative importance from the
evaluation perspective and the relative importance of the key performance indicators.

In AHP analysis, it is important to identify the most prioritized factors among numerous variables using an expert
group. However, since the judgments may vary depending on the personal preferences of the participants, consistency
ratios are calculated to assess the reliability of the analysis results. The goal is to derive consistent judgments from
individuals with specialized knowledge or experience in the relevant field. Therefore, there is no clear standard for the
optimal sample size, but it is generally considered that a sample of at least seven participants can provide sufficient
consistency.’* In this study, to ensure the reliability and validity of the research, experts with extensive experience in
medical device evaluation were selected to identify the factors, and consistency ratios were calculated to confirm the
logical consistency of their responses. Additionally, the results were cross-verified by comparing them with existing
literature. This approach minimized subjective bias and ensured the validity of the research outcomes.

Table 3 shows the consistency verification results of the analysis factors and the ranking of each factor. All C.R values
were less than 0.1, ensuring the reliability of the AHP analysis results. The weight and ranking of each factor were as
follows: clinical (0.3405), safety (0.2651), technology (0.1739), support (0.1568), and cost (0.0636).

Results

General Characteristics of Research Subjects
This study included 71 subjects: 46 males (66.2%) and 25 females (33.8%). There were 24 medical technicians (33.8%),
20 medical engineering staff (28.2%), 16 doctors (22.5%), 8 nurses (11.3%), and 3 pharmacists (4.2%). In addition, 31
(43.7%) of the research subjects were in charge (see Table 4).

Table 3 Weight and Importance of Each

Factor
Factors Importance | Priority | C.R.
Technology | 0.1739 3 0.01
Safety 0.2651 2
Cost 0.0636 5
Support 0.1568 4
Clinical 0.3405 |

Abbreviations: C.R, Consistency Ratio.
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Table 4 Characteristics of Research Subjects

Characteristics Frequent | %
Gender Male 46 66.2
Female 25 338
Occupation | Medical technician 24 338
Medical engineering 20 28.2
Doctor 16 22.5
Nurse 8 1.3
Pharmacist 3 42
Position Person in charge 31 43.7
Non-appointed person | 40 56.3

Differences in Priorities for Occupations

The results of the analysis of medical device replacement priorities according to occupation are presented in Table 5.
Medical technicians appeared in the order of clinical (0.33), safety (0.29), support (0.16), technology (0.15), and cost
(0.07); medical engineering staff in the order of safety (0.32), clinical (0.30), technology (0.18), support (0.14), and cost
(0.06); doctors in the order of clinical (0.38), safety (0.20), technology (0.18), support (0.18), and cost (0.06); and nurses
in the order of clinical (0.33), safety (0.25), technology (0.19), support (0.13), and cost (0.10). For pharmacists, these
were in the following order: clinical (0.33), safety (0.31), support (0.16), technology (0.15), and cost (0.05). Clinical was
the priority factor for medical technicians, doctors, nurses, and pharmacists, whereas, for medical engineering staff,
safety was the priority factor for replacing medical devices. Additionally, cost was the lowest priority for all occupations.

Differences in Priorities for Professional Experience

Table 6 shows the results of the comparative analysis of medical device replacement priorities according to professional
experience. The priority factors for replacing the medical devices for those who had 1-3 years of experience appeared in
the order of clinical (0.35), safety (0.24), support (0.18), technology (0.17), and cost (0.06); for those with 4-6 years of
experience, the order was clinical experience (0.32), safety (0.29), technology (0.18), support (0.15), and cost (0.06); for
those with 610 years of experience, the order was clinical experience (0.35), safety (0.26), technology (0.18), support
(0.14), and cost (0.07). Additionally, for those with more than 10 years of experience, it was in the following order:
clinical (0.34), safety (0.28), technology (0.15), support (0.15), and cost (0.08). As a result of the analysis, the key factor
for replacing medical devices in all subjects was clinical, followed by safety, technology, and support in order.

Table 5 Factor Weight Results by Occupation

Factors Factor Weights
Medical Technician Medical Engineering Doctor Nurse Pharmacist
Importance Priority C.R. Importance Priority C.R. Importance Priority C.R. Importance Priority C.R. Importance Priority C.R.
Technology 0.15 4 0.01 0.18 3 0.01 0.18 3 0.01 0.19 3 0.01 0.15 4 0.01
Safety 029 2 032 | 0.20 2 0.25 2 0.31 2
Cost 0.07 5 0.06 5 0.06 5 0.10 5 0.05 5
Support 0.16 3 0.14 4 0.18 3 0.13 4 0.16 3
Clinical 0.33 | 0.30 2 0.38 | 033 | 033 |
Total 1.0 1.0 1.0 1.0 1.0

Abbreviations: C.R, Consistency Ratio.
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Table 6 Factor Weight Results by Professional Experience

