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Abstract
Purpose – This study aims to develop a hierarchical model that uncovers the relationships between challenges confronting Africa’s organ transplant
supply chain systems.
Design/methodology/approach – Eleven challenges (variables) were identified after a comprehensive review of the existing literature. The contextual
interactions among these variables were analysed from the perspectives of health-care stakeholders in two sub-Saharan Africa (SSA) countries (Nigeria and
Uganda), using Delphi-interpretive structural modelling-cross-impact matrix multiplication applied to classification (MICMAC) techniques.
Findings – The findings reveal that weak regulatory frameworks, insufficient information systems and a lack of necessary skills make it challenging
for critical actors to perform the tasks effectively. The interaction effects of these challenges weaken organ supply chains and make it less efficient,
giving rise to negative externalities such as black markets for donated organs and organ tourism/trafficking.
Research limitations/implications – This paper establishes a solid foundation for a critical topic that could significantly impact human health and
life once the government or non-profit ecosystem matures. The MICMAC analysis in this paper provides a methodological approach for future
studies wishing to further develop the organ supply chain structural models.
Practical implications – The study provides valuable insights for experts and policymakers on where to prioritise efforts in designing interventions
to strengthen organ transplantation supply chains in developing countries.
Originality/value – This study is one of the first to empirically examine the challenges of organ transplant supply chains from an SSA perspective,
including theoretically grounded explanations from data collected in two developing countries.
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Paper type Research paper

1. Introduction

The shortage of donor organs represents one of the most
challenging global problems today (INTERPOL, 2021; Lewis
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et al., 2021). Since 2015, there has been a 7.2% increase in
people needing organ transplants (Global Observatory on
Donation and Transplantation, 2016). However, despite a
global rise in the demand for organs, which can be ascribed to
the prevalence of end-organ diseases such as chronic lung and
heart diseases, as well as kidney and liver disorders (Parada-
Contzen and V�asquez-Lavín, 2019), there are supply
limitations (Bradford, 2021).
Effective organ transplantation programmes are crucial for

the sustainability of health-care systems in developed and
developing nations (Vanholder et al., 2021). For example, the
average wait time for organ transplants in the USA is between
two and six years. This issue results in the loss of over 10,000
lives each year (Beard et al., 2013). In developing countries
like India, the low donation rate for organs, for example, is one
factor that leads to the annual death toll of 500,000 people
(National Health Portal, 2015). Over the past decade, many
studies have identified challenges/constraints that may reduce
the availability of high-quality organs for transplantation. This
is due to a lack of regulatory or policy frameworks (Shroff, 2009),
religious or cultural beliefs (Sharif, 2012), poor incentives systems
(Parada-Contzen and V�asquez-Lavín, 2019), inadequate cold-
chain facilities (Fisher et al., 2020), among other factors such as
organ trafficking and tourism (Smith, 2012). However, many of
these studies have examined such challenges individually without
determining if the obstacles are interdependent.
Organ donation and transplantation involve a complex

ecosystem with highly interconnected subsystems (Abbasi and
Varga, 2022). Although specific challenges associated with organ
transplant operations in a broader context have been examined in
the relevant literature, little effort has been made to explore how
these challenges intersect (Arora and Subramanian, 2019).
It is only by bringing together the subsystems and treating
them as interdependent parts of a complex system that such
organisational systems can be improved (Ackoff, 1994; Baxter
and Sommerville, 2011; Leavitt, 1965; McKay et al., 2021).
Likewise, few studies have demonstrated how supply chain
management practices improve organ transplantation by
focusing on time, geographical location and allocations (Cole,
2021; Aleccia, 2020). Others have developedmodels tominimise
organ transport time (Beliën et al., 2011) and effectively match
organ demand with supply (Rabbani and Talebi, 2019).
However, due to their greater emphasis on developed nations,
these studies demonstrate that our understanding of organ
donation and transplant supply chain issues are still limited.
More research is needed on how developing countries (e.g. in

Africa), and particularly those in sub-Saharan Africa (SSA),
can increase the supply of organs for transplantation.Developing
countries, especially those in SSA, encounter unique challenges
in their capacity to implement effective supply chain systems
within the health-care sector (Yadav, 2015). Efficient and
effective supply chains are vital for delivering safe, quality and
affordable health services, and especially those in Africa
(Yadav, 2015; Banda et al., 2021; Olutuase et al., 2022;
Akenroye et al., 2022). Empirical research is needed to assist
scholars and practitioners in gaining a better contextual
understanding of the issues restricting organ donation and
transplantation distribution networks in developing economies.
Furthermore, a broader and more nuanced understanding of
organ supply chain challenges would aid in illuminating and

rethinking theoretical lenses and prioritising managerial actions
to improve transplantation services. This is the issue we address
in this paper.
The barriers hindering improvement in many supply

chains, including health care, are found to be interrelated with
distinct influencing characteristics (Vishnu et al., 2020). Here,
influencing power means both driving power (potential to
inflict other barriers) and dependence power (potential to get
affected by other barriers). These characteristics ultimately
determine the criticality and impact potential of the individual
barriers.Hence,mapping the interrelationships and understanding
their interactions is essential. Therefore, we pose the following
research questions:

RQ1. What challenges exist in organ transplant supply
chains, and how do these challenges interact?

RQ2. What is the potential impact of these challenges
regarding their driving and dependence powers?

There are many reasons why we focus on Africa in this study.
For example, Africa has the fewest transplants (Thomson,
2017), with only South Africa, Nigeria, Kenya, Ghana,
Tanzania, Sudan, Seychelles, Namibia, Mauritius, Ivory Coast
and Ethiopia performing organ transplants. This is a particularly
pressing issue because the demand for organ transplantation has
increased steadily without a corresponding increase in the
number of organ donors in SSA countries (Damagum, 2022;
World Health Organisation [WHO], 2020; West Cape
Government, 2022). For instance, just 18% of families in South
Africa authorised organ donation following a death (in a
hospital) in 2017 (Thomson, 2017). In addition, the median
number of kidney transplant facilities in Africa is 0.15 permillion
population (in comparison with 0.42 globally) due to the scarcity
of transplant-related services (Oguejiofor et al., 2021).
Even though the organ transplant system is at the

intersection of various disciplines, such as public health,
logistics and information systems, this area has largely been
neglected in mainstream supply chain management research.
In contrast, it is generally assigned to disciplines with a solid
clinical/medical science emphasis (Arshad et al., 2019; Ghose
et al., 2021). Therefore, this study contributes to the supply
chain management literature by creating a hierarchical model
to reveal the complex interdependencies between organ
transplant supply chain challenges with theoretically grounded
explanations. For practitioners, the findings of this study
provide unique insights and a deeper understanding of the
types of challenges that exist in the organ transplant supply
chain and how these challenges interact, particularly in
developing countries. Furthermore, the findings of this study
will generate new ideas for multi-stakeholder actions to
improve the organ transplant supply chain and tackle pressing
issues affecting people in need.
The rest of this paper is organised as follows. To answer our

research question, we first conducted a literature review on
the challenges affecting organ donation and transplantation
processes, which are presented in Section 2. Section 3 describes
the interpretive structural modelling (ISM) methodology and
its application for identifying relationships between various
organ donation and transplant supply chain challenges. Section
4 then discusses the findings. Finally, Section 5 presents our
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conclusions, implications and limitations. The research
implications are offered in a way that informs theory and practice.
Ours is one of the first studies to investigate the interdependence
of challenges in organ donation and transplantation supply chains,
including theoretical explanations for the results. Through the
developed ISM-based model, the study contributes to a better
understanding of the issues that experts and policymakers can
prioritise in the future for optimising organ transplant supply
chains.

