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Introduction

Chronic kidney disease (CKD) is a major cause of premature death globally, and its burden
continues to rise. Patients with CKD heavily depend on specialized medical equipment,
especially dialysis machines. However, the shortage of equipment, aging devices, and
inadequate infrastructure pose significant challenges to effective healthcare delivery. In
countries like Iran, the ratio of patients to dialysis machines and the lifespan of these devices
fall below global standards. These issues highlight the urgent need for smarter hospital
equipment management, effective resource prioritization, and improved maintenance
strategies. Hence, the central question is: what model can be used to prioritize medical
equipment for inclusion in maintenance and repair programs?

Theoretical Background

In the field of preventive maintenance of medical equipment, numerous studies have focused
on identifying and prioritizing equipment by utilizing multi-criteria decision-making
(MCDM) methods. For instance, Saleh et al. (2015) applied the Quality Function
Deployment (QFD) method to analyze equipment requirements and performance. Mahfoud
(2016) employed the Analytic Hierarchy Process (AHP) and PROMETHEE techniques to
assess risks associated with equipment maintenance.In another study, Torkzad and
Beheshtinia (2019) used a combined MCDM approach to evaluate hospital service quality
based on criteria such as environment, responsiveness, equipment, and professional
competence. Hutagalung et al. (2019), using the AHP method, considered criteria including
the complexity of maintenance operations, risk, mission criticality, equipment age,

equipment and user error rates, and classification of medical devices. In the area of

pharmaceutical management, Izadpanah et al. (2020) applied the Fuzzy Decision-making

Trial and Evaluation Laboratory (FDANP) method to identify and analyze standard criteria

in drug management. Hernandez et al. (2020) proposed the Integrated Preventive
Maintenance Equipment Model (IPMEM), considering factors such as equipment type and

performance, maintenance needs, calibration, age, location, and associated risks.Nourian et
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al. (2020) prioritized equipment based on their impact on service quality, failure probability,
and repair costs using MCDM methods. Moreover, Maleki et al. (2020) employed the Delphi
method to analyze equipment value from the perspectives of patients, staff, and the
organization. In a subsequent study, Maleki et al. (2021) identified priority indicators for
equipment including importance, usage rate, impact on patient and staff safety, and service
quality, assigning weights to these indicators using AHP.Ahmed et al. (2021) combined
neutrosophic logic and the Analytic Network Process (ANP) to evaluate healthcare
infrastructure assets considering risk, performance level, and physical condition.
Additionally, Ciklacandir et al. (2023) utilized fuzzy simulation and considered twenty sub-
criteria related to technical, financial, hospital, and device characteristics to support decision-
making in medical equipment procurement. Finally, Pinho et al. (2023) employed the Electre
Tri-nC method to analyze ventilator maintenance conditions based on criticality, life support
function, and role in resuscitation.

Literature Review

In the field of preventive maintenance of medical equipment, numerous studies have focused
on identifying and prioritizing equipment by utilizing multi-criteria decision-making
(MCDM) methods. For instance, Saleh et al. (2015) applied the Quality Function
Deployment (QFD) method to analyze equipment requirements and performance. Mahfoud
(2016) employed the Analytic Hierarchy Process (AHP) and PROMETHEE techniques to
assess risks associated with equipment maintenance.In another study, Torkzad and
Beheshtinia (2019) used a combined MCDM approach to evaluate hospital service quality
based on criteria such as environment, responsiveness, equipment, and professional
competence. Hutagalung et al. (2019), using the AHP method, considered criteria including
the complexity of maintenance operations, risk, mission criticality, equipment age,
equipment and user error rates, and classification of medical devices. In the area of
pharmaceutical management, lzadpanah et al. (2020) applied the Fuzzy Decision-making
Trial and Evaluation Laboratory (FDANP) method to identify and analyze standard criteria
in drug management. Hernandez et al. (2020) proposed the Integrated Preventive
Maintenance Equipment Model (IPMEM), considering factors such as equipment type and
performance, maintenance needs, calibration, age, location, and associated risks. Nourian et
al. (2020) prioritized equipment based on their impact on service quality, failure probability,
and repair costs using MCDM methods. Moreover, Maleki et al. (2020) employed the Delphi
method to analyze equipment value from the perspectives of patients, staff, and the
organization. In a subsequent study, Maleki et al. (2021) identified priority indicators for
equipment including importance, usage rate, impact on patient and staff safety, and service
quality, assigning weights to these indicators using AHP.Ahmed et al. (2021) combined
neutrosophic logic and the Analytic Network Process (ANP) to evaluate healthcare
infrastructure assets considering risk, performance level, and physical condition.
Additionally, Ciklacandir et al. (2023) utilized fuzzy simulation and considered twenty sub-
criteria related to technical, financial, hospital, and device characteristics to support decision-
making in medical equipment procurement. Finally, Pinho et al. (2023) employed the Electre
Tri-nC method to analyze ventilator maintenance conditions based on criticality, life support
function, and role in resuscitation.