Top Item Factor Weights

1-3 years 4-6 years Years <10 years
Importance Priority C.R. Importance Priority C.R. Importance Priority C.R. Importance Priority C.R.
Technology 0.17 4 0.0l 0.18 3 0.0l 0.18 3 0.0l 0.15 3 0.0l
Safety 0.24 2 029 2 0.26 2 0.28 2
Cost 0.06 5 0.06 5 0.07 5 0.08 5
Support 0.18 3 0.15 4 0.14 4 0.15 3
Clinical 0.35 | 0.32 | 0.35 | 0.34 |
Total 1.0 1.0 1.0 1.0
Abbreviations: C.R, Consistency Ratio.
Table 7 Factor Weight Results by Educational Background
Top item | Factor Weights
College University Graduate School
Importance | Priority | C.R. | Importance | Priority | C.R. | Importance | Priority | C.R.
Technology | 0.17 3 0.01 0.18 3 0.01 0.17 3 0.01
Safety 0.32 2 0.26 2 0.25 2
Cost 0.06 5 0.06 5 0.08 5
Support 0.12 4 0.16 4 0.17 3
Clinical 0.33 | 0.34 | 0.33 |
Total 1.0 1.0 1.0

Abbreviations: C.R, Consistency Ratio.

Differences in Priorities for Educational Background

The results of the comparative analysis of priority factors for medical device replacement according to educational
background are presented in Table 7. For Junior college graduates the priority factors were in the following order: clinical
(0.33), safety (0.32), technology (0.17), support (0.12), and cost (0.06); for University graduates: clinical (0.34), safety
(0.26), technology (0.18), support (0.16), and cost (0.06); for postgraduates: clinical (0.33), safety (0.25), technology
(0.17), support (0.17), and cost (0.18). In replacement priority factors based on educational background, clinical setting
showed the highest weight, followed by safety, technology, support, and costs.

Discussion

Safety management of medical devices and their target performance maintenance through regular inspections are
essential because superannuated medical devices have a high potential for malfunction or errors during treatment. To
this end, relevant medical device-related risks are currently identified, calculated, and evaluated under ISO 14971 and
ISO 13485. However, these are regulations that medical device manufacturers must follow, and thus, there are limitations
to their application in medical institutions. Furthermore, no specific replacement guidelines are currently available for
calculating durability to manage the life cycle of medical devices, except for particular devices. It is necessary to select
replacement priorities from the user perspective through which medical institutions can proactively manage medical
devices to ensure patient safety.

Therefore, in this study, we composed medical device obsolescence evaluation indexes from the perspective of
medical workers who use medical devices and analyzed the priorities of medical device replacement factors through
AHP analysis. Additionally, a comparative analysis of the importance of replacement factors was conducted, classifying
the respondents by occupation, experience, and educational level, which was not implemented in previous studies. In
previous studies on medical device replacement priorities, support availability was found to be the most important factor,
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followed by performance, maintenance cost, age, function, operational impact, and clinical acceptability in order.'®
However, the results of this study showed that clinical factors had the highest weight among the medical device
replacement factors. This suggests that clinical aspects must be considered when replacing medical devices, ie, when
a medical device becomes superannuated, it cannot be repaired, and the device has more priority for replacement. These
results are different from previous studies because of the different categories of medical devices used in the analyses. In
this study, the priorities of the replacement factors were analyzed for all medical devices; however, previous studies have
mainly analyzed medical devices in intensive care units. The intensive care unit consists of 3" or 4th-grade medical
devices with hazardous properties. Thus, in the event of a malfunction, the longer it takes to restore, the greater the risk to
the patient’s life. Therefore, support appears to be an important factor among medical device replacement factors.

As a result of conducting a comparative analysis of the priorities of medical device replacement factors according to
occupation, clinical is the most important factor for medical technicians, doctors, nurses, and pharmacists. However, for
medical engineering staff, safety was the most important factor. Medical engineering staff must directly inspect medical
devices to manage them and are responsible for their safety. Due to their roles and responsibilities, safety is a top priority.
In other words, when replacing medical devices, the importance of factors may vary depending on the occupation. Thus,
appropriate decisions must be made considering the position of each occupation.®® For the medical device replacement
priority factors based on occupational experience and education levels clinical was the most important factor. This is
similar to existing research findings that it is important to ensure the availability of backup equipment to mitigate
potential risks to patients and medical staff while maintaining and managing medical devices.®® Medical devices used
more frequently by patients must be produced more continuously, and in the case of a breakdown, a replacement device
must be available. When the medical device becomes superannuated, the unavailability of an applicable new technology,
or a backup, will reduce the reliability of the device, limiting its application to patients. With the increase in standards of
career or education, the tendency to prioritize clinical factors becomes stronger. Thus, it is expected that medical devices
with low clinical factors will be prioritized when replacing medical devices.