2. Literature review

2.1 Socio-technical systems theory
We adopt socio-technical systems (STS) theory in this study to
advance explanations for the various challenges facing organ
supply chains and how these challenges interact. While organ
donation and transplantation can be technically challenging,
they are also influenced by several interacting factors. The STS
theory’s framework on social, technical and environmental
interaction may explain why certain behaviours emerge at
different organ transplant supply chain stages. STS has been
used in previous studies to understand issues such as
behavioural constraints related to supplier integration (Kull
et al., 2013), complexity and lean production systems (Soliman
et al., 2018) and implementing intelligent supply chain control
towers (Vlachos, 2021). In addition, other scholars have shown
how socio-technical integration impacts supply chain
sustainability practices (Shan et al., 2022) and supply chains as
dynamic networks (Gattorna and Pasmore, 2022). However,
previous studies have yet to consider a STS view of the organ
donation and transplantation supply chain, which is what we
focus on in this research. This is crucial because any action to
address organ scarcity must consider how various social,
cultural and technological factors interact to strengthen or
weaken the supply chain.

2.2. A socio-technical system view of the organ donation
and transplantation supply chain
A typical organ transplant supply chain consists of four generic
phases: organ procurement, organ retrieval, distribution/
delivery and transplantation (Akenroye et al., 2022). The first
phase (i.e. organ procurement) refers to obtaining organs for
transplantation by recruiting people willing to donate their
organs (National Health Service [NHS], 2022). Even though
most donors are deceased, people can donate organs while
alive. Therefore, it is also critical for the organ procurement
organisation to coordinate this procedure and assess the
compatibility of the donor and recipient’s health (National
Health Service [NHS], 2022). Then, the organ retrieval
procedure is performed as a highly complex and technically
demanding surgical procedure. In addition to determining the
suitability of the organs, the removal process eliminates
significant adverse side effects from the donation that could
harm the recipient. As part of the delivery process to the
transplant centre, the organ is carefully packaged on ice and
preserved with unique solutions. The organs retrieved for
transplantation are cold-chain products that must be stored,
packaged and transported according to strict quality and
temperature standards. The final stage of transplantation
involves placing a donated organ in a recipient. Overall, this is a

challenging procedure that needs careful surgical planning,
thorough screening and state-of-the-art medical equipment.
It is clear from the above process that the organ donation and

transplantation supply chain requires not only highly regulated
institutions (Ulasi et al., 2020) but also a variety of stakeholders
(“actors”) who have specialised knowledge (technical expertise)
necessary for specific tasks to be completed (Mendes et al., 2012).
To better understand how the organ donation and transplantation
supply chain works and the factors that influence its operation, we
adopt Bostrom and Heinen’s (1977) STS theory. STS theory
originates in the post-Second World War work of Eric Trist and
other sociologists at theTavistock Institute ofHumanRelations in
England (Mujinga et al., 2019: Emery, 2016; Stranks, 2007). The
theory contends that any organisation or a component comprises
several “social’’ and “technical’’ subsystems, which must be
managed as interdependent components of a complex system.
Figure 1 depicts the STS framework developed by Bostrom

and Heinen to understand the interplay between four key
elements of proactive change management: structure, task,
technology and people. It illustrates that structures and people
are social systems, while tasks and technology make up
technical systems. Applying STS thinking also helps to identify
areas of concern with large systems’ operational and organisational
aspects. For example, through the lens of STS, the actors of the
social system of an organ transplant supply chain include
individuals and stakeholder groups, such as professionals (clinicians
and non-clinicians) involved in the organ donation, matching,
retrieval, distribution and transplantation process. In addition, the
institutional arrangements, such as formal work organisation,
communication and authority structure, including norms, role
expectations and behavioural patterns, constitute the structure of
the social system (Lyytinen andNewman, 2008). For example, this
relates to the institutional arrangements or regulations that govern
organ sourcing by procurement organisations (Beyar, 2011), which
is the transfer of organs voluntarily from potential donors to
patientswithout jeopardising the recipients’post-transplant health.
When such institutional structures are not functioning

correctly, they can raise transaction costs and encourage
“opportunistic behaviour”, such as organ commercialism
(Danovitch, 2014), illegal trafficking, or organ tourism (Kassab
and Rosen, 2019).When all of these factors are combined, they
have the potential to cause a severe shortage of donated organs
within a specific supply chain system. To address challenges
and reconcile competing interests, the social system’s structure
may necessitate government-imposed remedies (Ogus, 2007)
and collective actions (Klijn and Koppenjan, 2006) from
supply chain actors. On the other hand, the technical system
includes the techniques, processes and tools required for the
implementation process. This relates to the availability of
experts with the necessary skills, such as transplant clinicians/
surgeons, logistics operators and social workers (Feldman et al.,
2020), as well as the existing technology and infrastructure
(Scalea et al., 2021), for successfully matching a donor with a
recipient and performing an organ transplant. This includes
tasks that meet organisational goals, objectives and stakeholder
requirements (Lyytinen andNewman, 2008).
As was shown above, the STS involves complex and dynamic

physical-technical systems in addition to networked interactions
of interdependent actors. This demonstrates how different
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variables may interact to affect the collaborative efforts of actors
attempting to accomplish organ supply chain responsibilities.

2.3 Challenges associated with the organ donation and
transplantation process
A comprehensive review of the literature uncovered eleven
critical challenges to organ donation and transplantation,
which are discussed below.

2.3.1 Lack of functional organ procurement network
Organ transplantation programmes are successful when potential
donors are correctly identified, their health is assessed, and organs
arematched and allocated to recipients (Beyar, 2011). TheWorld
Health Organisation (WHO) has established criteria and
processes to monitor the effectiveness of the organ donation
process (Beyar, 2011). However, evidence suggests inefficiencies
in kidney allocation (Ross and Thistlethwaite, 2008), cadaveric
organ procurement (Beard et al., 2006) and circle-based liver
allocation (Wood et al., 2022). This issue has increased the rate at
which organs are discarded and wasted in transplant centres
(Stewart, 2021). To ensure allocation efficiency, an organ
procurement organisation must collaborate with the National
Transplant Programme to create a database of potential donors
with strict medical evaluation requirements for matching organs
to recipients based on various factors such as blood group, waiting
period and donor hospital location (Beyar, 2011). However, most
SSA countries lack a functional organ procurement network to
support efficient organ sourcing and allocation (Kaze et al., 2018).

