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Preface

One of the most interesting and challenging fields of medicine and surgery is organ 
donation and transplantation. It is a field that has made tremendous strides during 
the last few decades through the combined input and efforts of scientists from various 
specialties including surgeons, hepatologists, nephrologists, immunologists, ethicists, 
and infectious disease specialists. What started as a dream of pioneers in the field 
has become a reality for the thousands of patients whose lives can now be saved and 
improved. However, challenges remain significant, as do the expectations, for what 
was once an experimental treatment could eventually become the future of medicine 
because it involves most organs including the heart, lungs, eyes, liver, kidneys, pan-
creas, and small intestine.

Written by an excellent group of world authorities, this book presents the challenges in 
the field of organ donation and transplantation, including ethical, legal, and medical 
issues, as well as the technical and immunological problems facing experts involved in 
the care of transplant patients. In addition to the knowledge shared, the authors provide 
their personal clinical experience, making this book an extremely useful tool for every 
scientist and physician practicing in the field of transplantation.  

The book is divided into three sections on organ donation and transplantation. The 
chapters include information on the current state and different types of donation, the 
challenges identified in increasing donations as well as potential solutions. 

This book is a worthy contribution to the literature on organ donation and transplanta-
tion. It is designed for scientists, physicians, and surgeons across various specialties 
who are invested in improving the lives of transplant patients.

Georgios Tsoulfas, MD, Ph.D., FICS, FACS
Professor of Transplantation Surgery,

Chief Department of Transplantation Surgery,
Aristotle University of Thessaloniki School of Medicine,

Thessaloniki, Greece
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Chapter 1

Therapeutic Regimen Adherence 
and Risk of Renal Graft Loss: Nurse 
Interventions
Dilar Costa and Joana Silva

Abstract

Kidney transplantation is considered the best therapeutic option and survival is 
dependent on adherence to the drug regimen. Adherence to the therapeutic regime 
thus becomes the key to success. However, the literature shows that not all patients 
are adherent, and readmission due to graft dysfunction is a reality. Although a 
direct relationship between adherence to the therapeutic regimen and graft dys-
function cannot be attributed, the issue of adherence is far from not deserving the 
attention of health professionals. This text aims to identify the importance of nurs-
ing interventions in promoting adherence to the therapeutic regimen. In an explor-
atory approach to the process of adherence, and reflecting on concordance and its 
relevance to adherence, given the heterogeneity of both definitions, we aimed to 
study the nurses’ role and the type of interventions to promote adherence to the 
therapeutic regimen in transplanted renal patients. We conclude that education and 
counselling are the predominant interventions and that concordance is part of this 
practice, where the expected outcome is kidney graft survival as a consequence of 
adherence to the therapeutic regimen.

Keywords: adherence to the therapeutic regimen, patient compliance, adherence, 
concordance, nurse interventions, nurse care, renal allograft, renal transplantation, 
renal recipients

1. Introduction

Kidney transplantation is recognised in the medical literature as the best therapeu-
tic option in end-stage chronic kidney disease [1, 2].

There are both clinical and non-clinical reasons to believe that kidney transplan-
tation is beneficial for the person with end-stage renal disease because it reduces 
cardiovascular risk from 9.0 to 3.5–5.0% per year for patients who remain on dialysis. 
Added to this are the numerous benefits associated with better quality of life, more 
freedom (not being dependent on dialysis), more time for daily activities (time 
gained from not being dependent on dialysis), reduced symptoms such as fatigue, 
sleep disturbances and, as hypothesised, more work activity [3, 4].
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Adherence to the therapeutic regimen of transplanted kidney patients is funda-
mental in preventing kidney graft rejection, complications, and re-hospitalisations 
with increased costs for the person and the health system [5].

There is much evidence of the importance of adherence to the therapeutic regimen 
for kidney transplant patients, highlighting the consequences of non-adherence and 
giving depth to the benefits that adherence evokes, linking it to processes of well-
being and good health.

The direct relationship between adherence and satisfactory health outcomes is 
perceived, and there are numerous references that report changing behaviours, modi-
fying diet, managing medication, changing routines, and adopting healthy lifestyles, 
as a bridge to a long life with the kidney graft and better quality of life [6–8].

An indispensable component of kidney graft survival is adherence to the thera-
peutic regimen, which, although it extends beyond medication adherence to include 
dietary compliance and lifestyle changes, has mainly been studied on the pharmaco-
logical side [9–12].

In one study the authors state that the probability of losing the kidney graft 
is seven times higher in the group of people not adherent to immunosuppressive 
medication, a reason in itself sufficient to capture the attention of the scientific  
community [3].

Some studies have tried to provide an empirical response to this problem, focusing 
on other aspects that are part of the therapeutic regimen. The results of the study by 
Gheih and colleagues reveal a clear preference of participants for the adherence to 
immunosuppressive medication (97.0%), but also show high values of adherence to 
low-fat diet (73.0%), infection prevention (89.0%), mouth care (brushing of teeth 
after meals) (37.0%), and physical exercise (walking) (23.0%). Lower adherence 
values were found in the activities related to monitoring water intake (12.0%), blood 
pressure (10.0%), temperature (6.0%), and urine output monitoring (2.0%) [7].

Adhikari and colleagues consider that lifestyle modifications have a high weighting 
in the success of kidney transplantation, however, the levels of adherence achieved 
by participants for all lifestyle dimensions assessed were low (64.1%), although with 
strong expression in some dimensions, particularly with regard to self-monitoring 
(89.54%), medical appointments (88.23%), infection prevention (93.46%), and 
dietary compliance (83.66%) [8].

These results seem to be in line with what we have previously said about the 
possible relationship between kidney graft survival and adherence to the therapeutic 
regimen in its broadest sense.

In this field of intervention, the multiplicity of factors associated with therapeutic 
adherence moves different actors and approaches. Innovative and pioneering, some 
projects evoke the individual and collective dimension of action [13–16].

It is interesting to mention that the individual action of a health professional does 
not potentiate change, but the articulation between health professionals. Change 
occurs thanks to the action of the individual and groups, such as health professionals, 
family, network of friends, amongst others.

From time to time there are also great leaps due to social, economic, and political 
transformations, but it is necessary to invest at a personal level (of the individual and 
their families) since individual and collective investments are dimensions that coex-
ist, interact, and complement each other, being essential for the success of adherence 
to the therapeutic regime.

Thus, we have a clear perception of the need for interdependence between all 
participants in the process. The awareness of the existence of multiple actors and 
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interdependencies in changing behaviours and lifestyles and the respect for each one’s 
field of intervention is a common emphasis amongst nurses.

This professional group often assumes the pivotal position by managing the thera-
peutic plan with the patient and his/her family, which often involves the orientations 
of different professionals. All are the reason for success or failure, in a process whose 
dynamics is made of this interaction [17].

But the most important result with regard to practices promoting adherence to 
the therapeutic regimen is the empowerment of the patient and compliance with that 
regimen.

Adherence to the therapeutic regimen involves transitions and adaptations, which 
brings us to a great challenge if we consider that the trends verified in the literature 
consecrate a low adherence or non-adherence to the therapeutic regimen.

According to the World Health Organisation (WHO) about 50.0% of chronically 
ill patients do not adhere to the therapeutic regimen [18].

The literature gives us a clear idea of the prevalence of non-adherence amongst 
kidney transplant recipients (28.0%) and the implications of non-adherence to 
immunosuppressive therapy on health outcomes, episodes of graft rejection (20.0%) 
and organ loss (16.0%) [19].

A second point to be considered is the method used to measure adherence to 
therapy. The values vary between 2.0 and 67.0%, and the causes of conditioning 
adherence to the announced values are strongly linked to the operationalisation of the 
definitions and the measurement methods used. The indicators of adherence used vary 
between “taking compliance”, “dosing compliance”, “timing compliance”, amongst others.

The methods used include electronic monitoring, which also differ, such as the 
Medication Event Monitoring System (MEMS), the Short Message Service (SMS) and, 
more recently, technology based on digestible Integrated Circuits (ICs). Additionally, tra-
ditional methods such as patient reports and diaries, direct observation of therapy admin-
istration, pill counting, measurement of the concentration of the drug or its metabolite in 
the blood, and measurement of a biomarker in the blood are also used [20–23].

These two aspects of therapeutic adherence, although distinct, are strongly inter-
connected. In fact, the traditional method and the more recent methods that employ 
technology play a primordial role in the context of promoting therapeutic adherence 
in individuals. Conversely, we could say that the variety of methods does not give us 
a single standard, the desired gold standard, central to a consensual explanation of 
therapeutic adherence by the scientific community.

Although international statistics are not very favourable in this area, the thera-
peutic alliance between the kidney transplant patient and the nurse, marked by 
their proximity, may intensify the relationship, translating into a greater capacity of 
the patient to manage his/her therapeutic regimen and annul the interferences and 
obstacles that contribute to non-adherence.

But what is meant by medication adherence and therapeutic adherence?
The concept has evolved over time, but there is no consensus amongst authors on 

its definition. The literature offers us different perspectives of therapeutic adherence, 
as we will see below.

2. Definition of adherence therapeutic

As previously stated, the definition of adherence to the therapeutic regimen is not 
consensual amongst authors and has evolved over time [24].
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It has captured the interest of the scientific community, but although numerous 
studies from different disciplines have been developed to explain the phenomenon, it 
is still a worldwide problem.

For the nursing discipline, and based on the International Council of Nurses 
(ICN) definition, adherence to the therapeutic regimen is defined as adherence 
behaviour in a broader perspective, namely: “self-initiated action to promote well-
being; recovery and rehabilitation; following guidelines without deviations; engaged 
in a set of actions or behaviours. Complies with treatment regimen; takes medicines 
as prescribed; changes behaviour for the better, signs of healing, seeks medicines on 
indicated date, internalises the value of a health behaviour, and obeys instructions 
regarding treatment. (Often associated with support from family and people who 
are important to the client, knowledge about medicines and disease process, client 
motivation, relationship between health professional and client)” ([25], p. 2).

However, the concept itself is somewhat paradoxical. If adherence is the expected 
outcome, it should prefigure a patient-centred approach, since one can hardly sepa-
rate people from their circumstances. This means that the patient will have to be an 
actor and not just a spectator, to be a subject and not an object, to intervene and not 
just assist, in other words, the patient should not lose his autonomy in the treatment 
process. Thus, the importance of the patient’s action in his/her therapeutic process 
is equated. The perspective is dialectical between the actors and the various levels of 
contexts. The concept of adherence has demonstrated shortcomings by denying the 
patient this possibility. The awareness of the importance of the alliance and negotia-
tion between health professionals and patients in managing the therapeutic regimen 
gives relevance to the concept of concordance, which aggregates all these attributes.

It is interesting to note that the concept of concordance is harmonised with the 
new paradigm of care provision, person-centred models, which see the individual as 
participants in their therapeutic process, according to their preferences, values, and 
expectations. Concordance implies working in partnership with the person [26].

Trust and negotiation are the foundations for building this partnership, where every-
one feels involved, concentrating efforts towards a common goal that is possible to achieve 
due to the work that each one performs within the partnership. In other words, a relation-
ship between equals with shared objectives, as opposed to a paternalistic approach [27].

A second point to be considered is the nurse-patient relationship, taking into 
account its importance in obtaining and sustaining agreement. The communication 
established based on trust, articulated with understanding, tolerance, and respect for 
the patient’s needs, makes that within this framework the care is negotiated and meets 
the common interests, in a situation of perfect balance [28].

Within the framework of concordance, the understanding between the parties 
involved in the therapeutic process about the responsibilities from the perspective of 
assigning the roles that each one will have to assume stands out. The aim is to elimi-
nate the patient’s passivity and empower them to make informed decisions.

Imogene King’s theory of Goal attainment (1981) highlights, based on its process of 
interaction-transaction, the nurse’s role in helping patients achieve their goals. A key 
feature of this process is the participation of the nurse and the patient in defining the 
goals and exploring the resources to achieve them. This is in line with the principles and 
philosophy of the nursing profession itself, i.e., empowering the patient for self-care [29].

Returning to the issue of therapeutic regime management one can glimpse that 
skills and competencies are needed to manage the therapeutic regime and that often 
these skills have to be learned, being in fact a self-care activity. In a situation of 
interaction between nurse and patient, it is up to both to assess the patient’s ability to 
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manage his/her therapeutic regimen. Concordance establishes the therapeutic alliance 
between the patient and the nurse, a relationship of equals, however, the patient is 
recognised as the expert of his/her own life. Defending this vision, the World Health 
Organisation (WHO), in the Ottawa Convention (1986), ratified the fundamental 
right of all people to be part of their own health care. From then on, the patient’s 
autonomy came to occupy a prominent place in nursing care [30].

For both, there are no longer margins or spaces where asymmetric power rela-
tions could emerge. In the last 30 years, the relationship between patients and health 
professionals has undergone important changes, with the patient assuming greater 
control in his/her health decisions. This relationship is also closely associated with the 
disease model that dominates each era [31].

The new model of care, centred on the patient and based on a holistic perspective, 
seeks to explore the patient’s perspectives and expectations, and understand them 
in their particular context. It implies sharing responsibility, involving the patient 
in decisions, and making him/her responsible for his/her health [32]. This model 
assumes great importance, especially at a time marked by the upsurge of chronic and 
lifestyle-related diseases [33].

We thus asked ourselves about the place of concordance in the practice of care in 
the promotion of behaviours of adherence to the therapeutic regime. Does the model 
have the effervescence and synergy that have permeated practices in recent decades? 
(I am only quoting the paternalistic model that still prevails in our health institutions) 
How have care practices been configured in the new model of care provision?

Authors such as Snowden [26], Gardner [34], point out that concordance is in 
simultaneity with the principles and values of the nursing profession when they 
“make the care of people your first concern, treating them as individuals and respect-
ing their dignity“ ([35], p. 2).

As a response to a care context marked by the holistic model as opposed to the pre-
vious approach, which proved to be an inefficient model, today we witness an interest 
in the centrality of the patient in the disease process and in meeting their needs. For 
Beresford [36], in order to optimise concordance, holism should be the goal of care 
provision and communication should be the heart of patient-centred care [37].

This new model of care is, however, a challenge in clinical settings, as patients 
move to other settings, whether to other healthcare institutions or to home. This 
increases the difficulty in negotiating the goals and the means to achieve them.

However, it is important to situate this positions between professionals and 
patients in a context of growing uncertainty which, from the point of view of care 
production, are increasing, such as new economic issues and new publics, in which in 
the same sociological profile of the public different ways of seeing may be inscribed.

However, it is public knowledge that health outcomes improve when patients are 
involved in their therapeutic process, working together with health professionals, as 
resources are used more effectively and efficiently. On the other hand, professionals 
feel more satisfied because their work has contributed to improving those outcomes. 
For the Health Department, the articulation of these two aspects shows that patients 
and health professionals are stakeholders in the success of concordance throughout 
nursing practice [38].

In line with a profession that values the uniqueness of the patient, which favours 
active listening, and advocates on behalf of the patient, we sought to analyse which 
nursing interventions are implemented by nurses to promote therapeutic adherence.

According to Giddens’ sociology, true shared decision-making results from the 
sharing of power. For the author, power is defined as the ability to “make it happen”, 
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to “produce effects” in the societal world. If power is the ability to influence a course 
of events, in this particular case of the transition of the recently transplanted patient 
from hospital to home, resources are any strategies that increase this ability of the 
patient, that is, that provide the patient with the necessary tools to manage his thera-
peutic regimen [39].

Interestingly, despite advocating a patient-centred care model, in the concordance 
equation, the patients’ non-participation in their therapeutic process is in the numer-
ator, i.e., the part of the number in which concordance is used by health professionals, 
in this case, nurses. According to the literature, one of the common complaints of 
patients is that their opinions, needs, and expectations are not considered in decisions 
about their health [40].

It thus seems plausible to argue that concordance-based care exponentially 
increases the chance of adherence, whilst the opposite may eventually contribute to 
non-adherence to the therapeutic regime.

There is a plethora of studies addressing this issue, showing the magnitude of its 
intensity on the patient and the health system.

Non-adherence behaviours lead to inadequate control of the disease, putting the 
patient at great risk due to the emergence of adverse effects.

Dew and colleagues studied the non-adherence rates of all types of organ trans-
plantation, and, strangely, despite the high number of non-adherent transplant recipi-
ents across the various dimensions of the therapeutic regimen, the number of kidney 
transplant representative’s non-adherent to immunosuppressive medication rises 
relative to other recipients (36 cases per 100 patients per Year vs. 7 to 15 cases) [41].

Life expectancy also decreases four times more in the group of non-adherent trans-
plant recipients [42]. We are thus elucidated about one of the striking features of the 
international reality in the field of adherence to the therapeutic regime, without excep-
tion. Added to this is the problem of growing discontinuity between healthcare services 
(although in recent years there are signs that this trend is being reversed, with a gradual 
increase in the articulation between healthcare institutions and patient follow-up).

Chronic illness, because it persists over time, requires continuous monitoring by 
health professionals in order to promote adherence to the therapeutic regime [43].

Two distinct but overlapping notions lead us to the concept of self-management 
and self-care. Indeed, we found that the term self-management is associated with 
the term self-care and, precisely in chronic diseases, aims to help patients maintain 
their well-being. It should be noted that chronic disease follows a trajectory marked 
by transitions and adaptations that involves a set of activities, such as medication 
management, adherence to a specific diet, changes in behaviours and lifestyles, which 
requires the action of the patient and the health professional to ensure an active life 
and a higher quality of life [44].

This would reinforce the proximity of adherence to the notions of self-manage-
ment and self-care. We draw attention to the fact that both terms have the same 
purpose as adherence: to establish care partnerships and enable or empower the 
patient to take action.

Considering the transition as a medical and nursing phenomenon, nurses should 
analyse the present and predictable effects of the transition to transplantation. 
Transplant recipients have many tasks to perform: taking medication (according 
to medical prescription), changes in lifestyle, including diet, physical exercise, 
monitoring of signs and symptoms of organ rejection, monitoring of complica-
tions (infections), monitoring of fluid intake and elimination, monitoring of blood 
pressure and blood glucose, performance of complementary diagnostic tests, visits to 
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consultations, smoking cessation, management of stress and emotions, and perfor-
mance of other self-care activities essential to a good health status [6–8].

Briefly, after kidney transplantation, adaptation to the new condition creates the 
need for organ recipients, now in a newly acquired situation, to integrate the recom-
mendations of the therapeutic regimen regarding immunosuppressive medication, 
lifestyles, routines, social roles, and emotional challenges [45].

Indeed, adherence becomes the major reason to ensure the survival of the kidney 
graft without the trade-off of losing the organ due to inadequate self-care. If patients 
can understand the importance of therapeutic compliance, they can also begin to 
understand its implications on their lives at various levels [46].

We cannot but agree with the statement of these authors regarding the relevance 
of adherence to the therapeutic regimen as a means to counteract the harmful conse-
quences of non-adherence and to recognise the nurse’s intervention as vital, as it may 
contribute to the perception of the change that begins in the transition to the new 
condition, that is, when the person is admitted for transplantation.

In fact, according to their role in the health team, nurses play a central role in the 
management of the therapeutic regime, identifying difficulties and constraints, inte-
grating the different aspects of the therapeutic regime, and constituting themselves as 
partners and resources [17].

According to the WHO, nurses are in a privileged position to diagnose, intervene, 
and assess results in aspects related to therapeutic adherence [18].

Evidently, the role of nurses is a key element in the framework of therapeutic 
adherence [47, 48], which calls for educational and behavioural strategies to promote 
adherence.

In addition to nurses, the presence of other health professionals, family, communi-
ties, and society are fundamental to promote adherence. Thus, a field of proposals is 
created in which the transplanted person will learn to manage his therapeutic regimen 
according to his needs [36].

Following the above, our objective is to identify the nursing interventions that 
promote therapeutic adherence amongst kidney transplant recipients, which leads us 
to the following research question: What are the nursing interventions that promote 
therapeutic adherence amongst kidney transplant recipients?

In the following section, we aim to answer this question.

3. Nursing interventions to promote adherence therapeutic

Therapeutic adherence is a current issue and is part of the “habitus” of nursing 
professionals’ actions, with terms such as “information”, “education”, “partnership”, 
“self-care”, and “empowerment” as frames of reference; in short, the essential compo-
nents for therapeutic self-management.

Aiming to identify in the literature the nursing interventions promoting adher-
ence to the therapeutic regimen, we used Bleser and colleagues’ classification for this 
purpose [49]:

1. Educational/cognitive interventions that communicate information related to kid-
ney transplantation, by telephone, email, face-to-face, in written or verbal form.

2. Counselling/behavioural interventions, which aim to direct, adapt, and promote 
appropriate adherence behaviours.
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3. Psycho-affective interventions, which include social support from significant 
others and health professionals.

We also determined the level of intervention according to the ecological model of 
McLeroy and colleagues [50]. For the authors, interventions can be classified into four 
levels, namely:

1. Patient level Interventions, directed only to the sick person, which include the 
above-mentioned categories of intervention (educational/cognitive, counselling/
behaviour, and psychologic/affective Interventions).

2. Interventions at the micro level or interpersonal level, which refer to strategies 
focused on the patient/health care professional interaction, such as the percep-
tion of the quality of the relationship between them and the communication 
style practiced.

3. Interventions at the meso level, which are related to the characteristics of the 
health care organisation where care occurs, hospital or other health care institu-
tion, for example, how continuity of care is ensured or the articulation of skills 
amongst professionals.

4. Interventions at the macro level, which refer to interventions focused on the 
health system or the community where the patient lives, for example, health 
insurance, the patient’s expenditure on medication and, finally, the combination 
of the different levels reported interventions integrating more than one of the 
levels described.

Studies were found in the literature showing education as a resource to empower 
the patient and enable him/her to self-manage the therapeutic regime.

Several theories and theoretical models are at the basis of these educational 
programs. And, although adherence to the therapeutic regimen is a multidisciplinary 
work, in this case we only portray the nurse’s role in this process.

Table 1 shows the interventions developed by nursing professionals to promote 
adherence to the therapeutic regimen.

The data analysed show us that there are two types of interventions to improve 
therapeutic adherence: educational and behavioural interventions.

Education is the privileged intervention in most studies, but the way it is adminis-
tered, and the contents taught show some different contours between the studies.

Information and communication technologies are essential tools for education and 
training, imposing greater autonomy to the patient.

This generates the need for nursing professionals to develop flexible education 
programs in which the internet and multimedia resources gain relevance. Video is one 
of the resources widely used by nursing professionals [51].

Educational interventions promote the knowledge of the person and/or caregiver 
about the disease and treatment, using a diversity of tools, whether paper-based, 
audiovisual, social media, or discussion.

On the other hand, behavioural interventions aim to help the person gain skills and/
or competencies through training, counselling to manage their therapeutic regime.

Rocha and colleagues formulate an educational plan that was based on the learn-
ing styles of each participant. The methods used varied between subjects, and the 
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Interventions Dimensions Level

Cognitive-
INFORMATIONAL

Behaviour Affective

Educational plan 
specific to each 
identified learning 
style (visual, 
aural, read/write, 
kinesthetic) 
and educational 
sessions [51].

Informative sessions
Video presentation
Orientation manual

Nurse 
couselling

Patient-
individual

Transplant-TAVIE 
3 interactive Web-
based sessions.
Virtual nurse based 
on Social Learning 
Theory and 
Behaviour Changes 
Techniques [52]

Teaching, feedback
Role models 
(experiences of 
others’ patients)

Positive 
Reinforcement

Social interaction Patient-
individual

SystemCHANGE 
Interventions used 
the Deming’s Plan-
Do-Check-Act to 
redesign personal 
environment 
system and daily 
health behaviour 
routines.
Educational 
Intervention. 
Using healthy 
living transplant 
brochures-Control 
Group
In-person visit
Telephone calls

Education
SystemCHANGE 
teaches patients to 
use person-level.
Quality 
improvement 
strategies to 
link adherence 
to established 
daily routines, 
environmental cues, 
and supportive 
people.
Attention Control 
(Patient Education) 
Transplant Health-
Related Brochures.
Report

In-person visit
Small 
experiments 
of medical 
adherence 
solutions.

Nurse Orientation
Telephone calls to 
receive feedback 
(report) and 
discuss.
Telephone call to 
review transplant-
related education 
materials.
Support of 
significant others.
Assess individual 
system and 
environment 
(SystemCHANGE).
Assess MA (EM)
Feedback

Patient 
(individual) 
micro 
(immediate 
environmental 
setting of 
family, peers, 
health services, 
workplace).
Meso 
(interrelations 
between 
family, health 
care provider, 
employer)

The Disease 
Guidance Manual 
delivered on 
admission.
Health education
Nursing 
intervention based 
on Health Believe 
Model.
Sign behaviour 
agreement
Daily record
Follow-up:

• Phone, 
WeChat/SMS 
[15].

The Disease 
Guidance Manual
Report

HBM 
education
Feedback

Give 
encouragement 
about behaviour 
change.
Interaction:

• Telephone call

• WeChat

• SMS
Family support

Patient, micro
Meso

Table 1. 
Interventions developed by nursing professionals to promote adherence to the therapeutic regímen.
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privileged dimensions were cognitive and behavioural. The results showed an increase 
in medication adherence from the first to third meeting: 16.9% (in the first), 66.1% 
(in the second), and 79.9% (in the third). The construction of the educational plan 
was elaborated collaboratively, taking into account the subject’s own characteristics, 
and demonstrated health gains for the patient [51].

The same attitude was taken by Cotê and collegues. In this case, the authors 
used information technologies, creating an interactive website—Virtual Nurse. The 
expected results were achieved, namely medication adherence and self-efficacy. 
Participants found the individualised education interventions to be personalised, easy 
to understand and self-efficacy promoting. Medication adherence (11.4, range 1–12) 
and self-efficacy (81.3, range 0–100) scores were high. Perceived health status and 
quality of life similarly achieved high scores (8.3, in a range of 0–10) [52].

The study by Russell and colleagues implemented an innovative education system, 
SystemCHANGE, which included home visits and telephone calls. In this system one 
can observe negotiation as an essential strategy in goal setting and discussion as one of 
the means to define resources and solutions to identified problems. The results showed 
differences between the experimental group and the control group in medication adher-
ence at 12 months (large differences in medians, 0.17, 95% CI, 0.06–0.33, p < .001). 
Program implementation lasted six months and follow-up was twelve months [15].