Meanwhile, the cost factor, which is the total cost of maintaining medical devices, was not found to be an important
factor in replacing medical devices. This appears to be somewhat different from existing research results, which show
that medical devices equipped with new medical technologies are needed owing to the increase in patients and that
maintenance costs will increase as medical institutions introduce new medical devices and replace the medical devices
that have reached the end of their life cycle.®” Improper maintenance of medical devices can affect their performance and
patient safety, significantly impacting the expenses of medical institutions. In particular, if a medical institution is unable
to secure manpower to manage medical devices, its failure to monitor the performance and safety levels of medical
devices may reduce the availability of the medical devices, which can increase maintenance costs. Because this study was
conducted in tertiary hospitals in Korea, manpower and resources were secured for the maintenance of medical devices;
therefore, cost factors did not appear to be a major factor in medical device replacement. Such fact is largely due to
prioritization of large university tertiary hospitals against prefectoral and municipal hospitals positioned much lower
within the national health system hierarchy.® This is clearly visible in terms of prioritization of technical, financial and
human resource allocation.®” Overall, the lack of maintenance of medical devices may reduce their reliability. Therefore,
it is necessary to establish a medical device maintenance plan that focuses on clinical factors to ultimately manage patient
safety and the operating costs of medical institutions. In this study, we derived important indicators that can be used as
a reference in decisions related to replacing medical devices, and a more efficient and systematic plan to replace medical
devices, by considering the factors prioritized by the occupation of medical workers, will be prepared in the future.

In order to better understand consequences of the global medical device replacement landscape it is also notably
important to understand vast scale demand and supply of medical devices imposed by the leading BRICs Emerging
Markets.”® Given the fact that these economies are driving world’s real GDP growth for almost three decades, they do
shape medical device manufacturing and supply routes throughout Asia.”"*”? The same case although with certain lag in
development stage is visible among other vast Emerging Markets such as Indonesia, Pakistan, Mexico, Nigeria.”> Their
ability to increase investment in healthcare is substantial, unlike rather stable health and pharmaceutical expenditures in
wealthy OECD markets.”* Such regional and global disparities also drive increasing demand for medical imaging,
robotics assisted surgery, oncology related radiotherapy because of the fact of rapid growth of the middle citizen class in
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these LMICs nations.”” These layers of population count in hundreds of millions and experience sudden rise in overall
purchasing power which inevitably transfers to increasing demand for technologically advanced medical care. Another
more neglected driver of rapidly growing demand is also accelerated population aging with Korean, Chinese and
Japanese societies all finding themselves in advanced stage of third demographic transition.”®”” The “Silver Cunami”
reflects to the gradual extinction of traditional Asian family caregiving which was very much feasible in the high fertility
era preceeding two world wars.”® Nowadays in single child families, and widespread burden of dementia, the demand for
home-born robotics and artificial intelligence assisted medical care is likely to exponentially grow further.”” Some health
expenditure forecasts and ongoing Al projections implicate the necessity to prepare for a profound transformation of
contemporary societies in decades to come.”®

Conclusion

The limitations of this study were as follows. First, medical devices were not divided by class to determine the reasons
for medical device replacement. This study analyzed all medical devices used in medical institutions. Medical devices,
classified from 154™ grades based on potential risks, may have different priorities for replacement depending on the
purpose of use and the degree of risk to the human body. Future studies should derive replacement priorities based on the
classification of medical devices in order to establish priorities according to the types of medical devices. Second,
the classification of the participants as medical device users, providers, patients, and others was not considered. Medical
device ecosystems can be broadly divided into medical institutions, medical device companies, and patients. The
priorities for medical device replacement may vary according to the characteristics of the groups, including medical
device companies that provide medical devices, medical institutions that use medical devices, and patients. Third, there is
a need for an analysis according to the type of medical institution. The medical devices used, number of patients, and
manpower of medical workers differ depending on the classification of medical institutions into 1%, 2" and 3™
institutions, therefore, factors that must be considered when replacing medical devices may vary. Additionally, this
study was limited to data from Korean medical institutions, which may pose limitations in generalizing the findings to
other regions. Including international data would help assess the applicability of medical device replacement priorities in
various regional contexts. In particular, applying replacement priority methods tailored to regional characteristics could
provide optimized replacement strategies for medical institutions in each region. A more systematic replacement plan can
be developed through a detailed analysis of factors such as medical device grades, medical device users, and types of
medical institutions.

There are various reasons for replacing medical devices, but a replacement must be based on an appropriate
evaluation plan by each medical institution. Therefore, it is possible to establish a practical replacement program by
utilizing different replacement factors for each occupation, focusing on clinical factors. Ultimately, integrating a user-
centered approach when determining the priority for medical device replacement is crucial. This study identifies clinical
factors as the most important element in determining replacement priorities and emphasizes the direct impact on patient
safety when a device is no longer functional or becomes obsolete. This approach suggests that healthcare institutions
should prioritize replacing clinically important devices, regardless of cost or technical specifications. Specifically, this
study derives a wide range of medical device replacement priorities within healthcare institutions, enabling the manage-
ment of the device lifecycle from a clinical perspective. Therefore, by establishing appropriate repair and replacement
policies for not only currently used medical devices but also digital health and IoT-based medical devices, healthcare
institutions can minimize operational costs and contribute to extending the lifespan of devices. Furthermore, applying this
replacement strategy to healthcare institutions in countries with a healthcare ecosystem similar to that of Korea could
improve the efficiency of medical device replacement.
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