2.3.2 Poor or non-existent organ transplant regulations
Organ donation and transplantation are highly regulated
activities. However, few developing countries have a legal
framework to monitor and govern the procurement and
transplantation of human organs, cells and tissues (Ulasi et al.,
2020). Since such regulations do not exist, donation, retrieval,
transportation and even transplant surgery may be susceptible
to unethical practices. To ensure the safety and quality of
organs, strong regulatory policies covering all steps of the
transplantation process are imperative. This is also essential for
maintaining clear rules for operating an organ donation registry,

stakeholder participation (Weimer, 2010) and ensuring governance
and equity in organ transplantation practice (Hackmann et al.,
2022). In addition, many legal and ethical concerns about organ
donation and transplantation will only be able to manage with a
regulatory structure (Shroff, 2009), such as issues regarding
incentives or compensationmechanisms for living organ donors.

2.3.3 Inadequate information system infrastructure
Data availability and accuracy concerns would make it difficult
to maintain transparency and control over organ supply chain
activities (Chavez et al., 2020). Although studies show that
digital technologies can assist developing countries (e.g.
African countries) in achieving sustainable universal health
coverage (Olu et al., 2019), a weak data usage culture and
inadequate information system architecture make the
management of health supply chains in SSA more challenging
(Kritchanchai et al., 2018). Because so many parties are
involved in the health supply chain and must cooperate and
exchange information, insufficient information systems can
make organ transplantation more difficult. Therefore, an
effective data management system is required for the complete
management of the transplantation process. In the absence of a
robust digital backup system and data-driven decision-making
(Massie et al., 2014), health-care practitioners will find it
challenging to manage national transplantation data sets
(Howard and Byrne, 2007), ensure flawless organ matching
and handle the flow of information between organ donation
and transplantation (Molnar et al., 2015).

2.3.4 Black market for donated organs
It is common knowledge that there is a flourishing international
black market in human organs (Bowden, 2013; Yoon, 2018),
particularly in developing countries. The WHO estimates
10,000 black market operations are taking place annually, in
which illegally procured kidneys are traded (Iqbal and Khan,
2022; The Guardian, 2012). This often creates parallel supply
chains to regulated organ transplantation programmes, putting
potential donors through various risks, including slavery and
other forms of abuse. Taylor (2006) argues that legalising such
markets would increase the number of people being coerced

Figure 1 Socio-technical systems perspective

Source: Adapted from (Bostrom and Heinen 1977; Leavitt 2013)
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into selling their organs unwillingly. On the other hand, one
could argue that the lack of adequate incentive structures and a
stringent regulatory process is the root cause of black markets
for human organs (Parada-Contzen and V�asquez-Lavín,
2019).

2.3.5 Lack of effective adequate cold chain system
Some pharmaceuticals and health-care commodities, such as
blood and human organs, require a cold chain process to be
stored and delivered to patients (Sharma et al., 2021). Developing
countries, especially those in Africa, are particularly deficient. The
continent’s medical cold chain cannot transport perishable items
such as blood, organs and tissues to hospitals (Fisher et al., 2020).
As a result, if temperature monitoring and maintenance logistics
systems are not sufficient to transport organs and tissues to
hospitals on time, the safety and quality of organs and tissues will
be jeopardised (Vreugdenhil et al., 1991).

2.3.6 Lack of organ transport scheme
Every hour an organ is transported, its useful lifespan for the
recipient decreases by an hour (Pullen, 2019). The lack of a
sound organ transport system in some nations also increases
transportation costs and time (Michel et al., 2015). For
example, in the USA, the current organ transportation system
cannot handle the increased demand from new allocation
policies (Pullen, 2019). Furthermore, as organ transportation is
closely related to organ acceptance (Stewart et al., 2016),
difficulties encountered during transportation may impede the
acceptance and transplantation of an organ, especially when
imported organs such as kidneys and livers are involved (Wey
et al., 2018).

2.3.7 Lack of skilled labour
The establishment of a successful organ donation and transplant
programmes requires a collaborative organisation involving
many professionals (Spearman and McCulloch, 2014). These
professionals include transplant physicians, anaesthetists, public
health experts, logistics experts, transport experts, data analysts,
radiologists, organ register coordinators and health economists.
However, in SSA, there is a critical shortage of specialised
health-care workers (Naicker et al., 2010). For example, most
cold chain products, such as blood and human organs, need
more skilled and trained personnel familiar with advanced
equipment and various IT systems. This includes a need for
more knowledge about industry-specific inventory management
and product handling practices, which necessitate specialised
training (Kartoglu andMilstien, 2014).

2.3.8 Organ donor recruitment challenges
The fact that organ donation is still a heavily debated and
contentious issue complicates organ procurement (Williamson
et al., 2019). Organ donation has religious supporters and
opponents, depending on whether the donor is alive or dead
(Sharif, 2012). Research on organ donation has revealed
difficulties in engaging community groups, obtaining ethical
clearance for sensitive experiments with the recently deceased
and recruiting bereaved family members who were approached
about organ donation (Noyes et al., 2019). Due to this
difficulty, organ donation campaigns have been challenging
(Feeley and Kruegler, 2015). However, co-productive tactics
can help to overcome this obstacle (Sharif, 2012).

2.3.9 Difficulties with matching donors and recipients
A critical aspect of the transplantation process is allocating
organs efficiently between donor and recipient (Lee et al.,
2019). There are various criteria for successful matching, such
as blood type, tissue type, patient medical urgency, proximity
and compatibility (Lewis et al., 2021). For example, if the
donor and recipient are incompatible, the organ will be rejected
by the recipient’s body. In addition, unhealthy or people addicted
to drugs or alcohol are also ineligible for lung transplants (Orens
et al., 2006). Some innovative online platforms have emerged to
connect donors and recipients more effectively, including www.
matchingdonors.com, which maintains the largest database of
living charitable donors for kidney exchanges and receives
between three and 26 new organ donor registrations per day
(MatchingDonors, 2023).

2.3.10 Organ transplant tourism
Transplant tourism is the movement of a recipient, donor, or
both to a transplant centre in a foreign country (Shimazono,
2007). This has been reported in numerous nations and linked
to organ trade/ “organ trafficking”. It can also be thought of as
buying an organ for transplant overseas and getting access to it
while avoiding the laws, rules or procedures of any or all of the
countries involved (Budiani-Saberi and Delmonico, 2008).
Medical tourism, which involves the transportation of transplant
recipients or donors across international borders (Hindi et al.,
2020),may not always be considered organ trafficking.Historically,
developing countries such as India, Pakistan and Peru have been
major organ exporters. Because of poverty, some individuals from
these nations sell their organs to foreigners in developed countries
such as the USA, the UK, Australia, Canada and Japan (Smith,
2012), resulting in organ shortages in their home countries.