However, achieving adherence to therapy, patient involvement and ensuring 
the survival of the kidney graft requires knowledge and information. This involves 
informing, educating, and training the patient and/or caregiver to carry out this task. 
Precisely education and training are fundamental bases for any society.

We have found that listening to the sick person, respecting them, and having an 
attitude of trust are the bases for adherence. Telephone contact, email, or face-to-face 
contact are some strategies that facilitate this process. The active involvement of the 
person in his treatment is the best strategy for its success [53].

The sequence of such actions is reflected in patient autonomy, the elimination 
of barriers between health professionals and patients, the relationship between the 
two parties, and the facilitation of access by all citizens to the resources of the health 
system, the community and society in general.

Although adherence to the therapeutic regimen is an internationally recognised 
problem and the ways to solve it have already been studied, there are still problems 
whose impact is negative for the patient and for society.

4. Conclusion

It can be stated that the issue of adherence to the therapeutic regimen is one of 
the striking phenomena of kidney transplantation, transversal to all types of organ 
transplantation, which extends far beyond the simple management of medication, 
requiring an intervention of all health professionals along the trajectory of the disease 
in order to empower the patient and/or his family.

Although in recent years there are signs that this trend may be receding in some 
places, based on a plethora of studies which continue to show the existence of the 
problem at still high levels of non-adherence, we are generally witnessing the emer-
gence of new models of care which, in themselves, facilitate adherence to the thera-
peutic regimen.

Within the emerging new models, studies show the importance of the nurses’ 
role in promoting adherence behaviours, which is an inherent characteristic of the 
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profession itself. Nursing care is, by its essence, holistic care, based on communica-
tion and therapeutic alliance. Negotiation is a sine qua non condition of this process.

Nurses seek to know the response patterns of the ill person and/or caregiver to the 
disease or problem that affects them, because only in this way they can help them face 
that situation. The knowledge of the patients and/or caregivers’ needs and difficulties 
and their potential for autonomy allow for the development of a plan adjusted to these 
needs. Indeed, all clinical practices are guided by the needs of patients, and kidney 
transplantation is a real challenge for the patient and his or her family, involving many 
issues that are fundamental for success. Learning to deal with all these aspects requires 
knowledge acquisition, skills training, and coaching. The emotional needs connected 
with all the change must be emphasised, in addition to the stress that uncertainty and 
change provoke. The aim is to work out a plan with the patient and/or caregiver that 
allows him/her to make a healthy transition and ensure stability for the new role.

Education and counselling were the most commonly developed interventions by 
nurses after kidney transplantation. However, since most studies focused on medica-
tion adherence and the follow-up period did not exceed 12 months, it is important to 
develop longitudinal studies to measure the long-term effect of these programmes on 
kidney transplant survival. On the other hand, the heterogeneity of the instruments 
used does not ensure that a measurement standard is obtained, nor does it allow 
knowing the true effect of the interventions developed on adherence to the therapeu-
tic regimen and their long-term impact.

5. Implications for practice

Working on the issue of therapeutic adherence within the new paradigm of health 
care is essential for the survival of the health system, taking into account the expendi-
ture on health care with chronic diseases resulting from a population living longer and 
longer. Nurses, due to their characteristics, are equipped with the essential tools to work 
with patients in the search for the best solutions to their problems/health condition.

Some countries, such as the United Kingdom, are aware that the way forward is to 
educate, inform, and involve the patient and their family, preparing them to take care 
of themselves. The nurse, as an agent of change and educator, is in the right place and 
position to develop this role.

At the end of this reflective journey, we found that the issue of adherence to the 
therapeutic regimen in kidney transplantation leads to several disruptions, namely 
the change of perspective in the formulation of the care plan and the long-term 
follow-up of these patients.

The first rupture related to the care plan is to include the patient in the planning 
process and offer him/her the information and knowledge he/she needs to make a 
decision based on the best available evidence. The second rupture is to accompany the 
patient throughout this process, in favour of the idea of a transition process with an 
extended temporality. The aim is to ensure a transition whereby individuals emerge 
endowed with autonomy and are able to obtain the desired result: the success of the 
transplant.
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Abstract

Inter-discipline is formed by the interpenetration and integration of multiple  
disciplines, which has become a notable trend involving interdisciplinary activities 
and a combination of research and development. Learned from experience world-
wide, the management mode for organ donation and procurement activities varies 
among countries, but the core of the disciplinary construction of organ donation 
remains the same. The theoretical basis and practice of organ donation is not purely 
a matter of coordination, but its ground of knowledge is built upon multidisciplinary 
integration and its implementation relies on a joint-effort approach and requires 
collaboration of multiple teams. From the sociological viewpoint, organ donation 
represents the gift of life for transplant patients, which founds the key element in 
enhancing the harmony of society. While, from a practical perspective, its profes-
sionalism has been widely recognized by the international medical community. As a 
complex medical and social act, organ donation is a medical-centered subject with 
sociological, humanistic, ethical, psychologic, and juristic attributes. This chapter 
will provide an overview of how multidisciplinary collaboration empowers the sci-
ence of organ donation, followed by the summary of recent efforts taken in China in 
pursuit of this goal as an example.

Keywords: organ donation, multidisciplinary integration, organ procurement 
organization, brain death, ICU

1. Introduction

The interdisciplinary approach connects interdependent knowledge and skills 
from more than one subject area to examine a central theme, which can be adopted 
to effectively address new problems and challenges facing mankind and represents a 
general trend in the disciplinary and professional development. In the real world, it 
is sometimes difficult to further develop knowledge without mutual penetration and 
supplementation between disciplines. Complex problems have to be solved through 
the synergy of multiple ideas, methods, tools, and instruments, requiring collabora-
tion and cooperation among multidisciplinary professionals. Quite a few examples 



Current Challenges and Advances in Organ Donation and Transplantation

20

including the discovery and application of penicillin show that scientific and techno-
logical advances are the outcomes of interdisciplinary cooperation.

To promote interdisciplinary integration, many countries have introduced encour-
aging policies, launched series of state-level disciplinary research projects, and set up 
interdisciplinary professional degrees at the college level [1, 2]. Meanwhile, academic 
activities themed on multidisciplinary integration can be seen more frequently in the 
recent decade, and more clinical guidelines have been jointly compiled by a multidis-
ciplinary panel of experts to achieve thoughtful solutions to the questions concerned.

Empirical evidence has proven that the knowledge basis of organ donation (OD)  
is a medical-centered subject with sociological, humanistic, psychological, ethical, 
and juristic attributes. It represents a typical example of multidisciplinary collabora-
tion driving professional development in the field. In this chapter, we try to explain 
the necessity and feasibility of adopting multidisciplinary collaboration to advance 
the OD disciplinary system by analyzing the nature of its bottleneck problems and the 
key processes, with an introduction of current efforts taken in China to reach such a 
goal.

2.  The necessity of promoting the building of OD discipline system 
through multidisciplinary collaboration

The professionalism of the OD discipline has been widely recognized by the 
international academic community, as exemplified by the establishment of the 
International Society of Organ Donation and Procurement (ISODP) and national/
regional professional associations for OD in different countries [3]. This recognition 
indicates the necessity and feasibility of the building of the OD discipline system as 
the core to guide daily practice and create academic environment.

The overall goal of building the OD discipline system is to protect the legitimate 
rights and interests of donors and their families, maximize the transplant benefit of 
recipients and promote harmonious development of human society through estab-
lishing a sound scientific theoretical system with distinct characteristics of social 
humanity to guide actions and practices. Meanwhile, upon which it also drives, in a 
sustainable fashion, both the development of professional skills and qualified person-
nel. The establishment and development of the OD discipline system are in confor-
mity with the goal of “self-sufficiency” in organ donation and organ transplantation 
(OD and OT).

Empirical evidence shows that the establishment of such a theoretical system and 
its operation practice requires the collaboration of multidisciplinary expertise and the 
support of multiple teams. We will explain the details in the paragraphs below and the 
fact that the OD discipline and OT discipline can develop with their own focus and 
are mutually reinforcing.

2.1  The solution to bottleneck problems of OD requires the multidisciplinary 
effort

The sustainable and sound development of OD and OT has been a concern of the 
international community and local governments, which has been driven by two main 
factors [4].

Firstly, organ shortage is still a common issue worldwide, despite the fact that the 
global number of OTs has been increasing in the recent decade. According to data 
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collected by the WHO Global Observatory on Organ Donation and Transplantation, 
there are more than 1,200,000 patients on a current transplantation waiting list, 
while only 120,000–130,000 transplants are performed a year globally [5]. In recent 
years, the outbreak of the COVID-19 pandemic has had a great impact on people’s 
daily life and has posed grave challenges to the building and operating efficiency of 
OD and OT systems in all countries. In the circumstance that the burden of disease 
and transplantation demand did not decline, the global OT number in 2020 declined 
by 17.6% compared with that in 2019 [5].

Secondly, donated organs are valuable national resources, giving OD an attribute 
of social public welfare [6] and its natural links to society. As advocated in the WHO 
guiding principles on human cell, tissue, and organ transplantation (WHO guiding 
principles) [7], OD and OT activities should be strictly regulated by the govern-
ment of member countries, and illegal organ trading should be prohibited. In order 
to achieve “self-sufficiency” and sustainability of OT, the development of OD and 
OT programs needs to be based on legal and ethical requirements, with maintaining 
equity, transparency, accessibility, high quality, and patients’ safety at the core.

By further analyzing the nature of the above requirements, it is not difficult to 
identify a more in-depth demand: The development of the OD program does not 
only depend on any single community but also requires the support and participa-
tion of multiple parties from various sectors and knowledge transferred from 
multi-disciplines.

2.2 The whole process of OD requires collaboration among multi-teams

The management mode of organ procurement varies in different countries. 
Whether built inside medical institutions or being independent outside the hospital, 
the Organ Procurement Organization (OPO) represents a professional team/organi-
zation responsible for the procurement, distribution, and coordination of organ & 
tissue donation activities at the practical level. The OPO is composed of profession-
als from different fields such as intensive care medicine, transplantation medicine, 
anesthesiology, nursing, bioengineering, sociology, psychology, medical ethics and 
information technology, etc. Its mission and goals are to maximize local donation rate 
and the number of transplantable organs so as to save more transplant patients and 
improve their living quality. OPOs and the transplant coordinators serve as a bridge 
for overall coordination in the entire process at the institutional and individual levels, 
respectively. Such a collaborative network covers multidisciplinary teams within 
medical institutions, such as the health care teams in the intensive care unit (ICU), 
emergency department, neurology department, neurosurgery department, labora-
tory, transplantation centers, and also expanded to other relevant governmental 
sectors beyond medical institutions [3].

The following text will focus on the key processes of OD and elaborate on the 
required multidisciplinary expertise and the involvement of multidisciplinary  
professional teams.

2.2.1 Identification and referral of potential donors

The clinical procedure of OD begins with the identification of potential donors. 
The potential donor identification rate determines the total scale of organs for trans-
plantation [8]. Identification of potential donor and referral by the health care team 
to the OPO should occur in a timely manner. A timely referral is built upon a working 
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mechanism of OD within donor hospitals with OPO [9]. In the United States (US), in 
addition to the fact that Centers for Medicare and Medicaid Services (CMS) require 
each imminent death should be referred by hospitals to the OPO for assessment, OPO 
will sign a contract with every single donor hospital in its donation service area to 
consolidate such partnership [10]. In the Netherlands, the roles of emergency physi-
cians, neurosurgeons, and neurologists were clearly defined for the identification of 
potential organ donors [11]. In China, the health authority has included the potential 
donor reporting rate as one of the key performance indicators in the accreditation of 
third-grade hospitals [12].

In addition, research results have illustrated the importance of the ICU team’s 
attitudes and recognition toward OD, as well as the active participation in OD to 
improve OD rate and organ procurement efficiency [13, 14]. Spanish recommenda-
tion even advocates that intensive care to facilitate OD (ICOD) is a legitimate practice 
that should be considered as part of the health care service portfolio of any country 
that has a regulated OD and OT system [15].

2.2.2 Death determination

All OD cases must strictly adhere to the internationally recognized ethical prin-
ciple of “Dead Donor Rule”. Either neurological or circulatory standards are adopted 
in death determination, such clinical practice has to be performed in accordance with 
local clinical protocols and legal and ethical requirements.

Although there exists global variability in brain death (BD) diagnosis, donation 
after brain death (DBD) still represents the main organ source of transplantation, 
accounting for 77.2% of global deceased donation in 2019 [5]. In this chapter, we focus 
on the BD determination.

Various protocols and guidelines for BD diagnosis have made clear requirements 
on the clinical criteria, operational specifications, and personnel for determining BD 
[16]. As for “who can certify”, the World Brain Death Project report [17] provides a 
minimum recommendation. The physician performing the BD determination must be 
certified to practice medicine and trained in BD diagnosis. The determination team 
needs to include a neurologist, a neurosurgeon, an anesthesiologist, and an intensivist 
at least.

Although personnel in charge of OD and OT cannot take part in the process of 
death determination, whether the BD diagnosis can be carried out in a timely manner 
may have impacts on the subsequent step of the OD procedure and result in the donor 
loss. Thus, it can be seen that the support of neurological expertise and the involve-
ment of a team specialized in performing BD determination are indispensable in this 
critical aspect of death determination.

2.2.3 Evaluation and maintenance of potential donors and organs

Potential donor evaluation is one of the key parts of OD workflow, which includes 
clinical assessment of the donor and organ viability, as well as the risk assessment of 
the donation process.

Clinical assessment involves risk assessment of donor-driven infectious disease to 
recipients and assessment of organ viability [18]. For detection of malignancies, it is 
necessary to know whether the donor has a history of malignancy diagnosis, che-
motherapy, and surgery [19]. As for screening of infectious diseases, viral infections 
such as hepatitis, herpes, human polyomavirus, and acute neoplastic virus; bacterial 
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infections such as acute infections, bacterial sepsis, meningitis, pulmonary infections, 
urinary tract infections, and multidrug resistant bacteria; and other pathogenic infec-
tions such as fungal infections, parasitic protozoan, and nematode infections, and 
prions need to be included [20]. In the case of evaluating elderly or marginal donors, 
cooperation between OPO medical specialists and transplant surgeons with extensive 
experience is needed. The entire medical evaluation also requires the professional 
support from the fields of laboratory medicine, infection, oncology, medical imageol-
ogy, and pathology.

The other part of the evaluation process includes a general review of personal, 
social, and medical information of the potential donor as well as information regard-
ing his/her family status and next of kin. The transplant coordinators need to screen 
and analyze risk points at hand and seek professional help from ethical and legal 
experts, social workers, and religious figures, if necessary.

Donor management is the longest-lasting step of the entire process and one of 
the key factors affecting the quality of organs and the transplant outcome [21]. ICU 
specialists have the professional advantage of carrying out donor maintenance thanks 
to their background and clinical experience [22]. Studies indicate that the engagement 
of ICU medical staff in donor management with an aggressive approach can improve 
the organ utilization rate and organ quality [23].

2.2.4 Communication with the family of the potential donor

As one of the core steps in OD procedure, family communication is considered a 
serious and professional matter. The family’s distrust of the communicator and the 
content of the conversation is one of the major reasons for the refusal to donate. The 
family trust is built upon continuous communication and empathy demonstrated 
by the communicators. Effective communication with the donor’s family requires 
knowledge reserves of medicine, ethics, law, psychology, social humanities, narra-
tive medicine, communication, etc., close cooperation between coordinators and the 
health care team, as well as timely coordination among sectors such as traffic police, 
the forensic team, airlines company, civil affairs, and funeral institutions [24].

In addition to providing families with professional advices in a respectful, honest, 
cooperative, and empathetic manner during the process, psychological knowledge 
is needed to grasp the fluctuating psychological state of the family. Communication 
about death diagnosis and medical condition requires professional medical knowledge 
and then needs to be transferred to the family in an easy-to-understand way with 
communication skills. At the same time, traditional cultural and religious views also 
influence their willingness to donate to some extent. Positive arguments of traditional 
culture and religion on OD need to be invoked to guide the family to make appropri-
ate decisions based on respecting their religious and cultural beliefs [24].

2.2.5 Organ allocation

Although organ allocation policies vary among countries in detail, all of them 
are based on the principle of fairness, equity, and transparency. The WHO guiding 
principles require that the allocation of organs, cells, and tissues should be guided 
by clinical criteria and ethical norms, not financial considerations [7]. The WMA 
Statement on Organ and Tissue Donation (The WMA Statement) regulates those poli-
cies governing the management of waiting lists should ensure efficiency and fairness 
[25]. Therefore, to balance the gains and losses posed by different dimensions, the 
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research and development of organ allocation policies should be conducted by a panel 
of experts in multiple fields such as transplantation medicine, biomedicine, health 
economics, public health, statistics, ethics, law, etc.

To ensure the implementation of organ allocation is inconsistent with the targeted 
manner and adheres to the predefined allocation rules, the calculation of the match-
ing list and the allocation processes afterward shall be carried out via an informa-
tive system [6]. Unlike any other data registries, the informative system for organ 
allocation has specific application characteristics such as faithful implementation of 
allocation policies, and real-time assistance in clinical decision-making. The design, 
development, and maintenance of the allocation system require a panel of medical 
experts as well as technical support of professionals in mathematics, information 
science, and computer science.

2.2.6 Organ procurement and preservation

A sound and reliable process of organ procurement, preservation, and transpor-
tation can improve the utilization of donated organs, and ensure the safety of the 
recipients [26]. According to the EU Guidelines on Quality and Safety of Transplanted 
Organs (6th edition) (The EU Guidelines) [27], a joint-effort approach among OPO, 
the donor hospitals, and the surgical team is required. In addition, the importance of 
establishing a specialized organ surgical team is emphasized in the EU Guidelines, 
which, if possible, shall consist of surgeons specializing in abdominal and cardio-
pulmonary organ retrieval, physician for anesthesia, and technicians responsible for 
organ perfusion preservation [27].

2.2.7 Education and publicity

Studies suggest that donation rates can be effectively increased through various 
types of campaigns for different targeted groups [28]. The WMA statement indicates 
that public awareness of OD should be raised through multifaceted and multilevel 
media awareness and public campaigns [25]. Through long-term and effective social 
publicity, it is expected to gradually create a favorable cultural and social atmosphere 
for OD.

Multilevel and multichannel popularization and publicity require strict stan-
dards and the guidance of communication knowledge, which itself is a multidisci-
plinary integration of narrative medicine, sociology, psychology, journalism, and 
communication. The promotion of OD requires the participation of ambassadors of 
OPOs, medical practitioners, media workers, educators, volunteers, and university 
(medical) students, etc.

2.3  Improvement of operational efficiency and service quality requires the 
support of multidisciplinary and multi-team professionals

The “conversion rate” is considered a key indicator to measure the professional-
ism and performance of the involved teams in the OD process. The “conversion rate” 
refers to the number of actual donors over the total number of potential donors, 
which is in contrast to the proportion of donor loss. The “critical pathway for 
deceased organ donation” systematically describes 13 common causes of donor loss 
(Table 1) [9]. In addition to objective factors (e.g., patients with contraindications 
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to OD), some of these causes are related to the level of awareness and expertise of 
practitioners engaged in different steps along the process. These causes of donor loss 
can be improved by providing professional training to practitioners. But it is further 
illustrated here that potential donors cannot be converted into actual donors or the 
organ quality and the rights of recipients cannot be protected without the support of 
relevant expertise and the involvement of professional teams.

3. OD discipline built upon multidisciplinary integration

The construction of discipline includes building of theoretical system, carri-
ers, talent training and career path, academic environment, and scientific research 
innovation.

3.1 Building of theoretical system

The multidisciplinary integration of OD discipline is reflected at two levels, which 
is firstly reflected in the integration of knowledge in the area within the medical 
domain (transplantation medicine, critical care medicine, neurology, infection, 
oncology, and pathology). The second level of multidisciplinary integration is the 
integration of knowledge in the area of law, ethics, public health, humanities, health 
economics, management, psychology and communication, etc. [3]. The multidis-
ciplinary knowledge base supporting multi-team collaborative practice meets the 
fundamental needs of the construction of OD discipline.

Systematical reasons Fail to identify/refer potential donors

Fail to confirm death determination

Fail to declare circulatory system death within the 
appropriate time

Logistical problems

No suitable recipients

Donor or donor organs reasons Medical examination does not meet the requirements (with 
contraindication to organ donation)

Hemodynamic instability/unexpected cardiac arrest

Anatomical, histological, and/or functional abnormalities of 
organs

Organ damage during repair

Inadequate organ perfusion or thrombosis

Reasons for permission/informed consent 
(communication issues)

The deceased explicitly declined to become a donor during 
lifetime

Donor’s family refusal to organ donation

The forensic coroner or other judicial officer does not agree to 
organ donation

Table 1. 
Reasons why potential donors do not become actual donors (donor loss causes).
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3.2 Building of carriers

Although management models used in different countries vary, administrative 
organizations at all levels for OD and OT, donor hospitals, OPOs are practice bases of 
OD discipline.

The essence of multidisciplinary-supporting in OD practice indicates that 
effort should not only be paid for the construction of any single carrier for OD 
program with high operating efficiency but also for the long-term work collabora-
tion mechanism between carriers. In the OD context, a collaboration mechanism 
means an efficient network of collaborations, at the institutional level, between 
community, OPO, medical institutions, hospice institutes, relevant government 
sectors, charities, and academic organizations, as well as at the individual level, 
volunteers, social workers, ICU teams, coordinators, medical experts, transplanta-
tion teams, legal medical experts, undertakers, scientific researchers, and other 
professionals.

3.3 Path of talent training and professional development

The building of the OD discipline requires the active engagement of multidis-
ciplinary professionals and needs to train a host of application-oriented composite 
professionals and make them the main force for driving the development of the field.

A transplant coordinator is a profession derived from the development of the OD 
program and is key to promoting multi-team coordination and cooperation in the 
process of OD [29]. As the work of OD coordinators involves many aspects, efforts 
shall be made to strengthen their multidisciplinary theoretical reserve and develop 
their comprehensive abilities. Meanwhile, coordinators in different countries vary 
in their professional background, employer, requirements on qualification review, 
performance management system, etc. Actions should be taken to effectively utilize 
local occupational planning and policies on talent training, arrange and establish an 
appropriate professional development path and a system of occupational promotion 
for OD coordinators, and establish corresponding knowledge, ability, and technology 
training system in accordance with different features and work needs in different 
stages of career development. These actions are the fundamental guarantee for the 
continuous growth of the OD talent team and the basic guarantee for steady develop-
ment of local OD [29].

3.4 Academic environment and scientific research innovation

In terms of creating a favorable academic environment, specialized international 
and national/regional associations related to OD have been created, and their mem-
bers are experts and scholars in emergency and critical care medicine, neurology, 
OPO, transplantation medicine, oncology, ethics, law, medical humanities, hospital 
management, communication, sociology, health economics, public health manage-
ment statistics, etc.

These associations regularly launch academic research and activities participated 
by multiple parties, produce high-quality scientific publications, guidelines, and 
expert consensuses related to organ and tissue donation, organize and take part in 
multidisciplinary forums and offline academic seminars, so as to create a favorable 
academic environment for building the OD multi-discipline system and continuously 
promote the professional development of OD.
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The common research goals in OD-related scientific research tasks include how to 
maximize the outcomes linked to the mission of the OD program. These key indica-
tors include the donor per million population (PMP), the donor conversion rate, 
authorization rate, the organ utilization rate, the degree of efficiency of the manage-
ment mode and the collaborative network, and satisfaction of donor’s family or 
relevant practitioners. The involvement of multi-discipline teams in these researches 
enhances the ability to find comprehensive solutions to the questions concerned. With 
regard to technical innovation, recent years have seen the development of technolo-
gies such as regional perfusion, ex vivo perfusion, mechanical preservation, and tis-
sue regeneration to provide better conditions for organ viability and quality. Advances 
in biochemistry and tissue engineering have provided technical support to improve 
the quality and utilization of donor organs. Besides, with the development of aero-
nautical engineering technology, the concept of organ transportation by unmanned 
aircraft systems has been put into practice [3], indicating the enormous potential and 
value brought by the “medical + engineering + information” integration in the process 
of building of the OD discipline.

4. China’s efforts

Over the past decade, China has made breakthroughs in OD and OT. Since the 
launch of the national program for deceased OD in 2010 and continuously driven by 
the patients’ demands for transplantation, China has formed a national ethical OD 
and OT system in line with WHO guidelines and international standards [3]. China 
has become the second largest country in the world in terms of an annual number 
of OD and OT [5]. As of August 2022, the number of deceased organ donors has 
exceeded 40,000, and over 120,000 organs have been donated for saving life [30].

However, similar to other countries, China is still faced with the huge gap between 
supply and demand for OT. Meanwhile, China’s PMP, 3.6 in 2020, is globally at the 
middle level [5], indicating room for improvement. The lack of a complete scientific 
theoretical system to guide professional and career development in OD is one of the 
reasons for the current results, rather than Asian or traditional cultures. In addition, 
the current number of transplant coordinators in China is insufficient, with around 
2,000 certified coordinators [3] serving a population of 1.4 billion. Actions should 
be taken to implement countermeasures of talent attraction and talent encourage-
ment for the field. To study and solve bottleneck problems facing the country, the 
work team consisting of multidisciplinary experts has made a proposal and reached 
a consensus on promoting OD discipline building through multidisciplinary integra-
tion and support.

4.1 Policy support

In recent years, China has advocated the development strategy of interdisciplinary 
collaboration and introduced a raft of policies, making multidisciplinary penetration 
and integration of interdisciplinary professionals a general trend [31]. Moreover, 
Chinese laws and regulations related to OD and OT advocate that administrative 
departments, red cross societies, and medical institutions at all levels and medical 
professionals shall support and take an active part in the work of OD. The introduc-
tion of these policies provides multidisciplinary integration and development of OD 
with institutional support [32, 33].
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4.2 Tasks and actions

4.2.1 Building of OPOs

The degree of specialization of the operating carrier and its talent team is the basis 
for maintaining the efficient operation of the OD system. In 2013, advocated by the 
national health commission, China started building of OPOs nationwide [34], which, 
together with donor hospitals, become the carriers and initial base for the practice of 
the OD discipline. Subsequently, more than 130 OPOs have been developed either in a 
hospital-based or an independent institutional structure [35]. The standards for build-
ing, operation, and management of OPO and the indicators matrix of quality control 
for organ procurement have been also released by the national health commission [34].

