Industrial Management Studies ) ATU
Vol(issue), PP. DM
jims.atu.ac.ir

DOI:

A Systematic Review of Routing Problems for the
Transportation of Biological Samples in Laboratory
Networks

. PhD student in Industrial Management, Allameh
Asma Bakhtiari Tavana Tabataba'i University, Tehran ,Iran.

Professor,  Operations and  Information
.. Technology Management Dept., Faculty of
MaghSOUd Amiri * Management and  Accounting,  Allameh
Tabataba'i University, Tehran ,Iran.

Associate Professor, Industrial Engineering

Amir Yousefli Dept., Faculty of Engineering, University of
Zanjan, Zanjan, Iran.
] Professor,  Operations and  Information
Mohammad Taghi Technology Management Dept., Faculty of
i Management and  Accounting, Allameh
TaghaVIfard Tabataba'i University, Tehran ,Iran.
Abstract

The transportation of biological specimens constitutes a challenging
routing problem in healthcare logistics. Due to the perishable nature of
specimens, adherence to transportation requirements regarding time,
temperature, and physical conditions is essential. This problem focuses
on route planning and scheduling for the collection and transfer of
specimens in the shortest possible time without compromising their
quality. Despite the critical importance of this issue in healthcare
systems and the publication of numerous studies, no systematic review
has yet been conducted to provide a comprehensive overview of the
current state of prior research. The present study, adopting a systematic
literature review approach, seeks to identify, classify, and analyze the
existing body of research to highlight research gaps and underexplored
topics. Accordingly, after the design of a search protocol, retrieval, and
screening of articles, 32 articles were finally selected and analyzed. The
findings revealed that the development of dynamic and multi-objective
models, the utilization of real-time decision-making, the broader
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application of innovative technologies such as drones, the Internet of
Things, blockchain, and big data analytics, as well as the incorporation
of machine learning algorithms, are among the most significant fields
that could accelerate research progress in the field of routing and
scheduling for biological specimen transportation. By mapping the
current state and identifying research gaps, this systematic review
provides a sound scientific foundation for future studies and for
enhancing the efficiency of biological specimen transportation network.

Introduction

In laboratory networks, some biological samples are transferred from
collection centers or laboratories to central laboratories equipped with
advanced equipment and devices. This approach leads to economic
efficiency and reduces the operational costs of centers. Within such a
structure, the routing problem of biological sample transportation
between different centers and the central laboratory is of particular
importance. The primary objective of this problem is to plan routes and
schedules for the collection and transportation of samples in the shortest
possible time without compromising their quality. In other words, given
the perishable nature of biological samples, compliance with
transportation requirements in terms of time, temperature, and physical
conditions plays a vital role in preserving the validity of laboratory test
results.

Given the importance of this process, numerous studies have been
conducted on routing problems related to the transportation of
biological samples. However, to date, no review study has been
published that specifically examines this domain. Accordingly, the
present study adopts a systematic literature review approach to classify
and analyze existing studies, identify research gaps and underexplored
topics, and ultimately outline potential directions for future research.

Methodology

For this study, a systematic literature review was conducted following
the approach proposed by Tranfield et al. (2003). Initially, a search
protocol was designed, and the procedures for article retrieval and
screening were carried out. Ultimately, 32 relevant articles were
selected for analysis. The process of article selection for the critical
literature review was conducted in accordance with the PRISMA
statement.

Discussion
Due to the lack of real-time access to information in traditional
biological sample transportation systems, transportation routes are
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often predefined and fixed on a weekly or monthly basis. However,
given the dynamic nature of biological sample transportation problems,
dynamic and flexible resource allocation is essential to adapt to changes
in model parameters. Moreover, routing problems for the transportation
of biological samples in practice are subject to multiple sources of
uncertainty, and neglecting these uncertainties may result in unrealistic
or suboptimal solutions. Accordingly, depending on the type of
uncertainty, commonly used approaches such as stochastic
programming, possibilistic programming, flexible programming, and
robust programming can be employed.

In this context, one of the key research directions in the field of dynamic
problems is real-time decision-making in scheduling and routing. The
development of decision support systems for real-time routing
optimization requires digital infrastructures and access to online data,
enabling the system to receive inputs instantaneously and process new
information rapidly in order to determine visit sequences and sample
collection schedules for laboratories. In traditional systems, increasing
demand may lead to human errors in the collection and transportation
processes of biological samples. The adoption of emerging
technologies such as the Internet of Things, GPS, blockchain, machine
learning algorithms, and drones enables tracking and monitoring of
environmental conditions, secure data storage, route optimization, and
rapid and safe sample transportation, thereby significantly improving
the accuracy, safety, and efficiency of laboratory networks.

Conclusion

In this study, a systematic literature review on the transportation of
biological samples within laboratory networks was conducted in three
stages. The growing trend in publications over recent years highlights
the increasing importance of this topic as a sensitive and complex
logistical problem. Despite this upward trend, no review study
providing a comprehensive overview of previous research has yet been
reported.

The findings of the present study indicate that the gradual shift from
heuristic algorithms toward hybrid algorithms reflects the need for
methods capable of simultaneously improving solution quality and
computational efficiency. Moreover, the application of machine
learning algorithms in recent years has created new opportunities for
solving large-scale problems. The classification of articles revealed that
most studies have modeled the problem as static and deterministic;
however, evidence shows that since 2023, there has been a growing
movement toward dynamic problem modeling. In addition, only a
limited number of studies have investigated the use of emerging
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technologies, including drones, the Internet of Things, blockchain,
GPS, and machine learning algorithms, to enhance the speed, safety,
traceability, and optimization of biological sample transportation
routes.

Overall, given the limited lifespan of biological samples and the
necessity of complying with transportation requirements in terms of
time, temperature, and physical conditions, it is essential for
laboratories to plan routes and schedules accurately by employing
modern operations research techniques, machine learning algorithms,
and innovative technologies, ensuring that samples are transported on
time and with preserved quality.

Keywords: Biological specimen transportation, Routing problem,
Dynamic routing problem, Systematic literature review
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