2.3.11 Getting the consent of a potential donor
One of the most challenging aspects of organ donation is
obtaining people’s consent (Salim et al., 2007). Obtaining the
consent of a potential organ donor may be difficult in countries
where there is no formalised framework or policy in place to
guide organ transplantation practice. Because of this, it may
become more challenging to receive organs on time for
transplantation purposes. Previous studies have questioned
whether presumptive consent is an ethically acceptable method
of obtaining organs for transplant (Prabhu, 2019), as well as the
opt-out and opt-in consent system for deceased organ donation
(Ahmad et al., 2019). In some developing nations, such as SSA
countries, where there is no robust system or policy governing
organ transplantation, it can be challenging to obtain the
consent of a potential organ donor.
Table 1 summarises the link between the 11 challenges

identified in the literature and the four-organ transplantation
supply chain phases. Not all challenges are related to every
stage of the transplant supply chain. For instance, the “delivery’’
and “transplantation’’ stages of the organ supply chain are more
relevant to the lack of an efficient cold-chain system. However,
all four stages have challenges with weak organ transplant
regulation, inadequate information system infrastructure and a
lack of skilled labour. The challenges listed in Table 1 need to be
organised in order of importance or according to how frequently
they have been found in the literature. This was done to
safeguard the study’s validity and lessen the possibility that it
would be tainted by unintentional bias. As a result, there is less
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chance that the participants will be affected by any implicit
ordering or sequencing of the variables.
Due to the presumption that every organisation comprises

interdependent subsystems, the next section will analyse these
challenges using the ISM approach. Then, we will draw
insights from the STS theory to interpret ISM findings and
categorise the interaction patterns between the various organ
supply chain challenges. In general, the STS framework’s key
dimensions can help to explain any emergent trend in the
interconnections between the various challenges confronting
the organ transplantation supply chain system.

3. Methodology

3.1 Interpretive structural modelling
This research aims to understand the challenges of the organ
transplant supply chain and how they interact. We used the
ISM method (Janssen et al., 2018, 27) to reveal the contextual
relationship among the challenges identified through a review
of the relevant literature and the Delphi method (Kumar et al.,
2022; Naranjo et al., 2023; Dalkey and Helmer, 1963). The
Delphi method is a well-established approach for determining a
consensus opinion among subject matter experts to respond to
a research question. Using this method, participants are given
the opportunity to review and consider their positions as a
result of hearing other people’s anonymous opinions. ISM
involves those modelling activities in which the modeller
intends to embody a geometric rather than an algebraic concept
and in a describing form rather than calculate or measure
quantitative outputs (George, 1980). Warfield (1974) extended
structural modelling to ISM by including expert judgements as
another dimension. In this context, interrelationships among the
different elements in the system are determined by pairwise
relationships, which are interpreted by an expert panel.
By using words and digraphs to model the interrelationships

between elements, it is possible to interpret practical information
that can be used to developmanagerial measures tominimise the
problem. As a result, we adopt the ISM technique by carrying
out a series of clearly defined steps in the sequence discussed
in subsequent sections below. Each step is significant and
connected to the one before it.

3.2 Research setting
Our study focuses onAfrica’s organ donation and transplantation
supply chain systems for several reasons. Firstly, research in
supply chain management is still in its infancy in emerging
economies such as Africa (Frei et al., 2022; Oyedijo et al., 2022).
The African context also provides a rich and dynamic setting for
investigating the organ donation and transplantation supply
chain, as it currently faces numerous social, infrastructure and
technical challenges (Oyedijo et al., 2021; Oyedijo, 2022).
Similarly, few studies have examined health-care supply chain
issues related to organs, with most studies focusing solely on the
business side.
Our expert panel includes critical organ donation and

transplantation stakeholders fromNigeria and Uganda. Nigeria
is the world’s seventh most populous country, while Uganda is
the world’s thirty-first and Africa’s eighth most populous
country (United Nations [UN], 2022). As a result, people in
these areas are more likely to require organ transplants or organ

donations. Similarly, recent organ transplant issues have
emerged in Nigeria and Uganda. Nigeria has one of the highest
rates of organ-related disorders in SSA (Kaze et al., 2018). For
example, a former Deputy Senate President of Nigeria, Senator
Ike Ekweremadu, was recently arrested and convicted for organ
trafficking charges in London, in the first verdict of this kind
under the Modern Slavery Act, after a 21-year-old refused to
consent to surgery in a London hospital (BBC News, 2023;
The Guardian, 2023). Following a public outcry in Uganda
about selling organs and tissues from unwilling donors and
reports of criminals using coercive power and deception to
remove people’s organs, the Ugandan Government recently
passed a law to restrict the trade of human organs (Reuters,
2022). Therefore, conducting this study in these developing
countries provides an opportunity to gain a deeper understanding
of such a critical issue.

3.3 Data collection and interpretive structural
modelling process used in this research
We implemented an integrated ISM and the cross-impact
matrix multiplication applied to classification (MICMAC)
approach to model and analyse dependencies among the
challenges that impede the organ transplantation supply
system. Table 1 lists the 11 challenges of organ donation and
transplantation operations we used in our analysis. ISM is a
well-structured interactive learning process commonly used to
translate the judgements of a group of subject matter experts
into an interpretive form, as shown in Steps 1–7 in Figure 2
below (Singh, 2011; Janssen et al., 2018; Akenroye et al.,
2021). The ISM strategy was used to build a relationship
model and identify the connections between driving forces
(defined as a variable that influences another) and dependence
(described as a variable being affected by another). MICMAC,
on the other hand, divides interactions between variables and
their drivers into four categories (Mandal and Deshmukh,
1994).

Figure 2 ISM key steps

Source: Developed by the authors 

Step 1 • Establish whether or not one factor is 
connected to another factor in some way.

Step 2
• Determine whether a factor will effect another 

enabler, will be affected by another factor, or 
will affect both.

Step 3 • Construct a structural self-interaction matrix 
(SSIM).

Step 4 • The SSIM will then be converted into a 
reachability matrix (RM)

Step 5 • Classify the RM into different levels.

Step 6 • Developing conical matrix

Step 7 • Construct the ISM diagram

Step 8
• Construct the cross-impact matrix 

multiplication applied to classification 
(MICMAC) 
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Since this study aims to understand the perspectives of key
stakeholders in SSA’s health-care systems on organ supply
chain challenges, we consulted 25 experts with at least 10 years
of relevant experience from Nigeria and Uganda (two SSA
countries). At the outset, we reached out to them by both email
and phone. Using these communication modes, we could
explain the study’s goals and determine the participants’
interest levels in the topic. Following a continuous conversation,
12 shortlisted experts agreed to participate in the consultation.
In addition, we approached three academics in supply chain
management, medicine and public health who agreed to join the
study as research participants. A 15-member decision-making
panel was then formed. Based on the literature, most ISM
studies use a small group of experts (e.g. 5–11 people) from
industry and academia to build contextual links (Purohit et al.,
2016; Panahifar et al., 2015). The formulated ISM model was
reviewed and validated using the Delphi technique (Naranjo
et al., 2023; Dalkey and Helmer, 1963). Thus, our team of 15
experts was well-suited for this analysis and developing the
proposed ISM model. Table 2 contains brief biographies of the
expert panel.