4.2.2 Building of talent team

For the talent development of OD, the multidisciplinary knowledge and skill 
enhancement of professionals have been emphasized in its training model and con-
tents in recent years. China has been exploring educational models for different target 
groups in practice, and the talent training includes the following aspects:

At the national level, comprehensive training courses and qualification tests are 
provided by China OD administration center for transplant coordinators, forming a 
national training and qualification system.

At the regional level, professional training is conducted by academic associations 
and OPOs for medical and nursing staff of critical care units, as well as public charity 
publicity and education activities for communities, schools, nursing homes, etc.

In terms of linking with the educational system, China has made explorations and 
practices in integrating education related to OD in the higher education system. The 
China-Europe Knowledge Transfer and Leadership in Organ Donation (KeTLOD) has 
established OD higher education (postgraduate) programs in seven Chinese universi-
ties to provide a master’s course on organ donation [36]. In addition, a number of 
universities and colleges have introduced undergraduate elective courses on OD and 
OT [37]. In regions such as Zhejiang province, “popular science articles regarding OD 
“ has been included in secondary school textbooks to popularize relevant concepts [38].

4.2.3 Academic environment

At the academic level, China has established professional associations for OD, 
which consist of medical experts from departments related to OD and OT, as well 
as scholars from medical ethics, law, social humanities, health economics, psychol-
ogy, mass communication, biological tissue engineering, and anatomy. An expert 
consensus on development of a multidisciplinary supporting system for OD has been 
reached. Under the supervision of these associations, the scientific papers, consen-
sus, guidelines, and books focused on the theme of multidisciplinary integration 
have been published, and academic activities with the participation of experts from 
multiple fields have been organized on a regular basis.

4.3 Social engagement

In terms of public education and publicity of OD, from the public-welfare public-
ity activities initiated by the administrative department, news media, and various 
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public-service organizations to individual’s spontaneous publicity activities, the 
concept of OD has been popularized. April has been granted as the memorial month 
for organ donors in the country. As of August 2022, the number of voluntary organ 
donor registrants in China has exceeded 4.9 million [30].

5. Conclusion

The construction of the OD discipline system is in line with the fundamental 
requirement of promoting sustainable development of OD and OT. Promoting the 
OD discipline development is of positive significance for enhancing the professional 
identity of OD practitioners and the credibility of the OD undertaking.

According to its attribute of public welfare and work characteristics of the OD 
undertaking, its disciplinary building needs interdisciplinary support. Through 
years of efforts, China has been improving relevant laws and regulations, besides, it 
strives to boost interdisciplinary collaboration of OD through diversified popular-
ization and publicity, comprehensive training for professional teams, and creation 
of a collaborative network with more extensive multidisciplinary support and 
engagement.

In summary, whether to cope with the bottleneck problems in the development 
of OD, or to improve the efficiency of work system and the quality of medical 
services by taking key measures to meet the demands in the whole process, it shows 
the necessity and feasibility of promoting the building of OD-related disciplines 
through multidisciplinary collaboration. Therefore, under the strategy of multidis-
ciplinary development, we need to center around safeguarding the rights of donors 
and their family members and protecting recipients’ rights to health, focus on the 
quality of the work of OD and OT, effectively integrate resources, give full play to 
professional forces in different fields, build an OD discipline system that meets the 
professional medical requirements, and fully shows the features of social human-
ity, thereby promoting the standardized, systematic, and professional development 
of OD. It is a common topic requiring policymakers, experts, and practitioners in 
the field to think deeply and make research, explorations, and practices persis-
tently. We believe, by adhering to the coordinated multidisciplinary development 
strategy, the visible progress of the organ donation discipline in the future would 
be the result of the joint-effort gained from interdisciplinary collaboration and 
innovations.
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Abstract

End-stage kidney disease is a global pandemic which exerts significant morbidity, 
mortality as well as economic burden on affected patients. Kidney transplantation, 
either from cadaveric or living donors, offers the best therapeutic choice to improve 
survival and quality of life. However, due to the increasing prevalence of end-stage 
kidney disease, there is a great mismatch between the demand and supply of donor 
organs. Efforts to mitigate this dire shortage include altruistic organ donations. 
Altruistic donation refers to organ donation by an individual who is neither geneti-
cally nor emotionally related to the potential recipient. This concept at its inception 
received a lot of resistance from the transplant community and continues to raise 
ethical concerns. This chapter reviews altruistic organ donation, ethical consider-
ations and its potential benefits.

Keywords: altruistic donation, end-stage kidney disease, ethical considerations, kidney 
transplantation, living kidney donations, non-directed donors

1. Introduction

End-stage kidney disease (ESKD) is associated with life-threatening  
complications which have significant adverse impact on both the affected individual 
and the health-care system [1]. Kidney transplantation remains the favored therapeutic 
option for improving survival and quality of life, and reducing morbidity in patients 
with ESKD [1]. Transplantation can be either from deceased donors or living  
donors [1].

Living kidney donor transplantation, which can either be directed (related) or 
non-directed (unrelated), has been demonstrated to have superior recipient and 
graft outcomes compared to cadaveric donation [2]. In addition, living kidney donors 
form an important link filling the gap of significant donor organ shortage that leads 
to prolonged waitlist times. In 2014, according to data from the Organ Procurement 
Transplantation Network (OPTN), over 4000 individuals on the waitlist died while 
waiting for a kidney transplantation while an additional 3668 became unfit for the 
rigors of transplantation. Similarly, the United States Renal Data System estimates that 
the average waitlist time is 3.6 years [3–5].
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Altruistic donation, a form of living kidney donation, has been referred to by 
many terms in literature including: non-directed donation (American terminol-
ogy), unspecified donation (European), Good Samaritan donation and anonymous 
donation [6, 7]. It is a fairly recent development which is rapidly gaining popularity 
in these times [6–8]. According to the Cambridge English Dictionary, altruism can 
be defined as the “willingness to do things that bring advantages to others, even if it 
results in disadvantage for yourself ” [9]. In transplant medicine, altruistic donors 
are donors who are neither genetically nor emotionally related to the potential 
transplant recipients i.e. donation to a virtual stranger [7, 10, 11]. This definition, 
which implies no obvious benefits to the donor, is perhaps one of the reasons why 
much skepticism abounds about this form of organ donation [6, 7]. The road to 
altruistic organ donation has been paved with many stumbling stones borne from 
scandals and individual reluctance of transplant surgeons and community non-
acceptance [6–8].

2. History of living kidney donation and altruistic donation

Living kidney donation has been in existence for almost seven decades, since an 
identical twin donated to his brother in 1954 at the Peter Brent Brigham hospital 
in Boston; it has progressively increased in practice following immense strides in 
surgical techniques and immunosuppressive therapy [12]. It now accounts for up to 
one-third of transplants in both the United Kingdom (UK) and United States (US) 
and the entirety of transplants in many African and Middle-Eastern countries [6, 7].

The first report of altruistic kidney donation occurred in the US in the seventies 
when Sadler et al., reported a series of 30 living unrelated kidney transplant recipi-
ents [13]. However, interest in this practice waned due to the relatively low success 
rates of transplantation from genetically unrelated donors at this time [13]. This was 
coupled with a number scandals in the eighties involving commercial organ procure-
ment and transplant tourism; this sparked ethical debates and led to the advent of 
the National Organ Transplant Act (NOTA) in 1984 which expressly prohibited the 
purchase of donor organs [8, 14–16]. However, at the turn of the millennium, there 
was a resurgence in altruistic donation when Matas et al. reported success with 22 kid-
ney transplant recipients [17]. Since then, it has progressively gained popularity, with 
over 3900 altruistic donations taking place in the US from 2001 till date (represent-
ing >2% of all living kidney donations) and this number is expected to increase [5, 
10, 18]. In fact, according to data from the Organ Procurement and Transplantation 
Network, an all-time high record of 476 anonymous kidney donors was reported in 
2021 and another 194 by June 2022 (Figure 1) [18].

In the UK, the Human Organ Transplant Act of 1989 criminalized transplantation 
in genetically unrelated donor-recipient pairs unless they were formally approved 
by the Unrelated Live Transplantation Regulatory Authority and altruistic donation 
was discouraged [11]. However, the Human Tissue Act and Human Tissue Authority, 
which came into legislation in 2004 and 2006 respectively, enabled altruistic kidney 
donation to commence; similar to the US experience, its incidence has increased, 
with majority of transplant centres partaking, and now accounting for 80 to 110 
transplants per year [6, 11, 14]. Altruistic kidney donation now takes place in several 
countries including US, UK, Netherlands, Canada, Australia, Sweden and Spain, with 
the majority occurring in the former three regions [7]. Figure 2 is a bar chart depict-
ing the increasing incidence of altruistic kidney donation in the UK [6].
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3. Altruistic kidney donation

The premise of altruistic kidney donation has raised a lot of questions such as 
“What is the driving force behind altruistic organ donation?” and “What does the 
altruistic organ donor gain from such an endeavour?” [19]. However, since it is a 
viable source of kidney allograft, the transplant physician should be conversant 

Figure 2. 
Bar chart depicting the number of unspecified kidney donations (UKD) occurring per year in the UK. Source: [6].

Figure 1. 
Bar chart depicting the number of living non-biological unrelated anonymous donations per year in the US. Bar 
chart based on data culled from: Donor: Living donor relation to recipient by donation year. Organ procurement 
and transplantation network [internet]. Available from: http://www.optn.transplant.hrsa.gov. [accessed: 
2022-2107-31].
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with the factors that limit its acceptance and the guidelines and ethical considerations 
pertaining to its practice. These issues will be addressed in the following sub-sections:

3.1 Characteristics of the altruistic donor

In literature, the description of the altruistic donor is non-specific; however, in 
the study by Kumar et al., it was reported that altruistic donors were more likely to 
be females and Caucasian in origin [20]. In other studies, they were also predomi-
nantly Caucasian, older (averagely 10 years older than directed donors), retirees 
with religious inclinations and often had previous surgical procedures [6, 21]. They 
also tended not to have active dependents and were more involved in other altruistic 
endeavors such as volunteerism, blood donation, monetary charity, etc [6, 20, 21].

3.2 Motives of the altruistic donor

This has been the source of many debates in the transplant community. Without 
apparent direct benefits and with added potential surgical risks, what drives the 
altruistic donor? [19, 22]. It is therefore understandable that many transplant physi-
cians regard this altruism with skepticism and shun the practice. Studies have shown 
that the primary motivation for altruistic donation arises from a pressing desire to be 
of help, a strong sense of empathy and the inclination that the benefits to the recipient 
outweigh the personal risks incurred. Many of these donors have a heightened sense 
of moral obligation, but secondary gains such as time off work, media attention or 
popularity may be additional inciting factors [6, 7, 22, 23]. Since most of these indi-
viduals are often already involved in other altruistic endeavors, it is not far-fetched if 
extended to living organ donation.

3.3 Guidelines for altruistic kidney donation

There are no standardized, globally-accepted guidelines or policies underlying the 
process of altruistic kidney donation [8, 10, 16, 24]. Regardless of individual trans-
plant centre practices, any proposed guideline on altruistic donation should include 
the following core tenets:

• Mitigation of risks to the altruistic donor: This requires a rigorous and unbiased 
pre-donation evaluation process [8, 24].

• Avoidance of financial compensation: Financial compensation can be construed 
as undue inducement or coercion and still remains illegal in many countries 
[14, 15, 24].

• Maintenance of anonymity of the recipient-donor pair: Though difficult to 
attain, this protects the recipient from potential exploitation and an unrealistic 
sense of obligation, while protecting the donor from breach of privacy, anxiety 
about transplant outcomes, donation pressure and undue attention from the 
recipient, preserving the altruism of the act [23, 25]. To preserve anonymity, 
the University of Minnesota proposed registering the donors under aliases and 
admitting recipients and donors in different hospital wings; however, these 
measures are not infallible [3, 6, 24, 25]. Most countries insist on total anonym-
ity for altruistic donation and this remains lifelong in Netherlands and Sweden; 
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however, the UK recently revoked this, allowing anonymity to be lifted 6 months 
after donation on request from both parties [3].

• Minimizing potential conflicts of interest in transplant programs: Conflicts of 
interest may arise when transplant programs involved in altruistic kidney dona-
tion are responsible for sourcing and allocating these organs to patients on their 
own waitlists. This may foster competitive pressure to improve performance at 
the expense of appropriate donor assessment [6, 14, 24].

3.3.1 Evaluation of the altruistic donor

Evaluation of the altruistic kidney donor often follows the same steps as the 
 established process for living kidney donors with emphasis placed on additional 
psychological assessment by an independent certified psychiatrist/psychologist. 
Although the latter is no longer mandatory in the UK, it still remains standard 
practice [6, 8]. In the US, Crowley et al. [24] demonstrated in an analysis of 50 high-
performance transplant centres and organ procurement organizations (OPO) that 
screening of the altruistic donor often follows five or six main steps:

1. A baseline screening interview: This often takes place over the phone between 
the intended altruistic donor and transplant physician. This provides prelimi-
nary medical history that can immediately rule out organ donation and ascertain 
the motives of the donor and his/her knowledge regarding the donation process 
[16, 24]. Figure 3 below summarizes a proforma for this initial screening [16].

2. Provision of a comprehensive educational brochure to the altruistic donor.

3. In-person review: This is performed by the transplant physician and/or other 
team members and includes complete clinical history, physical examination, 
laboratory evaluation and obtaining informed consent.

4. Psychosocial evaluation: This is conducted by independent assessors including a 
behavioral scientist and/or a panel from the centre’s transplant committee. This 
serves to protect the donor and ascertain his mental health. Some centres give a 
lag period after this assessment to allow the potential donor come to terms with 
his/her decision.

5. Donor nephrectomy and organ allocation: Allocation is done according to 
United Network for Organ Sharing and/or centre-specific clinical criteria in 
most centres while others use OPOs to facilitate organ distribution similar to 
cadaveric organs.

6. Post-donation review and monitoring: This follows the standard for living 
kidney donors but may not be ideal due to the peculiarities of this type of donor 
[7, 8, 10, 16, 20].

3.3.2 Models for altruistic kidney donation programs

Potential altruistic donors may influence how their organs are utilized. There are 
currently 2 models for altruistic donation programs [8, 11]:
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1. The donor organ may be included directly into the national transplant waitlist as 
previously done in most countries [8, 11].

2. Altruistic donations may be utilized in kidney sharing schemes, a more recent 
model that maximizes the number of transplantations. Kidney sharing schemes 
can be paired donations or pooled altruistic donor chains involving more than a 
pair of recipients. These schemes can occur simultaneously (so-called domino 
donation chains) or not (non-simultaneous extended altruistic donor chains) [8, 11]. 
Unfortunately, it may be time-consuming, involve a lot of logistics and increase 
the waitlist time for vulnerable recipients like the highly-sensitized one [8, 24]. 
Figure 4 summarizes these models while Figure 5 illustrates a kidney donation 
chain with the altruistic donor as the starting point [8, 11].

Figure 3. 
Proforma depicting standard questions asked during the baseline interview between the altruistic donor and 
transplant Centre. Source: [16].
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3.4 Outcomes of altruistic kidney donation

There have been concerns about the outcomes, especially psychosocial, of 
altruistic donors [6–8, 10]. In a comparative study of the post-donation outcomes 
of altruistic donors versus directed donors over a 5-year period in the UK, Maple 
et al. reported no significant differences between the two cohorts across several 
psychosocial domains [6]. Furthermore, there were no differences in terms of post-
operative outcomes such as duration of hospital stay, complication rates, incidence of 
hypertension and abnormal laboratory parameters [6]. However, the altruistic donors 
recovered faster post-operatively and returned earlier to their routine activities such 

Figure 5. 
Illustration of a pooled donation scheme with the altruistic donor at the fore-front. Source: [11].

Figure 4. 
Summary of altruistic donation models. D: Donor; R: Recipient. Source: [8].
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as work (4–6 weeks vs 6–12 weeks, p < 0.001) and driving (<4 weeks vs 6–12 weeks, 
p < 0.001) [6]. This same study also assessed regret amongst the donors and found 
no significant differences in the degree of current or future regrets about organ  
donation [6]. Several small studies have reported outcomes comparable to Maple 
et al.’s findings [7, 21, 26].

Indirect benefits reported by altruistic donors include: improved self-esteem, 
augmented satisfaction with life, overall increased sense of wellbeing and a feeling 
that donation added extra meaning to their lives. Other secondary gains include work 
leave and media acclaim [6, 7].

On the other hand, adverse psychosocial outcomes of altruistic donation include 
difficulty obtaining health or life insurance, marital and familial conflicts, depres-
sion/anxiety disorders and loss of job or educational opportunities; these are not 
significantly different compared to directed donors and the general population 
[6, 7, 21, 26]. Similar to living donors, there may be an increased risk of post-donation 
hypertension (26.8%), surgical complications (1–10%) and peri-operative mortality 
(0.03%) [6, 7, 12].

3.5 Barriers to altruistic donation programs

Several barriers may prevent widespread use of altruistic donors:

• Donor-related factors: Though willing, donor health characteristics may limit 
their intent. For instance, donor obesity was reported in a study as a major cause 
(45%) of loss-to-follow-up amongst potential altruistic donors, and mental 
health concerns may render some candidates unsuitable [20].

• Society-related factors: Public perception may exaggerate the harm and safety 
concerns associated with organ donation and prevent interested individuals from 
stepping forward. This can be mitigated by appropriate awareness campaigns 
employing multiple educational approaches [3, 8, 10, 14].

• Transplant centre-related factors: In a study by Rodrigue et al. [8], up to 
39% of transplant centres in the US do not consider altruistic donation as a 
viable option [8]. This hesitance is borne from different reasons including: 
lack of universal guidelines, fear of inducing physical and mental harm 
to the donors, concerns about the motives of altruistic donors, possibility 
of post-donation regrets, concerns that altruistic donation could lead to a 
decline in cadaveric donation, potential for litigation risks and potential 
requests for financial compensation leading to undue media attention  
[7, 24, 25, 27]. Some of these concerns are largely unsubstantiated and 
theoretical in nature [25, 27].

3.6 Ethical considerations for altruistic kidney donation

The concept of altruistic kidney donation has engendered many ethical issues 
which have slowed its acceptance and practice in the transplant community [27]. The 
concerns regarding some of the ethical principles are elucidated herein:

Beneficence: Since the primary obligation of the physician is to do no harm and 
protect patients, would altruistic donation not contradict the ethical principle of 
beneficence in relation to the donor even if it is at his own behest? Furthermore, as 
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kidney transplantation is beneficial to patients with ESKD, would it be ethical to 
decline a potentially lifesaving procedure due to uncertainties about the motives of 
a potential altruistic donor? [8, 14, 16]. There are no simple answers to these ques-
tions but appropriate informed consent and pre-donation evaluation would ensure 
adequate protection of the donor. Additionally, laparoscopic donor nephrectomy 
minimizes the surgical risks borne by the donor.

Non-maleficence: The phrase “First do no harm” is one of the dictums that forms 
the bedrock of the modern practice of medicine. Is it then ethical for transplant 
physicians to actively solicit for altruistic donors? Although altruistic donation is 
potentially beneficial to a recipient, it may contravene the ethical principle of non-
maleficence to the donor [8]. There have always been ethical concerns about exposing 
apparently-healthy individual to potential anesthetic and surgical risks. Some of these 
concerns have been partially allayed with advances in surgical techniques and post-
operative care, improving donor safety.

Autonomy: Does rejecting altruistic donation contravene donor and recipient 
autonomy? Should the recipient reserve the right to reject or accept an organ from 
an altruistic donor? Is it paternalistic for transplant centres to arbitrarily refuse to 
evaluate such donors? [8, 14, 27]. While transplant physicians or nephrologists may be 
hesitant to accept kidneys from altruistic donors, they should only reject such organs 
on medical grounds after disclosure to the transplant recipients [8, 14]. Another ethi-
cal concern is pressure from the transplant centres on potential donors, especially in 
pooled donation schemes [8, 14]. This would be an indication to stop the process as it 
affects the ethical principle of donor autonomy [8, 14].

Justice: How do transplant programs maintain justice in the allocation of altruistic 
donor organs (i.e. distributive justice)? Who decides who benefits from altruistic 
donation, especially in the face of scarce donor organs? Some transplant centres 
prefer to channel such donations through a local OPO or national transplant waitlist 
to ensure justice, equitability and non-discrimination, as this reduces selection bias, 
allowing the recipient with the best compatibility to be transplanted [27].

Financial compensation: Should altruistic donors be offered financial compensa-
tion? Under the NOTA, it is acceptable to reimburse donors for minimal expenses 
incurred like medical bills, lost wages and transport fares [15, 27]. Excessive com-
pensation is frowned upon, to avoid commercializing organ donation, prevent undue 
inducement of donors and protect the recipient from exploitation, blackmail and 
emotional distress [8, 14, 27, 28]. This is important because over 10% of global kidney 
transplantation occurs through organ trafficking and transplant tourism [27, 29]. 
In developing countries, patients pay out-of-pocket for renal replacement therapy 
and cadaveric donation is lacking, so commercialized transplantation is an open 
secret though illegal, and transplant tourism to procure donor organs is prevalent 
[14, 27,28]. This contrasts with the controversial Iranian model of compensated living 
unrelated kidney donation which has reduced waitlist times, with over half of ESKD 
patients having functional renal allografts [30, 31]. Some authors have proposed that 
incentivizing or regulating commercial organ donation may proffer a long-term solu-
tion to the scarcity of donor organs [32–34].

Other ethical considerations: Should donor-recipient pairs have contact in the 
peri-operative or post-donation period? While this may be beneficial, in some cases, 
it may foster unrealistic expectations of gratitude and indebtedness in the donor and 
may set him or her up for future disappointments [8, 27]. Unrelated living donation 
are considered less prone to subtle pressure and coercion as may occur in genetically 
or emotionally related donors [2, 16, 27, 28].
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4. Conclusion

The practice of altruistic donation, although ethically controversial, has garnered 
success and popularity. The process is highly variable amongst individual transplant 
centres, leading to confusion, misconception and lack of motivation for interested 
individuals. Therefore, the process of donor evaluation, allocation and post-donation 
follow-up must be standardized globally. A rigorous evaluation protocol as well 
as mental health assessment and informed consent are imperative for successful 
implementation.

Advancing the practice of altruistic donation requires public awareness on the 
benefits of donation, donor risk minimization, advocacy and involvement of all 
relevant stakeholders. This procedure has the potential to increase transplantation 
rates and alleviate organ shortage and should hence be encouraged.
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Abstract

With its widening indications, the need for organ transplantation is growing 
globally. Currently, there is a crisis of organ shortage and a dire need to adopt ways 
and means to overcome it to save lives and improve the quality of life of patients 
with end-stage organ failure. In this regard, on the one hand, efforts should be made 
to eliminate the barriers to organ donation, such as people’s ignorance about organ 
donation and ethical and religious concerns. On the other hand, strategies should 
be implemented to enhance organ donation, which in the case of deceased donors, 
include accelerating the donation process, instituting a policy of presumed or man-
dated consent, and utilizing extended criteria for donors. In the case of living donors, 
these include accepting the paired donation and removing disincentives to donation. 
Organ donation can also be boosted by allowing restricted compensation or reward. 
Using social media platforms to educate people, facilitate contacts, and match with 
unspecified donors is also worthwhile. In the future, xenotransplantation is also 
showing some promise.

Keywords: organ donation, donor organs, transplantation, living organ donation, 
desensitization techniques

1. Introduction

The availability of donor organs is a fundamental prerequisite for running a trans-
plantation program. While the need for organ transplantation and its scope continues 
to expand, unfortunately, there continues to be a significant demand-supply gap in 
respect of potential donors, impeding the full exploitation of transplantation to save 
lives or improve the quality of life of patients with end-stage organ failure [1–3]. The 
problem can be traced back to myriad global causes, though some afflict particular 
countries due to their peculiar sociodemographic characteristics. Generally, lack of 
awareness, ethical concerns, religious dogma, and logistical problems are the major 
barriers to organ donation [4]. Overcoming them would require devising multifaceted 
strategies aiming at expanding all possible sources of donors. Living donations need 
particular emphasis since the pool of deceased donors is limited and cannot expand 
beyond a certain point due to inherited constraints [5, 6]. Furthermore, in addition to 
in-vogue strategies, some forward-thinking initiatives will be required for a substan-
tial improvement in the situation.
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1.1 Issues in organ donation

These may be universal or linked to the donor type. They broadly can be either 
deceased or living. The former is further classified as DBD (donation after brain 
death) or DCD (donation after cardiac death), while the latter is specified or unspeci-
fied [7]. The specified donors, in turn, can be directed (to a genetically related, 
emotionally related, or unrelated recipient) or undirected (through an exchange 
program); the unspecified donors are for anonymous recipients.

Some commonly encountered obstacles to organ donation are:

1.1.1 Awareness about organ donation

Even though transplantation has been around for many years, surprisingly most 
people in the general population, and also, in the medical community do not have 
adequate information about organ donation and transplantation [8, 9]. Even in devel-
oped societies, ignorance still reigns supreme, making it one of the most significant 
obstacles to organ donation [10].

This level of ignorance breeds skepticism toward the whole concept of transplan-
tation. For instance, people might believe that professionals might be overly eager to 
remove donor organs to benefit potential recipients, even if this comes at the expense 
of the donors’ interests—not knowing it is the donor or the donor’s family who are 
the main stakeholders and have the final say in the matter [11]. These concerns can 
be alleviated only by educating people and informing them of every step of the organ 
donation process so they can make an informed decision about the donation [5, 12]. 
An independent donor advocacy team is also a step toward removing any misgivings 
regarding donor safety and rights [13]. All such measures can go a long way in ending 
the stigma associated with the practice of transplantation.

The dissemination of information regarding donation opportunities can sig-
nificantly increase the proportion of potential donors [12, 14, 15]. For instance, 
Facebook’s initiative to educate people about organ donation has led to a noticeable 
increase in the number of people in the United States who have signed up to become 
organ donors [16]. Another observation is that when people are provided with addi-
tional information about brain death, it makes them more willing to accept it, which 
speeds up the process of organ donation as a direct result [17].

1.1.2 Ethical issues

Organ donation may be hampered by several ethical issues which are directly 
linked to the process. Such concerns may arise when it comes to the following:

• Consent of donors

• Definition of death

• Nondirected living donation

• Donation of organs by patients of euthanasia

• Practice of rewarding or incentivizing organ donation.
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• Online campaigns to encourage organ donation

• Xenotransplantation-related issues, such as animal rights, human dignity, risk 
of stem-cell technology, and genetic editing.