Research Methodology
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This study was conducted using a descriptive-analytical approach based on a library research
method. To investigate the methods of identifying and prioritizing equipment in the field of
preventive maintenance of medical devices, relevant studies utilizing multi-criteria decision-
making (MCDM) techniques were first identified and analyzed. Subsequently, various
methods applied in this field, including QFD, AHP, PROMETHEE, FDANP, Delphi,
neutrosophic logic, fuzzy simulation, and ranking methods such as Electre Tri-nC, were
recognized and thoroughly examined according to the research objectives, features, and
evaluation criteria of each method.In this regard, data were extracted through a systematic
review of scientific articles, reports, and credible sources, and using content and comparative
analysis methods, the strengths and limitations of each method were analyzed. This analysis
was conducted to provide a comprehensive model for prioritizing and preventive
maintenance of medical equipment.From the data perspective, the present study utilized
secondary qualitative data focusing on performance, risk, cost, safety, and service quality
criteria of medical equipment. Furthermore, multi-criteria decision-making methods were
employed to weight and rank the criteria and equipment to deliver more accurate and
practical priorities.

Data Analysis

In this study, data analysis was conducted based on the opinions of five expert groups active
in hospital equipment management, including medical equipment engineers, an electronics
and instrumentation engineer, an electrical engineer, engineering technicians, and hospital
managers from public, private, and social security-affiliated hospitals in Alborz Province. In
the first round of the Delphi method, these experts redefined and extracted 22 indicators and
sub-indicators related to prioritizing equipment for maintenance planning. In the second
Delphi round, these indicators were revised, with some removed or added to reach
consensus.The validity and reliability of the research are considered acceptable due to the
careful selection of experts from key hospital decision-makers and the achieved consensus
among the five expert groups. After identifying the indicators and sub-indicators, the weights
of the indicators were determined using the fuzzy analytic hierarchy process (AHP). Experts
were then asked to express their preferences regarding the maintenance of 23 medical
devices based on nine defined sub-indicators. Their opinions were converted into fuzzy
numbers using Chang’s fuzzy scale, and a consensus decision matrix was formed by
aggregating expert opinions through the geometric mean. Subsequently, an improved fuzzy
TOPSIS method was applied to analyze the data and prioritize the equipment. The results
are presented in combined matrices reflecting expert opinions on the sub-indicators and the
calculation of alternatives’ distances from positive and negative ideals using Euclidean
distance. The coefficient p, representing the relative importance of proximity to the positive
ideal versus distance from the negative ideal, was set to 0.5, assuming equal importance for
both criteria.

Results and Limitations

According to the calculations, the prioritization of dialysis department equipment for maintenance
and repair programs was determined, with the UPS device ranked first and the hospital bed ranked
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last. This model is capable of identifying the importance of indirect but vital support equipment,
which is often overlooked in many other models. This is significant because facilities equipment
such as safe power supply and clean water, although less noticed, can disrupt the entire system if
they fail.The use of the improved TOPSIS method in this field is innovative, and the results have
gained experts’ satisfaction. The presented model has the potential to be applied in similar
departments and industries but requires further testing and validation.

Limitations of the study include limited access to experts and a lack of comprehensive maintenance
data.

Recommendations
Considering the weaknesses in hospital equipment management systems, especially in small and
medium-sized hospitals with older equipment, it is essential to improve preventive and predictive

maintenance planning to increase the reliability of the equipment.

Keywords: Fuzzy multi-criteria decision-making, improved fuzzy TOPSIS, prioritization, dialysis
equipment, maintenance and repair (M&R)
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