4. Data analysis and results

4.1 Steps 1–3: development of structural self-interaction
matrix
The experts were told to follow Steps 1 and 2 during the
consultation. Firstly, we explained the meaning of each of the
11 challenges identified in the literature to our experts. Then,
we gave them four notations (V, A, X, O) to highlight the
relationships between the challenges. Consequently, based on
the census response from our experts, we gathered the contextual
relationships to develop the structural self-interaction matrix

(SSIM). For example, v means factor i impact factor j; A means
factor i is influenced by factor j; X means both challenges
influence each other andOmeans no relationship. Table 3 shows
that the pairwise relationship between variables I and j) has been
determined and depicted based on expert consensus. For
example, the lack of a functional organ procurement network
(B1) affects getting the consent of a potential donor (B11).

4.2 Step 4: the transformation of structural self-interaction
matrix to reachabilitymatrix
The initial reachability matrix is developed by transforming the
data of each cell of SSIM in Table 3 into binary numbers “0 s”
and “1 s”, using the following rules according to Singh (2011):
� If the (i, j) entry in the SSIM is assigned with the symbol

V, then the cell (i, j) entry becomes 1, and the (j, i) entry
becomes 0 in the initial reachability matrix.

� If the (i, j) entry in the SSIM is assigned with symbol A,
then the cell (i, j) entry becomes 0 and the (j, i) entry
becomes 1 in the reachability matrix.

� If the (i, j) entry in the SSIM is X, both (i, j) entry and (j, i)
entry cells become 1 in the reachability matrix.

� If the (i, j) entry in the SSIM is O, both (i, j) entry and (j, i)
entry cells become 0 in the reachability matrix.

These above-listed rules were followed to develop the initial
reachability matrix for the challenges of the organ donation
and transplantation system, as shown in Table 4. The final
reachability matrix (Table 5) is then achieved by incorporating
transitivity (1� entries are included) to fill any observed gap in
expert views (opinions) gathered during the development of the
structural self-instructional matrix. The matrix shows each
factor’s driving and dependence power in final reachability.
Each challenge’s driving power is reflected by the number of

Table 2 Profiles of selected experts

Expert Type of organization Designation
Relevance phase in the organ
supply chain Country

Years of
experience

1 Ministry of health Public health director Donation (sourcing), retrieval, delivery
and transplantation of organs

Nigeria 26

2 Health logistics services CEO Organ transportation/delivery Nigeria 10
3 Public hospital Transplant physician Organ retrieval and transplantation Nigeria 16
4 Private hospital Family doctor Organ retrieval and transplantation Nigeria 24
5 NGO Country representative Organ donation Nigeria 11
6 Kidney transplant center Transplant physician Organ retrieval and transplantation Nigeria 20
7 University teaching

hospital
Clinical immunologists Organ donation (sourcing), retrieval

and transplantation
Nigeria 14

8 University Professor of medicine Organ retrieval and transplantation Nigeria 23
9 Blood transfusion services Pathologist Donation (sourcing), delivery and

transplantation
Uganda 15

10 Public hospital Cardiovascular surgeon Organ retrieval and transplantation Uganda 12
11 University teaching

hospital
Renal unit, department of
medicine

Organ retrieval and transplantation Uganda 19

12 Medical laboratory Cold chain expert Organ transportation/delivery Uganda 14
13 NGO Country representative Organ donation Uganda 12
14 University Health supply chain

researcher
Organ transportation/delivery Uganda 10

15 University Professor of public health Donation (sourcing), retrieval, delivery
and transplantation of organs

Uganda 22

Note: CEO = Chief Executive Officer; NGO = Non-Governmental Organisation
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challenges that depend on it. The driving power represents
the significance of a challenge, among others. Likewise, the
dependent power of any challenge is the number of challenges
it depends on. The dependent power symbolises a challenge’s
dependence. The reachability matrix (RM) output is then
classified into levels to build the ISM diagram. We have
captured all the transitive relations in Table 5 for
computational purposes alone. Hence, while inferring the

results of driving and dependence powers of an individual
challenge in the subsequent section (see Step 7), our focus is on
Table 4 results without transitive relations.

4.3 Step 5: classify the RM into different levels (level
partitions)
We classify RM into levels to construct ISM’s hierarchy. Warfield
(1974) recommends evaluating the intersection between

Table 3 Structural self-interaction matrix

Barrier j"
Barrier i! C11 C10 C9 C8 C7 C6 C5 C4 C3 C2 C1

C1. Lack of functional organ procurement network V V V V V A A V X A
C2. Organ transplant regulations are weak or absent V V V V A V V V A
C3. Inadequate information system infrastructure V V V V A V V V
C4. Black market for donated organs A V A A O O O
C5. Lack of effective cold-chain system O V O O A A
C6. Lack of effective organ logistics/transport scheme O V O O A
C7. Lack of skilled labour V V V V
C8. Organ donor recruitment challenges A V X
C9. Difficulties with matching donors and recipients A V
C10. Organ transplant tourism A
C11. Getting the consent of a potential donor

Table 4 Initial reachability matrix

Barrier C11 C10 C9 C8 C7 C6 C5 C4 C3 C2 C1 Driving power

C1 1 1 1 1 1 0 0 1 1 0 1 8
C2 1 1 1 1 0 1 1 1 0 1 1 9
C3 1 1 1 1 0 1 1 1 1 1 1 10
C4 0 1 0 0 0 0 0 1 0 0 0 2
C5 0 1 0 0 0 0 1 0 0 0 1 3
C6 0 1 0 0 0 1 1 0 0 0 1 4
C7 1 1 1 1 1 1 1 0 1 1 0 9
C8 0 1 1 1 0 0 0 1 0 0 0 4
C9 0 1 1 1 0 0 0 1 0 0 0 4
C10 0 1 0 0 0 0 0 0 0 0 0 1
C11 1 1 1 1 0 0 0 1 0 0 0 5
Dependence power 5 11 7 7 2 4 5 7 3 3 5

Table 5 Final reachability matrix with transitive relationships

Barrier j"
Barrier i! 1 2 3 4 5 6 7 8 9 10 11 Driving power

C1. Lack of functional organ procurement network 1 1� 1 1 1� 1� 1 1 1 1 1 11
C2. Organ transplant regulations are weak or absent 1 1 1� 1 1 1 1� 1 1 1 1 11
C3. Inadequate information system infrastructure 1 1 1 1 1 1 1� 1 1 1 1 11
C4. Black market for donated organs 0 0 0 1 0 0 0 0 0 1 0 2
C5. Lack of effective cold-chain system 1 1� 1� 1� 1 1� 1� 1� 1� 1 1� 11
C6. Lack of effective organ logistics/transport scheme 1 1� 1� 1� 1 1 1� 1� 1� 1 1� 11
C7. Lack of skilled labour 1� 1 1 1� 1 1 1 1 1 1 1 11
C8. Organ donor recruitment challenges 0 0 0 1 0 0 0 1 1 1 0 4
C9. Difficulties with matching donors and recipients 0 0 0 1 0 0 0 1 1 1 0 4
C10. Organ transplant tourism 0 0 0 0 0 0 0 0 0 1 0 1
C11. Getting the consent of a potential donor 0 0 0 1 0 0 0 1 1 1 1 5
Dependence power 6 6 6 10 6 6 6 9 9 11 7
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reachability and antecedent sets for each variable. The reachability
set contains all the challenges driven by another challenge, while
the antecedent set contains the challenges that another challenge
depends on (Zhang and Cao, 2018). Therefore, the intersection
set contains the challenges that appear on both the reachability and
antecedent sets. Following the steps taken by Cherrafi et al.
(2017), we labelled the challenge with the same reachability and
intersection sets as the top-level challenges. These challenges
would not help to influence any other challenge above their level in
the hierarchy. After identifying the “top-level factor’’, we separate
them from the other reachability, antecedent and intersection sets.
In Table 6, we present these variables together with their
reachability set, antecedent set and top level. For example, it can
be seen in Table 6 that “Organ transplant tourism” (C10) is found
at the Level I. Therefore, this factor would be positioned at the top
of the ISM model to be developed. To generate the digraph and
the final ISM, this process is repeated continuously (i.e. using
iterative level partitioning) to determine the subsequent levels of
factor variables (Dwivedi et al., 2017).