1.1.3 Consenting to organ donation

Consent that satisfies ethical standards should, in theory, be given of one’s own 
free will and motivated solely by altruism; it should never be given in response to any 
form of pressure or coercion, nor should it be persuaded by the promise of monetary 
gain. However, in actual practice, it is difficult to determine objectively to what 
extent these standards are or could be followed [18]. As a consequence of this, there 
will always be some degree of uncertainty present. This inescapable shortfall in the 
process negatively impacts the populace’s perception of transplantation as a whole.

Major ethical concerns about organ donation by living-related donors focus on the 
possibility of undue influence and emotional pressure and coercion by the recipients 
or their relatives to the point where the donor may be harmed.

Giving one’s consent in the event of donation after death can take many different 
forms, but none is immune to ethical questions. In the opt-in option, those eligible to 
donate their organs do so voluntarily in life so that their organs can be harvested after 
they pass away. In some countries, the family is still allowed to decline the donation—
referred to as the “soft option,” as opposed to the “hard option,” in which the family 
does not have this choice [19]. In the opt-out system, consent is treated as a default 
option, and if there is no declaration to the contrary from the deceased person, the 
consent is presumed to have been given. Though the opt-out option has been adopted 
by many countries, the ethical question of whether or not presumed consent accu-
rately reflects the wishes of the deceased and violates donor autonomy continues to be 
debated [20]. Furthermore, it creates an even greater potential for abuse of power by 
medical professionals [21]. Not the least, there is yet no clear evidence that the opt-out 
option has increased the donation rate to any extent [21, 22].

A modification to the opt-out is the mandated consent, which means that all adults 
eligible for organ donation must register their intention to donate or not during 
life [22]. In this way, the wishes of the deceased individual would be honored post-
humously regardless of the position held by the family. However, ethical concerns 
remain regarding individuals who either do not register or whose families are denied 
access to their medical records [23].

Organ conscription is a relatively new concept that refers to harvesting all healthy 
organs after death for transplantation regardless of the recipient’s consent [24].

Living donors are free of the above issues but pose physical, psychological, and 
social challenges and there is always an element of doubt about their interpersonal 
relations and the motive behind the donation [6, 8].

1.1.4 Controversies about brain death

Even though death, as determined by neurological criteria, has been a legal defini-
tion of death for quite some time, the legitimacy of brain death determination has 
been called into question ever since its initial implementation, and various clinical 
scenarios continue to appear which give rise to medical, legal, and ethical controver-
sies [25]. Furthermore, the inconsistencies within personal and institutional practices 
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in establishing brain death, combined with the differences in legislation in various 
countries, raise the possibility of error in the diagnosis, thus adding to public discon-
tentment [4, 26].

On the other hand, many religious and cultural communities still recognize death 
based on circulatory criteria, that is, irreversible cessation of heartbeat, and not 
neurological criteria [27]. Nevertheless, the issue is under continuing debate in these 
circles [28].

1.1.5 Non-directed living donation

There is an ongoing debate on the question of whether or not the practice of non-
directed living donation is ethically justifiable [7, 29]. It is because it leaves a lacuna 
for illicit financial dealings or any other illegitimate arrangement between the donor 
and recipient [18].

1.1.6 Organ donation by euthanasia patients

Donating organs after a person has committed suicide with assistance is a relatively 
new concept that has raised new ethical questions [30]. Further, patients in this situa-
tion have the option of giving their permission to have their organs removed from their 
bodies while they are still alive. Not only does this remove concerns about obtaining 
consent after death, but it also makes it possible to retrieve organs while they are still 
healthy [31]. However, the possibility of pressuring potential donors into deciding 
on assisted suicide earlier than they otherwise would have is an ethical dilemma that 
needs to be solved for this practice to be considered morally acceptable [30, 31].

1.1.7 Rewards and incentives for organ donation

Notwithstanding its tremendous potential to boost organ donation, it is con-
sidered unethical to commercialize human organs or to make them as items of 
exchange or trade because the use of human body as an object violates an individual’s 
dignity. Therefore, in the majority of nations, organ donation is only possible from 
“altruistic” donors; this means that no monetary or other forms of material value 
can be exchanged for a donor organ [29]. However, after much debate and exchange 
of arguments for and against paying donors, most authorities now agree that the 
expenses incurred by the donor in going through the process of organ donation can be 
reimbursed as these could be substantial [5, 12]. However, such payments should not 
be to the extent to become a financial incentive or disincentive to becoming a donor. 
Some other permissible ways of compensation could be exemptions from paying 
taxes, giving registered donors allocation priority, covering funeral costs, and making 
payments for unforeseen expanses [12, 32, 33].

1.1.8 Online platforms for organ donors

Finding living kidney organ donors online is made possible in the United States 
and the United Kingdom by the availability of online platforms containing registered 
altruistic living donors [12]. Though the facility dramatically simplifies the living 
donation process and lessens the strain on the waiting lists, it is shrouded in con-
troversy since it is impossible to conclusively rule out the possibility of rewarding 
donations despite the undertakings made by the stakeholders to the contrary [34].
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1.1.9 Religious issues

There is not a single religion in the world that is entirely against organ donation as 
all belief systems share common values of altruism, reverence for the sacredness of 
the human body, and respect for human dignity. Therefore, the majority accept organ 
donation as long as there is the donor’s consent, no significant risks are involved, and 
actual deaths are verified in the case of deceased donors [27].

However, some Muslim jurists, Christian scholars, and Jewish rabbis are against 
it, particularly concerning deceased donors, primarily because of the debates sur-
rounding the concept of what constitutes death [35]. Even though a minority holds it, 
this viewpoint may significantly influence organ donation in predominately religious 
communities [36].

In order to counter the fallouts of such negative religious trends, it is of the utmost 
importance to actively engage religious leaders and organizations in the drive for 
organ donation [27]. For instance, a person of faith might be included right at the 
beginning during the family counseling process after a donor has been declared brain 
dead.

1.1.10 Logistic issues

Setting up a deceased donor program on a national level is administratively quite 
demanding. In addition to political will and extensive infrastructure, there is also 
a need for a committed organization with dedicated leadership, a trained human 
source, and networking with intensive care units (ICUs). It is, therefore, quite 
understandable that while the developed countries have well-established deceased 
donor programs, patients in developing and undeveloped countries, except a few, are 
deprived of this important donor source [37, 38].

1.2 Developments in Prevailing practices

Deceased donors, which primarily involve donation after brain death (DBD), 
continue to be the primary sources of donor organs in countries where the pro-
gram has been established on a national level. Donations after circulatory death 
(DCD) supplement the deceased donor source but at the cost of inferior outcomes 
[3, 39]. Despite their inclusion, however, the number of deceased donors has not 
increased enough to meet the demand; in fact it has reached a plateau in most 
countries [6].

1.2.1 Improving the efficiency of the deceased donor program

By identifying potential donors early in intensive care units, the necessary 
medical and legal procedures, including family counseling, can be completed early, 
thereby protecting the organs from the pathophysiological changes in the body that 
come with brain death [24]. Appropriate training and persuasion of the ICU staff 
and transplant coordinators can also help in timely referrals and their conversion to 
actual donors [31].

Including expanded-criteria-donors (ECD) could also help increase the deceased 
donor pool [22]. Similarly, drug intoxication as the cause of death should no longer 
be considered a contraindication to organ donation, and kidney transplants from 
HIV-positive donors to HIV-positive recipients are also permissible [40].
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1.2.2 Improvements in living donation

In the case of living-donors, their scope can also be increased by expanding their 
eligibility criteria. For instance, if otherwise fit, people aged up to 70 or having obe-
sity or vascular malformation can also be accepted as donors [5, 41]. Living-unrelated 
donors are another area that deserves greater attention. Despite not sharing a genetic 
connection with the recipient, the graft outcome is similar to that obtained from 
living-related donors [42]. These donors might have emotional ties with the recipients 
or be strangers, getting motivated for donation by knowing the potential recipient’s 
need through an intermediary person, the media, or public solicitation. Such a dona-
tion may be directed or undirected in exchange for priority of donor’s family member 
listed for the deceased donor [3].

The paired donor exchange in which two donors exchange kidneys among their 
respective recipients because of their blood or tissue incompatibility with the original 
donor is yet another way of increasing the living donor donation rate [43]. In practi-
cal terms, the exchange works by assisting donor/patient pairs with incompatible 
blood types to find another donor/patient pair with whom they are compatible with 
exchanging kidneys. There are currently paired kidney programs operating in the 
United Kingdom (UK), a few other European countries, and as a pilot project in the 
United States [3].

Domino transplantation provides yet another source of donor organs [44]. In 
this method, one donor makes a contribution to the recipient of an incompatible 
couple. The second donor, known as the domino-donor, then makes a contribution 
to either another couple or the waiting list. In contrast to kidney-exchange donation, 
which necessitates the mutual compatibility of both the recipient and donor couples, 
domino-paired donation does not require such compatibility between the parties. 
Another form of domino-donation involves donating the kidney or liver of an indi-
vidual who has already received a transplant to another person on a waiting list for 
one of those organs.

1.3 New approaches

As a result of the ongoing disparity between organ supply and demand, 
Investigations are being conducted into various alternative options, such as xeno-
transplantation and artificial organs which can help in reducing the burden of poten-
tial recipients. For example, artificial extracorporeal liver support devices capable of 
performing hemodialysis, therapeutic plasma exchange (TPE), and albumin dialysis 
have been developed in recent years. TPE has been shown to improve patients’ chances 
of surviving acute liver failure in clinical trials, and these trials show that the devices 
are safe and well tolerated by patients [45]. In addition, a total artificial heart (TAH), 
also known as mechanical circulatory support that restores total pulmonary and 
systemic flow, is an alternative option for people currently waiting for a donor’s heart 
[46]. Similarly, wearable artificial kidneys are also under clinical trials presently [47].

The practice of xenotransplantation, also known as the transplantation of pig 
organs into humans, has been brought one step closer to becoming a reality because 
of recent developments in techniques of gene editing which allow breeding pigs 
free of xenoantigens and porcine endogenous retroviruses—the two main causes of 
failure of previous attempts in this direction [48].

However, even though these alternative methods hold promise, they present 
several challenges and concerns about the source of organs, animal rights, human 



Organ Donation: Demand and Supply
DOI: http://dx.doi.org/10.5772/intechopen.108153

55

Author details

Nadeem Ahmad Khan* and Taqi Taufique Khan
Department of Kidney Transplantation, Rehman Medical Institute, Peshawar, 
Pakistan

*Address all correspondence to: n_ahmad_2000@yahoo.co.uk

dignity, and potential organ transplant potential carcinogenicity of stem-cell 
research, as well as improperly employing genetic techniques. Thus, research in this 
direction requires tight regulation.

2. Conclusion

Organ donation is a multifaceted field that, in addition to medical and scientific 
concerns, involves the interaction of social, religious, ethical, and legal domains. 
Therefore, it is necessary to take a multipronged approach to meet the ever-increasing 
demand of patients who are candidates for organ transplantation. However, checks 
and balances should always be in place to ensure that donors are safe and their rights 
are protected.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
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Abstract

Organ transplantation saves lives and provides the best alternative for patients at 
the end-stage of their illness. Interestingly in some jurisdictions, a person who know-
ingly buys or sell organs for transplantation, could be penalized. However, there con-
tinues to be a lucrative global trade and a booming business in human organs as some 
companies prefer to remain as a private entity rather than undergo increase scrutiny 
by outside financiers. The common belief is that public health should be made to 
prevail over private wealth. Therefore, the troubling query is, why some health insti-
tutions that conduct organ and tissue transplantation are less transparent, and their 
work and processes shrouded in secrecy. The vulnerable, voiceless, and marginalized 
of society are more at risk with illegal organ harvesting activities. Donors’ rights are 
violated as they benefit little economically, and the lack of donor information could 
result in serious health and social risks. Law enforcement officers struggle to offer the 
relevant intelligence for swift action by policy decision -makers. This chapter gives 
attention to and increase awareness among researchers and community activists that 
this special gift of organ donation appropriately scheduled should be of a high quality 
and improve the lives of persons terminally ill.

Keywords: illegal organ harvesting/trafficking, organ donation, organ transplantation, 
risks of illegal organ harvesting, ethics, organ transplantation and law

1. Introduction

It is indisputable that Organ transplantation has saved lives and has provided 
the best alternative for patients who are at terminal stages of their illnesses and 
who would have experienced end - stage organ failure. Evidently this phenomenon 
is a medical miracle and milestone. It is part of the gripping advances in health in 
this twenty-first century in multi-ethnic societies and in populations with diverse 
cultures. However, this medical breakthrough abounds with complexities. The wide 
gap between organ supply and organ demand gives rise to prolong waiting times to 
receive organs as well as the increasing mortality among several vulnerable persons 
on waiting lists. This is the main contributing factors to this challenge. Additionally, 
organ donation remains an extremely sensitive and topical issue in extremely religious 



Current Challenges and Advances in Organ Donation and Transplantation

60

societies. In those societies the emphasis continues to be placed more on the body 
of deceased persons [1]. This is because there is the perception that there are several 
factors that mitigate a potential donor from consenting to the donation of an organ or 
tissue for transplantation during life or after death.

According to Ali et al. [2], the issues raised would include the lack of information, 
misinformation, and disinformation concerning the donation of an organ, suspicion 
of a healthcare system, the attitudes and views of family members and religious lead-
ers, and a clear ruling and interpretation of the rulings of the clergy. Therefore, with 
such a mindset, for candidates waiting for transplantation owing to their irreversible 
medical conditions, the possibility of a delay in waiting time and unequal access of 
organ donation could be further compromised.

The sources of organs for transplantation include living donor (related and 
nonrelated), cadaveric donor, and brain-dead patients [3]. It is necessary to fur-
ther distinguish the four categories: 1) Living Related Organ Donation “blood or 
emotional” which is a directed donation to a loved one [3, 4]; 2) Altruistic Organ 
Donation: non-directed donation, in which the donor gives an organ to the general 
pool to be transplanted into the recipient at the top of the waiting list [3, 4]; 3) Living 
Non-Related Organ Donation: directed donation to a stranger, whereby donors choose 
to give to a specific person with whom they have no prior emotional connection [3]; 
and 4) Cross donation where a living donor wants to donate to his blood or emotional 
relative an organ but blood groups does not match and there is a complete mismatch 
or cross matching is positive [3, 4].

According to Saleh [5], the kidneys are the most transplanted organ. The author 
further stated that in 2011, 11, 835 deceased -donor kidney transplants and 5, 772 liv-
ing -donor transplants had occurred. [6] also reported that in the year 2021, there was 
more organ transplants ever in a single year and there was an eight percent increase 
in kidney transplant. Kidney transplant had moved from 22, 817 in 2020 to 24, 670 in 
2021.

World Health Organization (WHO) [7] has reported that noncommunicable 
diseases (NCDs) is responsible for the deaths of 41 million people annually and 71 
percent of the deaths globally. According to WHO [7], each year, 15 million people 
die from a NCD between the ages of 30 and 69 years, while 85 percent of these 
“premature” deaths occur in low- and middle-income countries accounting for 
seventy-seven percent of all NCD deaths. The increase of morbidity and mortal-
ity for NCDs has been attributed to the modifiable behaviors including unhealthy 
diets and a lack of physical activity, leading to severe hypertension and diabetes. 
According to WHO [8], globally, 422 million people live with diabetes whereas 62 
million people in the Americas live with Diabetes Mellitus (DM) type II. WHO [8] 
further reported that Diabetes accounts for 244,084 deaths annually and in addition, 
1.5 million cases of diabetes globally are directly attributed to diabetes each year thus 
accounting for 45 percent of new cases of chronic kidney disease diagnosed annually. 
Chen [9] has reported that over the past three decades, diabetes has become one of 
the most important public health challenges to all nations as the number of people 
with diabetes mellitus has more than doubled globally. In addition, medical expendi-
tures have been 2.3 times higher than what expenditures would be in the absence of 
diabetes. According to American Diabetes Association [10], the indirect costs would 
include an increase in absenteeism ($3.3 billion) and reduced productivity while at 
work ($26.9 billion) for the employed population, reduced productivity for those not 
in the labor force ($2.3 billion), inability to work because of disease-related disability 
($37.5 billion), and lost productivity due to 277,000 premature deaths attributed to 
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diabetes ($19.9 billion). Cantrovich [11] had reported that shortage of organs could 
be a social, psychological, ethical, moral, and political problem, causing unjustifiable 
damage to public health.

2. Trends in illegal harvesting and benefits from the lucrative business

Surgical procedures like transplant of an organ would be morally acceptable with 
the consent of the donor and without excessive risks for the waiting patient. And 
that this noble act of organ donation must occur after death, where the real death 
of the donor must be fully ascertained. Interestingly, in Nigeria, organ trafficking is 
considered or rather is divided into three categories, namely firstly) the traffickers 
who would trick the victims into surrendering his organ at no cost; secondly, the “con 
-artist” who would convince gullible victims into selling their organs but somehow 
end up not paying them the agreed sum or not at all; and thirdly, this category would 
include the doctors who would treat patients for ailment that are non -existent and by 
extension remove the organs without the victims knowledge [12].

According to Cerón et al. [13], organ harvesting occurs to facilitate healthy and 
viable organs, primarily kidneys, to the wealthier individuals who require a transplant 
option and are unable to get it through more legal means and which may include the 
family and close friends. Cerón et al. [13] further reported that organs are usually 
either be sold or stolen from the “donor” owing to the economic supply and demand 
of the organ, and later are transferred to the purchaser for transplantation. Kar and 
Spanjers [14] noted that the illegal organ donation industry would generate $US840 
million to 1.7 billion dollars annually. The common organs include kidney $US 8 
million, liver $US 3 million, heart $ US700,000, lung $ US 500,000 and the pan-
creas $US 200, 000. The location of transplantation would have taken place in Asia, 
including countries like China, Kosovo, and Singapore, in South Africa, and in the 
United States of America and in Peru, South America. The Author reported that there 
has been gross disparity between the vendors and the recipients’ fees, as the vendors 
receive less than 10 percent of the recipient’s payment while the “middlemen” usually 
receive the lion’s share of the sum.

According to Tao [15], 10 percent of the 63,000 kidneys transplanted worldwide 
each year from living donors have been bought illegally. Tao [15] further reported 
that with kidney continuing to top the list of organ illegal trade with at least two 
hourly and that being 75 percent of the global illegal trade in organs. In 2014, 8000 
illegal kidney transplants were performed although the prices varied according to 
nationality and location [14]. Kar & Spanjers [14] reported that while the price for 
a kidney transplant had cost $30,000, countries like Israel and Indonesia the cost 
of a kidney transplant had been $25, 000 and $23, 000 respectively; in Japan the 
cost was $16, 000, while there was a $4, 000 difference in China (12,000) for the 
said organ while for a similar organ in Peru was $12,000. According to Sharif et al. 
[16], the unethical nature of using organs from executed prisoners, due to its limita-
tions on voluntary and informed consent in China has been unanimously stated in 
literature. Though this practice has been frowned and denounced by international 
declarations including the Nuremberg Code, the Helsinki Declaration, the Belmont 
report, Amnesty International, the World Health Organization, the World Medical 
Association (WMA), and of recent by the Declaration of Istanbul, but incarcerated 
inmates condemned to death may still not be in the position to make an autonomous 
and informed consent for organ donation in China [16].
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According to Bruckmuller [17], the first official investigated case of illegal organ 
sale and trafficking was recorded in Bombay, India in 1993, however, the doctor in 
charge was only captured in 2008. Similarly, in the United States, after ten years, a 
physician- in -charge was eventually prosecuted for heading an illegal organ trans-
plant ring. The Author further stressed that there have been other cases documented 
throughout the world owing to a well strategic operations with multiple individuals 
such as middlemen who constantly move various organ parts within the process of the 
transaction. In recent times, the Indian authorities claimed to have broken up a ring 
involving doctors, nurses, paramedics, and hospitals that had performed 500 illegal 
transplants of organs to rich Indians and foreigners. Most of the donors were poor 
laborers who were paid up to $2500 for a kidney.

World Health Organization [8] reported that in 2021, the authorities in India 
had broken up a ring involving doctors, nurses, paramedics, and hospitals that had 
performed 500 illegal transplants of organs to rich Indians and foreigners. Most of the 
donors were poor laborers who were paid up to $2500 for a kidney. Some were forced 
to give up organs at gunpoint. Bruckmuller [17] noted that the shortage of needed 
organs could lead to the patient’s willingness to pay high sums of money for body 
parts, especially organs. According to Bruckmuller [17], the Criminal organizations 
which have occurred in cooperation with staff members of the healthcare sector are 
very lucrative business with the trade of body parts, especially with the offense on 
human trafficking for organ (cells and tissue) removal.

3. What are the potential risks of illegal organ trafficking

Bos [18] has reported that the at-risk population namely the organ suppliers 
and victims can be classified into eight categories. These categories include but are 
not limited to 1) persons who have come from the less developed countries where 
the majority of persons are below the poverty line; 2) persons with the status of 
an immigrant or of a refugee; 3) persons who are very vulnerable; 4) persons who 
would have lacked knowledge in medical sciences and are unaware of what it means 
to have the removal of a kidney; 5) the victims are usually uneducated and illiterate; 
6) the victims are usually young males within the 18 to 30 age group; 7) persons that 
could be easily coerced and deceived into obtaining the organ and 8) the victims who 
usually come from counties of origin where there is either a lack of a proper func-
tioning legislative system that forbids such practice or countries which are unable to 
prosecute individuals owing to a high level of corruption. According to Bos [18], these 
victims and donors have been left to care for themselves following the removal of 
their organs and the final payments have been made. The Author further stated that 
the local recruiters are usually prevented from lodging complaints to the authorities 
owing to the lack of knowledge and awareness as to the importance of removing an 
organ and the punishment that might be available. Apart for the donor’s rights being 
violated most of the times, there has been limited economic benefits that are seen 
with the suppliers.

Illegal organ harvesting has been associated with complaints of asthenia, pain 
and health complications, the deterioration of the victim’s health usually because of 
inadequate post-operative care, and job loss [18]. Interestingly and frequently, it has 
been difficult to trace the whereabouts of the organ suppliers. When considering the 
potential risks of illegal organ trafficking, attention must also be paid to the health 
risks of the recipients. Bos [18] has noted that there could be serious health and social 
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risks for the persons who are selling the organs as they are unable to give much clarity 
to the recipients of the commercial transplants. The Author further stated that when 
a comparison is made between the developed countries like the United States of 
America, the United Kingdom, Canada, Australia and Turkey and other less devel-
oped countries dealing with organ transplantation, there have been better outcomes 
from the type of transplant received from the developed when compared to the devel-
oping countries. There have been less surgical complications, post-operation hernia, 
infections from the wound or donor derived, less instances of infectious and sexually 
transmitted diseases, acute myocardial infarction, steroid diabetes, and inferior graft 
have been reported from recipients from the developed countries [19]. However, 
when compared to the developing countries, there were less patient survival and lack 
of data and information relating to donor information. According to UNODC [19], 
the grave effects of the illegal organ trade have been the increase in children mortal-
ity rate worldwide. The giving of impulsive donation by non-compensated donors 
without written consent and a stated waiting period. The Author further noted that 
the increasing network of criminality, especially the kidnapping of children and 
teenagers, who are murdered, and their organs harvested have been striking.

4. Challenges to enforcement

Despite stringent efforts by the European parliament and the United Nations mak-
ing declaration and resolutions to “fight “against the trafficking of organs and putting 
rigorous measures in place to punish health care providers who condone and partici-
pate in the system of illegal trafficking of organs, the challenge to enforce appropriate 
laws to stop this illegal practice continues. According to Francis and Francis [20], 
the International Criminal Court (ICC) is not constructed to address transboundary 
crimes. However, the need to prosecute the offender and to address illegal organ traf-
ficking is not without serious challenges, especially among states that are big on tour-
ism. According to Adido [21], because of the illegal nature of the activities that are 
involved in the organ transplant tourism which includes secrecy under which some 
of the illegal activities are undertaken. With corrupt practices alleged to be occurring 
among the organ brokers, the enforcement officers, and regulatory bodies are all 
experiencing formidable challenges to enforcing appropriate laws. Ambagtsheer [22] 
reported that judges and prosecutors in Kosovo had refused to issue valid orders for a 
search and arrest on several individuals who were high members of the judiciary and 
who had refused to testify citing the case that they were off duty and that they were 
not paid for their duties after hours. However, the Author further noted that local 
factors such as poverty, corruption, poor regulation, weak enforcement methods, the 
inadequate local laws and cultural practices all help to mitigate the curtailing of this 
topical issue.

According to Ambagtsheer [22], the payment for organs should be banned because 
of the possible unfair treatment of the poor and vulnerable and even those persons 
who undermine altruistic donation of the organs. It has also been noted that the 
absence of measures of accountability and the inability of the lawmakers to identify 
the agencies that would be able to implement such laws could compromise any 
developing institutional structure and provide legal uncertainty [22]. Cerón et al. [13] 
reported that the main challenge to the enforcement of laws to illegal organ traf-
ficking would be threat of the lack of resources, ineffectiveness of law enforcement, 
animosities between communities and the government, organs for donation through 
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confidentiality agreements under the guise of law, and organ seizures from some 
category of medical practitioners. However, as there remains lucrative incentives 
for both the purchase and sales of organs in both affluent and impoverished areas of 
the world, efforts of prevention would be simply prescriptive but lack a regime of 
enforcement [20].

5. Recommendations

Untiring efforts have been made by countries in the Caribbean, Asia, and in the 
Metropolitan to stem the tide of illegal organ harvesting. In fact, several principles 
have been established and advanced from the Asian Task force on Organ Trafficking 
to the Declaration of Istanbul 2018 to strengthen lack of donation records, the inad-
equate regulation for donation of deceased donors, and limited human resources with 
the correct expertise has contributed to the inequitable access to organ transplants 
and organ trafficking [23]. According to WHO [8], health is not just the absence of 
disease but that there must be the consideration of the total well-being of the indi-
vidual: Family physicians and primary care physicians (PCPs) should play a key role 
in health promotion and in disease prevention.

