Research in Production and Operations Management
University of Isfahan E-ISSN: 2981-0329
Vol. 17, Issue 2, No. 45, 2026

d DOI: 10.22108/pom.2026.147333.1644

(Research paper)

Facility Location for Organ Transplant Networks
with Backup Transplant Centers

Elham Sharifi
Department of Industrial and Systems Engineering, Isfahan University of Technology, Isfahan, Iran,
elham.sharifi9 194@gmail.com
Ali Shahandeh *
Department of Industrial and Systems Engineering, Isfahan University of Technology, Isfahan, Iran,
ali-nook@iut.ac.ir
Mehdi Iranpoor
Department of Industrial and Systems Engineering, Isfahan University of Technology, Isfahan, Iran,
iranpoor@iut.ac.ir

Purpose: Organ transplantation is one of the most critical healthcare services for patients with
end-stage organ failure, yet a substantial gap persists between organ supply and demand. Limited
transport time and short organ viability often result in long waiting lists and high patient mortality.
Designing an efficient and resilient organ transplant network is therefore essential to improve organ
utilization and patient outcomes. This study develops a multi-objective facility location—allocation
model for organ transplant networks. The model simultaneously determines optimal locations for
organ procurement and transplant centers, assigns hospitals and demand regions, and manages organ
flows while accounting for potential disruptions at transplant centers. Unlike previous studies, this
work incorporates backup transplant centers to enhance network resilience and ensure continuity of
service when primary centers fail due to technical issues, capacity overload, or emergencies.

Design/Methodology/Approach: A bi-objective mixed-integer linear programming model is
formulated to design an efficient organ transplant network. The model minimizes total cost and
maximizes weighted organ flow while considering travel-time and ischemia constraints. The network
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includes hospitals, organ procurement centers, transplant centers, transportation modes, and demand
regions over a multi-period horizon. Each primary transplant center is assigned a backup center to
improve reliability during disruptions. Because the problem becomes computationally challenging for
medium- and large-scale instances, a multi-objective simulated annealing (MOSA) algorithm is
developed to obtain high-quality solutions efficiently. The model is evaluated using test instances and
compared with the augmented e-constraint method, demonstrating superior computational
performance while maintaining solution quality.

Findings: The results indicate that the proposed location—allocation model effectively balances total
network cost and organ flow while improving system resilience. The MOSA algorithm generates
high-quality Pareto solutions in significantly shorter computational time, particularly for medium- and
large-scale problems. Although the augmented e-constraint method performs slightly better for small
instances, the proposed heuristic becomes more efficient as problem size increases. Sensitivity
analysis shows that higher disruption probability increases total cost and reduces organ flow,
underscoring the importance of backup transplant centers. Additionally, organ demand increases cost
only until supply becomes the limiting factor. Overall, the findings confirm that incorporating
resilience considerations substantially improves organ transplant network design.

Research limitations/implications: The study assumes deterministic demand, supply, and
transportation conditions, along with a predefined disruption probability. However, real organ
transplant systems involve uncertainties such as weather conditions, traffic congestion, donor
availability, and unexpected operational failures. Future research may extend the model by
incorporating more practical factors, including probability of successful transplantation at each center,
patient waiting times, and the use of air transportation. Further studies may also examine capacity
constraints, strategies to reduce organ wastage, and joint location of transportation agencies with other
facilities to better assess their impact on time and cost.

Practical implications: The proposed decision-support framework assists healthcare managers in
identifying optimal locations for organ procurement and transplant centers and making more effective
allocation decisions. By incorporating backup transplant centers, it supports reliable planning and
ensures service continuity during disruptions. The model helps reduce transportation time, improve
transplant success rates, and minimize organ wastage, leading to more efficient resource use and
saving more lives. From a managerial perspective, it reduces operational costs and enhances overall
system performance. Moreover, the MOSA algorithm enables efficient solution of large-scale
planning problems, making the framework practical for real-world decision-making.

Social implications: Improving organ transplant network design yields significant social benefits. By
reducing organ losses caused by transport delays and increasing reliability during disruptions, the
proposed approach can lower patient mortality, shorten waiting lists, and improve access to transplant
services. Better utilization of donated organs also strengthens public trust in organ donation systems
and supports fairer access to healthcare. Overall, it enhances patients’ quality of life and contributes to
a more resilient healthcare system.

Originality/value: This study offers several original contributions. First, it incorporates backup
transplant centers into a strategic facility location—allocation model to improve resilience against
disruptions. Second, it simultaneously maximizes weighted organ flow while considering travel-time
and ischemia constraints. Third, it integrates hospitals as the first operational level and models the
transfer of brain-dead donors from hospitals to procurement centers, an aspect rarely addressed in
prior research. Finally, the development of a multi-objective simulated annealing algorithm provides a
practical solution approach for large-scale organ transplant network design problems.

Keywords: Organ transplant network, Facility location-allocation, Healthcare logistics, Multi-
objective optimization, Mixed-integer programming, Simulated annealing, Network resilience,
Backup facilities
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Fig. 1- General diagram of the organ transplant network
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Table 2- Levels of Algorithm Parameters
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Table 3- Optimal values of algorithm parameters (a)
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Table 5- Range of parameters of problem (b)
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Table 6- Characteristics of generated issues
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Table 7- Values of Pareto comparison indicators (a)
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Table 8- Values of comparison indices of Pareto solutions (b)
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Fig. 4— Comparison Of Pareto Solutions Obtained from the Epsilon-Constraint Method and the Heuristic Algorithm
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