4.4 Step 6: developing conical matrix
Finally, we developed the conical matrix from the final
reachability matrix by reordering the challenges according to
their level. This involves clustering all challenges on the same
level across the rows and columns of the final reachabilitymatrix.
For example, C2 (Black market for donated organs) is found at
Level II, while C8 (Organ donor recruitment challenges) andC9
(Difficulties with matching donors and recipients) are having
Level III, and C11 (Getting the consent of potential donors) is
position at Level IV. Following these rearrangements, the
conical form of the final reachability matrix is generated and
shown in Table 7. The digraph and ISM model will be
developed from the conical form of the reachabilitymatrix.

4.5 Step 7: construct the interpretive structural
modelling diagram
Using the driving forces fromTable 4 and the levels fromTable 6,
we constructed the ISM diagram shown in Figure 3. For a
clear representation of the ISM digraph, we have used a coding
scheme for the challenges of the organ supply chain (C1, C2,
C3. . . C11). This indicates that among the 11 variables
studied, C3 (Inadequate information system infrastructure) is
the factor with the highest impact potential, followed by C2
(Organ transplant regulations are weak or absent) and C7

(Lack of skilled labour). As a result, any interventions to
improve the supply chains of organ transplants in SSA should
start with addressing these challenges, located at the base of
the ISM diagram (Level V). Such interventions are also
expected to have a positive cascading effect on minimising
other challenges, especially the highly dependent ones. Regarding
the dependency power, C10 (Organ transplant tourism) is found
to be the after-effect of other challenges under investigation. It is a
consequence of C4 (Black market for donated organs), C8
(Organ donor recruitment challenges) and C9 (Difficulties with
matching donors and recipients).

4.6 Step 8: construct thematrixmultiplication applied
to classification
This section examines the driver and dependence power of the
challenges associated with the organ supply chain system,
which is the primary purpose of MICMAC analysis (Mandal
and Deshmukh, 1994). These challenges are categorised into
four different quadrants (Figure 4). The first quadrant is called
the autonomous variables, which have weak driver power and
weak dependence power. For example, Figure 4 shows that
C11 (Getting the consent of a potential donor) is an autonomous
variable because it has a driving power of five and a dependency
power of seven. As a result, it occupies a corresponding position
on the X and Y axis. The dependent variables are in quadrant
two consisting of four challenges, namely, C4 (Black market for
donated organs), C8 (Organ donor recruitment challenges), C9
(Difficulties with matching donors and recipients) and C10
(Organ transplant tourism). They all have extreme dependence
but very weak driver power. In the third quadrant, linkage
variables have strong driving power and dependence power out of
the 11 variables, none falls in this quadrant. Finally, the fourth
quadrant contains independent variables, which variables
significantly drive the variable above them and affect the system.
The challenges that fall in this quadrant are C1 (Lack of
functional organ procurement network), C2 (Organ transplant
regulations are weak or absent), C3 (Inadequate information
system infrastructure), C5 (Lack of effective cold-chain system),
C6 (Lack of effective organ logistics/transport scheme) and C7
(Lack of skilled labour). Not surprising to see these six challenges
at the base of the ISMdiagram (Figure 3), indicating their driving
force over the entire system.

Table 6 Level partitioning

Barrier Reachability set Antecedent set Intersection set Level

C1 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 1, 2, 3, 5, 6, 7 1, 2, 3, 5, 6, 7 V
C2 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 1, 2, 3, 5, 6, 7 1, 2, 3, 5, 6, 7 V
C3 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 1, 2, 3, 5, 6, 7 1, 2, 3, 5, 6, 7 V
C4 4, 10 1, 2, 3, 4, 5, 6, 7, 8, 9, 11 4 II
C5 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 1, 2, 3, 5, 6, 7 1, 2, 3, 5, 6, 7 V
C6 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 1, 2, 3, 5, 6, 7 1, 2, 3, 5, 6, 7 V
C7 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 1, 2, 3, 5, 6, 7 1, 2, 3, 5, 6, 7 V
C8 4, 8, 9, 10 1, 2, 3, 5, 6, 7, 8, 9, 11 8, 9 III
C9 4, 8, 9, 10 1, 2, 3, 5, 6, 7, 8, 9, 11 8, 9 III
C10 10 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 10 I
C11 4, 8, 9, 10, 11 1, 2, 3, 5, 6, 7, 11 11 IV
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5. Discussion of findings

An efficient system for organ transplantation depends on the
health supply chain running smoothly. However, there is a
significant mismatch between the demand for and supply of
organs for transplantation, resulting in the loss of lives and high
socioeconomic costs. Previous studies have identified various
challenges of the organ transplantation process based on our
research question; however, the interactions between those

challenges have yet to be examined from the perspectives of
relevant stakeholders in SSA’s health-care sector.
Figure 3 depicts the interaction of various variables identified in

the literature as challenges to organ donation and transplantation
(addressing RQ1). It reveals, for example, that a lack of a functional
organ procurement network (C1), weak or absent organ
transplant regulations (C2), inadequate information system
infrastructure (C3), a lack of an effective cold-chain system (C5),
a lack of an effective organ logistics/transport scheme (C6) and a