According to Kao [24], the physicians should be compelled to act in a way that 
promotes equity and enhances the chances of all persons to live a healthy life espe-
cially when considering the social determinants of health. The Author further stated 
that physicians should guard against the “Pittsburg protocol” of practicing the 
retrieval of organs for donation from non-heart- beating rather than from brain-dead 
donors. It behooves the family members to ask about donation before the life support 
is removed to prevent valuable time being lost, and the organs become unsuitable for 
transplantation.

The physician can be of great help to the patients by discussing the significance of 
organ donation. The importance of disseminating such information could benefit the 
patients in four reasons. Firstly, the PCPs would have an established relationship of 
trust with patients, being more aware of the patient’s cultural and moral preferences 
and hence would be able to better tailor information and engage in shared decision 
making [25], Secondly, according to Thornton et al. [25], the ambulatory setting may 
be particularly well suited for discussions about organ donation because people under 
the age of 50, who comprise over a third of deceased organ donors, utilize ambulatory 
services at disproportionately high rates. Thirdly, PCPs have successfully engaged 
in difficult conversations about end-of-life care that have increased the number 
of patients who completed in advance [26]; and fourth and finally, for patients, 
designating donor status would allow them to preserve their autonomy, give them 
piece of mind, and permit them to feel confident that they have contributed to their 
end-of-life care and treatment by documenting and communicating their wishes in 
case situations arise in which they would be unable to do so ([27]; National Survey of 
Organ Donation Attitudes and Behaviors. Rockville, MD: [27]).

To decrease the risk of illegal organ harvesting and to bring a halt to this boom-
ing and lucrative industry, there must be the combined effort of government and 
non-government institutions to prevent such crimes, to protect the vulnerable and 
marginalized donors, and to prosecute the agencies or persons engaged in corrupt 
practices.

The recommendations for consideration include but not limited to the following 
suggestions:
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6. Prevention

a. To increase the supply of organs donated through media which would guard 
against exploitation by donors who are willing and able to donate their  
organ [28].

b. To enhance the donor pool in well-resourced countries to meet their own needs 
and,

c. To upgrade facilities and standardize medical care [28].

7. Protection

a. To have regulated, standardized, and ethical system for organ procurement [28].

b. To have Presumed Consent Policies on Organ Trade- According to Bamgbose 
[12], presumed consent policies could curb organ trafficking while simultane-
ously, increase the numbers of legal organ donations globally, land thus lessening 
the need for organ tourism.

c. To have an opt-in and an opt -out policy system of organ donation as is seen in 
countries successfully implemented like Brazil, the United States of America, 
and several European Nations where an individual may decide to donate his/her 
organ while still living. In addition, Bamgbose [12], also reported that an opt-
out organ donation policy system would be needed as such policy would suggest 
that organ donation is done after death.

d. To have accountability measures with sanctions attached should be made which 
will make doctors liable if found associated in illegal organ transplantation.

e. To create awareness in the physicians and the public by ensuring that there is 
integrity in the pursuit of self-sufficiency [28],

f. To enforce legislation for transplantation- meaning that regulations, legislations, 
and agencies should be set up and put in place, adequately equipped with appro-
priate measures and sanctions to quell this disturbance of organ trade which is 
rising globally at a phenomenal pace Bamgbose [12].

g. To approve systems that will foster accountability, safety in surgical practices, 
employ vendor registries, provide donors with lifetime care, and include benefits 
or compensations, especially for volunteer donors as a means of appreciating and 
encouraging legal organ donation, whilst also reducing black market operations 
Bamgbose [12].

h. To adopt creative approaches by utilizing technological advancement set up to 
help expose misconducts and aid whistle blowing. Examples of these methods 
include: —Tor‖ which is an anonymity network used globally by whistleblowers; 
Securedrop‖ and —Global Leaks‖ which have been adopted to enhance secure 
whistle blowing; and Open Board‖ which is another security service used in 
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whistle blowing internationally [12]. Whistle Blowing policy has taken several 
forms such as Internal, External, Third Party, Private Sector, and Public Sector; 
however, Internal Whistle Blowing is considered a good type to mitigating cor-
ruption and enhancing sustainable development as in Nigeria [12]

8. Prosecution

Another recommendation to assist in the prohibition of the illegal harvesting of 
Human Organ is to be able to prosecute the culprits. According to Gawronska et al. 
[29], there are two main conditions rather indications where prosecution should be 
meted out, namely, 1) if there was no consent to remove the human organ from a living 
donor and 2) if there were monetary benefits included in the arrangement without 
violating the principle of ne bis in idem as developed by the European Court of Human 
Rights (ECHR) and the Court of Justice of the European Union (CJEU).

However, Gawronska et al. [29] further reported that members of the judiciary 
and law enforcement should receive the proper training. The Author noted that there 
could be double prosecution of illicit organ removal as organ trafficking and the 
possibility to prosecute illicit organ removal under the human trafficking and organ 
trafficking frameworks, hence awareness must be raised of this overlap to avoid 
double prosecution and punishment. Gawronska et al. [29] noted that there could be 
a case, though, hypothetically, where the physician to whom a patient is transferred, 
proceeds to remove an organ in exchange for money. According to Gawronska et al. 
[29], such a case could involve not only a single act, but a plurality of acts: on the one 
hand, ‘taking control over the victim’ (which constitutes human trafficking within 
the meaning of Article 433quinquies, §1, of the Criminal Code) and, on the other, 
‘illicit organ removal’ (penalized under Article 433novies/2 of the Criminal Code). 
Thus, there is therefore the possibility of a criminal court judge ruling that these 
punishable acts are interrelated through a common intention, objective, and execu-
tion and that they should therefore still be regarded as a single act [29].

Finally, to be able to prosecute effectively and to have successful organ trafficking 
case outcomes, there must be trained medical and forensic experts to assist with such 
investigation and to establish national reporting codes for identifying and disclosures 
of trafficking networks [30] Insurance companies must not support illegal practices 
[31]; a transparency of transplantation practice that is accountable to health authori-
ties should be in place; and proper bilateral agreements should be established to 
permit the enhanced transfer of organs across countries and to address transboundary 
crimes [22].

9. Conclusion

In conclusion, this topical issue of Illegal Organ Harvesting continues to leave a 
destructive medical footprint owing to the exploitation of the poor and vulnerable 
in the low-income countries with serious health consequences while contributing 
significantly to the wealthy in the first world metropolitan. According to Zimik [32], 
because of poverty, ethnic conflicts, unemployment, gender inequality, inadequate 
legislation and law enforcement have enabled such trafficking of the illegal human 
organs to thrive. Importantly, the private sector and the financial industry have acted 
in concert and unknowingly have been a conduit for its facilitation [31]. The growing 
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demand of human organs especially for the kidneys and livers by unscrupulous traf-
fickers and the unhealthy lifestyles of some citizens have contributed to this global 
shortage of supply. It is the wish that where there are lax laws to encourage and sup-
port human organs being transferred via transboundary crossing or going directly to 
recipients in wealthier countries, be identified and fixed. The training of anti-money 
laundering professionals and law enforcement agents to detect related financial activ-
ity is imperative. In addition, epidemiological data and global transparency should be 
obtainable and visible to assist the living donors and recipients manage their long-
term health, psychological and socio-economic consequences.

With the engagement of the right public-private partnerships, the meticulous 
international efforts of all stakeholders to identify illegal transplant activities, to 
investigate and disrupt and prosecute trafficking networks, I am optimistic that this 
age-old illegal and unlawful practice and booming business could be reduced signifi-
cantly if not abolished. According to Okere & Emedolu [33], the Immanuel Kant’s 
End formulation which elucidates that man should not be used to satisfy or serve 
another end as he would make the former a means to the latter as man’s creative body 
is already an end this.
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Chapter 6

Organ Donation in Islam
Sahar Khoshravesh

Abstract

Nowadays, the increasing scientific and practical advances in the field of organ 
donation have caused many discussions in the world. One of these topics is religious 
beliefs in divine religions, which has always been one of the most important chal-
lenges in the field of organ donation. Although there are differences in the views of 
different religions regarding organ donation, many of these views are close to each 
other. Often, different sects and religions have accepted organ transplantation with 
their own conditions. Based on Islamic jurisprudence and Shariah principles, organ 
donation is permissible under certain conditions; most religious scholars have also 
accepted this opinion. The Muslim holy book (Qur’an 5:32) has mentioned, “if anyone 
saved a life, it would be as if he saved the life of the whole people.”

Keywords: organ donation, Islam, religion, religious, challenge

1. Introduction

From a long time ago, the connection of ethics and science in different fields of 
knowledge has always been an important and obvious principle for the material and 
spiritual advancement of mankind. In the realm of experimental sciences, especially 
medicine, ethics is considered an inseparable part. The principles of medical ethics have 
four principles, which Islam has also accepted. These four principles are as follows:

1. Autonomy: It means that the patient has the right to choose or refuse his treat-
ment method.

2. Beneficence: It means that the person working in this field should act for the 
benefit of the patient and his benefit.

3. Non-maleficence: It means not harming a person.

4. Justice: It means issues related to the distribution of scarce health care resources 
and decisions about who receives what treatment, justice, fairness, and equality 
should be observed [1].

The emergence of Islam and its emphasis on scientific education and attention 
on medical science have had a great impact on the progress of science in Islamic 
countries. Almost all great Muslim doctors had full knowledge of theology and their 
works were both in the field of medicine and in the field of jurisprudence and ethics. 
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Islamic medical ethics are based on the principles of respecting human life and 
preserving its values. From the point of view of Islam, besides being a social neces-
sity, and human and moral mission, medicine is also a Shariah responsibility, because 
it is obligatory for a man to reach the highest levels of human perfection. Considering 
that medical science deals with the treatment of disease and maintaining human 
health, the doctor should study the features and subtleties of the creation system in 
the body. Therefore, during the training period and even during the treatment, he is 
constantly dealing with the complexities of the existential system. For these reasons, 
the medical profession connects man with God more than other professions.

In the medical profession, it is necessary to keep in mind the following four 
general principles that Islam has in mind about a man and his life in all medical 
matters, so that we can make the right decision more easily when making a decision 
for each person.

a. Belief in the purposeful life of all human beings.

b. Belief in the value of every person’s life.

c. Belief in the existence of individual differences.

d. Belief in the ability and readiness of each person to do things according to their 
abilities.

In addition to paying attention to medical issues, medical scientists have also 
given ethical recommendations. The teachings of Islam have advised Muslim 
scientists to have commitment and responsibility in medicine, to acquire expertise, 
be careful in their work, avoid any negligence in the matter of medicine, and pay 
attention to the mental and physical health of patients as the most important points 
of medical ethics in prophetic medicine. All the scientists of the world believe in 
the Hippocratic Oath in medicine. With a little possession, this oath is known as 
the “Oath of a Muslim Doctor” in the view of Islamic doctors. This oath, which is 
a mixture of the moral teachings of Hippocrates and Islamic culture, contains the 
following points:

• Paying full attention to performing sensitive medical duties;

• Effort in treating and guiding patients;

• Considering the sanctity and spirituality of medicine in strengthening the 
morale and maintaining the health of patients;

• Avoiding contaminating the sanctity of medicine with unstable material symp-
toms and sensual moods and satanic temptations;

• Respect for divine decrees and limits;

• Serious avoidance of betrayal and violation of patients’ rights; keeping patients’ 
secrets except in cases of necessity;

• Knowing that God is present and watching in all situations.
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2. Islam view about scientific progress in the organ donation field

In Islam, science and practice are tied together with religious and moral values. 
Islam has welcomed science and scientific research, and has always encouraged 
Muslims to strive for scientific progress and excellence.

Organ transplantation is one of the new issues of medical science and one of its 
important achievements. The brain death phenomenon and the possibility of using 
it in organ transplantation, although it has brought new hopes in saving the lives of 
a number of patients, it has also brought many moral, cultural, and legal issues. In 
Islamic sources, human life is sacred, and preserving his life is a divine duty [2, 3]. 
Islam’s attention on new scientific research and findings in meeting the religious and 
worldly needs of man gives legitimacy to medical advances in saving human lives.

Efforts to remove obstacles and problems in organ transplantation, in addition 
to reducing the costs of maintaining brain-dead patients and giving hope to patients 
in need of organ transplantation, prevent profit-seeking, and unethical and illegal 
actions in this field. Since the culture that governs the Islamic society is an authentic 
Islamic culture, medical innovations and procedures, including organ transplanta-
tion, must be in accordance with Islamic standards and pay special attention to moral 
issues and problems in the Islamic society, otherwise failure in experience. Because 
even if this issue is legal, people will withdraw as the main provider and will not 
accept organ transplants due to moral problems.

3. Religious beliefs related to organ donation in Islam

Today, the increasing scientific and practical advances in the field of organ dona-
tion have caused many discussions in the world. One of these topics is religious beliefs 
in divine religions, which has always been one of the most important challenges in 
the field of organ donation. Although there are differences in the views of differ-
ent religions regarding organ donation, many of these views are close to each other. 
Often, different sects and religions have accepted organ transplantation with their 
own conditions [4].

Given that the issue of organ donation and organ transplantation close communi-
cation with humans and their life and also religions, moral philosophies and different 
social traditions have different views about man, body, and soul. So, the issue of 
organ transplantation has been the source of many ethical, philosophical, and legal 
debates in the world. The views of religions on this issue are often related to the place 
of man in their value system. Because organ transplantation is closely related to the 
human body and decisions related to it. For example, in Islam, any action that is con-
sidered to treat and save human life is accepted. As in the Muslim holy book (Qur’an 
5:32) is clearly mentioned, “if anyone saved a life, it would be as if he saved the life of 
the whole people” [4].

Religion and religious beliefs are one of the important and effective aspects of 
organ donation, because religion and religious beliefs are very influential in the 
cultural structure of societies, people’s thinking, and performance in various fields 
[4]. In the term, religion is a worldview and a set of beliefs that try to provide an 
explanation for a series of questions that are created for humans throughout their 
life [5].

Paying attention to religious beliefs is one of the main matters that make people 
consider organ donation as a pious and good act that brings them closer to God. 
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Because every brain death victim can save several patients who need organs from 
inevitable death. It must be acknowledged that accepting organ donation is a moral, 
godly, and altruistic act, and all societies should try to spread this beautiful act [6].

Evidence shows that the relationship between Islamic teachings and organ dona-
tion is very complex. Religious beliefs, especially Islamic beliefs, may be considered as 
both barriers and facilitators of organ donation. On the one hand, Islam attaches great 
importance to preserving human life, so that by supporting organ donation, it has been 
able to provide an opportunity to create a positive public atmosphere to promote the 
culture of organ donation in Islamic countries (Qur’an 5:32). On the other hand, some 
Muslims based on views, such as that God is the protector of human life and the process 
of life preservation and treatment is in his hands, do not believe in organ donation for 
the treatment of diseases that require organ donation or do not accept organ donation 
because they believe that removing body parts is a kind of respect for the dead body.

Positive religious beliefs regarding organ donation can have a profound effect 
on improving public attitudes and lead to an increase in organ donation in society, 
although most people do not have sufficient knowledge regarding religious issues in 
the field of organ donation. It seems that in intervention studies related to increasing 
organ donation, special attention should be paid to increasing people’s awareness of 
correct religious beliefs and correcting incorrect religious beliefs. In a recent interven-
tion study in Iran, it was tried not only to increase people’s awareness about correct 
religious beliefs, but also to correct wrong religious beliefs. For example, some people 
think that it was God’s will that a person needs a transplant, so there is no need for doc-
tors to do anything to save him, or they think that God’s will is that the body is buried 
healthy after death. Therefore, it is important to correct such false religious beliefs [7].

The presence of religious beliefs, such as the inevitability of death, being alive 
after death, and the continued existence after death in Muslims, encourages them to 
donate organs. For example, based on the religious teachings of Islam, Muslims do 
not emphasize on maintaining the integrity of the body, because Muslims believe that 
after death, the human body will be rebuilt in the resurrection.

In Islam, man is the best of creation and the God’s Caliph on earth (Qur’an 1:30). 
Man has been given reason and free will, and man is not only responsible for his 
health, but he must also strive to preserve his life. God has respected human life in the 
Qur’an (5:32), so that this verse clearly legitimizes medical advances in saving human 
lives and prohibits suicide and euthanasia. Muslims due to Islamic teachings, empha-
sizing the importance of saving a human life, are encouraged to save a human life. 
Islamic teachings have a key role in persuading Muslims to save human life and this 
view can influence the positive public attitudes toward organ donation [8].

4. The jurisprudential ruling of donating organs in the Islamic perspective

The jurisprudential ruling of transplanting/donating organs is one of the major 
concerns of Islamic societies, and contemporary jurists have presented different 
interpretations according to the verses, hadiths, and examination of jurisprudential 
texts and rules. Some believe that it is not permissible to transplant organs, and others 
consider it permissible with some restrictions and conditions.

Therefore, it is natural to answer the following questions:

• What is Islam’s opinion on organ donation?
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• Where does this opinion come from?

• Does Islam have obstacles or conditions for this matter and if it has obstacles or 
conditions, in which case?

First of all, the general framework of the cognition of humans from the Islamic 
viewpoint on organ donation should be defined, because when God sent his prophets 
to convey the divine message to the people, they all had a basic concern. Their only 
concern has been to solve the spiritual, physical, moral, psychological, and livelihood 
problems of man and lead him to progress and excellence.

Within the scope of the human-to-human relationship, the special concern of 
Islam has been to bring man out of the cocoon of his individuality toward philan-
thropy, forgiveness, and self-sacrifice in order to obtain the mercy and grace of God. 
Regarding the Islamic society, the Holy Prophet of Islam says: “The example of the 
believers in terms of compassion and kindness among themselves is like the members 
of a body, if one part of it hurts, the rest of the members sympathize with him by 
waking up at night.”

In the religion of Islam, the highest form of forgiveness is to prefer others over 
oneself, so that the benefit of others is preferred over one’s benefit and their comfort 
is preferred over one’s comfort. So, self-sacrifice is the best form of worship and the 
highest degree of faith.

Therefore, due to the fact that forgiveness and self-sacrifice are at the heart of 
Islam religion, we can understand that organ donation in Islam has a special sanctity 
and encourages Muslims to donate organs. According to Islamic jurisprudence and 
Shariah principles, organ donation is permissible under certain conditions. Most 
religious scholars and jurisprudential communities have also accepted this opinion. 
The most obvious of these conditions are stated below:

-In organ donation from a living person to a living person, the donor must be 
aware of what he is doing and do it voluntarily. Organ donation should not cause the 
death of the donor or failure of his vital and necessary organs, such as eyes, heart, or 
other vital organs. Because the rule of jurisprudence says: a loss cannot be removed by 
a similar loss [9].

• Religious affiliations of the donor, his kinship ties, and gender should not be 
considered.

• If organ donation occurs after the death of the donor, organ donation should be 
done with the consent of the patient’s family.

• Respecting a dead person is like a living person. Therefore, it is necessary to 
take all necessary precautions to preserve the respect of the dead body after 
taking the required organ and then burying the dead body according to Sharia 
standards [10].

5. Some reasons for agreeing to organ donation

In the following, some of the most important reasons for those who agree with 
removing organs from people with brain death in Islamic society are stated:
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5.1 The vital role of transplant in preserving human life

From the verses of the Holy Qur’an and many hadiths, as well as the words of 
religious scholars, this point is well used that saving a life is especially important.

However, many haram actions are considered permissible in case of conflict 
with the preservation of one’s own or another’s life. Therefore, in the confrontation 
between saving the life of a Muslim and the prohibition of dissection, the saving of a 
Muslim’s life can be prioritized over the prohibition of dissection. In the case of organ 
transplantation, saving the life of a Muslim takes precedence over the dissection of 
another Muslim’s body, and its haram status is removed.

5.2 Relieving the hardships of patients who need organ transplants

The lack of transplanted organs and ethically acceptable ways to provide the 
needed organs to patients who need organ transplants are among the most important 
issues in this field. As we know, many patients who need a transplant die while wait-
ing for a transplant, and they had a hard life before they died. Now, if it is possible to 
transplant these patients, they can return to normal life and be rescued from suffering 
and hardship [11].

6. Some reasons for disagreeing to organ donation

Although the religion of Islam agrees with the issue of organ donation, still some 
people in Islamic societies are against organ donation. Below are some of them.

6.1 Insulting the dead

The main reason for the opponents of organ harvesting from people with brain 
death and transplanting it to needy patients is that dismembering the dead body and 
cutting his organs is an insult to the dignity of the dead. In fact, the opponents believe 
that the practice of organ transplantation actually calls into question the respect we 
give to the dead bodies [11].

Burial ceremonies are a common custom in all human societies, and forbid-
ding people from such ceremonies is considered as a great insult to human identity. 
Particularly if the deceased is a Muslim, which according to some hadiths, the obliga-
tion to respect a Muslim is not limited to his lifetime, and respect for him is also neces-
sary while he is dying and he should not be insulted. In response to this argument, it 
should be said that these hadiths are used as long as the necessity does not require it, 
and there is nothing more important than respecting Muslims. If the harvesting of the 
body parts of Muslim preserves the respect of the Muslim, and the saving of the life of 
the Muslim or Muslims depends on the removing of the organ from the dead Muslim 
and transplanting it to the patients, then it is permissible.

6.2 Not accepting brain death as absolute death

A brain death person has life and is not yet completely dead, so organ transplanta-
tion is unallowable.

In response to this issue, it should be said that nowadays brain death is consid-
ered absolute death in medicine. Accepting this, especially for those who have an 
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emotional connection with a person who has suffered brain death, while he has a 
pulse, is breathing, his complexion is normal, and he appears to have just fallen into a 
deep sleep, it is very difficult. It is obvious that if brain death is not considered a defi-
nite death, organ transplantation from brain-dead people, which is a great source of 
organ supply, will face a serious problem. By dividing the stages of life into the full life 
of the corpse, continuous vegetative life, life of organs and cell life, and dissection, we 
all come to the conclusion that human death occurs in three stages:

1. Stopping the activity of the heart and lungs.

2. Death of brain cells after a few minutes of deprivation of receiving oxygen- 
carrying blood.

3. The death of the cells of the body, which is different compared with the organs.

This arrangement exists in the state of natural death, but in the state of brain 
death, death from the second stage. That is, the death of brain cells starts and con-
sequently leads to the cessation of the activity of the heart and lungs and finally the 
death of the cells [12].

6.3 Violation of the creation system rules

Extending human life through organ transplantation is a problem that may be con-
sidered in conflict with Godly views. With this approach, we finally understand that 
new technologies have forced us to sometimes reflect on this question. Can the laws 
of Islamic society contradict what we know as the laws of nature, including respect to 
customs, such as family ties and religious-cultural values?

Some Buddhist groups also believe that prolonging human life by accepting another 
person’s organ or body through organ transplantation is unnatural and immoral. Also, 
waiting for others to die in order to continue living is immoral in their view.

This argument is also not acceptable due to the fact that maintaining health, 
preventing disease, and treating disease are logical axioms, and Sharia has approved 
it, even considered it obligatory. Therefore, the use of treatment methods with respect 
to divine limits is desirable and necessary [11].

6.4 Misuse of the organs

Another reason for the opponents of organ donation is the possibility of possible 
misuse, such as the buying and selling of organs of brain-dead patients by some doc-
tors, profiteers, and even the rich people. The opponents believe that the following 
may occur:

1. Doctors do not use sufficient accuracy in prioritizing between the organ recipient 
and the donor, they pay less attention to the medical issues and consequences of 
transplantation, and in fact, the first word in the prioritization is the trading of 
organs, the criterion of which will be the payment of more money.

2. By paying the fee on behalf of those who have more income, the price of the 
organs of brain death patients increases day by day, and as a result, it causes 
deprivation of poor families from transplanted organs.
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3. Allowing the buying and selling of organs in a region can attract rich people to 
trade in transplanted organs and may have uncontrollable consequences.

In response, it should be said that the existing problems cannot be a valid reason 
for prohibiting the use of the organs of brain death patients. Rather, it requires con-
trol and consideration of logical solutions, because sometimes the treatment of some 
chronic diseases is only possible through organ transplantation [11].

6.5 Having negative social consequences

Accepting permission to remove organs for transplantation and recommending 
it causes negative social consequences, many of which will not be controllable. For 
example, it is possible that the removal of organs is not limited to the ones that exist 
now, and other organs that have other interests are removed and there is nothing left 
of the human being to be buried.

In response to this issue, it should be said that if we can prevent this problem by 
establishing the necessary regulations and precautions, this certainly cannot be a 
reason for prohibiting organ donation, as currently in various countries only organ 
donation is permitted. It is not enough, but special regulations have been considered 
for the organization of organ donation, removal, and transplantation [11].

Below are the details of organ donation law in Iran as one of the Islamic countries.
In Iran, the organ donation program was established after Imam Khomeini’s 

jurisprudence supported the use of organs from deceased donors in 2000.
In this year, the organ transplant law was approved by Islamic Consultative 

Assembly [13]. The text of this law is as follows:
Hospitals equipped for transplanting organs, after obtaining written permission 

from the Ministry of Health, Treatment and Medical Education, can use the healthy 
organs of deceased patients or patients whose brain death is certain according to 
the opinion of experts, on the condition of the patient’s will or the consent of the 
deceased’s guardian for transplantation for patients whose survival depends on 
transplanting the above-mentioned organs or organs.

Note 1: Diagnosis of brain death is done by experts in equipped hospitals of state 
universities. These experts are appointed by the decree of the Minister of Health, 
Treatment and Medical Education for four years.

Note 2: The members of brain death detection teams should not be members of 
transplant teams.

Note 3: The doctors who are members of the team will not be included in the pay-
ment of ransom due to the injuries inflicted on the deceased.

It should be noted that Sunni scholars also have an acceptable consensus in the field of 
organ donation. For example, in 1982, the Sunni Scholars Association issued a fatwa on 
the permissibility of organ transplantation. Other fatwas have been issued in this regard.

In a conference held in 1989, some Islamic scholars, while pointing to the respect 
for the human body and stressing on not harming the human body (dead or alive), 
have pointed out that it is permissible to use the human body in a way that pleases God.

7. Diversity of views in different religions about organ donation

As we said before, the role of religious beliefs in organ donation is undeniable. 
Although there are differences in specific views, it is obvious that most religions in 
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the world permit and support transplantation and donation. In the following, some of 
these views are expressed.

• AME & AME Zion
Organ donation is a charity act and a way of helping others.

• Amish
 They agree with transplantation if there is definite evidence that the recipient’s 
health will improve.