Figure 3 Interpretive structural model of organ supply chain challenges

Table 7 Canonical form of the final reachability matrix

Barrier C10 C4 C8 C9 C11 C1 C2 C3 C5 C6 C7 Driving power Level

C10 1 0 0 0 0 0 0 0 0 0 0 1 I
C4 1 1 0 0 0 0 0 0 0 0 0 2 II
C8 1 1 1 1 0 0 0 0 0 0 0 4 III
C9 1 1 1 1 0 0 0 0 0 0 0 4 III
C11 1 1 1 1 1 0 0 0 0 0 0 5 IV
C1 1 1 1 1 1 1 1� 1 1� 1� 1 11 V
C2 1 1 1 1 1 1 1 1� 1 1 1� 11 V
C3 1 1 1 1 1 1 1 1 1 1 1� 11 V
C5 1 1� 1� 1� 1� 1 1� 1� 1 1� 1� 11 V
C6 1 1� 1� 1� 1� 1 1� 1� 1 1 1� 11 V
C7 1 1� 1 1 1 1� 1 1 1 1 1 11 V
Dependence power 11 10 9 9 7 6 6 6 6 6 6
Level 1 2 3 3 4 5 5 5 5 5 5
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lack of skilled labour (C7) are all significant challenges to the
organ transplant supply chain system in SSA and form the
foundation of the ISM hierarchy model. These challenges are
further classified as institutional capacity (C1, C2) and technological
capabilities (C3, C5, C6, C7). Because these challenges have a
high driving power but a low dependence power, they fall under
the category of independent variables in the MICMAC results
(Figure 4). Thus, showing the potential impact of these challenges
in terms of their driving power and dependence power (addressing
RQ2).
When we rank variables by their driving power, we see that

inadequate information system infrastructure (C3), weak or
absent organ transplant regulations (C2) and a lack of skilled
labour (C7) are the three most influential factors (see the
reachability Table 4). These three variables are the most
important in exacerbating the problems in the organ transplant
supply chain. This is not surprising, given that most SSA
countries lack a robust regulatory framework (Oyedijo et al.,
2021; Oyedijo, 2022; Oyedijo et al., 2022). The findings also
support the widely held belief that Africa’s health-care industry
is suffering from severe skill shortages (Woodburn, 2013;
Yadav, 2015) and that the logistics information systems that
support the continent’s supply chains are far from an optimum
level (Lugada et al., 2022). This implies that improvements to
the relevant institutional and regulatory frameworks are
required to optimise SSA’s organ donation and transplant
supply chains. If more digital technologies are used in the
continent’s health sector, organ transplant supply chain
operations are more likely to be transparent and efficient. Such
digitalisation efforts can assist stakeholders in the health-care
sector in effectively acquiring, sharing and using information.
Other challenges, which we classified as task-related factors,

will also be mitigated as institutional and technological
capacities improve. The factors comprise difficulties in obtaining
consent from a potentialr donor (C11), finding organ donors
(C8) and matching donors with recipients (C9). However, the
interaction effect of these task-related challenges gives rise to
some negative externalities, such as the illegal market for donated

organs (C4) and organ transplant tourism (C10). These are
found at the very top of the hierarchical structure, made possible
by applying the ISM technique. They represent unintended
consequences of inefficient allocation and distribution of organ
products in the system. This implies that if domestic organ
transplant operations were strengthened to support the efficient
allocation of donated organ products, black markets and organ
trafficking/tourism would not have emerged. Although the
unmet need for organ transplantation in SSA is unknown, 643
organ transplants were performed in 2016, far fewer than in
other WHO regions (World Health Organisation [WHO],
2020). Donors in organ trafficking are often from poor and
developing countries like Nepal, India, Bangladesh, Egypt and,
recently, Nigeria (Euronews, 2022; Warsi, 2023). When the
supply of donated organs is insufficient to meet the demand in
these countries, the market fails, giving people the incentive
to engage in other unethical behaviours. For example, the
prolonged nature of organ shortages can lead to the creation of
blackmarkets in any country (Danovitch, 2014).
It is also important to note that the organ transplant supply

chain involves numerous stakeholders, many of whom have
competing priorities. Suppose this process/relationship is not
adequately managed, supply chain actors may engage in
opportunistic behaviour to pursue self-interest outcomes (Kelly
et al., 2018), jeopardising the equitable allocation of donated
organs. With the growth of a wide range of organ trade
networks in recent years, reports of illegal human organ
trafficking and tourism have reached an all-time high (Cole,
2021). While much effort has been invested in tackling this
challenge, our model demonstrates that organ trafficking and
tourism result from enduring institutional and technical
weaknesses in developing countries. Thus, based on theMICMAC
results (Figure 4), organ tourism is a dependent variable and an
output of interactions between other underpinning issues. If the
fundamental institutional and technical challenges at the heart of
the ISMmodel are addressed and resolved, it will positively impact
tackling organ trafficking and tourism.

Figure 4 MICMAC analysis
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The current methods of dealing with illegal organ trading are
primarily reactive in nature (Human Tissue Authority [HTA],
2022). Thus, our finding suggests the need for a more proactive
approach to prevent the issues (negative externalities) from
emerging, particularly by strengthening the organ supply chain
systems in developing countries. Based on our findings, the
challenges positioned at the base of the ISMmodel in Figure 3
should be given the highest priority areas. Any intervention to
tackle them would have a cascading effect on addressing the
problem of organ trafficking/tourism and black markets. These
are negative externalities caused by underlying structural and
socio-technical weaknesses, yet they dominate the current
organ shortage debate.

6. Conclusion

The supply chain for human organ donation and transplantation
is one area where policymakers, regulatory bodies, scholars,
medical practitioners, health-care services and the general public
can all play a role in making the process more seamless. The
issue is important considering that nearly every hour, a patient in
the USA dies in the waiting room for an organ transplant
(Degenholtz et al., 2019), and only 1 out of 100 people who die
in the UK are usually able to be donors (National Health Service
[NHS], 2022). Organ shortage is a global problem, but research
on the human organ supply chain is still in its early stages (Cole,
2021; Akenroye et al., 2022; Misra et al., 2022). Even within the
medical community, the emphasis has been on the medical
aspects of the transplant procedure rather than attempting to
understand issues holistically (Bruni et al., 2006; Misra et al.,
2022). As a result, our research question, which asked what
types of challenges exist in the organ transplant supply chain and
how these challenges interact, is a step towards raising awareness
of this critical issue and contributing to the health care and
supply chain domains.
We discovered that the most critical challenges in SSA’s

organ transplant supply system relate to the structural dimensions
of Bostrom andHeinen’s socio-structural framework (weak organ
transplant regulation and a lack of functional organ procurement
organisations) and technology. These technological challenges
can manifest in an inadequate information system, a lack of
skilled labour, an effective cold chain system and a suboptimal
organ logistics/transport scheme. Compared to social-structural
challenges, task-related challenges have high dependence but low
driver power. If not appropriately addressed, they can lead to
inefficient allocation/distribution of donated organs, resulting in
thriving black markets. As a result, research and practice should
emphasise structural and technological issues, which have a more
significant impact on SSA’s organ transplant supply chain systems
than actors’ task-related factors.

6.1 Theoretical contributions
Previous research has not taken into account the socio-
technical aspects of organ donation and transplant supply.
Furthermore, understanding how these socio-technical
subsystems interact to facilitate or inhibit the availability of
transplantable organs has yet to be explored in previous studies.
We used the ISM technique andMICMAC analysis to show the
relative importance of subsystems (hierarchical structure of

interactions) beyond the STS theory’s focus on interaction/
interdependence alone.Our findings reveal the following:
� Weak regulatory institutions and inadequate information

systems hinder supply chain actors’ ability to carry out
tasks effectively.

� Negative externalities can result from task-related difficulties
(concerns about donor recruitment, consent and matching),
causing the inefficient allocation of organ products within
the system.

� Organ transplant tourism, one of the fastest-growing illegal
activities globally, arises from (output of) the interaction
effects of many variables but does not affect changes in as
many others.

Based on these findings, any intervention developed to address
the institutional capacity and technological capability (human
and technical) is expected to have a positive ripple effect on the
entire system. Therefore, this study adds to the relevant
literature by understanding the challenges of organ transplant
supply chains and establishing their contextual relationship to
understand better the various areas where interventions can be
developed to optimise the system. Furthermore, drawing from
the STS theory, this research adds to the literature by offering
a comprehensive interpretive structural framework which
suggests new constructs on the interaction between different
challenges of organ transplant supply chains, i.e. institutional
capacity, technological capabilities, task-related factors and
negative externalities (see Figure 3). Through this, the study
adds to the findings of past studies concerning the uneven
landscape of organ transplant supply chains (Cole, 2021), the
factors influencing organ supply chains (Misra et al., 2022) and
the design of organ transplant supply chains in uncertain
environments (Goli et al., 2022).
Secondly, much attention has been paid in the literature to

identifying and considering obstacles that impede organ donation
and transplantation. Although many factors (challenges) have
been identified, few studies have presented the challenges by
category.Without a clear consensus on categorising the challenges,
our study contributes to the literature using the ISM technique to
determine the interplay between identified challenges in previous
studies. Similarly, unlike previous studies on this topic (Zahiri
et al., 2014; Kargar et al., 2020; Goli et al., 2022) that have
primarily relied on mathematical models, our study uses the STS
theory as a theoretical lens to determine if a helpful categorisation
can be beneficial to improving organ transplant supply chain
challenges.
Althoughmuch emphasis has been placed on the governance

aspect of organ transplant supply chains in research (Chavez
et al., 2020), efforts to improve this field will be limited if the
social and technical elements are not adequately considered. As
a result, to the best of our knowledge, our study is one of the
first to empirically examine the challenges to organ transplant
supply chains from an SSA perspective, including theoretically
grounded explanations for the findings.
Thirdly, while the majority of the organ transplantation

literature focuses on the demand side of the process, such as
the prevalence of end-organ diseases (Parada-Contzen and
V�asquez-Lavín, 2019), the increase in waiting time for
transplantation (Beard et al., 2013), demand complexity
(Rabbani and Talebi, 2019) and transactional costs associated
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(Abouna, 2008), we develop an analytical model to synthesise
the research findings and to uncover the relative importance
and contextual interaction of the supply-side challenges. For
example, Rabbani and Talebi (2019) highlighted geographical
inequalities in organ location-allocation. However, our ISM
model provides a more comprehensive view of this phenomenon
by demonstrating that institutional weakness, a lack of information
systems and a lack of skilled labour can all have spill over effects,
i.e. black markets for organs and trafficking. These negative
externalities constitute another type of inequality, whichmay cause
market failure (Thorne, 1998) in the allocation/distribution of
donated organs globally. Furthermore, the factors identified in
previous research as issues in organ transplant supply chains were
discussed in isolation; our study extends knowledge in this area by
using MICMAC to deconstruct the variables identified in the
previous literature to examine their driver power and dependence
power, aswell as to supplement amatrix of their relationship.
In addition, the findings emerging from this study have

implications for the theory of constraints (Kim et al., 2008;
Rahman, 1998; Simatupang et al., 2004), a technique used to
determine the primary constraint to a system’s optimisation
and then sequentially improving that constraint to the point
where it is no longer the limiting factor. For instance, given that
our research has used the STS theory to shed light on an
inherent interaction between challenges in organ supply chains,
the theory of constraints can facilitate identifying the most
significant system constraints and prioritising resource allocation
to effectively and efficiently provide critical transplant services to
those in need. Considering this, future efforts on how to combine
the theory of constraints with the STS can provide better insights
for researchers in overcoming key obstacles that prevent the
realisation of the potential benefits of organ supply chain systems.
In this way, the synergistic potential of these two theories can be
better harnessed to help save the lives of those needing organ
transplants.

6.2 Practical implications
The study contributions not only advance theoretical knowledge
of the organ transplant process and supply field but they are also
helpful for regulators, particularly policymakers, who want to
strengthen the capacity of institutions and systems effectively,
and people to improve both the operational and long-term
performance of their organ transplant operations/services. This
study’s ISM-based model uncovered the interaction effects of
variables impeding the organ transplant supply chain in SSA.
However, now that we have a better understanding of how these
challenges behave, public health professionals, clinicians, supply
chain experts and regulators can implement solutions that will
result in systemic change. Such solutions include a step-by-step
reform of the organ transplant programmes, which can lead to
the development of better institutional/regulatory processes
for organ procurement, capacity building for improvement of
organ handling/logistics practices and development of cold-
chain systems tominimise waste.
In addition, digitalising the health supply chain can help to

optimise organ donation and transplantation activities.
Emerging technologies, such as big data analytics, advanced
robotics, tracking and the Internet of Things, can be used to
improve the use of data for decision-making and potentially
help to solve current problems around matching donors with

recipients, long waiting lists, as well as improving the
traceability of donated organs (Ivanov et al., 2019; Ben-Daya
et al., 2019). Thus, this study adds to organ donation and
transplant operations by assisting health-care stakeholders in
prioritising efforts and resources to design targeted interventions
to strengthen organ transplantation programmes in developing
countries. In addition, the findings can help policymakers develop
better policies to help developing-country health programmes
deal with the organ shortage crisis.

6.3 Limitations
This study has several research limitations. For instance, the
model developed was based on expert opinions, which can
be skewed. Nonetheless, we conducted a census among the
participants to find common ground in their observation and
ranking of the variables studied. In addition, while the findings
are expected to have broader general applicability to human
organ transplant programmes in SSA, more research in
different regions of Africa, developing economies and organ-
type contexts should be conducted to validate the proposed
model. In those cases, factors can be added or removed as
needed, depending on the context.
Overall, the paper sheds some light on the factors limiting the

success of organ transplant operations in developing countries,
thereby encouraging their optimisation. The proposed ISM-
based model provides a realistic representation of the issues
encountered while transferring an organ from a potential donor
to a patient. This model, however, should be statistically
validated. As a result, we encourage other scholars to use other
methodological approaches, such as survey analysis to empirically
validate the developed ISMmodel. Furthermore, to advance this
research, ISM methodology can be combined with other multi-
criteria decision-making methods, such as the Best Worst
Technique, to validate the findings.
While this research provides exciting insights with the

potential to impact human lives, it was conducted in African
countries, which may be perceived as a parochial perspective
limited by context. For example, the types of challenges that
exist in the organ transplant supply chain in Africa (a developing
economy) and how these challenges interact may differ from
those found in developed markets. This point of view is essential,
given that developed countries such as the USA and the UK also
struggle with organ donation and transplantation systems.
Consequently, it would be beneficial to broaden research on the
organ donation and transplantation supply chain to developed
countries and compare how these challenges interact in these
different contexts. This could include a quantitative comparison
of the data collected along the organ supply chain once many
developing countries have established reporting systems for their
respective governments. By better understanding organ
transplant supply chains, future livesmay be saved and improved.
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