• Assembly of God
 The church has no official policy about donation. The decision to donate is up to 
the individual.

• Baptist
 Donation is supported as an act of charity and the church leaves the decision to 
donate up to the individual.

• Brethren
 In the Brethren’s Annual Conference in 1993 about the support of organ donation 
has been mentioned that “We have the opportunity to help others out of love for 
Christ, through the donation of organs and tissues.”

• Buddhism
 Buddhists believe that organ donation is an individual conscience act. They 
highlight the importance of letting family members inform one’s desires about 
organ donation.

• Catholicism
 Organ donation is acceptable to the Vatican and this is supported as an act of 
charity and love.

• Christian church
 The Christian Church persuades organ donation. Their belief is that humans 
were created for God’s glory and for sharing God’s love.

• Episcopal
 A resolution has passed by the Episcopal Church about the benefits of organ, tis-
sue, and blood donation in 1982. All Christians are encouraged to become organ 
and blood donors.

• Greek Orthodox
 The Greek Orthodox Church has no opposition to organ donation as long as the 
organ donation is used to better the life of human.

• Gypsies
 The Gypsies believe that for one year after death, the soul retraces its steps. So, 
the body must remain complete because the soul sustains its physical shape.

• Hinduism
 Organ donation is an individual decision. It is not in contrast to the Hindu religion.
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• Independent conservative evangelical
 In general, Evangelicals have no objection to organ donation, and this is an 
individual decision.

• Islam
 Although the generality of transplanting organs from the organs of brain death 
patients is accepted in both Shia and Sunni religions in Islam, still some authori-
ties of these two religions do not agree with organ donation, and their most 
important problem is the lack of belief in brain death as definitive death.

• Jehovah’s witnesses
 Organ donation is an individual conscience issue with the provision that all 
organs of the body be completely drained of blood.

• Judaism
 Jews emphasize that if it is possible to donate an organ to save a life, it is manda-
tory to do.

• Lutheran
 A resolution has passed by the Lutheran Church in America about the role of 
organ donation in the well-being of humanity in 1984. They invite “members 
to pay attention to organ donation and to make any necessary family and legal 
preparation, like the sign donor card.”

• Mennonite
 Mammonites have no formal position on organ donation, but are not opposed to 
it. They emphasize the decision to donate is related to the individual and/or their 
family.

• Pentecostal
 They believe that the decision to donate should be left up to the individual.

• Presbyterian
 Presbyterians support organ donation. They respect an individual’s right to make 
decisions about their own body.

• Protestantism
The Protestantism supports and encourages organ donation.

• Seventh-Day Adventist
 Organ donation/transplantation is strongly supported by Seventh-Day 
Adventists.

• Society of friends
 The Society of Friends does not have an official position on donation. Donation 
is an individual decision.

• Unitarian Universalist
 Organ donation is generally supported by Unitarian Universalists. They believe 
that an organ donation is an act of love and selfless giving.
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• United Church of Christ
The United Church of Christ encourages donation.

• United Methodist
 The United Methodist Church passed a policy statement about organ donation. 
The United Methodist Church emphasizes the benefits of organ donation and 
encourages all Christians to become organ donors [14].

Key points

• The role of religious beliefs in organ donation is undeniable. Although there are 
variations in specific views, it is obvious that most religions in the world permit 
and support transplantation and donation.

• Religion and religious beliefs are one of the important and effective aspects of 
organ donation. Because there are very influential in the cultural structure of 
societies, people’s thinking, and performance in various fields.

• Positive religious beliefs regarding organ donation can have a profound effect on 
improving public attitudes and lead to an increase in organ donation in society.

• In Islam, any action that is considered to treat and save human life is accepted. 
Based on the Muslim holy book (Qur’an 5:32), “if anyone saved a life, it would be 
as if he saved the life of the whole people.”

• According to Islamic jurisprudence and Shariah principles, organ donation is 
permissible under certain conditions. Most religious scholars have also accepted 
this opinion.

• Some reasons for disagreeing with organ donation are insulting the dead, not 
accepting brain death as absolute death, violation of the creation system rules, 
misuse of the organs, and having negative social consequences.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Abstract

Heart and lung transplantations are established treatments for patients with 
end-stage heart and lung failure, respectively. As mechanical circulatory devices, 
extracorporeal membrane oxygenation, organ perfusion, and transport systems 
advance, so do patient comorbidities and profiles of patients undergoing transplanta-
tion are becoming more complex. With the ever-increasing shortage of donor organs, 
marginal and high-risk donor utilization continues to rise. In this chapter, we attempt 
to elucidate the recent advances and outcomes in heart and lung transplantation. We 
also highlight how an ongoing COVID-19 pandemic affects the logistics of transplant 
programs.

Keywords: donation after circulatory death, ischemia–reperfusion injury,  
organ care systems, ex vivo lung perfusion, COVID-19

1. Introduction

Each year, more than 4500 lung transplants are performed worldwide, over 2500 
of which occur in North America itself [1]. The year 2020 faced unique challenges due 
to the onslaught of the COVID-19 pandemic. Social distancing, physical isolation, 
and travel restrictions made people increasingly hesitant to seek healthcare as hos-
pitals were overburdened with COVID-19 patients. As the accessibility to healthcare 
declined, fewer candidates were added to the waitlist, and even fewer underwent a 
transplant. Additions to the waitlist saw a 17% decline from 2019 [2]. Procurement of 
organs from eligible donors was further complicated by travel bans. The dip in donor 
availability and infrequent healthcare access by transplant candidates ultimately led 
to a rise in waitlist mortality from 14.7 deaths per 100 waitlist years in 2019 to 16.1 in 
2020 [2]. For those who were scheduled to receive a transplant, the health risks posed 
by the virus on the already frail lung transplant recipients were a major concern. 
In time, it was noticed that some COVID-19-infected patients could develop end-
stage lung disease, which itself could require lung transplantation. Consequently, 
in the early half of 2021, 165 patients underwent transplantation for COVID-19 
infection [2]. Another complexity was COVID-19 infection among donors. While it 
was initially viewed apprehensively, studies were conducted to assess the impact of 
transplanting organs from COVID-19-infected donors to healthy recipients. Although 
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statistics did not disclose any impact on the early survival rates, more long-term 
studies are necessary [3]. Recently, Eichenberger et al. reported the safe and effective 
use of hearts from COVID-19-positive donors. 14 thoracic transplants in 13 recipients 
were performed using organs from COVID-19-positive donors. None of the recipients 
or healthcare members acquired COVID-19. No recipients suffered unexpected acute 
rejection. Patient survival was 92% to date, with graft survival 93% [4].

2. Lung-recipient characteristics

Survival among lung transplant recipients has remained stable in 2020 despite the 
effects of the COVID-19 pandemic as compared with the previous year. The 1-year 
survival was close to 90% . 61.2% of recipients who underwent a transplant in 2015 
survived for 5 years, and 33.1% of recipients from 2010 survived for 10 years. When 
comparing within age groups, the 5-year survival was lowest for recipients aged 65 
and older [2].

Due to a more inclusive candidate profile, we see a corresponding shift in the 
recipient characteristics. The past decade boasts of the inclusion of a larger age and 
BMI group as compared to the 1990s with the median age increasing to 57 from 50, 
and the median BMI rising from 25.0 kg/m2 to 26.5 kg/m2 [5]. As more patients have 
comorbidities, the patient profile is increasingly complex. The proportion of lung 
transplant recipients having diabetes mellitus has seen a sharp rise. Between 2010 and 
2018, 20.1% of recipients had diabetes. This figure was only 6.1% as recorded in Oct 
1999–Dec 2000. Patients with malignancies have also become more frequent. 7.9% 
of lung transplant recipients had a history of malignancy in 2010–2018 as compared 
to only 2.7% between 1994 and 2000 [5]. A similar trend is noted in recipients of 
heart transplants. Patients have increased BMI, and a greater percentage suffer from 
comorbidities, such as diabetes and malignancies [5].

Traditionally, lung transplants in adults have been performed mainly for chronic 
obstructive pulmonary disease (COPD), idiopathic interstitial pneumonia (IIP), 

Figure 1. 
Deceased donor lung transplant rates among adult waitlist candidates by diagnosis group. Transplant rates 
are computed as the number of deceased donor transplants per 100 patient-years of wait time in a given year. 
Individual listings are counted separately. The other/unknown group includes a small number of heart-lung 
candidates prior to 2015 who did not have an a/B/C/D diagnosis group specified. (from OPTN/SRTR 2020 
annual data report. HHS/HRSA).
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and cystic fibrosis (CF). These formed 30.1%, 26.1%, and 15.2% of all transplants 
respectively from Jan 1995 to June 2018 [6]. The year 2020 saw a sharp decline in the 
transplants done for cystic fibrosis due to patient stabilization following cystic fibro-
sis transmembrane conductance regulator (CFTR) modulator therapy (Figure 1). 
Nevertheless, cystic fibrosis remains the number 1 indication for a lung transplant in 
the pediatric age group [2]. The OPTN/SRTR 2020 annual data report reflects a study 
rise in lung transplants performed for patients suffering from restrictive lung diseases, 
from 263.0 transplants per 100 waitlist years in 2019 to 308.7 in 2020. On the contrary, 
among adults waiting for a lung transplant, a decline is seen in patients needing 
transplants for obstructive lung disease (Figure 2).

3. Lung-donation after circulatory death

With the continued shortage of donor’s lungs, donation after circulatory death 
(DCD) has emerged as an option in addition to conventional brain dead (BD) dona-
tion to increase the donor pool. Patients with extensive and devastating brain injury 
where the damage is recognized to be irreversible but who are not brain dead qualify 
as a potential donor, if by advance directives or family consent it is decided to with-
draw life support (WLST). After withdrawal of support, death is usually declared 
after a 5–15-min window of no cardiac activity also called a stand-off period. In the 
most recent era, DCD organ use comprise 4.2% of all lung transplants. Recipient out-
comes from DCD donors are equivalent to BD donors. The Maastricht classification 
defines DCD categories (classes I-V) according to the circumstances of the donor’s 
death. Controlled DCD (class III) includes patients who cannot be resuscitated and 
undergo WLST following cardiac arrest, determination, and organ donation [7]. 
Cypel et al. from Toronto described their simple method of in situ donor lung pres-
ervation for uDCD (uncontrolled DCD) where, in contrast to most of the European 
experience, no reinstitution of circulation (via normothermic regional perfusion or 
continuous chest compressions) is performed after cardiac arrest and death declara-
tion, and only simple measures of lung protection are initiated. Of 30 cases consented 

Figure 2. 
Distribution of adults waiting for lung transplant by diagnosis group. Candidates waiting for a transplant at any 
time in the given year. Candidates listed at more than one center are counted once per listing. Active and inactive 
patients are included. The other/unknown group includes a small number of heart-lung candidates prior to 2015 who 
did not have an a/B/C/D diagnosis group specified. (from OPTN/SRTR 2020 annual data report. HHS/HRSA.)
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for uDCD, donor’s lungs were retrieved from 16 donors, the remaining 14 lungs 
ultimately underwent EVLP to evaluate suitability for transplant; finally, lungs from 
five donors were used—four bilateral lungs and one left single-lung transplant (16.7% 
utilization rate from consented donors) [8].

4. Expanding the donor pool with increased-risk donors

As the criteria for the candidacy for lung transplantation keeps evolving [9], 
the number of people awaiting a transplant is also increasing. Based on the organ 
procurement & transplantation network (OPTN) Metrics, by the 52nd week of 2021, 
the cumulative waitlist total for lung transplantation was 3091, but only 2631 donors 
could be recovered. This ultimately resulted in a total of 2524 lung transplants in 2021. 
Due to the ever-increasing shortage of donors, expanding the donor pool has become 
necessary. In addition to traditional donors, strategies are now in place to procure 
organs from increased risk donors (IRD), which help in closing the gap substantially. 
In 2013, the United States Public Health Service categorized organ donors with risk 
factors for human immunodeficiency virus (HIV), hepatitis B virus (HBV), or hepati-
tis C virus (HCV) as IRDs [10].

4.1 ODD and HCV-positive donors

The ongoing opioid crisis in the United States has caused an increase in the 
number of overdose-related deaths, consequently increasing the number of overdose-
death donors (ODD). The proportion of ODDs increased from 1.1% in 2000 to 13.4% 
in 2017, while trauma-death donors (TDD) and medical-death donors (MDD) saw 
only a marginal increase of 1.6% per year and 2.3% per year, respectively [11].

There were two major concerns with accepting organs from ODDs—the unknown 
outcomes, and the possibility of them being increased risk donors (IRD). Studies 
have measured the 1-year and 5-year survival rates after transplant for ODDs and 
have found that they are non-inferior as against TDDs and MDDs, which has helped 
attenuate the fear regarding uncertain outcomes [11]. The only remaining concern is 
the risk of transmission of blood-borne viruses, as a 30% prevalence of HCV among 
ODDs is a fairly apprehensive number [11]. The advent of direct-acting antivirals 
(DAA), and the availability of additional diagnostic means like nucleic acid testing 
(NAT), virus-specific antigens, and antibodies have offered some hope for better 
detection and reduction of transmission of these infections to the recipient [12].

With pretransplant mortality of 16.1 deaths per 100 waitlist years [2], there is an 
ever-growing need to find acceptable donor lungs. Studies have tried to assess the 
impact of transplanting lungs from HCV-positive donors on the waitlist numbers 
and post-transplant survival. Since DAAs have almost 97% HCV cure rates, several 
researchers have also tested the outcomes of transplanting lungs from HCV+ donors 
to HCV- recipients, after covering the recipient with a short course of DAAs. Patient 
and graft survival at 6 and 12 months have been like transplanting lungs from HCV- 
donors, but the odds of having acute rejection were higher in the HCV+ donor sub-
group [13]. Viral load in recipients after transplantation and establishment of active 
HCV infection has also been researched. While some studies show undetectable HCV 
viral load post solid organ transplant, others have documented the establishment of 
infection [14, 15]. Some studies express concern over the possibility of false negative 
NAT and serologic testing in IRD, as seen during a window period because cases have 
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been recorded demonstrating transmission of HCV infection during transplantation 
[16]. Nevertheless, with the increasing utilization of IRD lungs to the extent of 95%, 
HCV-positive donors potentially help shorten the donor-waitlist gap considerably [2]. 
While this approach shows promising results, long-term studies are needed to assess 
the impact on the quality of life of the recipients. Emerging modalities, such as ex vivo 
lung perfusion, have also led to the discovery of novel means to inactivate infections 
in allografts before transplantation.

5. HIV organ policy equity act

The signing of the HIV organ policy equity (HOPE) act into law in 2013 was a 
revolutionary move in expanding the organ donor pool as it enabled HIV-positive 
patients well-controlled on highly active antiretroviral therapy (HAART) to be regis-
tered as organ donors. People living with HIV (PLWH) are always at a higher risk of 
end-stage organ disease, more so because HAART has significantly reduced the rates 
of deadly opportunistic infections. Until recently, having an HIV infection was con-
sidered a contraindication for receiving a lung transplant [17]. Researchers have since 
found out that lung transplant survival rates and postoperative outcomes were similar 
in HIV-positive recipients as compared to their uninfected counterparts [18, 19]. Solid 
organ transplantation has therefore become the standard of care for organ failure in 
PLWH [20]. After clearing the way for HIV-positive transplant recipients, the HOPE 
act went one step ahead by allowing HIV-positive people to donate their organs to 
fellow individuals sharing their HIV-positive status.

Once the HOPE act was implemented in 2015, HIV-positive recipients began 
receiving organs from HIV-positive donors (HIV D+/R+). As of July 2021, there 
have been 144 true/false HIV-positive donors, which led to 300 kidney and 87 
liver transplants [20]. This decision did not pass without its fair share of concerns. 
Healthcare professionals were worried about several plausible issues upon such 
transplants, particularly superinfection if the donor’s HIV strain did not match the 
recipients, rate of rejection, and HIV-related organ disease in the allograft [21–23]. 
As compared to transplanting organs from HIV-negative donor to HIV-positive 
recipient (HIV D−/R+), the outcomes were similar, with the only real challenge 
being increased rates of rejection [24].

Heart and lung transplants from HIV-positive donors have been approved and are 
highly anticipated [20]. Federal HOPE Act guidelines require participating hospitals 
to carry out five transplants in HIV-positive recipients before they can accept organs 
from HIV-positive donors. Successful implementation of the HOPE act requires the 
address of community-level barriers like the lack of awareness, fear of infection in 
personnel procuring organs from HIV-positive patients, and the fear of revelation 
of donor/recipient HIV status during transplantation [25]. Challenges faced while 
coadministering HAART and immunosuppressive therapy also need to be consid-
ered. Such studies would lay the foundation for the successful initiation of thoracic 
organ transplants in HIV-infected individuals from HIV-positive donors. Koval et al. 
reported outcomes from 29 HIV-infected thoracic transplant recipients (21 heart, 7 
lungs, and 1 heart and/or lung) across 14 transplant centers from 2000 through 2016. 
Compared to an ISHLT registry cohort, similar 1-, 3- and 5-year patient and allograft 
survival was seen. However, at 1 year, significant rejection rates were high (62%) for 
heart transplant recipients (HTRs). Pulmonary bacterial infections were high (86%) 
for lung transplant recipients (LTRs) [19].
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6. Ex vivo lung perfusion (EVLP)

Ex vivo lung perfusion is a technique that allows harvested donor lungs to be 
explanted into a system that mimics the hemodynamic status of the human body. 
The general design of the system involves ventilation of the allograft via endotracheal 
tubes and circulation of a fraction of cardiac output by means of pumps [26]. In cel-
lular EVLP protocols like the lund protocol and organ care system, packed red blood 
cells mixed with a composite perfusate are allowed to flow through the lungs, while 
acellular EVLP protocols like toronto protocol do not use blood cells in the perfus-
ate [27]. It enables the assessment of hemodynamic, ventilatory, and gas exchange 
parameters of the allograft. Biochemical values, imaging studies, bronchoscopic 
analysis, physical inspection, and palpation can also be performed on these organs 
[26]. These factors allow EVLP to be used as a tool for analyzing the allograft before 
transplantation, which is especially useful in the case of marginal lungs facing the 
threat of being rejected. EVLP thus aims to maximize the utilization of procured 
donor lungs [26]. In cellular EVLP, Kamal et al. described direCt lung ultrasound 
evaluation (CLUE) technique as a method for monitoring extravascular lung water in 
donor lungs during ex vivo lung perfusion (EVLP). Significant differences were found 
between suitable and non-suitable lungs in CLUE scores (1.03 vs. 1.85, p < 0.001), 
unlike the partial pressure of oxygen/fraction of inspired oxygen ratio. Standard 
donors had significantly better scores than marginal lungs and proning improved this 
score, especially in upper lobes [28].

EVLP was mainly developed to tackle the problem of ischemic-reperfusion injury, 
which increases the risk of development of primary graft dysfunction (PGD) [29]. 
The current practice involves cold preservation of allografts that facilitates a reduc-
tion in the organ’s metabolic demand. However, concerns regarding cold ischemic 
injury have surfaced. EVLP revolves around the principle of retaining the organ in 
its physiological milieu, at the human body temperature, for as long as possible [26]. 
Posttransplant outcomes after using EVLP have been consistently similar to tradi-
tional techniques in terms of patient and graft survival [30].

While the main role of EVLP remains the analysis of the graft, it is being creatively 
used to recondition the graft and even make initially rejected organs useful. In edema-
tous lungs, EVLP allows the fluid from extravascular compartments to be drawn out, 
which can make the graft usable [31]. Antibiotics can be administered in the EVLP 
system, which ensures targeted therapy, preventing systemic adverse effects [32]. To 
shift the cytokine profile from pro-inflammatory to anti-inflammatory, Interleukin 
(IL)-10 gene therapy and stem cell therapies have been tried in porcine models by 
administering them to the graft using the EVLP systems [26].

Keeping in view the potential of eliminating infections from donor organs, trials 
began on organs harvested from HCV+ donors. Applying the age-old perspectives 
from blood product sterilization, researchers irradiated lungs in EVLP systems 
with ultraviolet C (UVC) light, which has been known for its germicidal properties 
[33, 34]. Similarly, another light-based sterilization technique called photodynamic 
therapy (PDT) uses methylene blue irradiated with red light [35]. As compared to 
standard EVLP, which focused simply on washing the virus away from the organ, 
PDT was the most effective in reducing HCV load. It cleared 98% of HCV-RNA 
from the perfusate and 91% from the lung tissue. The UVC group did not show any 
significant reduction as compared to controls [33, 36]. Despite reduced infectivity 
of the persistent RNA fragments noticed in in vitro analysis, UVC irradiation failed 
to prevent the development of viremia posttransplant in further trials [37]. Is it 
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hypothesized that this difference arises because of the weaker penetrating power 
of UVC rays due to wavelength differences as compared to PDT [38]. Additionally, 
irradiated methylene blue provided better coverage because it could be injected into 
the vasculature [36].

The potential of EVLP for research and to evaluate and salvage initially rejected 
lungs is vast and the outcomes after using EVLP are comparable to standard lung trans-
plantation. Multiple trials are demonstrating ingenious ways to utilize the technology 
clinically [27]. For example, researchers are administering targeted adenosine receptor 
2B antagonists via EVLP to abolish its proinflammatory effects [39]. The use of EVLP as 
a platform for improving the utilization of donated lungs continues to increase.

Recently, Cypel et al. identified 10°C to be an optimal temperature for lung stor-
age, allowing for preservation times of up to 24–36°C. Furthermore, they explored the 
concept of multiday lung preservation by pairing 10°C lung preservation with short 
cycles of EVLP in an animal model. For the first time, they were successful 3-days of 
lung preservation with exceptional immediate posttransplant graft function [40].

Loor et al., in the INSPIRE trial, sought to assess the safety and efficacy of nor-
mothermic portable EVLP using the OCS Lung device. It was the first prospective, 
multicenter, and randomized controlled study in EVLP for standard bilateral lung 
transplantation. The composite primary effectiveness endpoint of the trial was 
absence of PGD 3 within the first 72 hours after transplant and 30-day survival in the 
per-protocol population, with a 4% noninferiority margin [41]. The EXPAND trial 
was used to evaluate the efficacy of normothermic portable organ care system (OCS) 
lung perfusion and ventilation on donor lung use from extended-criteria donors and 
donors after circulatory death. OCS resulted in 87% of donor lung use for transplan-
tation with excellent clinical outcomes [42]. A major challenge in lung transplantation 
is the need for ABO blood group matching. To address this challenge, Wang et al. used 
two enzymes, FpGalNAc deacetylase and FpGalactosaminidase, to convert blood 
group A lungs to blood group O lungs during ex vivo lung perfusion. The authors 
demonstrated successful removal of blood group A antigen with no overt changes 
in lung health. The authors showed reduced antibody and complement deposition, 
suggesting that this technique may reduce antibody-mediated injury in vivo [43].

6.1 Lung transportation

Conventional cold static preservation of donor’s lungs leads to unpredictable lung 
tissue cooling as also the freezing and thawing cause irreversible cellular damage. 
The Paragonix LUNGguard donor preservation system provides a stable temperature 
between 4 and 8οC for extended preservation times. Hartwig et al. presented their 
initial report of a study comparing two methodologies of hypothermic storage: 
patients with donor lungs preserved by the LUNGguard and patients with donor 
lungs transported by conventional preservation methods (ice protocol) [44].

6.2  Intraoperative use of cardiopulmonary bypass (CPB) vs. ECMO for lung 
transplantation

The use of extracorporeal membrane oxygenation (ECMO) for intraoperative 
cardiopulmonary support has gained traction in recent years. There is growing experi-
ence with the preoperative use of ECMO as a bridge to a transplant in patients with 
refractory respiratory failure. Biscotti et al. compared differences in patient outcomes 
and operative parameters for extracorporeal membrane oxygenation (ECMO) 
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versus cardiopulmonary bypass (CPB) in patients undergoing lung transplants. 
Intraoperatively, CPB group required more cell saver volume, FFP, platelets, and cryo-
precipitate. The CPB group had higher rates of primary graft dysfunction at 24 and 
72 hours. There were no differences in 30-day and 1-year survivals [45]. Hoetzenecker 
et al., from the Vienna lung transplant group reported their results of uniform central 
venoarterial ECMO in patients receiving bilateral lung transplantation. Their median 
time of mechanical ventilation was 29 hours, 90-day mortality was 3.1%, and 2-year 
survival was 86%. Thus, routine use of intraoperative ECMO resulted in excellent 
primary graft function and midterm outcomes in patients undergoing lung trans-
plantation [46]. Magoulitis et al. in their meta-analysis of seven observational studies 
incorporating 785 patients showed that ECMO support lowered rate of primary graft 
dysfunction, bleeding, renal failure requiring dialysis, tracheostomy, intraoperative 
transfusions, intubation time, and hospital stay. However, no difference was reported 
between operative and ischemic time [47]. Recently, Halpern et al. in their study on 
patients with no or mild pulmonary hypertension, who underwent bilateral lung 
transplantation, reported that planned VA ECMO was associated with higher odds of 
textbook outcomes than planned off-pump support [48].

7. Advances in treatment of post-lung transplant complications

According to the OPTN annual report in 2020, 14.6% of lung transplant recipi-
ents developed acute rejection. 40% of recipients went on to develop bronchiolitis 
obliterans syndrome (BOS) by the fifth year after transplant, and 24% of recipients 
developed malignancy in the same period.

Chronic lung allograft dysfunction (CLAD) holds substantial weightage during 
the discussion of lung transplant because it is a major cause of mortality and morbid-
ity following lung transplantation [49]. According to the ISHLT consensus report 
2019, CLAD is a persistent > = 20% decline in FEV1 as compared to the recipient’s 
posttransplant baseline [50]. Decreases in lung functions after three months post-
transplant are also attributed to CLAD. Two prominent subtypes of CLAD are BOS 

Figure 3. 
Incidence of acute rejection by 1-year posttransplant among adult lung transplant recipients by induction agent, 
2018–2019. Only the first reported rejection event is counted. Cumulative incidence is estimated using the Kaplan–
Meier method. IL2-RA, interleukin-2 receptor agonist; TCD, T-cell depleting. (from OPTN/SRTR 2020 annual 
data report. HHS/HRSA).
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(bronchiolitis obliterans syndrome) and RAS (restrictive allograft syndrome) [49]. 
Once BOS develops, the mortality rate varies from 25 to 55% [51, 52]. Risk factors of 
CLAD include autoimmunity, PGD, alloimmune rejections (e.g., acute cellular rejec-
tion, antibody-mediated rejection, and lymphocytic bronchiolitis), infections (viral, 
bacterial, and fungal), persistent bronchoalveolar lavage neutrophilia and pathologi-
cal gastroesophageal reflux (Figure 3) [31].

Newer treatment modalities, such as extracorporeal photopheresis (which uses 
ultraviolet light to generate anti-inflammatory cytokines), liposomal cyclosporine, 
and anti-fibrotic agents, such as pirfenidone, are being assessed in the treatment of 
CLAD in trials.

8. Lung transplantation committee

Recently, a collaborative effort of transplant centers has led to formation of a 
committee. The lung transplantation committee of OPTN works regarding lung pro-
curement, allocation, and transplantation, including medical, scientific, and ethical 
aspects. The goal of the committee’s work is to develop evidence-based policies aimed 
at reducing waitlist mortality in lung transplant candidates, increasing lung utiliza-
tion, improving access to lung transplantation, and improving the health outcomes of 
lung transplant recipients.

9. Lung microbiome

The characteristics of the lung microbiome, its influence on the human body and 
disease processes, and the techniques to alter the local microbiome, serve as a large 
reservoir of untapped knowledge. Studies have been constantly trying to understand 
the differences between the microbiome of a healthy lung and a diseased one. 16S 
rRNA sequencing studies have disclosed that the lung microbiome is derived majorly 
from the oropharynx, with prevotella, veillonella, and streptococcus spp. being the 
most frequent colonizers [53, 54]. Consequently, it has been postulated that disrup-
tion of the oropharyngeal microbiome will reflect in the lung and ultimately make it 
more susceptible to pathogen colonization [55]. It is also being hypothesized that a 
healthy lung microbiome is based on the property of the organisms to be transient, 
owing to the dynamicity attributed to breathing and microaspiration. The microbial 
ecosystem of the lung is maintained delicately by a balance between the entry and 
active clearance by the cells of the lung. When the mechanisms of clearance fail, 
the organisms become persistent and disease ensues. It remains to be elucidated as 
to whether dysbiosis is a cause or effect of the disease [56]. Conventional literature 
believed that certain disease processes or exposures had a singular effect on the host. 
Recent studies, while acknowledging its effect on the microbiome independently, go 
beyond this idea and hypothesize that even without external influences, the microbi-
ome and the host continually modulate each other [57].

Researchers have analyzed the oropharyngeal microbial pattern in patients with 
end-stage lung diseases, before and after lung transplantation. While waiting for 
transplantation, it was found that oropharyngeal wash samples of patients with 
advanced lung diseases had an increased facultative organism dominant microbial 
burden. Aerobic bacteria were decreased, alongside an overall reduction in richness 
and diversity. The microbiome stabilized after transplantation briefly, tending toward 
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healthy lung levels. Nevertheless, 6 months after transplantation, it reverted to the 
severe dysbiosis-like state that existed before transplantation in the diseased lung 
[55]. If dysbiosis at oral sites indeed precedes/causes dysbiosis in the lungs, then these 
observations remind us of the increased risk of infections due to pathogen colonization 
posttransplantation, adding to the problems caused by an immunosuppressed state.

Studies have been working toward establishing and elaborating on the relation-
ship between the altered microbiome and the complications after lung transplant. 
The most worrisome ones are primary graft dysfunction (PGD), acute rejection 
(AR), and chronic lung allograft dysfunction (CLAD). Lungs that had enrichment of 
oral-type taxa, before procurement from the donor and immediately after reperfu-
sion in the recipient, have been seen to develop PGD. Aspiration of these microbes is 
hypothesized to prime the allografts for PGD [58]. Similarly, it is also observed that 
higher bacterial load after transplant is correlated with the development of CLAD, 
although no particular taxa were implicated [59]. These discoveries are promising as 
the microbiome can prove to be a potentially modifiable risk factor.

It is well known that inflammatory episodes happen in the allograft after trans-
plantation, despite adequate immunosuppression [60]. Long-term immunosuppres-
sion and antibiotic therapy posttransplantation may make the local ecosystem more 
permissive to the overgrowth of certain immunostimulatory bacteria, which other-
wise would have been cleared by the host immunity and controlled by the healthy 
microbiome [61, 62].

Inflammation can also be triggered by imbalances in the levels of normal commen-
sals, which means that it is not necessary that a pathogenic invasion occurs for a disease 
process to ensue. For example, the Prevotella community is a part of the normal lung 
microbiome and is generally considered less stimulatory, but its overrepresentation 
can cause tissue remodeling [63]. In lung transplant recipients, an association between 
the dominant bacteria and the type of immune reaction was observed. When the 
dysbiosis was firmicutes or proteobacteria dominant, pulmonary leukocytes expressed 
inflammatory genes; while pro-remodeling effects were displayed by a Bacteroidetes-
dominant dysbiosis [63]. Similarly, in the case of pathogens, virulence does not neces-
sarily equate with immunogenicity. S. Pneumoniae, which is the most common cause 
of community-acquired pneumonia, had a lower stimulatory effect on macrophages in 
comparison with S.aureus or P.aeruginosa [63]. Hyperammonemia syndrome (HS) is 
an uncommon but fatal disorder that can affect up to 4% of lung transplant recipients. 
It is imperative that patients with this syndrome should be screened for ureaplasma 
species and treated with the appropriate antibiotics for this infection [64].

10. Gut-lung axis

The effects of the gut microbiome on local and systemic immunity are well 
studied, and the documentation of its influence on the brain led to the coining of the 
term “gut-brain axis.” Investigators are now trying to find out if such a relationship 
also exists between the microbiome of the gut and the lung. Several studies indicate 
that such “gut-lung axis” may indeed exist. For example, gut microbiome dysbiosis 
caused by antibiotic administration in the early years of life was seen to increase 
the risk of allergic airway disease [65]. Fecal microbiomes in patients with chronic 
obstructive pulmonary disease differed from healthy control subjects in terms of 
taxonomic microbial representation and their metabolites [66]. Murine models that 
were dietarily supplemented with short-chain fatty acids (SCFA) by adding acetate 
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to their drinking water showed reduced inflammatory infiltrates in their lungs. Au 
contraire, those receiving a low-fiber diet had lower SCFAs in their circulation and 
higher airway reactivity [67].

It has been recently found in clinical and animal studies that derangement in the 
gut microbiome can impact outcomes related to allograft dysfunction after transplan-
tation of the liver and small bowel [68, 69]. To understand whether gut microbiome 
can impact lung allograft rejection as well mice model studies were conducted. The 
donors as well as recipients were pretreated with oral antibiotic gavages to reduce 
microbial load. Those that were pretreated had reduced severity of rejection, while 
the majority of the controls showed moderate–severe lung allograft rejection. The 
Bacteroidetes to firmicutes ratio was increased in the gut microbiome of the mice who 
experienced milder rejection [70]. Previous studies have tried to establish a causal 
link between CD4+ T lymphocytes and chronic lung allograft rejection in animal 
models after lung transplantation [71]. This would mean that a depletion of CD4+ T 
cells would improve the outcomes related to allograft rejection. However, an emerging 
hypothesis suggests that a reduced dendritic cell activation may instead be the origin 
of the decreased generation of graft-reactive T cells [70].

Unlike the gut microbiome, where microbial sampling is relatively easier due to 
their presence in the feces, determining the ecosystem of the lung is complicated by 
factors like lower biomass, the possibility of contamination during sample collection, 
interference by environmental factors, and the lack of knowledge about the fungal 
and viral component of the microbiome. Researchers have been citing the possibility 
of a metagenomic dark matter due to the presence of a large proportion of unidenti-
fied sequences arising during virome studies. This may indicate that we may come 
across undiscovered species of viruses in the future [72]. For example, recently, 
metagenomic sequencing from the respiratory tract of healthy as well as sick subjects 
led to the discovery of a new family of DNA viruses called redondoviridae [73].

More techniques are needed to profile the lung microbiome more accurately, 
to understand how the interactions affect the host, to establish causality between 
dysbiosis and specific disease processes, and to observe the resolution of symptoms 
after the reestablishment of the original microbiome. It would be interesting to see 
how therapeutic alteration of the microbiome can impact not only the outcomes of 
lung transplantation but also chronic disease processes in general. Trials are now 
being proposed to observe the effect of therapies like probiotic administration 
and fecal microbiota transplantation in the context of respiratory diseases [74]. If 
endotypes can be targeted specifically, it could open up multiple avenues tailored to 
deliver a personalized benefit [75]. The prospects of lung microbiome research are 
certainly promising but long-term studies will be necessary to ascertain the benefits 
quantitatively.

11. Bioengineering

Bioengineered lungs could change the landscape of lung transplantation as they 
counter the challenges posed by the long waitlist [76]. These techniques revolve 
around harvesting a lung sample and decellularizing it. The scaffold (acellular or 
artificial or hybrid) is then recellularized with stem or differentiated cells [77]. The 
matured and functional organ is then implanted into the host. EVLP systems serve 
as a good conduit to allow the maturation of the engineered graft [76, 78–80]. The 
fusion of current methods with emerging single-cell technologies and advanced 3D 
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printing modalities could pave way for newer developments [81]. Substantial efforts 
are necessary to refine the existing engineering techniques and to convert preclinical 
studies to clinical trials in order to manifest this idea as a utilitarian alternative [76]. 
The idea of the bioengineered lung which appeared like utopian fiction decades ago 
could soon become reality [81].

12. Recent advances in heart transplantation

As a testament to improved survival statistics, heart transplant recipients have 
had an improved prognosis over the years. Since 2015, adult long-term mortality rates 
have witnessed a downward trend. Similarly, pretransplant mortality rates have also 
declined since 2009 [2]. However, this scenario was complicated by the COVID-19 
pandemic, where we saw an increase in the 6-month and 1-year mortality rates during 
the first year of the pandemic. Pretransplant mortality also slightly increased in 2020 
(Figure 4) [2]. Heart transplant candidates have notable changes in demographic 
patterns over the years. Candidates over 65 years of age have increased from 11.9% in 
2009 to 15.9% in 2020. The prevalence of obesity has increased among heart trans-
plant candidates. As of 2020, more than 40% of candidates have a BMI equal to or 
more than 30 kg/m2 [2]. Cardiomyopathy remains the most common indication for 
an adult heart transplant, while congenital heart disease remains the leading diag-
nosis in the pediatric age group. Notably, candidates receiving transplantation for a 
diagnosis of coronary artery disease have declined [2]. Continued efforts of the entire 
healthcare system have helped in improving transplant-related outcomes despite the 
current COVID-19 pandemic. Fewer candidates have been removed from the waitlist 
because of death or being too sick to receive transplants as compared to 2018 [2]. 
The number of multiple organ transplants has also increased, which is appreciated 
in heart-kidney transplants, while heart-lung transplants have remained stable [2]. 
In 2020, despite there being lesser new listings for heart transplants, the eventual 
number of heart transplants performed increased [2].

Figure 4. 
Patient death among adult heart transplant recipients. All adult recipients of deceased donor hearts, including 
multi-organ transplants (from OPTN/SRTR 2020 annual data report. HHS/HRSA).
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The number of deceased heart donors continues to increase. The discard rate 
of recovered organs remains extremely low at 1%, despite a slight rise in 2020. An 
upward trend is noted in the proportion of IRDs [2]. In the case of heart transplants, 
the use of mechanical circulatory support (MCS) as a bridge to transplant has dra-
matically increased over the years. In 2020, 36.4% of candidates had ventricular assist 
devices (VAD) at listing. This number was just 16.4% in 2010 [2].

To address the issue of waitlist mortality, the year 2018 witnessed new heart allo-
cation criteria, as approved by the united network for organ sharing (UNOS). These 
criteria prioritized the sickest patients. The older 3-tier system (status 1A, 1B, and 2) 
was changed to a 6-tier one (status 1–6) [82]. Stable patients supported by LVAD were 
ranked lower (status 4) as compared to those receiving VA-ECMO and IABP, status 1 
and 2, respectively [83].

Traditionally, for prolonged support, ventricular assist devices needed to be 
placed after securing surgical access. This was especially true when candidates were 
being bridged to transplant [84]. Recently, more research is being done on assist 
devices that can be implanted percutaneously. After the UNOS heart allocation policy 
change, the use of percutaneous devices like Impella jumped from 1% in 2015 to 4% 
in 2019 among transplant patients [85]. Impella is a catheter-based ventricular assist 
device for unloading the left ventricle and consequently increasing cardiac output. It 
was initially used to support patients with cardiogenic shock after acute myocardial 
infarction [86]. Due to its relative ease of insertion, it is now being considered as 
an alternative to support candidates waiting for a heart transplant. As compared to 
recipients who did not receive circulatory support, patients bridged to transplant 
using Impella 5.0/5.5 showed a similar 30-day and 6-month mortality [84, 87, 88].

13.  Donation after circulatory death, organ care system, and normothermic 
regional perfusion

The standard cold ice transport of donor’s hearts results in unpredictable myo-
cardial cooling leading to irreversible suppression of diastolic function and protein 
denaturation. The recently introduced Paragonix SherpaPak Cardiac Transport 
System incorporates a novel nested canister system in concert with proprietary 
thermal cooling to provide physical and thermal protection for donor’s hearts. Results 
of 1-year transplant survival analysis of GAURDIAN registry showed that despite 
longer ischemic times and higher proportions of temporary MCS devices, numerically 
higher 1-year survival was seen in the cohort with sherapak usage [89]. Dhittal et al. 
pioneered the technique of DCD heart procurement. Their technique allows for rapid 
decompression of the systemic venous system and subsequent cardioplegia adminis-
tration. Following infusion of supplemented cardioplegia, the heart is explanted first 
and instrumented onto the portable extracorporeal TransMedics organ care system 
(OCS), where its viability and suitability for transplantation can be assessed [90].

13.1 Organ care system

An OCS heart is a portable extracorporeal heart perfusion and monitoring system. 
The aorta is connected to the aortic line, the pulmonary artery is connected to the 
pulmonary artery line (PA line), the left atrium is opened, and the left ventricle is 
vented via a left ventricle vent. The superior and inferior vena cava are ligated. Blood 
from the PA line and LV vent goes to the reservoir and is pumped to the gas exchanger 
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where it is oxygenated, passed through a warmer, and returned to the heart through 
the aortic line. It allows continuous monitoring of aortic pressure, lactate level, and 
coronary blood flow of the graft. The advantages of OCS are:

1. It enables the donor heart to be transported for long distances, thereby increas-
ing the donor pool.

2. The aortic perfusion on the OCS system can act as a surrogate to diagnose sig-
nificant coronary artery disease in the donor’s heart.

3. Increasing the pool of marginal donor hearts (hearts with left ventricular hyper-
trophy, EF 40–50%, downtime more than 20 minutes, and donor age > 55 years).

In the EXPAND trial, out of 93 such marginal hearts, 75 hearts were transplanted 
(81% utilization rate). The mean cross-clamp time and OCS perfusion time were 
381 minutes and 279 minutes, respectively. In this study, the 30-day survival was 
95%, the incidence of severe primary graft dysfunction within 24 hours of trans-
plant was 11%, and the overall and graft survival at 24 months was 82% and 95%, 
respectively.

4. It provides a platform to assess DCD hearts prior to implantation.

However, the present limitation of the OCS is the additional cost of resources and per-
sonnel required for its application as well as its transportation is more complicated [91].

13.2 Normothermic regional perfusion

The alternate method of DCD heart procurement is normothermic regional perfu-
sion (NRP) wherein VA-ECMO is utilized (by cannulating aorta and right atrium) to 
maintain the thoracic organ perfusion to allow them to recover warm ischemia. The 
advantages of NRP are:

1. It restores heart function by reducing myocardial injury.

2. Reduces time spent by the organ in warm ischemia.

3. Allows visual assessment of heart and other organs prior to procurement.

The utilization of NRP for DCD requires significant resources and coordina-
tion between the donor hospital, procurement teams, and organ procurement 
organizations [92].

14. Post-heart transplant rejection surveillance

Between 2018 and 2019, 23.6% of recipients of heart transplants suffered from 
acute rejection in one year [2]. Even though the gold standard for posttransplant 
rejection surveillance is an endomyocardial biopsy, there have been exciting devel-
opments in the past decade in molecular noninvasive diagnostic surveillance. Such 
novel molecular techniques have the capacity to facilitate early diagnosis, improve 
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the accuracy of diagnosis and decrease the frequency of invasive interventions for the 
diagnosis of allograft rejection [93].

14.1 Microarray technology

This technology examines endomyocardial biopsy samples at a molecular level to 
diagnose acute cellular rejection (ACR) as well as antibody-mediated rejection (AMR) 
[94]. Molecules called rejection associated transcripts (RAT) are identified to assess 
mRNA expression. Probabilities of developing ACR and AMR are then deduced. 
This technique was first implemented in patients who underwent kidney transplants. 
Halloran et al. later found out that similar RAT expression was observed in heart 
biopsy specimens, thus leading to the extrapolation of the idea in heart transplanta-
tion. This technique aims to tackle the main drawback of traditional histopathologic 
biopsies, which is interobserver variability in reporting findings [93, 95].

Currently, microarray technology is employed by the molecular microscope 
diagnostic system, which does an unsupervised archetypal analysis and predicts a 
normal, ACR, AMR, or injury pattern based on the assignment of scores [95]. This 
technology has been found to be effective in predicting molecular rejection [96]. The 
utility of intragraft mRNA transcripts as an addendum to the histopathology reports 
of endomyocardial biopsies can pave way for a newer modus operandi in diagnosing 
cardiac transplant rejection [93].

14.2 Gene expression profiling

Gene expression profiling (GEP) is done using peripheral blood leukocytes. 
It is done after 55 days posttransplant and has a high negative predictive value for 
moderate to severe rejection [93, 97]. Thus, it is used as an effective screening tool 
in stable posttransplant patients for diagnosis of rejection [93]. Allomap (CareDx) 
is the presently utilized gene expression profiling test in the clinical domain, which 
assigns a score of 0–40. A watershed score of > = 34 signals a higher probability of 
ACR [93, 98]. According to both IMAGE and E-IMAGE (early-IMAGE) clinical trials, 
GEP was found non-inferior to routine endomyocardial biopsy surveillance tech-
niques, thus demonstrating similar clinical composite outcomes and rates of rejection 
[99, 100]. However, its use is limited only to the detection of ACR. Additionally, it 
also harbors a poor positive predictive value [93]. The CARGO-II trial proposed that 
a score less than 34 can imply a low risk of rejection [101]. Allomap can be utilized to 
time an early steroid weaning in patients with a lower risk of rejection [93].

14.3 Donor-derived cell-free DNA

This noninvasive modality of investigation is based on the cell death of the graft 
tissue, which releases donor-derived cell-free DNA (dd cfDNA) in the recipient’s blood. 
The percentage of donor-derived cell-free DNA is titrated against the total cell-free 
DNA in the recipient’s blood, detecting both ACR and AMR. It has also been found that 
dd cfDNA leads to earlier detection of acute rejection in asymptomatic patients com-
pared to endomyocardial biopsy. The figure given below depicts the correlation between 
the percentage of dd cfDNA with ACR, AMR, and echocardiographic findings [93].

A study was conducted in Canada during the global COVID-19 pandemic utilizing 
noninvasive surveillance techniques for heart transplant rejection, thus ensuring min-
imal hospital exposure to patients. The study used cell-free DNA and gene expression 
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profiling as a substitute for the invasive endomyocardial biopsy. The results were 
then harnessed for personalized titration of immunosuppressive therapy in patients. 
Noninvasive rejection surveillance was associated with the ability to lower immuno-
suppression, increase satisfaction, and reduce anxiety in HT recipients, minimizing 
exposure for patients and providers during a global pandemic [102].

15. Xenotransplantation

Xenotransplantation could act as a bridge to allotransplantation to tide over the 
crisis posed by the ever-growing waitlist. Recent developments have been in the 
domain of genetically engineered pigs functioning as donors for human recipients. 
Naturally occurring human antibodies commonly target 3 carbohydrate antigens in 
pigs among which galactose-a1,3-galactose is postulated to be particularly impor-
tant. Removal of galactose-a1,3-galactose as antigen from pig yields a GTKO (alpha 
1,3-galactosyltransferase knockout) pig. With the advent of novel gene editing tech-
niques, double and triple-knockout pigs, engineered after the elimination of multiple 
carbohydrate coding genes were created.

Relatively species-specific complement pathway regulatory proteins (CPRP) like 
CD55, CD59, and CD56 attenuated complement-mediated injury and improved graft 
survival in various nonhuman primate models. These were introduced into the genome 
of pigs. Despite the addition of hCPRP (human complement pathway regulatory pro-
teins) modification in GTKO pigs; the grafts were affected by microvascular throm-
bosis. This was probably due to a disharmony of thromboregulatory molecules like pig 
thrombomodulin and pig endothelial protein C receptor, which could be of a lower 
antithrombotic efficacy than their human counterparts. CD47 functions as a self-rec-
ognition marker in humans, which serves to inhibit phagocytosis. The Introduction of 
CD47 in the genome of pigs has shown better outcomes. Recently on January 7, 2022, 
the University of Maryland performed the first clinical heart xenotransplantation in a 
57-year-old man, from a genetically engineered pig having 10 genetic modifications. 
He lived with a reasonable heart function for 2 months following the transplant but 
went on to develop graft dysfunction and ultimately, death. This event has however 
infused euphoria in the field of xenotransplantation and thoracic organ transplant aca-
demia. Similarly, in June/July 2022, Moazami et al. from New York University Langone 
successfully performed two further xenotransplants (pig hearts into humans) utilizing 
10 genetic modifications, including four porcine gene “knockouts” to prevent rejection 
and abnormal organ growth as well as six human transgenes (“knock-ins”) to promote 
expression of proteins that regulate important biologic pathways that can be disrupted 
by incompatibilities between pigs and humans.
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COPD  chronic obstructive pulmonary disease
IIP  idiopathic interstitial pneumonia
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CF  cystic fibrosis
CFTR  cystic fibrosis transmembrane conductance regulator
BMI  body mass index
ECMO  extracorporeal membrane oxygenation
OPTN  organ procurement & transplantation network
IRD  increased risk donor
HIV  human immunodeficiency virus
HBV  Hepatitis B virus
HCV  Hepatitis C virus
ODD  overdose death donor
TDD  trauma death donor
MDD  medical death donor
DAA  direct acting antivirals
NAT  nucleic acid testing
HOPE  HIV organ policy equity
HAART  highly active antiretroviral therapy
PLWH  people living with HIV

HIV D+/R + transplant from HIV+ donor to HIV+ recipient.
HIV D−/R + transplant from HIV- donor to HIV+ recipient.

EVLP  ex vivo lung perfusion
PGD  primary graft dysfunction
UVC  ultraviolet C
PDT  photodynamic therapy
ISHLT  international society for heart and lung transplants
CLAD  chronic lung allograft dysfunction
BOS  bronchiolitis obliterans syndrome
RAS  restrictive allograft syndrome
rRNA  ribosomal ribonucleic acid
AR  acute rejection
SCFA  short-chain fatty acids

CD4+ T lymphocytes.
DNA  deoxyribonucleic acid
MCS  mechanical circulatory support
VAD  ventricular assist device
UNOS  united network for organ sharing
IABP  intra-aortic balloon pump
VA-ECMO veno-arterial extracorporeal membrane oxygenation
ACR  acute cellular rejection
AMR  antibody-mediated rejection
RAT  rejection-associated transcripts
mRNA  messenger ribonucleic acid
GEP  gene expression profiling
IMAGE Trial invasive monitoring attenuation through gene expression trial
E-IMAGE Trial early-invasive monitoring attenuation through gene expression trial
CARGO-II Trial  cardiac allograft rejection gene expression observational trial -II
CfDNA  cell-free DNA
Dd cfDNA donor-derived cell-free DNA
CPRP  complement pathway regulatory proteins
hCPRP  human complement pathway regulatory proteins
GTKO  alpha 1,3-galactosyltransferase knockout
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Abstract

Transplantation is the only treatment for patients with end-stage renal and hepatic 
disease but unfortunately, it is limited worldwide due to the organ shortage. The 
need to expand the donor pool with the use of donors after cardiac death (DCD) and 
extended criteria donors (ECD) has led to major improvements in organ preservation. 
From cold static storage and preservation solutions to different types of machine 
perfusion, the possibility of successfully transplanting a marginal organ becomes 
reality. In this chapter, we examine the machine perfusion methods and the advan-
tages of new technology in minimizing ischemic injury and improving the transplant 
outcome. Τhe establishment of protocols with the use of biomarkers in order to assess 
the transplant suitability of the graft will eventually provide the ideal opportunity to 
intervene and improve the quality of the organ.

Keywords: machine perfusion, liver transplantation, kidney transplantation,  
organ preservation, hypothermic machine perfusion, normothermic machine perfusion

1. Introduction

In this chapter, after a brief introductory reference to the definition and history of 
machine perfusion in transplantation, their contemporary necessity is discussed. For 
this purpose, two important topics such as ischemia–reperfusion injury and marginal 
grafts are analyzed. Subsequently, the machine perfusion strategies in liver and 
kidney transplantation are mentioned separately.

The review of the literature was conducted using the combination of various 
keywords (liver transplantation, kidney/renal transplantation, machine perfusion, 
hypothermic/normothermic/subnormothermic machine perfusion, ischemia–reper-
fusion injury, marginal grafts, extended criteria donors, donors after cardiac death, 
cold static storage, and organ preservation) in PubMed research database. The inclu-
sion criteria of the articles were the English language and their relevance to the topic, 
which was judged by the authors after studying the abstracts.

Transplantation is the only treatment for patients with end-stage renal and hepatic 
disease. Despite the recent U.S. milestone of 1 million transplants until 2022, the 
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number of patients on waiting lists remains high [1]. The great need for increment 
of the donor pool leads to the utilization of allografts from extended criteria donors 
(ECD) and donors after circulatory death (DCD). The vulnerability of these marginal 
grafts in ischemia–reperfusion injury (IRI) [2] revealed all the weak points of stan-
dard preservation methods and resulted in poor transplant outcomes. Moreover, the 
ECD and DCD kidney grafts have increased immunogenicity and as a result higher 
rates of rejection [3].

The combination of nonideal donors with limitations in graft evaluation results 
in discarded organs that further exacerbate the transplantation gap. In an attempt to 
find solutions, the interest of scientific community turned to preservation strategies, 
particularly the application of machine perfusion methods to these organs, in order to 
assess and make them suitable for transplantation [4, 5].

The concept of machine perfusion (MP) in the field of transplantation is not 
new. In 1885, the initial idea of extracorporeal circulation with the construction of a 
closed circulatory system [6] and 52 years later the transition from blood to chemical 
perfusion solutions, in order to keep organs “alive” [7], laid the foundations for the 
development of organ preservation. Machine perfusion in a human kidney was per-
formed for the first time in 1967 by Belzer. The first liver transplantation in humans 
was performed by Starzl, with the application of a hypothermic low-flow perfusion 
method that used diluted blood [8, 9]. Thus, although the original concept involved 
room temperature and dynamic perfusion, in 1969 Collins GM changed completely 
the perspective, with the 12-hour preservation of canine kidneys in an iced solu-
tion, which later evolved into Collins solution with a longer preservation time [10]. 
Nowadays, preserving the organ in an ice box at 0–4°C, after flushing it with a cold 
preservation solution (usually the University of Wisconsin or Histidine-Tryptophan-
Ketoglutarate solution), is the most common method worldwide. Static cold storage 
(SCS) has been established as the gold standard due to its simplicity, efficacy, and low 
cost [11]. The idea of machine perfusion was abandoned but, in the beginning of this 
century, gained interest again in clinical practice.

Machine perfusion is an ex-vivo platform where organs are connected to a pump 
and perfused with the solution in a controlled flow, constantly, until implantation. 
The main purpose is to provide essential substances and remove waste products in 
order to maintain cellular metabolism in a predetermined way. There is variation in 
machine perfusion methods in terms of temperature, oxygen and nutrient supply, 
preservation solutions, delivery method, duration, and time-point of perfusion. 
Depending on the temperature, there are three types of machine perfusion: normo-
thermic (35.5–37.5°C), hypothermic (1–8°C), and subnormothermic (20–35.5°C) 
temperature with the latter sought in fewer studies [12]. Also, the variation of tem-
peratures differs slightly in the literature.

Hypothermia reduces cellular metabolism while at the same time, the preserva-
tion solution enhances ATP production [13]. Also, the addition of oxygen restores 
mitochondrial oxidative activity by electron transport [14]. Hypothermic machine 
perfusion (HMP) has the significant advantage of safety, as in case of machine failure, 
the graft can easily be preserved in SCS.

The aim of reducing cold ischemia time (CIT), which is an independent risk 
factor for delayed graft function (DGF), has led to the development of normothermic 
machine perfusion (NMP). During this method, the reperfusion phase after ischemia 
time takes place in an artificial environment as close as possible to physiological 
conditions (temperature and oxygen), in order to avoid the inflammatory process 
and the destructive injury, it causes to the graft. Normothermia has the important 
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advantage of assessing the graft in real-time, as bile and urine are produced by liver 
and kidney grafts, respectively [15]. On the other hand, it is a more complicated and 
costly procedure as it requires a sufficient amount of oxygen, oxygen carriers, and 
necessary substances for the graft function [16]. In an effort to limit the use of human 
blood products with red blood cells or plasma, the development of extracellular 
oxygen carriers began [17].

Subnormothermic machine perfusion (SNMP) is an intermediate state between 
hypothermic and normothermic conditions, maintaining low cellular energy 
demands and mitochondrial activity, while the organ is still “alive.” This method is 
simpler than NMP as red blood cells are not necessary [18]. Although SNMP started as 
a promising technique, disappointing results in a porcine kidney model prevented its 
further clinical application. The SNMP group had increased rates of renal and tubular 
injury than the NMP group [19]. Currently, it is still at an experimental stage in both 
liver and kidney transplantation with important clinical prospects.

Controlled oxygenated rewarming (COR) is an alternative perfusion method that 
focuses on transitioning the graft from hypothermia to normothermia by gradually 
increasing the temperature (from 8–20°C). Mitochondrial function can be affected by 
rapid temperature change when the graft is reperfused after cold ischemic preserva-
tion. In particular, the opening of the mitochondrial permeability transition pore 
contributes in a destructive way to the occurrence of IRI. COR allows smooth recovery 
of mitochondrial function and studies have shown its feasibility in clinical application 
in liver and kidney transplantation [20, 21].

In the last decade, many studies have been published on different models of 
machine perfusion and large clinical trials in humans have been performed, changing 
the concept of preservation in transplantation. From procurement to transplantation, 
the reasons for this development, in addition to the increasing use of ECD or DCD 
grafts, are the comprehension of the complicated biological pathways and phenomena 
such as IRI.

1.1 Ischemia: Reperfusion injury

During organ procurement, the blood supply to the organs is interrupted, and 
after implantation or ex-situ normothermic machine perfusion of the grafts, it is 
restored. This process, defined as ischemia–reperfusion injury, leads to cell death in 
an oxidative environment and production of reactive oxygen species (ROS) [2].

IRI consists of three phases and each of them causes a different effect on the 
organ. First, it is the ischemic phase, when the blood and oxygen supply of the organ 
is inhibited. Dramatic depletion of ATP unregulates sodium-potassium ATPases in 
cell membranes, resulting in increased calcium concentration and acidic pH [22, 23]. 
It is of notice that the type of donor (donation after brain death or after circulatory 
death) plays an important role in ischemia injury to the graft [24]. Second, it is the 
reperfusion phase, when ischemic tissues are reoxygenated and as a result release 
ROS, that is mainly formed in complex 1 - mitochondrial respiratory chain [25]. 
Furthermore, in liver grafts, disorders in the mitochondrial permeability transition 
pore (MPTP) allow the release of danger-associated molecular patterns (DAMPs) 
from the nucleus [26], which interact with Toll-like receptors (TLRs) and activate 
Kupffer cells [27]. Finally, a prolonged period of inflammation is established 
where important liver microstructures are deranged. For example, damage to the 
endothelial glycocalyx or the combination of increased vasoconstrictive agents and 
decreased nitric oxide levels deteriorates the microcirculation and raises the risk 
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of early allograft dysfunction (EAD) [28, 29]. Third is the late injury phase, which 
follows the release of ROS and continues the cascade of cytotoxic events with the 
activation of resident and recruited immune cells [30].

IRI is globally independent risk factor in transplantation and is related to acute 
rejection, postreperfusion syndrome, DGF, and primary non-function (PNF) [31]. 
The standard static cold storage was an inferior preservation method for kidneys [32] 
and failed to protect marginal livers from the effects of ischemia–reperfusion injury 
[33], so the need for a different strategy was imperative. Continuous machine perfu-
sion circulation of metabolic substances and removal of inflammatory products, such 
as toxins and cytokines [34], reduce the degree of graft injury, for example, to the 
liver’s deep peribiliary glands and stroma [35].

1.2 Marginal grafts

As already mentioned, the use of suboptimal grafts is constantly increasing due 
to the transplant gap between the donor pool and the recipient waiting list. Marginal 
liver grafts are organs with an increased chance of failure or PNF after transplanta-
tion. Also, the definition includes cases where diseases can be transmitted from the 
donor to the recipient [36]. Usually, high risk liver grafts come from donors with 
factors such as: liver macrosteatosis, cardiac death, advanced age, long stay in the 
intensive care unit, infections and malignancies.

Macrosteatosis is not a prohibitive factor for transplantation if the percentage is 
<30% but the fatty liver is considered to have worse postoperative outcomes than 
grafts without steatosis [37]. DCD livers due to prolonged warm ischemia time are 
susceptible to ischemic-type biliary lesions. Microcirculation disorders, during IRI, 
cause damage to the arterial plexus of the biliary tree, so there is high risk of biliary 
strictures after the transplantation [38]. Advanced age has negative effects on liver 
reserves, so injury after reperfusion is more serious and increases the risk of post-
transplant complications [39].

Machine perfusion techniques appear to benefit these borderline livers most, with 
characteristics such as macrosteatosis >30%, DCD donors, donors >60 years old, cold 
ischemia time > 8-10 h, warm ischemia time > 30 min, insufficient in situ perfusion, 
prolonged organ procurement, and generally discarded grafts due to eliminated 
transaminases or any nonvascular problem [40, 41].

Different scoring systems have been developed to predict graft survival: 
Survival outcomes following liver transplantation (SOFT), donor risk index 
(DRI), Eurotransplant-DRI, etc. Clinical parameters (cardiac arrest >15 min, 
age > 55 years, BMI >30), laboratory results (AST, ALT, HBV, and HCV), ICU 
conditions (days, drugs, and infections) and of course histology after biopsy are 
included and considered in the transplant decision. Finally, nonheart beating and 
DCD donors are ECDs by definition [42].

The definition of borderline kidneys, which actually includes donor risk factors for 
kidney transplants, is derived from living donors, as in the early stages were mainly asso-
ciated with risks to the recipient [43]. The Kidney donor risk index (KDRI) is a practical 
tool for predicting the posttransplant outcome. Factors such as weight, height, race, 
history of diabetes, hepatitis C status, and DCD are included [44]. The OPTN-approved 
criteria for ECD kidneys consider the following donor parameters: age, cerebrovascular 
accident as the cause of death, history of hypertension, and creatinine level [45].

Also, acute kidney injury or extracorporeal membrane oxygenation (ECMO) prior 
to organ retrieval significantly affects the graft quality [46, 47].
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2. Machine perfusion of the liver

2.1 Hypothermic machine perfusion

During hypothermic machine perfusion, the liver graft is perfused with a preser-
vation solution, mainly University of Wisconsin (UW) or Vasosol (modified UW), 
usually at 4–11°C. In this way, the graft takes essential substances and eliminates 
waste products [40, 48]. The pO2 level is 20 kPa, as no additional oxygen is provided. 
HMP clinical series was first published in 2010, as a safe and effective perfusion 
system by James Guarrera [49].

In hypothermic conditions, deceleration of cellular metabolism and cryoprotec-
tion, prepare the liver graft for the time of reperfusion. HMP provides protection 
to the graft in a complicated and not completely clarified way, as far as ischemia–
reperfusion injury is concerned. Studies have shown that it has positive effects on 
mitochondrial complexes and increases cellular energy, leading to metabolism of 
molecules such as succinate [50, 51].

Also, livers perfused under hypothermic conditions had less of the ultrastructural 
effects seen in SCS. The number of CD68+ macrophages and, in general, inflamma-
tory injury agents were significantly decreased, as shown by measurements at the end 
of preservation and after graft reperfusion [51, 52].

During hypothermic oxygenated machine perfusion (HOPE), the pO2 level is 
60–100 kPa, and in this technique additional perfusate oxygen is provided to the 
graft. Oxygen is diluted in the perfusion fluid so there is no need for oxygen carriers 
[53]. Oxygenation in hypothermic conditions restores mitochondrial function and 
promotes metabolic activity. As a result, the reduction of ROS and succinate does not 
lead to further damage in mitochondrial function [54, 55].

HOPE was initially used in a clinical setting in 2014, where Maastricht Type 
III-DCD liver grafts were treated and subsequently assessed [56]. A matched case 
analysis of DCD livers compared HOPE treatment with standard SCS. 25 HOPE livers 
had fewer biliary complications and better 1-year graft survival than 50 SCS livers, 
but with longer cold ischemic time in the last group [57]. HOPE-DCD livers showed 
a reduced risk of acute rejection and improved 5-year graft survival in a recent study 
with the same comparators (94% in HOPE DCD vs. 78% in SCS DCD). They also have 
better laboratory results (INR and lactates on the first day) and fewer postoperative 
complications [58]. Moreover, HOPE treatment proved beneficial in macrosteatotic 
livers and has a positive impact on graft function and survival compared to the 
unperfused group [59]. Similarly, grafts from donors with advanced age seem to 
have good results with HOPE treatment. In two transplantations with octogenarian 
grafts, this perfusion technique promoted the recovery process after IRI and reduced 
hospitalization [60].

The hypothermic machine perfusion uses either the portal vein alone or the portal 
vein and hepatic artery together. The dual perfusion with oxygen is called dual flow 
hypothermic oxygenated perfusion (D-HOPE) and attempted to optimize the oxygen-
ation of the biliary system. D-HOPE DCD livers had low peak ALT and bilirubin levels 
compared with SCS, but no difference in patient and 1-year graft survival. Perfusion 
pressure is also a technical detail of great importance during machine perfusion. 
High pressure leads to additional damage at endothelial cells, so the desired levels are 
20–30 mmHg in the hepatic artery and 3–5 mmHg in the portal vein during HMP [61].

A meta-analysis of 12 studies comparing HMP and SCS in liver grafts showed the 
superiority of HMP in reducing posttransplant AST and ALT serum levels, early allograft 
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dysfunction, total biliary complications, and ischemic cholangiopathy. No statistical  
significance was observed in outcomes for primary nonfunction, hepatic artery throm-
bosis, postreperfusion syndrome, patient survival, and liver graft survival (1 month, 
6 months, and 1 year) [62]. An additional advantage of HMP is that in case of pump 
failure, the organ can be stored in cold static conditions, so it is a safe perfusion method.

The viability assessment during HMP is challenging because of metabolic decelera-
tion and absence of bile production. However, there is a growing interest in the literature 
for potential markers during HMP and HOPE. Peak AST after transplantation was found 
to be associated with AST and LDH levels after 2 h of perfusion [49]. Also, cellular ATP 
concentration during D-HOPE appears to be related to liver posttransplant function at 
a biochemical level [61]. A recent study by Muller et al. discovered a new mitochondrial 
biomarker that can be counted by spectroscope after 30–45 min of HOPE. Flavin mito-
chondrial mononucleotide (FMN) is easily detected in HOPE perfusate and can predict 
graft function and possible complications before implantation [63].

2.2 Normothermic machine perfusion

Normothermic machine perfusion uses temperatures between 35 and 38°C and 
components from blood products such as erythrocytes. Oxygenators are neces-
sary and dual perfusion (portal and arterial) is performed. The aim is to mimic the 
physiologic environment so that the metabolism and function of the liver graft being 
maintained. The first clinical introduction was in 2016 when a phase-1 clinical trial 
was published [64]. Minimizing clod ischemia time enables long preservation of the 
liver graft without injury. In fact, a recent protocol described a metabolic, active, and 
functional human liver after 7 days of NMP [65].

The combination of HOPE and NMP versus NMP in nontransplanted livers was 
studied by the Birmingham group. The HOPE/NMP livers showed lower indicators 
of inflammation and better recovery of their metabolic rate [66]. According to the 
first prospective multicenter randomized controlled trial, the use of NMP (121 livers) 
instead of SCS (101 livers) increases the utilization of grafts by 50%. NMP despite 
the longer preservation time (11.9 vs. 7.7 h) reduced the grade of graft injury as seen 
by the low levels of AST and EAD, in both DCD and DBD livers. However, there was 
no superiority of NMP in PNF, biliary complications, ischemic cholangiopathy, graft, 
and patient survival [67].

The great advantage of NMP is the ability to evaluate the graft during preservation 
time. Observation of liver parameters such as bile production with laboratory test 
results, such as transaminases, lactate, glucose, and pH, have created scoring systems 
to aid in the transplant decision. Perfusate lactate, bile production, vascular flows, and 
liver appearance of five rejected livers were evaluated during NMP (after SCS), and 
finally transplanted with good outcomes [68]. In a study in 23 human livers, biochemi-
cal parameters of bile were examined after 6 hours of NMP and compared with the 
grade of bile duct injury. Biliary bicarbonate, pH, glucose, and bile/perfusate glucose 
ratio were identified as potential biomarkers of posttransplant cholangiopathy [69].

2.3 Subnormothermic machine perfusion

Subnormothermic machine perfusion is a method that uses temperatures between 
HMP and NMP, usually 21–25°C, and an oxygenated preservation solution such as 
HOPE. This subphysiologic temperature, on one hand, reduces the metabolic rate but, 
on the other hand, the graft is warm enough to allow viability assessment [70].
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Three hours of SNMP in seven discarded human livers showed satisfactory bile 
production and liver function [71] but the study did not include posttransplant 
outcomes in order to determine the favorable effect of SNMP.

2.4 Controlled oxygenated rewarming

In an experimental animal study, a gradual raise in temperature (up to 20°C) 
with simultaneous oxygenated perfusion was performed for 90 min after a period of 
end-ischemia HMP. Posttransplant peak transaminase level was lower, and 6 months 
of patient survival was higher in the COR group compared with the control group 
[72]. Combined protocols, such as DHOPE-COR-NMP used in discarded livers, have 
significantly increased the number of transplantable grafts [73].

2.5 Therapeutics in machine perfusion methods

During machine perfusion, in addition to the standard enrichment of the preservation 
solution (glucose, heparine, insulin, antibiotics, maybe oxygen, and nutrients), agents 
targeting graft recondition can be added. Machine Perfusion therapeutic agents aim to 
improve the marginal graft to follow a successful transplantation. The unique advantage 
of this ex vivo procedure is that the agents are washed out of the graft and cannot interact 
with the recipient’s immune system. Defatting cocktails that increase lipolysis, vasodila-
tors with vascular protective effects, and gene therapies with specific targets and without 
side effects are just several possible treatments for a marginal liver graft.

2.5.1 Defatting agents

In a porcine model, 48 h of NMP in steatotic livers resulted in higher metabolism 
(triglyceride, glucose, and urea in the perfusate) and less lipid detection in the tissue 
(histologically demonstrated) [74]. In another rodent model with steatotic grafts, 3 hours 
of NMP with the addition of a defatting cocktail showed a reduction of lipids in the cells 
with a raise in lipid mobility at the gene level [75]. The defatting cocktail was tested on 
discarded human grafts with good outcomes compared to the control group. Triglycerides 
accumulation and the grade of macrovesicular steatosis were significantly reduced [76].

2.5.2 Vasodilators

Prostaglandin E1 is a vasodilator with fibrin clot dissolution activity, which has 
been shown to meliorate microcirculation injury. Rodent studies where PGE1 is used 
in NMP verified the beneficial effect on treated livers. The levels of aspartate and 
alanine aminotransferase were decreased and the bile production was higher [77, 78]. 
Nitroglycerin and prostaglandin E1 were contained in the Vasosol solution used in the 
first clinical trial of HMP in human livers [79]. Apart from PGE1, prostacyclin had 
the same advantages in treated porcine livers [80]. Another porcine transplant study 
researched the effect of BQ123 and verapamil as vasodilators and noticed that treated 
livers had better flow in the hepatic artery [81].

2.5.3 Gene modulation agents

Antisense oligonucleotides (ASOs) and siRNA are auspicious gene agents that can 
have specific targets without the need for viral convection. Silencing of miRNA-122 
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by ASO resulted in reduced HCV activity in a porcine study [82]. Despite the fact 
that antiviral medication is widespread and efficient, this finding is important in the 
evolution of MP therapeutics. siRNAs can have multiple targets such as Fas pathway, 
p53, RelB, TNF-a, and proapoptotic caspases. All these targets are associated with 
different aspects of IRI and can potentially protect livers, as shown in animal models 
under normothermic or hypothermic conditions [83–85].

2.5.4 Others

Anti-inflammatory agents (alprostadil, n- acetylcysteine, carbon monoxide, and 
sevoflurane) used under subnormothermic or hypothermic conditions, especially 
the NLRP3 inflammasome inhibitor mcc950 [86], enkephalin, which is a Δ-opioid 
agonist treated rat livers under NMP [87], and human liver stem cells in an extracel-
lular form [88], significantly reduced IRI markers.

3. Machine perfusion of the kidney

3.1 Hypothermic machine perfusion

HMP has been established as a safe and effective preservation method with 
benefits in kidney transplantation. In one of the first RCTs with 336 deceased donors, 
nonoxygenated HMP was superior to CSC in reducing DGF and increasing 1-year 
graft survival, regardless of donor type [32]. This publication integrated HMP into 
daily clinical practice. Afterward, the good short-term results (DGF and 1-month 
kidney function) of HMP were also confirmed in DCD kidneys. Regarding long-term 
outcomes, the 164 kidney transplants (82 HMP vs. 82 SCS) had no significant differ-
ence in 1-year graft survival [89].

The addition of oxygen and the development of HOPE showed promising results. 
Application of HOPE in a rodent study significantly decreased markers of reperfusion 
injury (IL-6, ENO, and TNF-alpha) after kidney transplantation [90]. In a recent 
meta-analysis, PNF and DGF were significantly reduced in HMP kidneys compared 
with SCS, but no difference in acute rejection was observed. Also, one-year graft 
survival was longer in the HMP group [91].

Although the benefit of HMP over SCS has been proven, a large randomized 
clinical trial COPE-POMP, which evaluated ECD kidneys stored on ice and then 
perfused in oxygenated hypothermic conditions for 2 hours before implantation, 
showed no advantages in graft survival (3 months and 1 year) and function (PNF and 
DGF). These results may be associated with the use of HMP in different centers [92]. 
Another recent RCT, COPE-COMPARE, compared oxygenated HMP with nonoxy-
genated HMP in Maastricht III DCD kidneys (50 years and older). The first group 
improved renal function while decreasing posttransplant complications and acute 
rejections [93].

The ideal duration and timepoint of HMP are under research, with most studies 
using end-ischemia time. This phase is practical as the graft is transported on ice and 
assessed prior to transplantation. In a clinical study of 66 ECD kidneys subjected to 
end-ischemic perfusion for 369 minutes, the percentage of DGF was 0 versus 9.3% in 
the contralateral kidneys preserved in SCS [94].

Several potential biomarkers for graft assessment have been studied. The levels 
of glutathione S-transferase (GST), N-acetyl-beta-D- glucosaminidase (NAG), 
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heart-type fatty acid-binding protein (H-FABP), or LDH measured in the perfusate 
during MP and are related to DGF [95–97]. Parameters in HMP, such as resistance and 
flow, are used in scoring systems to assess kidney quality and risk of DGF [98]. It is 
noteworthy that CIT, as an independent risk factor in graft function after transplanta-
tion, increases the percentage of DGF as hours of cold ischemia pass. As the study of 
the data from the “Machine Perfusion Trial” showed, if CIT was above 10 hours, DGF 
was not reduced by HMP [99].

3.2 Normothermic machine perfusion

The first clinical application of NMP (35 min after 11 hours of SCS) in human kid-
ney transplantation was in 2011 with good postoperative results [100]. A larger clinical 
study compared 18 ECD kidneys that underwent NMP (for approximately 63 min) 
with matched ECD kidneys that were preserved on ice. DGF was lower in the NMP 
group (5.6 vs. 36.2%) but 1-year graft survival was comparable in both groups [101].

The advantages of preserving a kidney in normothermic conditions are many. Cold 
ischemic injury is minimized as aerobic metabolism and renal functions are restarted 
[102]. The preservation time is investigated in the literature. In a recent study, dis-
carded human kidneys underwent 24 h of NMP using urine recirculation with stable or 
slightly better tubular function after histopathological assessment [103].

The observation of the graft is feasible and provides the opportunity for 
assessment.

Parameters, such as total urine output, renal blood flow, and macroscopic perfu-
sion during NMP, are used in score systems to evaluate the graft quality and “trans-
plantability” [104]. Of course, therapies and agents that improve the condition of the 
graft prior to transplantation are feasible in normothermic preservation. A functional 
organ in NMP is more easily modified than in hypothermic conditions where cellular 
mechanisms are under-functioning.

3.3 Therapeutics in machine perfusion

3.3.1 Hypothermic conditions

Mesenchymal stem cells (MSC) and their extracellular vesicles, which have been 
used in a rat model where the kidneys underwent HMP, have a potential protective 
role in the perfusion process. The results showed increased activation of enzymes 
related to cell metabolism and membrane permeability [105]. Carbon monoxide-
releasing molecule 401 (CORM-401) decreased IRI markers and improved graft 
function [106]. Anticoagulative agents, such as thrombalexin and heparin conjugate, 
have been tested to improve microcirculation, with positive outcomes in the kidneys 
[107, 108].

3.3.2 Normothermic conditions

Application of MSCs to NMP had a suppressive role in the inflammatory process, in 
human kidneys [109]. Erythropoietin and its derivative, cyclic helix B peptide (CHBP), 
can reduce inflammatory agents, such as caspase-3 and IL-1β, providing renoprotection 
against IRI and improving urine production of the kidney. Recently, a mouse kidney 
model defined the role of endoplasmic reticulum stress (ERS) in IRI and pointed out 
the therapeutic potential of CHBP with CHOP (an indicator of ERS) as a biomarker 
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[110–112]. Also, nanoparticles can be used as drug-delivered agents in blocking or pre-
venting events of inflammation at a molecular level. For example, a possible target is the 
vascular cells of the graft’s endothelium that are mainly damaged by IRI and performed 
antidonor antibodies. Nanoparticles, with the presence of anti-CD 31 antibodies, can 
target endothelial cells and deliver therapeutic agents during NMP [113].

4. Conclusion

Banking organs on a worldwide scale after quality tests would be the ideal method 
of organ preservation in order to select the perfect-match recipient and then proceed 
to scheduled surgery [114]. This goal has been achieved in stem cell transplantation 
and important achievements are taking place in solid organ transplantation, through 
the development of organ preservation with machine perfusion. Starting with animal 
experiments and, subsequently, with human clinical studies and randomized con-
trolled trials, machine perfusion is an alternative that still has a lot to offer in solid 
organ transplantation.

The advantages of MP in short-term outcomes of transplantation are dependent 
on the preservation method but also the beneficial effects in long-term organ function 
are continuously demonstrated. It is a platform where, beyond quality, the immu-
nogenicity of the graft could be studied and modified according to the profile of the 
recipient [103]. The specific targets and the lower dosages, which can be achieved 
using MP therapeutics agents compared to conventional systemic pharmacological 
agents, open a new chapter in marginal graft utilization. This may in the future help 
change the transplant process to a more personalized medicine approach.

New MP technology reveals new perspectives in transplant logistics. Graft evalu-
ation leads to more transplantable organs perhaps in more complex recipients. The 
prolonged time of preservation provides the opportunity for preoperative planning 
and elective surgery in day time.

“Which perfusion technique enables the highest utilization rate of otherwise discarded 
livers with the best available outcomes, regarding complications, graft- and patient 
survival” [115]. This question, which could concern the kidney as well, remains to be 
answered. So far, there is no evidence of the superiority of a preservation strategy. 
Randomized clinical trials with combined perfusion protocols may provide the 
answer to the ideal approach in solid organ transplantation.
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